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A B S T R A C T

Introduction: There is limited evidence around how weight management programs impact eating behavior and 
mental health in real-life settings. This retrospective service evaluation assessed the impact of a clinically-led, 
digitally delivered time-restricted eating intervention (TRE) (Roczen Program, Reset Health Ltd) on eating 
behavior, depression and health-related quality of life (HrQOL).
Methods: Patients were supported on a TRE plan with behavioral and social support from clinicians. Eating 
behaviors were assessed using Binge Eating Scale (BES) and Three Factor Eating Questionnaire-R18 (TFEQ). 
Depression symptoms were assessed using the Patient Health Questionniare-9 (PHQ-9) and HrQOL with the 
Euroquol-5 Dimension-5 Level (EQ-5D-5L-5L). Data were analysed at 12 and 24 weeks. Linear regressions 
explored predictors of eating behavior and weight loss, p-value <0.05, mean (SD) and median (IQR).
Results: 102 patients were included (mean age 51.1 ± 10.0 years; mean BMI 34.5 ± 5.0 kg/m2; 57.8 % White 
Ethnicity; 72.5 % female). At 24 weeks, mean percentage weight loss was 11.0 % ±6.1 (p < 0.001). There was a 
significant reduction in BES (− 5.0 [2.0, 10.0]; p < 0.001). Uncontrolled eating and emotional eating improved 
by 0.76 ± 0.78 and 0.53 ± 0.95 points (both p < 0.001) respectively. Depression improved by 2.0 points and 
HrQOL by 0.04 (both p < 0.001). Higher baseline depression scores predicted higher emotional eating and BES 
scores. Higher restraint predicted lower percentage weight loss and was not associated with any other eating 
behaviors.
Conclusion: Our results show that the Roczen program engenders clinically significant weight loss and improves 
emotional eating, uncontrolled eating, BES, depression and HrQOL in those who are not already at high risk for 
eating disorder and can potentially be effective and safe.

1. Introduction

Overweight and obesity are significant global public health concerns, 
and currently healthcare systems demonstrate a limited capacity to offer 
lifestyle, psychological and pharmacological interventions to meet the 

demand (Ansari et al., 2020; Ells et al., 2020; WHO, 2024; Wolfenden 
et al., 2019). There is a well-established direct link between both 
depression (Luppino et al., 2010; Moussa et al., 2019; Rajan & Menon, 
2017) and disordered eating with obesity. People living with obesity 
have a 55 % increased risk of developing depression, and people living 

* Corresponding author at: Centre for Obesity Research University College London, London, UK.
E-mail address: a.c.brown@ucl.ac.uk (A. Brown). 

Contents lists available at ScienceDirect

Eating Behaviors

journal homepage: www.elsevier.com/locate/eatbeh

https://doi.org/10.1016/j.eatbeh.2025.102007
Received 30 November 2024; Received in revised form 16 June 2025; Accepted 22 June 2025  

Eating Behaviors 58 (2025) 102007 

Available online 5 July 2025 
1471-0153/© 2025 Published by Elsevier Ltd. 

mailto:a.c.brown@ucl.ac.uk
www.sciencedirect.com/science/journal/14710153
https://www.elsevier.com/locate/eatbeh
https://doi.org/10.1016/j.eatbeh.2025.102007
https://doi.org/10.1016/j.eatbeh.2025.102007


with depression have a 58 % increased risk of developing obesity 
(Luppino et al., 2010). It is recognised that there is a high prevalence of 
disordered eating in patients presenting for weight management inter
vention (Jebeile et al., 2023). However, there is limited evidence around 
how these programs may impact eating behavior, mental health or 
health-related quality of life (HrQOL) outcomes in a real-life setting and 
what support is needed (Marwood et al., 2023).

Binge Eating Disorder (BED), sub-clinical binge eating (BE) behavior 
and other disordered eating behaviors such as loss of control over food 
intake and emotional eating are prevalent among people living with 
overweight and obesity (Mason et al., 2022; Nagata et al., 2018; 
Nightingale & Cassin, 2019). BED, which is more common than anorexia 
and bulimia (Hay et al., 2015) is strongly associated with lifetime 
obesity (Adami et al., 1995; Da Luz, Hay, et al., 2018a; Da Luz, Sains
bury, et al., 2018b; Hudson et al., 2007) and reporting of binge episodes 
is common in people seeking weight loss interventions (Kessler et al., 
2013; Mason et al., 2022; Nagata et al., 2018). BED, like all eating dis
orders (ED), is associated with negative affect and frequently co-occurs 
with other psychological disorders (Kessler et al., 2013; Pasquale et al., 
2024; Stice et al., 2011).

Well-established theoretical models of eating disorder propose that 
restricting food intake to lose weight may promote the emergence of ED, 
sub-clinical disordered eating behavior and related cognitions (Fairburn 
et al., 2003; Neyland et al., 2020; Polivy & Herman, 1993; Stice et al., 
1998, 2011). However, published evidence on the relationship between 
dietary restraint, inherent in dieting to lose weight, and disordered 
eating, has been inconsistent (Da Luz, Sainsbury, et al., 2018b; Wadden 
et al., 2004). Some data suggest disordered eating and ED risk may in
crease in people following restrictive diets (Duncan et al., 2017; Mar
wood et al., 2023; Mason et al., 2022; Stice et al., 2008), but this 
association is not fully supported throughout the literature, including 
two relevant systematic reviews concluding that behavioral weight 
management programs and high levels of dietary restriction with 
appropriate clinical support do not exacerbate disordered eating be
haviors or increase risk (Da Luz, et al., 2015; Forrest & Grilo, 2022; 
Jebeile et al., 2023).

