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Abstract

Weight loss maintenance is a significant challenge in obesity treatment. During maintenance the 

“costs” of adhering to weight management behaviors may outweigh the “benefits.” This study 

examined the efficacy of a novel approach to weight loss maintenance based on modifying the 

cost-benefit ratio. Individuals who achieved a 5% weight loss (N=75) were randomized to one of 

three, 10-month maintenance interventions. All interventions were delivered primarily via the 

Internet. The Standard arm received traditional weight maintenance strategies. To increase 

benefits, or rewards, for maintenance behaviors, the two cost-benefit intervention conditions 

received weekly monetary rewards for self-monitoring and social reinforcement via e-coaching. To 

decrease behavioral costs (boredom) and increase novelty, participants in the cost-benefit 

conditions also monitored different evidence-based behaviors every two weeks (e.g., Weeks 1 & 2: 

steps; Week 3 & 4: red foods). The primary difference between the cost-benefit interventions was 

type of e-coach providing social reinforcement: Professional (CB Pro) or Peer (CB Peer). Study 

procedures took place in Providence, RI from 2013–2014. Retention was 99%. There were 

significant group differences in weight regain (p=.01). The Standard arm gained 3.5±5.7kg. In 

contrast, participants in CB Pro and CB Peer lost an additional 1.8±7.0kg and 0.5±6.4kg, 

respectively. These results suggest that an Internet delivered cost-benefit approach to weight loss 

maintenance may be effective for long-term weight control. In addition, using peer coaches to 

provide reinforcement may be a particularly economic alternative to professionals. These data are 

promising and provide support for a larger, longer trial.
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Introduction

Lifestyle interventions for obesity treatment yield excellent short-term weight losses, which 

reduce risk for diabetes and improve cardiovascular disease risk factors.[1, 2] However, 

weight regain begins shortly following treatment and within 2 to 3 years, most individuals 

regain nearly all of the weight that they lost.[3] As such, one of the next major challenges in 

obesity treatment is to develop efficacious interventions for weight loss maintenance.[4]

A recent NIH meeting on the problem of weight loss maintenance highlighted the multiple 

barriers, including both physiological and behavioral factors, that make weight loss 

maintenance so challenging.[4] Since weight regain is to a large extent attributable to 

decreased adherence to prescribed regimens, one explanation for the decline in adherence is 

that over time there is a shift in the perceived costs of adherence relative to the perceived 

benefits.[3–6] During the initial period of active weight loss, there are many powerful 

benefits, or reinforcers, that promote continued adherence. Weight loss itself and seeing 

progress on the scale is inherently reinforcing; improvements in health, mood, and 

appearance occur; and social reinforcement, or compliments from family, friends, and 

intervention staff, motivate behavior change.[1, 5–10] However, during the period of weight 

loss maintenance, there is a substantial decrease in benefits for weight management 

behaviors and an increase in behavioral costs. Weight loss, the most reinforcing aspect of 

treatment slows or stops.[3, 9] Social reinforcement from interventionists, family, and 

friends drops off.[6, 7, 11] Moreover, health, mood, and appearance improvements plateau.

[6, 8] At the same time that these salient reinforcers decrease, behavioral costs increase. 

Participants report becoming bored with their weight management regimen (e.g., calorie 

counting) and that their weight management requires more effort.[11–14] According to 

behavior change theory, this shift in the cost-benefit ratio (decreasing rewards and increasing 

response costs) results in a decline in adherence over time, and weight regain occurs.[15, 16] 

However, the shift in the cost-benefit ratio has never been targeted to improve weight loss 

maintenance outcomes.

The present trial tested an intervention designed to target the problematic cost-benefit ratio 

associated with weight loss maintenance. Individuals who achieved a clinically meaningful 

weight loss (≥5%) in an Internet-based program (Phase I) were randomly assigned to one of 

three 10-month, Internet-based weight loss maintenance interventions (Phase II): (a) a cost-

benefit intervention involving a professional coach, (b) a cost-benefit intervention involving 

a peer coach, or (c) a standard approach. The cost-benefit interventions included treatment 

components that were designed to sustain benefits for engaging in weight management 

behaviors over time –namely, financial incentives and social reinforcement from either a 

professional or peer coach as well as approaches designed to reduce boredom and thus 
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behavioral costs. The primary hypothesis was that both cost-benefit approaches, regardless 

of coach type,[17] would yield significantly less weight regain compared to the standard 

approach over the 10 month maintenance program.

