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Abstract

Objective—Individuals seeking weight loss treatment have diverse pretreatment weight 

trajectories, and once enrolled, individuals’ response to weight loss treatments also varies greatly 

and may be influenced by the presence of binge-eating disorder (BED). Reported average weight 

losses may obscure these considerable differences. This study examined whether BED status and 

different weight-related change variables are associated with successful weight loss treatment 

outcomes in a controlled treatment study.

Method—Participants (N=89) with overweight/obesity, with and without BED, participated in a 

3-month weight loss trial in primary care with 3- and 12-month follow-ups. We tested the 

prognostic significance of four weight-related change variables (The Last Supper, Early Weight 

Loss, Pretreatment Weight Trajectory, Weight Suppression) on outcomes (Weight Loss-Overall, 

Weight Loss-“Subsequent,” weight loss during second half of treatment).

Results—Early Weight Loss was positively associated with Weight Loss-Overall at post-

treatment, and at 3-month and 12-month follow-up. Early Weight Loss was positively associated 

with Weight Loss-Subsequent at post-treatment only. No other weight-related variables were 

significantly associated with weight loss. Models including BED status and treatment condition 

were not significant.

Discussion—Participants with Early Weight Loss were more likely to continue losing weight, 

regardless of BED status or treatment condition. The results highlight the importance of early 

dedication to weight loss treatment to increase the likelihood of positive outcomes.
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Introduction

Individuals seeking weight loss treatment have broadly divergent pretreatment weight 

trajectories, with some seeking to enroll after recently gaining or losing a great deal of 

weight (Ivezaj, Kalebjian, Grilo, & Barnes, 2014). Once enrolled, individuals’ response to 

weight loss treatments also varies widely, with reported average weight losses obscuring 

considerable differences (Look Ahead Research Group, 2007). Determining how or if such 

variables are related to successful weight loss treatment outcomes may help to refine future 

weight loss interventions and to identify individuals early on who may need more intensive 

treatment via a stepped-care approach. Examples of these weight-related change variables, 

which may be related to weight loss treatment outcomes, include The Last Supper, Early 

Weight Loss, Pretreatment Weight Trajectory, and Weight Suppression. As reviewed below, 

the relevant existing literature on these factors is varied with equivocal empirical support.

“The Last Supper” is used to describe individuals overeating prior to initiating a diet 

(Eldredge, Agras, & Arnow, 1994; West, Harvey-Berino, Krukowski, & Skelly, 2011). 

Researchers examined participants’ weight change between intake assessment and their first 

treatment session (i.e., The Last Supper) to determine if fluctuation may be related to weight 

loss treatment outcomes (West et al., 2011). Individuals who lost weight during The Last 

Supper time period lost significantly more weight during treatment compared to participants 

who either gained weight or had no weight change between intake assessment and their first 

treatment session (West et al., 2011). Recently, another weight loss trial utilizing similar 

methods found no weight loss treatment response differences among participants who 

gained, lost, or maintained weight between intake and first treatment appointments (Kerrigan 

et al., 2016). Thus, it is unclear whether The Last Supper is related to weight loss treatment 

outcomes.

“Early Weight Loss,” or participants’ initial weight loss in treatment, may be predictive of 

weight loss treatment outcomes (Carels, Cacciapaglia, Douglass, Rydin, & O’Brien, 2003; 

Nackers, Ross, & Perri, 2010) as far as one (Fujioka et al., 2016; Waring et al., 2014) to two 

(Feig & Lowe, 2017) years and up to four and eight years (Unick et al., 2015) following 

treatment. Studies of Early Weight Loss suggest that participants who lose more weight 

initially during treatment will continue to lose significantly more weight compared to 

individuals who do not. The significance of Early Weight Loss compared to the other 

individual weight-related change variables is unknown.