The Diagnostic and Statistical Manual of Mental Disorder DSM-5 
highlights deliberately restricting food intake such as with fasting and 
skipping meals, uncontrolled eating such as with bingeing, and 
emotional distress in relation to food and/or using the control of food to 
cope with emotions as some of the primary eating behaviors associated 
with eating disorders (American Psychiatric Association, 2013). In non- 
clinical samples, maladaptive eating behaviors and cognitions, such as 
emotional eating and a loss of control, appear to share the same corre
lates of diagnosed ED, including depression, low self-esteem, body/ 
shape/weight concerns, and maladaptive food-related cognitive pat
terns (Nightingale & Cassin, 2019). Hudson and colleagues' population 
study found that 79 % of respondents with BED met criteria for at least 
one comorbid psychiatric disorder as per the DSM-5 with over half 
reporting impairments to daily living (Hudson et al., 2007). Dietary 
restraint itself has also been associated with low mood, low self-esteem 
and negative body image (Schaumberg & Anderson, 2016; Stice et al., 
2017). While weight loss may produce initial, short-term improvements 
to psychological wellbeing in people living with obesity, these are rarely 
sustained if weight is regained, which unfortunately is a common 
outcome (Da Luz, Sainsbury, et al., 2018b; McFarlane et al., 1999).

Although concerns have been raised that weight management pro
grams may inadvertently promote restrictive or disordered eating be
haviors, obesity management and prevention of eating pathology and 
psychological risk are not incompatible. There are clear differences 
between self-directed “dieting” to lose weight and behavioral weight 
loss intervention, on both weight loss efficacy and on eating disorder 
psychopathology (Balantekin & Hayes, 2024; Cardel et al., 2022).Evi
dence-based behavioral weight management interventions that are 
clinically supervised and designed to provide sustained person-centred 
support for behavior changes that improve overall health have the 

potential to positively impact eating behavior, internalised weight 
stigma, and mood alongside weight loss. Understanding the impact of 
these programs on mental health and eating pathology is crucial (Cardel 
et al., 2022; Jebeile et al., 2019; Leite et al., 2017; Webb & Wadden, 
2017).

Recently, in response to the continued access issues for patients 
seeking effective weight management in the UK, the National Institute of 
Health and Care Excellence (NICE) conducted an early value assessment 
(EVA) of digitally delivered weight management programs, recom
mending in draft guidance several potentially cost-effective in
terventions for people living with obesity (Ansari et al., 2020; National 
Institute for Health and Care Excellence, 2022). Digital healthcare de
livery forms an integral part of the National Health Service (NHS) Long- 
Term Plan (Kapur, 2020), however, there is little evidence around the 
impact of digital weight management interventions on eating behaviors, 
HrQOL and mental health.

Roczen (Reset Health Ltd) is a digitally-enabled, person-centred 
clinical program delivered by a multidisciplinary team (MDT) of 
healthcare professionals. (www.roczen.com). It is a multi-modal inter
vention designed for people living with obesity, T2D, and related com
plications. Roczen uses tools such as time-restricted eating (TRE), whole 
food, modified carbohydrate diets, peer-led social support, psychologi
cal support for eating behavior, patients' relationship to food and body 
image, and evidence-based behavior change techniques (Dicker et al., 
2021; Gea Cabrera et al., 2021; Michie et al., 2009, 2013).

The Roczen Program has been designed by a multidisciplinary team 
(MDT) of specialists to help people living with obesity and/or Type 2 
diabetes (T2D) and other complications to improve their health, quality 
of life and reduce associated disease risk.

All Roczen healthcare professionals (HCPs) working directly with 
patients are registered with the appropriate UK regulatory organisation. 
They are trained internally and supported to become Strategic Centre for 
Obesity Professional Education (SCOPE) - certified in obesity manage
ment. SCOPE certification is part of the World Obesity Federation and is 
an internationally recognised standard of obesity management exper
tise. Training includes teaching on recognising disordered eating DE 
behavior, interpreting validated questionnaires and in conducting DSM- 
5 clinical interviews to explore potential BE symptoms and related be
haviors. A previous publication demonstrates that the program is 
effective for weight loss and other health improvements, however the 
intervention's effect on eating behavior or mood has not yet been eval
uated (Brown et al., 2024).

A growing body of evidence supports the effectiveness of TRE for 
weight management and cardiometabolic health (Chen et al., 2023; Liu 
et al., 2022). TRE is a form of intermittent fasting involving restricting 
the times when food is consumed to a predetermined window within a 
24-hour period, e.g., 16:8 (16 h fasting and 8 h eating) (Mattson et al., 
2014). While some data suggests that TRE may improve mood (Aman, 
2022; Steger et al., 2023), there is limited literature on its impact on 
disordered eating with some suggestion of increased risk (Ganson et al., 
2022).

Therefore, the aim of this retrospective cross-sectional service eval
uation was to explore the impact of Roczen, a digitally-delivered TRE 
weight management program on eating behaviors, HrQOL and depres
sion at 24-week clinical review and the interrelationship between these 
factors and weight change in people living with obesity, overweight and 
T2D.

2. Method

2.1. Patient pathway

Patients initiated care via a self-referral and sign-up process, during 
which consent was given for the Roczen medical team to access their 
NHS Summary Care Records. If eligible, patients gained access to the 
Roczen Mobile App and the HCP was notified in the Roczen Clinic App. 
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Patients were provided with validated questionnaires to assess mental 
health, eating behaviors and HrQOL (referenced in methods) at baseline. 
Once a patient's eligibility was confirmed, their initial management plan 
was agreed with a Roczen clinician via video consultation. Though the 
timing of eating and fasting was tailored, patients were largely advised 
to eat two discrete meals and were discouraged from snacking. The most 
common TRE pattern was a fasting window of 16 h, followed by an 
eating window of 8 h. Alongside TRE, patients were supported in 
reducing their refined carbohydrate intake, concentrating on minimally 
processed, moderate protein meals. They were not encouraged to count 
or record calories or macronutrient intake. The program offers both 
clinical support and non-clinical peer-to-peer support wth mentoring via 
the Roczen Mobile App. Routine clinical review appointments occur at 
4-week intervals and include a video consultation with a clinician and 
review of biometrics. HrQOL, mental health and eating behaviors are 
assessed formally at 12 weekly intervals, using validated questionnaires. 
Alongside the monthly video consultations, patients are able to contact 
the clinical team via an in-app messaging functionality for ongoing ad- 
hoc support. There is no defined end point to patients' episode of care, 
rather, patients can determine when they feel ready to discharge 
themselves from the service at their own discretion. Participation in the 
program is voluntary and funded either by the patient directly, or by 
their employer.

Roczen incorporates evidence-based behavior change techniques 
(BCTs), including goal setting,self-monitoring of health outcomes and 
feedback, motivational interviewing, educational written materials and 
social support and role modelling through the mentor-led peer support 
scheme (Cradock et al., 2017; Michie et al., 2009, 2013). These focus on 
engaging and empowering the patient in decisions that impact their 
health while highlighting the health consequences of chronic disease. 
Patient's received practical behavioral instruction on achieving realistic 
lifestyle changes, and the benefits of optimal obesity and diabetes 
management (Dicker et al., 2021; Gea Cabrera et al., 2021; Samdal et al., 
2017). Content is personalised for other relevant conditions or consid
erations which may impact progress, such as shift work, dietary re
strictions or menopause (See Supplementary Material A for a more 
detailed description of Roczen's Service Model).

2.2. Eligibility criteria

To be eligible, individuals had to be over 18 years old with minimum 
body mass index (BMI) criteria defining overweight (≥25 kg/m2) 
related to ethnicity specific cut-offs (NICE) (≥22.5 kg/m2). Further 
screening was carried out to ensure patients with exclusionary condi
tions such as type 1 diabetes, pregnancy, suicidal ideation, or medical 
conditions whereby the program would not be clinically appropriate, 
were not enrolled for safety reasons. Prior to commencing Roczen, pa
tients were assessed for BED using the Binge Eating Scale (BES) and, if 
required, a clinical interview. For safety reasons, where there was a high 
index of suspicion for a diagnosis of BED, or any other previous or 
current eating disorder, patients were not enrolled onto the program and 
were provided with support to access specialist assessment and/or 
treatment (see Supplementary Material B for complete inclusion and 
exclusion criteria).

2.3. Outcome measures

Patients were provided with guidance on how to accurately collect 
their biometric data including weight, BMI and waist circumference, and 
these measurements were self-reported to clinicians, either during ap
pointments or via the Roczen app, at baseline and four-weekly intervals. 
For pragmatic reasons, we used available questionnaire data assessing 
eating behavior, mood and HrQOL from routine 12 and 24 week clinical 
review appointments which are part of the standardized pathway.

2.4. Questionnaires

2.4.1. Binge Eating Scale (BES)
The BES is a 16-item self-report questionnaire including eight items 

describing BE behavior and eight items describing feelings and cogni
tions surrounding a binge episode (Gormally et al., 1982). Each item 
contains three to four levels of symptom descriptions with 0–2 or 0–3 
points with a total score ranging from 0 to 46. Higher scores indicate 
more severe symptoms. The scale has very good reliability with a 
Cronbach's alpha 0.88 and composite reliability score of 0.96 (Duarte 
et al., 2015). Commonly used categorical severity ranges are: ≤ 17 =
none to mild BE, 18–26 = moderate, or ≥ 27 points = severe BE prob
lems (Marcus et al., 1985).

2.4.2. Three Factor Eating questionnaire (TFEQ-R18)
The TFEQ-R18 is an 18-item self-report questionnaire which mea

sures eating behavior on three subscales of cognitive restraint to control 
of food intake, uncontrolled eating, emotional eating (De Lauzon et al., 
2004).). Item responses are scored as 0–4 and summed and converted 
into a total score range of 0–100 and a subscale score range of 0–4. Each 
subscale has good reliability for adult populations (Cronbach's α: Re
straint = 0.84, uncontrolled eating =0.83, emotional eating =0.87) 
Participants were categorised as ‘high’ or ‘low’ on each of the TFEQ 
subscales using a median split such that ≥median constituted ‘high’ self- 
reported levels of each factor, an approach also used by other colleagues 
in this field (Löffler et al., 2015; Porter & Johnson, 2011).