“Pretreatment Weight Trajectory,” or participants’ weight change in the months directly 

preceding treatment has gained attention recently (Barnes, Blomquist, & Grilo, 2011; 

Blomquist et al., 2011; Ivezaj et al., 2014). Weight-loss treatment seeking individuals 

reported extreme ranges of weight changes prior to treatment, ranging from losing 78 to 

gaining 99 pounds in the year directly preceding treatment (Ivezaj et al., 2014). Research on 

Pretreatment Weight Trajectory suggests a possible link between weight change prior to 

treatment start and weight-related behaviors such as overeating (Ivezaj et al., 2014). The 

relationship between Pretreatment Weight Trajectory and weight-loss treatment outcomes, 

however, has not yet been examined.
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The final variable of interest is “Weight Suppression,” or the difference between individuals’ 

highest adult weight and current weight (Lowe, 1984). Higher weight suppression was 

related to more weight gain during women’s first year of college and severe weight cycling 

among a community sample of individuals with overweight/obesity (de Zwaan, Engeli, & 

Müller, 2015). Weight suppression also is thought to maintain bulimia nervosa symptoms 

and chronic dieting behaviors, such that individuals suppressing more weight are more 

symptomatic (Bodell, Brown, & Keel, 2017; Linardon, Piedad Garcia, & Brennan, 2017). 

Although Weight Suppression may be related to weight loss treatment outcomes, research to 

date has been limited to individuals with overweight/obesity and co-existing binge-eating 

disorder (BED, (Zunker et al., 2011)).

How BED may impact the relationship between these four variables and weight loss 

treatment outcomes is unknown. BED, a psychological disorder included in the Diagnostic 
and Statistical Manual of Mental Disorders, 5th Edition (DSM-5), includes frequently 

consuming unusually large amounts of food without the regular compensatory behaviors 

observed in bulimia nervosa, paired with a subjective sense of loss of control (American 

Psychiatric Association, 2013). BED is common among individuals seeking weight loss 

treatment (Barnes, White, Martino, & Grilo, 2014) and may impair individuals’ weight-loss 

treatment response (Blaine & Rodman, 2007; Grilo & White, 2013). Among individuals 

with overweight/obesity and binge-eating disorder (BED), Weight Suppression failed to 

predict weight change or binge-eating abstinence in a study of cognitive-behavioral therapy 

(CBT) for BED (Zunker et al., 2011). CBT for BED, however, typically focuses on binge 

eating reduction and not weight loss, resulting in small average weight losses (Grilo, 2017), 

including in the one study of Weight Suppression (Zunker et al., 2011). Higher Weight 

Suppression was, however, related to more frequent dieting among individuals seeking 

treatment for obesity and BED (Roehrig, Masheb, White, & Grilo, 2009). Further, 

Pretreatment Weight Trajectory may be differentially related to eating behaviors based on 

BED status (Ivezaj et al., 2014). The Last Supper was even first characterized among 

individuals with BED and overweight/obesity (Eldredge et al., 1994), yet neither outcome 

paper examined the potential impact of a BED diagnosis (Kerrigan et al., 2016; West et al., 

2011), nor did the literature testing the relationship between Early Weight Loss and 

treatment outcomes (Carels et al., 2003; Feig & Lowe, 2017; Fujioka et al., 2016; Unick et 

al., 2015; Waring et al., 2014).

In summary, there is an emerging, albeit mixed, literature regarding the potential relevance 

of four weight-related changes variables, The Last Supper, Early Weight Loss, Pretreatment 

Weight Trajectory, and Weight Suppression, that may or may not be related to weight-loss 

treatment success. The current study examined whether different weight-related change 

variables were associated with successful weight loss treatment outcomes in a controlled 

treatment study. Refining our understanding of the nature of these weight-related variables 

may help us identify individuals, prior to or early into weight loss treatment, who may 

benefit from different or more intensive treatment (e.g., stepped-care approach, weight loss 

medications). Based on the existing literature, we hypothesized that Early Weight Loss 

would be most predictive of weight-loss treatment success and that results would differ 

based on BED status.
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Methods

Participants

Participants were 89 consecutively evaluated adult participants with overweight and obesity 

(body mass index (BMI) between 25 and 55) who participated in a weight loss trial (Barnes 

et al., 2014; Barnes, Ivezaj, Martino, Pittman, & Grilo, 2017). Participants were recruited 

through referrals from primary care physicians and flyers placed in waiting/patient rooms for 

a weight loss treatment study being performed in an urban primary care setting. Notable 

exclusion criteria included BMI ≥ 55, over 65 years of age, select severe psychiatric (e.g., 

schizophrenia, bipolar disorder) or medical problems (e.g., cardiac disease), pregnancy/

breastfeeding, and uncontrolled liver disease, hypertension, thyroid disease, or diabetes.

Overall, participants had a mean age of 47.9 years (SD=10.5, range 22–65) and a mean BMI 

of 35.3 kg/m2 (SD = 7.0). Participants were primarily female (76.4%, n=68), and 25.8% 

(n=23) of individuals met DSM-5 BED criteria (American Psychiatric Association, 2013). 

The sample was relatively diverse, with 65.2% of participants identifying as White, not 

Hispanic (n=58), 4.5% as White, Hispanic (n=4), 20.2% as African American (n=18), 5.6% 

as More Than One Race, not Hispanic (n=5), and 4.5% as More Than One Race, Hispanic 

(n=4).

Procedures

The study had full Yale IRB review and approval and all participants provided written 

informed consent. Participants were assessed by independent master or doctoral level 

psychology clinicians trained in eating and weight disorders who were blinded to treatment 

randomization. BED diagnosis was based on the Eating Disorder Examination (Fairburn, 

Wilson, & Schleimer, 1993) and the Structured Clinical Interview for DSM-IV Axis I 

Disorders edited for DSM-5 BED criteria (First, Gibbon, Spitzer, & Williams, 1996). 

Participants were randomly assigned to one of three conditions and randomization was 

stratified by the presence or absence of DSM-5 BED diagnosis. These treatment conditions 

included Motivational Interviewing and Internet Condition, Nutrition Psychoeducation and 

Internet Condition, or Usual Care provided by medical assistants (Barnes et al., 2014; 

Barnes et al., 2017). Height was measured at baseline-only using a wall measure, weight was 

measured using a large capacity digital scale at pretreatment assessment, baseline (first 

treatment session), mid-treatment (6 weeks), post-treatment (12 weeks), 3-month follow-up 

assessment (24 weeks), and 12-month follow-up assessment (64 weeks). Participants 

randomized to Usual Care (n=30) were not included in the 12-month follow-up assessment 

because they were offered compassionate care treatment following the 3-month follow-up 

assessment; therefore, 59 of the originally randomized participants were eligible to 

participate in the 12-month follow-up.

To provide context for the current analyses the following information is provided from the 

previously published RCT (Barnes et al., 2014; Barnes et al., 2017). At post-treatment and 

3-month follow-up, participants randomized to Nutrition Psychoeducation (post: M = −4.9 

pounds, SD = 6.1; 3-month follow-up: M = −5.7 pounds, SD = 9.0) lost significantly more 

weight than participants randomized to Usual Care (post: M = −0.4 pounds, SD = 6.2; 3-
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month follow-up: M = +0.4 pounds, SD = 7.2). There were no significant differences 

between Motivational Interviewing (post: M = −3.3 pounds, SD = 6.5; 3-month follow-up: 

M = −2.6 pounds, SD = 8.7) and Nutritional Psychoeducation or Usual Care at either time 

point. By 12-month follow-up, there were no significant differences between participants 

randomized to Nutrition Psychoeducation (M = −3.1 pounds, SD = 9.2) and Motivational 

Interviewing (M = +3.3 pounds, SD = 12.9). There were no significant weight loss 

differences at any time point based on BED status.

In addition to measuring participants’ weight at the assessment points, at pretreatment 

assessment, participants were asked to provide their best estimate of self-reported weight 

(non-pregnancy) for their highest adult weight (≥ 18 years old) and their weight 3-, 6-, and 

12-months prior to their pretreatment assessment.