2.4.3. Patient Health Questionnaire-9 (PHQ-9)
The 9-item Patient Health Questionnaire (PHQ-9) (Kroenke et al., 

2001) was used to assess depression symptoms. Participants were asked 
over the last 2 weeks how often they had been bothered by any of the 
nine DSM-IV criteria for depression from “0” (not at all) to “3” (nearly 
every day). Scores range from 0 to 27 with higher scores indicating more 
severe depression symptoms. Validated categorical severity ranges are: 
0–4 = no depressive symptoms; 5–9 = mild symptoms; 10–14 = mod
erate; 15–19 = moderately severe; and 20–27 = severe symptoms. The 
PHQ-9 has excellent internal reliability and validity (Cronbach's α =
0.86–089 in the general population).

2.4.4. EuroQol 5 Dimension (EQ-5D-5L)
The EQ-5D-5L measures health-related quality of life in five di

mensions: mobility, self-care, usual activities, pain/discomfort, and 
anxiety/depression (Rabin & Charro, 2001). Participants self-classify 
their health for each of these five dimensions on a 5-point scale by 
reporting whether they are experiencing “no problems,” “slight prob
lems,” “moderate problems,” “severe problems,” and “unable to/ 
extreme problems” for all dimensions. These dimensions were given a 
score between 1 and 5 respectively and following this, a health status 
number was created from the five responses to a 5-digit number (e.g., 
12534). These 5-digit numbers were then converted into a singular 
index scores range from 0 to 1 (1 being the best possible health state; 
0 worst possible health state) using download SPSS syntax from value 
sets deprived from general population sample in England (Devlin et al., 
2017).

2.5. Statistical analysis

Analysis was performed using SPSS Statistics (Version 27.0). Data 
were analysed at 12 and 24 weeks for patients with complete data. Data 
were checked for normality. Statistical significance was defined as p <
0.05. Demographic data were summarised using mean ± standard de
viation for continuous parametric variables or median (25th and 75th 
centiles interquartile [IQR]) for non-parametric continuous variables. 
Categorical variables were described with counts (percentages).

Data was compared using paired-sample t-tests or independent t-tests 
for normally distributed data and Wilcoxon signed-rank tests for non- 
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parametric data. Multiple comparisons were adjusted for using the 
Bonferroni correction.

A total of 106 patients had complete data at baseline however, to 
ensure normal distribution, one age-related outlier (78 years) and three 
weight outliers (>150 kg) were removed from the dataset, with a total of 
102 patients in the final analysis. Sensitivity analysis was run on the 
entire data set of 106. When reporting the results, weight and BMI data 
was available for n = 100 at 12 weeks and n = 89 at 24 weeks, waist 
circumference data for n = 86 at 12 weeks and n = 66 at 24 weeks. We 
had full questionnaire data for all 102 patients at both clinical review 
time points.

Multivariable regression analysis was used to explore predictors of 
eating behavior and percentage weight loss. Stepwise regression models 
were run to identify the optimal multivariable model. Baseline factors 
(Age, Weight, Gender, Ethnicity, PHQ-9, EQ-5D-5L, BES, TFEQ Re
straint, Uncontrolled Eating, Emotional Eating, or TFEQ total score) 
were entered into the original full model (see Supplementary Material 
Table S1 and S2), and a backward elimination approach was imple
mented with variables being kept in if p < 0.1. Due to limited numbers of 
ethnic minority groups within the study, to assess the impact of ethnicity 
on outcomes a dichotomous was created into white ethnicity (1) and 
ethnic monitory groups (0). Beta-coefficients, 95 % confidence intervals 
(CI) and p-values were reported. The assumptions of each model were 
checked and met. Statistical significance was defined as a p-value <0.05.

3. Results

A total of 102 patients with complete questionnaire data at baseline 
12, and 24 weeks were included (mean age 51.1 ± 10.0 years; mean BMI 
34.5 ± 5.0 kg/m2; 57.8 % White ethnicity; 72.5 % (n = 74) female). 
None of the patients had previously been diagnosed with an eating 
disorder as this was screened for in both Summary Care Records and 
clinical consultations. At baseline, median BES score was 10.0 (IQR 6.0, 
17.5, mean TFEQ score 43.2 ± 14.0, while mean scores for the TFEQ 
subscales were uncontrolled eating 2.42 ± 0.57, emotional eating 2.37 
± 0.53, and restraint, 2.29 ± 0.54. Using a median split on the TFEQ 
subscales, 59.8 % (n = 61) of participants were categorised as high re
straint, 61.8 % (n = 63) high uncontrolled eating and 63.7 % (n = 65) 
high emotional eating. Median PHQ-9 score was 4.0 (IQR I1.0, 6.3). 
Median EQ-5D-5L score was 7.0 (IQR 6.0, 8.0) (see Table 1).

3.1. Pre and post intervention outcomes

At both 12 and 24 weeks, there was a significant reduction in weight 
(8.8 ± 5.0 kg; 10.8 ± 6.5 kg respectively, both p < 0.001) equating to 
9.5 ± 5.1 % weight loss at 12-weeks and 11.0 ± 6.1 % weight loss at 24- 
weeks. Waist circumference significantly reduced by 9.4 ± 7.4 cm at 12 
weeks and 12.3 ± 7.7 cm at 24 weeks (both p < 0.001). BMI reduced by 
significantly 3.1 ± 1.7 kg/m2 and 3.8 ± 2.2 kg/m2 at 12 and 24 weeks 
respectively (Table 2 and Fig. 1).

%, Percentage, kg, kilogram, w, weeks; *** p < 0.001.
When assessing changes in eating behavior, there was a significant 

reduction to median BES score by 6.0 and 5.0 points at 12 and 24 weeks 
respectively (p < 0.001) (Table 2 and Fig. 2). Both uncontrolled and 
emotional eating reduced significantly at both time points (uncontrolled 
12 weeks 0.77 ± 0.74; 24 weeks; 0.76 ± 0.78; emotional 12-weeks 0.58 
± 0.91; 24 weeks 0.53 ± 0.95 [p < 0.001] respectively). There were 
increases in restraint at 12 and 24 weeks (0.13 ± 0.66 p = 0.051; 0.08 ±
0.67), though neither was statistically significant. Total TFEQ score 
significantly reduced at both 12 and 24 weeks (12.2 ± 13.7 and 12.3 ±
15.1, respectively, p < 0.001) (Table 2, Figs. 3–4).

w, weeks, BES, binge eating scale,*** p < 0.001.
Depression as measured by the PHQ-9, improved by 2.0 at both 12 

weeks and 24-weeks (p < 0.001). HrQOL, as measured by the EQ-5D-5L, 
improved by 0.04 at 12 weeks and was also sustained at 24-weeks (p <
0.001) (Table 2 and Figs. 5–6).

There was no difference in weight loss outcomes at 24-weeks be
tween those who were classified as high versus low restrained, uncon
trolled or emotional eaters at baseline.

3.2. Predictors of eating behavior

The final regression models explored whether ethnicity, PHQ-9 
depression or EQ-5D-5L-5L HrQOL predicted emotional eating, uncon
trolled eating or restraint scores on the TFEQ and whether gender, PHQ- 
9 depression, total TFEQ score or uncontrolled eating predicted BES at 
24- weeks (Table 3). Only depression was significantly associated with 
emotional eating at 24 weeks with higher PHQ scores predicting higher 
emotional eating scores. For every point increase to the PHQ-9 there was 
a 0.52-point increase to the emotional eating score (p < 0.001: 95 % CI: 
0.07–0.13) explaining 27.2 % of the variance (R2 = 0.272. Higher pHQ-9 
scores and higher TFEQ total score predicted higher BES at 24 weeks 
explaining 22.5 % of the variance (R2 = 0.225), but as individual factors, 
neither restraint, emotional eating nor uncontrolled eating were sig
nificant predictors of BES score.

Ethnicity was also associated with uncontrolled eating- being of non- 
white ethnicity predicted higher uncontrolled eating 24 weeks later, 
explaining 13.2 % of the variance (R2 = 0.132).

These results were mostly mirrored in the original full models 
(Supplementary Material: Table S1), which examined whether any of 
the baseline variables (Age, Weight, Gender, Ethnicity, PHQ-9, EQ-5D- 
5L, BES, TFEQ Restraint, Uncontrolled Eating, Emotional Eating, or 
TFEQ total score) predicted eating behaviors at 24 weeks, however 
ethnicity was not a significant predictor of uncontrolled eating.

When the TFEQ total score was entered into the model as the 

Table 1 
Baseline characteristics of Roczen patients.

Characteristics, n Enrolled members (n = 102)

Men, n (%) 28 (27.5)
Women, n (%) 74 (72.5)
Age, years (SD) 51.1 (10.0)

Ethnicity, n (%)
Black African 11 (10.8)
Black Caribbean 9 (8.8)
Indian 12 (11.8)
Middle Eastern 1 (1.0)
Mixed 2 (2.0)
Other 5 (4.9)
Pakistani 1 (1.0)
White 59 (57.8)

Bodyweight, kg (SD) 96.8 (16.3)
BMI, kg/m2 (SD) 34.5 (5.0)
Waist circumference, cm (SD) 107.8 (12.2)

Metabolic classification, n (%)
Overweight 15 (14.7)
Living with Class I Obesity 41 (40.2)
Living with Class II Obesity 46 (45.1)

Mental health and eating behavior scores
PHQ-9 Depression (median, IQR) 4.0 (1.0,7.3)
EQ-5D-5L HrQOL (median, IQR) 0.89 (0.84, 0.94)
BES (median, IQR) 10.0, (6.0, 17.5)
TFEQ-18 Total (mean, SD) 43.2 (14.0)
TFEQ-18 Uncontrolled Eating (mean, SD) 2.42 (0.57)
TFEQ-18 Emotional Eating (mean, SD) 2.37 (0.53)
TFEQ-18 Restraint (mean, SD) 2.29 (0.54)

n, number; BMI, body mass index; kg/m2, kilograms per metre squared; kg, 
kilograms; PHQ-9, Patient Health Questionnaire 9; GAD-7, Generalized Anxiety 
Scale; BES, Binge Eating Scale; TFEQ-18, Three Factor Eating Questionnaire-18; 
SD, standard deviation; %, percentage; IQR, Interquartile Range.
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dependent variable in place of the subscales, none of the baseline factors 
predicted the total score.

3.3. Predictors of percentage weight loss

An additional regression model found that restraint was the only 
variable that predicted percentage weight loss (Table 4). For every one- 
point increase to restraint, there was a 0.32-point decrease to percentage 
weight loss (p < 0.02; 95 % CI: − 5.6 to − 1.3). The model explained 10.4 
% of the variance in percentage weight loss (R2 = 0.104). This associ
ation was also reflected in the original full model with all variables 
entered (Supplementary File: Table S1).

4. Discussion

This service evaluation evaluated the impact of the Roczen program 
on eating behaviors, depression and HrQOL in patients living with 
overweight and obesity. It also explored whether any baseline factors 
were predictive of disordered eating behaviors or change to weight at 
24 weeks.