Predictor and Outcome Variables (Negative values denote weight loss; see Figure 1 for a 
visual depiction)

Weight-Related Predictor Variables—The Last Supper percentage weight change was 

calculated by subtracting participants’ pretreatment assessment measured weight from their 

baseline session measured weight (first treatment session), dividing by pretreatment 

assessment measured weight, and multiplying by 100. This variable was calculated 

continuously to allow for more direct comparisons with other predictor variables examined, 

as opposed to the previous literature that categorized participants into lost, gained, or 

maintained categories.

Early Weight Loss percentage weight change was calculated by subtracting participants’ 

baseline session measured weight (first treatment session) from their mid-treatment 

measured weight (6 weeks), dividing by baseline session measured weight, and multiplying 

by 100.

Pretreatment Weight Trajectory percentage weight change was calculated by estimating a 

slope for weight measured across 12-, 6-, 3-months prior to pretreatment for each subject 

based on participants’ pretreatment assessment measured weight and their self-reported 

weight 12-, 6-, and 3-months prior to starting treatment.

Weight Suppression percentage weight change was calculated by subtracting participants’ 

self-reported highest adult weight from their pretreatment assessment measured weight, 

dividing by their self-reported highest adult weight, and multiplying by 100. Using 

percentage Weight Suppression appears to measure the same construct as the traditional 

measurement (i.e., kilogram or pounds difference) while controlling for potentially 

confounding data (Schaumberg et al., 2016). Negative values denoted participants 

suppressing weight at pretreatment assessment from their highest self-reported adult weight. 

A value of 0 indicated participants were assessed for treatment at their highest adult weight.

Treatment Outcome Weight Variables—Weight Loss-Overall (Carels et al., 2003; 

Fujioka et al., 2016; Unick et al., 2015; Waring et al., 2014) was calculated for post-

treatment, 3-month follow-up and 12-month follow-up assessments by subtracting 

participants’ baseline measured weight (first treatment session) from their measured weight 
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at each time point, dividing by their baseline measured weight, and multiplying by 100. 

Despite the obvious overlap between this variable Early Weight loss and Weight Loss-

Overall, we chose to provide these descriptive analyses for context and to replicate previous 

literature (Carels et al., 2003; Fujioka et al., 2016; Unick et al., 2015; Waring et al., 2014). 

While our primary analysis is described in the following paragraph (i.e., predicting 

subsequent weight loss), it is clinically informative for clinicians to grasp the total 

magnitude of weight loss as context.

Weight Loss-Subsequent (Feig & Lowe, 2017) was calculated using weight measured at 

mid-treatment (6 weeks) as the baseline to avoid overlap with the Early Weight Loss 

predictor variable. Specifically, this outcome was calculated by subtracting participants’ 

mid-treatment measured weight from their measured weight at post-treatment (and 

subsequent time points), dividing by their mid-treatment measured weight, and multiplying 

by 100.

Statistical Analyses

For each outcome, separate linear mixed models were developed for each predictor. These 

models included each predictor as a continuous variable and time (post, 3-month follow-up, 

12-month follow-up) as a within-subjects factor. Inclusion of the predictor by time 

interaction, whether significant or not, allowed for a priori estimation of slopes to assess the 

association between each predictor and each outcome at the three time points. The best-

fitting variance-covariance structure was evaluated using information criteria. To test 

whether any associations uncovered in the above models differed by BED status or treatment 

assignment, we tested all 2- and 3-way interactions with these variables in separate models. 

No interactions were observed, and BED status and treatment assignment were dropped 

from the model. Because of differences in weight loss between treatments observed in the 

original RCT, treatment assignment was also considered as a covariate in the above models. 

All results were substantively and statistically similar with or without treatment assignment; 

thus, treatment assignment was dropped for parsimony. Similar results were also found with 

and without BED status included as a covariate. All analyses were conducted using SAS, 

version 9.4 (Cary, NC).

Results

See Table 1 for means and standard deviations for weight-related change predictor and 

weight loss treatment outcome variables.

Correlations Among Predictor Variables

The Last Supper and Early Weight Loss were not significantly correlated with any other 

predictor variables. Pretreatment Weight Trajectory was significantly correlated with Weight 

Suppression (r(79) = 0.48, p < 0.0001).

Weight Loss-Overall

Estimated slopes indicated that Early Weight Loss was positively associated with Weight 

Loss-Overall at post-treatment (b = 1.18±.08, r = .87, p = .0001), and at 3-month (b = 1.22±.
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16, r = .68, p = .0001) and 12-month (b = 1.15±.24, r = .56, p = .0001) follow-up. There was 

no significant interaction, however, between Early Weight Loss and Time (F(2, 110) = .20, p 
= .82). The Last Supper, Pretreatment Weight Trajectory, and Weight Suppression predictor 

variables were not significantly associated with Weight Loss-Overall. There were no 

significant main or interaction effects when adding BED status or treatment condition into 

the models.

Weight Loss-Subsequent

Slopes estimated from the mixed model indicated that Early Weight Loss was positively 

associated with Weight Loss-Subsequent at post-treatment, (b = 0.18±.08, r = .26, p = .018), 

but not at 3-month (b = 0.24±.16, r = .17, p = .14) or 12-month (b = 0.10±.25, r = .07, p = .

68) follow-up. The estimated slopes, however, at each time point did not significantly differ 

(Early Weight Loss by time interaction: F(2, 110) = .25, p = .78). The Last Supper, 

Pretreatment Weight Trajectory, and Weight Suppression predictor variables were not 

significantly associated with Weight Loss-Subsequent. There were no significant main or 

interaction effects when adding BED status or treatment condition into the models.

Discussion

This is the first direct comparison of four weight-related change variables identified in the 

literature, their relationship to weight loss treatment outcomes, and the impact of BED on 

those relationships. Participants’ Early Weight Loss was the only predictor variable 

significantly related to weight loss treatment outcomes, regardless of BED status or 

treatment assignment. The Last Supper, Pretreatment Weight Trajectory, and Weight 

Suppression were unrelated to weight loss treatment outcomes.

BED status was unrelated both to weight loss in the original RCT (Barnes et al., 2014; 

Barnes et al., 2017) and to the relationship between Early Weight Loss and weight loss 

outcomes in the current analyses. These results are noteworthy given the previous mixed 

literature showing that BED may (Blaine & Rodman, 2007; Grilo & White, 2013) or may 

not (Barnes et al., 2014; Barnes et al., 2017; Barnes et al., 2018) moderate individuals’ 

response to weight loss treatment. Further, individuals with BED previously were found to 

gain significantly more weight in the year prior to initiating weight loss treatment when 

compared to their counterparts without BED (Ivezaj et al., 2014). The current findings may 

be particularly encouraging for those with BED seeking weight loss treatment, although 

replication with larger BED samples is warranted.

Overall, the current data suggest that irrespective of individuals’ weight changes prior to 

their first treatment session, it is important for them to “get off to a good start” immediately 

upon treatment commencement. Participants with more Early Weight Loss were more likely 

to continue losing weight, regardless of the treatment received. Further, Early Weight Loss 

was strongly predictive of weight loss outcomes even in the context of a weight loss 

intervention designed to be scalable and low-burden to increase generalizability to other 

primary care centers (i.e., 2.5 hours over 12 weeks (Barnes et al., 2014; Barnes et al., 2017). 

While the average weight loss was relatively small, effect sizes for both intervention 

conditions were medium to medium-large and there was much variability, with 
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approximately 25% of participants receiving treatment reaching a clinically meaningful 

weight loss of 5% or more by 3-month follow-up (Barnes et al., 2014). The current data 

support previously published trials examining Early Weight Loss (Carels et al., 2003; Feig & 

Lowe, 2017; Fujioka et al., 2016; Nackers et al., 2010; Unick et al., 2015; Waring et al., 

2014) and extend them to individuals diagnosed with BED. The findings maintained through 

post-treatment regardless of how weight loss outcomes were calculated. We note, however, 

that to our knowledge, this is only the second paper to examine “subsequent” weight loss 

(i.e., calculated currently as “Weight Loss-Subsequent”(Feig & Lowe, 2017), and that the 

remaining research reports did not specify whether or not there was overlap between the 

calculation of Early Weight Loss and weight loss outcome variables (i.e., calculated 

currently as “Weight Loss-Overall”; (Carels et al., 2003; Fujioka et al., 2016; Nackers et al., 

2010; Unick et al., 2015; Waring et al., 2014)).