These results show that emotional eating, binge eating, uncontrolled 
eating behaviors, depression and HrQOL were not negatively impacted 
despite some concern within the field over increased of risk of eating 
disorder pathology and mood during dieting to lose weight and behav
ioral weight management (Bray et al., 2023; Ganson et al., 2022; 

Table 2 
Summary of results in participants: Key outcomes at 12 and 24 weeks.

Baseline • 12 weeks Change 95 % CI p Value 24 weeks Change 95 % CI p Value

Weight (kg) 96.5 (16.3) 87.7 (15.3) − 8.8 (5.0) − 7.8 to − 9.8 <0.001* 86.1 (15.7) − 10.8 (6.5) − 9.4 to − 12.1 <0.001*
Weight loss 

(%)
– − 9.5 (5.1) − 8.5 to − 10.5 <0.001* − 11.0 (6.1) − 9.7 to − 12.3 <0.001*

BMI (kg/m2) 34.4 (5.0) 31.2 (4.7) − 3.1 (1.7) − 2.8 to − 3.5 <0.001* 30.7 (4.7) − 3.8 (2.2) − 3.4 to − 4.3 <0.001*
Waist (cm) 107.5 (12.4) 98.1 (10.9) − 9.4 (7.4) − 7.9 to − 11.0 <0.001* 96.1 (11.0) − 12.3 (7.7) − 10.4 to 

− 14.2
<0.001*

PHQ-9 4.0 (1.0, 7.3) 2.0 (0.0, 4.0) 2.0 – <0.001* 2.0 (0.0, 4.0) 2.0 – <0.001*
EQ-5D-5L 0.90 (0.84, 

0.94)
0.94 (0.89, 1.00) 0.04 – <0.001* 0.94 (0.86, 1.00) 0.04 – <0.001*

BES 10.0 (6.0, 17.5) 4.0 (1.8, 8.0) − 6.0 – <0.001* 5.0 (2.0, 10.0) − 5.0 – <0.001*
TFEQ Total 43.2 (14.0) 31.0 (13.5) − 12.2 (13.7) − 9.6 to − 14.9 <0.001* 31.0 (14.7) − 12.3 (15.1) − 9.4 to − 15.3 <0.001*
UE 2.42 (0.57) 1.65 (0.48) − 0.77 (0.74) − 0.62 to 

− 0.92
<0.001* 1.66 (0.52) − 0.76 (0.78) − 0.61 to 

− 0.91
<0.001*

EE 2.37 (0.53) 1.79 (0.84) − 0.58 (0.91) − 0.40 to 
− 0.76

<0.001* 1.84 (0.86) − 0.53 (0.95) − 0.34 to 
− 0.72

<0.001*

Restraint 2.29 (0.54) 2.42 (0.57) 0.13 (0.66) − 0.26 to 0.00 0.051 2.37 (0.53) 0.08 (0.67) − 0.21 to 0.05 0.234

Data are in mean (SD). Median (IQR) n, number; BMI, body mass index; kg/m2, kilograms per metre squared; kg, kilograms; PHQ-9 = Patient Health Questionnaire 9; 
BES, Binge Eating Scale; TFEQ, Three Factor Eating Questionnaire-R18; cm, centimetre; CI, confidence intervals. n = 102 for all variables at baseline *denotes sig
nificance; UE Uncontrolled eating, EE, Emotional eating.

Fig. 1. Percentage weight loss at 12 and 24-weeks. Fig. 2. Change to Binge Eating Scale score at 12 and 24-weeks.
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Marwood et al., 2023; Mason et al., 2022; McFarlane et al., 1999; Stice 
et al., 2008). Over the course of 24-weeks on the program, patients re
ported small improvements to emotional eating, uncontrolled eating, BE 
scores, depression and HrQOL, alongside significant weight loss. Despite 
restraint increasing slightly, BE score, emotional eating and uncon
trolled eating scores did not worsen, which is reassuring considering 
restraint in and of itself may be a risk factor for disordered eating 
(Fairburn et al., 2003; Neyland et al., 2020; Polivy & Herman, 1993; 
Stice et al., 1998, 2011). Data from this service evaluation suggest that 
in a clinical, tailored environment, programs utilising TRE can be 
potentially effective and safe for people living with obesity without 
preexisting confirmed eating disorder or high levels of disordered 

eating, (Jebeile et al., 2023),
Although the average BES for participants was mild at baseline, it 

significantly reduced at both timepoints. This is encouraging especially 
considering the association between the presence of BE behavior and 
loss of control, emotional distress and psychological comorbidity, 
regardless of whether full criteria for BED are met (Stice et al., 2017). 
While PHQ-9 scores at baseline indicated mild depression, this score was 
a significant predictor of eating behaviors at 12 and 24-weeks, with 
higher scores predicting higher emotional eating and BE. This aligns 
with existing literature on the association between mood and mal
adaptive eating behaviors in cohorts living with overweight and obesity 
(Dakanalis et al., 2023; Hudson et al., 2007; Kessler et al., 2013; Mason 
& Lewis, 2014; Pasquale et al., 2024).

It is of note that neither restraint, emotional eating nor uncontrolled 
eating predicted BE scores at follow up and vice versa - BE scores at 
baseline had no relationship to other eating behaviors 24 weeks later. It 
is particularly important to note that increased restraint did not corre
spond to increased BE or uncontrolled eating behavior. In this case, by 
slightly increasing restraint, some protection from other maladaptive 
eating behaviors may have been conferred, though it cannot be deter
mined whether this effect would be seen if the increase in restraint had 
been more substantial or if disordered eating behaviors had been higher 
at baseline Of interest, was the lack of association between BE scores and 
uncontrolled eating, which are widely considered to be measuring 
similar concepts. One explanation could be that the BES is comprised of 

Fig. 3. Change to TFEQ-R18 Eating behavior subscales at 12 and 24-weeks. 
w, weeks, UC, uncontrolled eating; EE, emotional eating; R, restraint; TFEQ, 
three factor eating questionnaire,*** p < 0.001.

Fig. 4. Change to TFEQ-R18 total score at 12 and 24-weeks. 
w, weeks, TFEQ, three factor eating questionnaire,*** p < 0.001.

Fig. 5. Change to PHQ-9 Depression score at 12 and 24 weeks. 
w, weeks; PHQ-9, Patient Health Questionnaire-9,*** p < 0.001.
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two subscales, BE behavior and maladaptive cognitions (Gormally et al., 
1982) related to food and body shape, and that the cognition subscale 
may attenuate the relationship between the BES score and uncontrolled 
eating. Further research could explore the impact of each subscale on 
other eating behaviors. Ethnicity was found to share an association with 
uncontrolled eating, with patients of non-white ethnicity having higher 
scores. Although ethnicity may have directly impacted uncontrolled 
eating as suggested here, these findings might also relate to other so
ciocultural factors that impact eating including food insecurity 
(Loopstra et al., 2019), socioeconomic status (House of Commons UK 
Parliament, 2020; Office of National Statistics, 2023) and discrimination 

(Schmengler et al., 2017) that disproportionately affect marginalized 
ethnic groups. As we did not measure these factors future research 
should consider these factors. The role of ethnicity in behavioral weight 
management is under researched and future studies should aim to 
examine these programs' impact on non-white populations.

Lower baseline levels of restraint predicted greater percentage 
weight loss suggesting an inverse relationship between restraint and 
weight loss in line with some literature (Chu et al., 2021). One expla
nation for this may be that, for people with low levels of restraint, 
engaging in supervised behavioral weight loss is a significant change 
from their baseline eating behavior, whereas those with high baseline 
restraint adapt their behavior less. As such, the intervention represented 
a more significant change for those with lower restraint levels for whom 
an increase is more achievable and sustainable, which therefore corre
sponded to greater weight reduction.

Contrary to our hypothesis, BE score, emotional eating and uncon
trolled eating were not predictive of weight loss and there was no dif
ference in weight loss outcome between individuals who scored above a 
median average on emotional eating, uncontrolled eating or restraint at 
baseline. There are extensive studies linking eating behaviors and 
weight change, but findings vary. Löffler and colleagues' population 
study of over 3000 participants (2015) showed a positive relationship 
between all TFEQ subscales and BMI with higher scores associated with 
higher BMI. While Nagata et al. (2018) found no significant association 
between BE and weight gain, other studies indicate that fasting and 
emotional eating are linked to weight gain only in those with a BMI <
25, suggesting that BMI may moderate the effect of eating behavior on 
weight change (Chu et al., 2021).

Our results have several limitations. First, as this was a service 
evaluation of a digital health program, there was no control condition. It 
is therefore difficult to determine with certainty whether changes 
observed were due to the Roczen program itself of other factors. Simi
larly, as several behavior change techniques were applied alongside the 
suggestion of a TRE plan, we cannot confidently determine the exact 
mechanisms of action in change to weight or eating behaviors. 
Furthermore, we have only been able to report outcome data for patients 
who were engaged with the program and therefore communicated 
regular biometric and questionnaire data. This study did not examine 
attrition as all data came from participants still active on the program at 
24 weeks and we did not evaluate acceptability or feasibility of the 

Fig. 6. Change to EQ-5D-5L HrQOL at 12 and 24 weeks. 
w, weeks; EQ5D, EuroQol 5 Dimension,*** p < 0.001.

Table 3 
Predictors of eating behaviors at 24-weeks on Roczen program (final regression models).

Predictor Binge eating scale Uncontrolled eating Emotional eating Restraint

β p-value β p-value β p-value β p-value

Gender 0.133 0.152 – – – – – –
Ethnicity – – 0.364 <0.001 * – – – –
PHQ-9 0.414 <0.001 * – – 0.522 <0.001 * – –
EQ-5D-5L – – – – – – − 0.154 0.125
TFEQ uncontrolled eating 0.099 0.275 – – – – – –
Total TFEQ score 0.206 0.036 * – – – – – –

Dependent Variables (all at 24-week FU): Binge Eating Scale, TFEQ Uncontrolled Eating, TFEQ Emotional Eating, TFEQ Restraint.
Predictors (all at baseline): Ethnicity, PHQ-9 Depression, EQ-5D-5L Health Related Quality of Life, TFEQ Restraint, TFEQ Uncontrolled Eating, TFEQ Emotional Eating, 
TFEQ total score.
Beta's represent standardized estimates in the regression model.

Table 4 
Predictors of percentage weight loss at 24-weeks on Roczen program.

Predictor Percentage weight loss

β p-value

TFEQ restraint − 0.323 0.002 *

Dependent Variable: Percentage weight loss at 24-week follow-up.
Predictor (baseline): TFEQ Restraint.
Beta's represent standardized estimates in the regression model.
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service. The data points of 12 and 24 weeks were used as these corre
spond with clinical check points in the care model of the service. Pa
tients were offered consultation with their clinician every four weeks, 
and there is no defined end point to care. Rather, patients have the 
ability to decide when they feel ready to discharge themselves from the 
service, as participation is voluntary. As such, the reported data does not 
reflect whether improvements are sustained post-intervention or in the 
long term. Further research is needed to establish whether the findings 
are consistent with patients who are less engaged with weight man
agement programs.