Future research examining Early Weight Loss will need to address the potential overlap 

between the predictor (Early Weight Loss) and outcome (overall versus subsequent weight 

loss) variables. Closer examination of factors related to Early Weight Loss also will be 

important for future research. Based on previous studies, variables of interest include a more 

consistent pattern of initial weight loss (Feig & Lowe, 2017) and treatment adherence 

(Nackers et al., 2010; Unick et al., 2015). Even very early treatment nonadherence may be a 

signal for changing weight loss treatment approach (Unick et al., 2015). Perhaps individual 

variables such as stress, life events, or motivation impact treatment attendence and 

adherence, and therefore Early Weight Loss. While preliminary, we do know from the 

current data that Early Weight Loss was unrelated to any pretreatment weight change (The 

Last Supper, Pretreatment Weight Trajectory, Weight Suppression), further highlighting the 

significance of this critical time period at treatment start.

In contrast to an initial report (West et al., 2011), this is the second study to report no 

significant relationship between The Last Supper and weight loss outcomes (Kerrigan et al., 

2016). The current data, in combination with the previous two Last Supper studies (West et 

al., 2011), highlight the importance of obtaining a true pre-treatment weight at the first 

treatment appointment as individuals’ weight can change dramatically between their initial 

screening/assessment appointment and when they actually start treatment (Kerrigan et al., 

2016). Similarly, despite current participants reporting a wide range of Weight Suppression 

(0 to −92 pounds) and Pretreatment Weight Trajectories (from 37 pounds lost to 99 pounds 

gained in the year preceding treatment), neither variable was related to weight loss 

outcomes. These results are similar to those of Zunker and colleagues (Zunker et al., 2011) 

who examined Weight Suppression and weight loss within a BED only sample and was the 

first to examine Pretreatment Weight Trajectories and treatment outcomes. While beyond the 

scope of the current study, future research should examine if any of these pretreatment 

weight-related variables are associated with weight regain following treatment.

It is important to consider the limitations of the current study. First, the sample size was 

relatively small, particularly for the subgroup of individuals with BED and at 12-month 

follow-up assessment as participants randomized to Usual Care were provided 

compassionate care and not included in this final assessment. Future research should include 

a larger sample of participants, both with and without BED. Second, the average weight 
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losses in this scalable primary care intervention were relatively small, restricted range could 

account for the null results. Similarly, the results may not generalize to individuals seeking 

weight loss treatment in specialty care clinics. Third, some of the predictor variables 

(Pretreatment Weight Trajectory, Weight Suppression), relied on participants’ self-reported 

weights. The literature suggests, however, that similar patient groups tend to be reasonably 

accurate when providing self-report weight (Ivezaj et al., 2014). Fourth, the Early Weight 

Loss data was collected halfway through treatment. It is likely that even earlier weight loss 

may be predictive of treatment outcomes.

In summary, the current results replicate and extend the previous literature by highlighting 

the importance of Early Weight Loss during weight loss treatment, regardless of BED status 

or the type of weight loss treatment received. Other pretreatment weight-related change 

variables, including The Last Supper, Pretreatment Weight Trajectory, and Weight 

Suppression were not significantly related to weight loss. It may be helpful for clinicians to 

highlight these findings when working with individuals both with and without BED seeking 

weight loss as they can consider the beginning of treatment a critical period for swift action. 

Similarly, it may be important for clinicians to consider a stepped-care or different treatment 

approach for individuals who do not respond initially to weight loss treatment.
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Figure 1. 
Predictor and Outcome Variables

*Weight Suppression was calculated using self-reported life-time highest adult weight 

collected at pretreatment assessment.
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