Also due to the design of the study, a power calculation was not 
performed. We instead chose a stepwise elimination approach to the 
regression models to limit the number of variables in each model. With 
one exception, the results of the final, smaller models were the same as 
the full models with all baseline variables entered. This exception was 
that being of non-white ethnicity was predictive of higher uncontrolled 
eating in the small model, but not the original full model.

The use of a median split to define ‘low’ versus ‘high emotional 
eating, uncontrolled eating and restraint, while aligned with other 
existing research using the TFEQ (Löffler et al., 2015; Porter & Johnson, 
2011), may have led to loss of variability and potential misclassification 
of patients, however these results were similar to those of the linear 
regressions, which used the constructs as continuous variables. Addi
tionally, due to the data being deidentified at source before individual 
questionnaire items were aggregated, we were unable to obtain the raw 
data and to therefore calculate internal reliability coefficients for the 
measures.

It is also important to place the results in context. While improve
ments to depression, HrQOL, emotional eating, uncontrolled eating and 
binge eating were statistically significant, changes were small and pa
tients may not have experienced noticeable, clinically relevant 
improvement. However, these changes are at least indicative of stabi
lization, which considering the concern about how behavioral weight 
management programs should not do harm, is reassuring.

To prioritise clinical safety of patients on this program, those with 
either a history of or a current eating disorder (rather than subclinical 
symptoms of disordered eating) were excluded. A comprehensive eating 
disorders measure was also not used in the study cohort. It is therefore a 
limitation of this study that the results may therefore not be applicable 
to patients meeting clinical diagnostic criteria for BED or other eating 
disorders. We cannot therefore report with full certainly that the 
observed increases to restraint were not problematic for any of the 
cohort. Furthermore, restraint is a complex construct and there are 
different conceptions of restraint throughout the literature (Polivy et al., 
2020), for example a restrictive mindset, with or without the accom
panying restrained eating behavior and cognitive restraint divided into 
flexible versus rigid restraint. They all may have different effects on 
eating behavior, mood and weight loss, however the TFEQ-R18 captures 
it as one construct of cognitive restraint (Balantekin & Hayes, 2024; 
Polivy et al., 2020). While various factors have been associated with 
eating disorder onset, their predictive value remains inconsistent 
throughout the literature. We must acknowledge that an increase to 
restraint, albeit small, has the potential to cause harm to individuals 
already at risk and continual monitoring for emergence of symptoms is 
crucial (Charrat et al., 2023). Additionally, because post-treatment 
follow-up data are unavailable, the long-term implications of the 
observed increases in dietary restraint remain unclear and could still 
pose a risk for heightened disordered eating behaviors over time in this 
cohort. While participation in behavioral weight loss intervention may 
not increase risk in a general population (Jebeile et al., 2023), little is 
known about the potential additional risk for those already at risk 
considering that those with eating disorder are invariably screened out 
of such programs (Lister et al., 2024). There is now some well-conducted 
research being conducted to assess the safety of these programs for in
dividuals with high-risk profiles, an area that is critically needed in the 
field (Forrest & Grilo, 2022; Grilo & Pittman, 2024).

Patients with uncontrolled psychiatric disorders were also excluded 
for clinical safety reasons and average PHQ-9 scores were low for our 
patient group. Our findings may not be applicable to patients living with 
clinically significant symptoms of depression or other comorbid psy
chiatric disorders and it is of note that depression scores were mild from 
the outset, and we did not measure any other aspects of poor mental 
health.

When considering the practical application of digitally or remotely 
delivered weight management services, the ability to screen for, and 
monitor disordered eating symptomology and mental health changes 
should be considered. Recognised clinical tools, such as the Mental State 
Examination, can be adapted to a remote environment and provide 
trained clinicians with further scope to thoroughly assess patients and 
ensure their safety throughout an intervention. In instances where use of 
these tools and assessments identify a patient at higher risk, a multi
disciplinary team case discussion, with input from clinical psychology 
and behavior change scientists, can provide a more thorough assessment 
on suitability to continue a program or the need for referral to specialist 
support. In fact, the ability for clinicians to send questionnaires and 
engage with patients asynchronously, outside of regular scheduled in
teractions, may well lead to an increase in identification of patients in 
need of further support, highlighting the potential power of such ser
vices in empowering individuals to obtain help, or clinicians to identify 
deterioration, at an earlier stage, which is likely to lead to better out
comes (Allen et al., 2023).

Our cohort was ethnically diverse with 42 % from non-white ethnic 
backgrounds, highlighting the broad acceptability of a digital approach 
to behavioral weight management across diverse populations. However, 
it is a limitation that we were not able to further analyse specific 
ethnicity groups due to the limited sample size.

5. Conclusion

Clinically supported digitally delivered TRE programs may be 
effective and safe weight management interventions for people living 
with obesity and overweight. For individuals without eating disorder 
and with low eating disordered eating pathology, such programs may 
improve maladaptive eating behaviors and low mood, which are com
mon in this population. There is a need for holistic and integrated ap
proaches to obesity management and disordered eating that place 
importance on monitoring and improving mental health, quality of life 
and eating behavior alongside weight loss.
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