Methods

Design overview

This trial involved two phases. Phase I was an 8 week weight loss phase for all participants. 

Those who lost >=5% of initial body weight during Phase I were eligible for Phase II, the 

maintenance trial. Phase II was a randomized trial comparing three different 10-month 

maintenance programs: (a) a standard maintenance approach (Standard), (b) a cost-benefit 

approach in which social reinforcement was provided by a professional coach (CB Pro), or 

(c) a cost-benefit approach in which social reinforcement was provided by a peer coach (CB 

Peer). The primary outcome was weight regain from the beginning of the maintenance 

program (randomization) to its end (month 10; Figure 1). This trial was executed at a 

research center in Providence, RI from 2013–2014. This center includes group rooms and 

exam rooms where weights and heights were privately assessed. All participants provided 

written informed consent to participate and were enrolled by study staff.

Phase 1—A total of N=138 individuals were recruited and participated in a web-based 

behavioral weight loss program. Eligibility criteria included age 18–70, BMI>=25kg/m2, no 

current or planned pregnancy or uncontrolled medical condition (e.g., heart problem), no 

planned relocation or previous study participation, willingness to engage in an Internet 

weight loss program, and English-speaking. Those who reported a medical condition 

affected by weight loss were required to provide physician consent to participate.

During Phase I, all participants were offered a web-based weight loss program. This 

program started with a one-hour group session during which all participants received their 

weight loss goal (1–2 lbs/week; 5% overall), dietary goals (<250lbs: 1200–1500kcals/day, 

30–40g fat/day; >250 lbs: 1500–1800kcals/day, 40–50g fat/day), and physical activity goal 

(250min/week). They were also taught how to accurately self-monitor their weight, calories, 

and physical activity. After the one-time group session, the entire weight loss intervention 

was delivered via the web and included weekly multimedia videos based on the Diabetes 

Prevention Program[18] and a self-monitoring platform where participants entered weight, 

diet, and activity information and received automated, tailored feedback on their progress. 

We have published extensively on this program; results show that it yields clinically 

meaningful weight losses.[19–21]

Phase II—Participants who lost ≥5% of initial body weight at the end of Phase I (N=75) 

were eligible to participate in Phase II, the actual maintenance trial. A 5% weight loss 

threshold was chosen because individuals must have lost weight in order to maintain it and 

5% is clinically meaningful.[22] Participants were randomly assigned by the study 

statistician to one of the three maintenance interventions. Simple computerized 

randomization was used. Time between end of Phase I and start of Phase II was 20.7±0.7 

days (range=20–25 days). During this time all assessment and randomization procedures 

were conducted. Participants were informed of their randomization assignment at their Phase 
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II group session (see below). The single group session offered to each maintenance group 

was conducted by a PhD or Masters level interventionist with training in behavioral weight 

control.

Standard: The Standard intervention included a single, one-hour group session plus 

periodic email contact. During the group session, participants in Standard were taught 

traditional evidence-based weight loss maintenance strategies, including self-regulation 

skills.[23] Intervention staff highlighted the importance of self-monitoring weight, diet, and 

activity; continuing to eat a low calorie/low fat diet; and engaging in 300 minutes of 

moderate to vigorous physical activity each week.[24, 25] They were instructed that if their 

weight was trending up, they should resume strategies used for weight loss, including 

prepackaged meals and meal replacements. During the group session, participants also 

completed a goal setting activity in which they specified their weekly weight, calorie, and 

activity goals depending on whether they wanted to continue to lose weight or maintain; 

developed a plan to achieve the goals; self-selected a reward for goal achievement; and 

brainstormed problem solving solutions in the event that they did not meet their goals. 

Intervention staff also encouraged participants in this arm to engage in specific behavioral 

strategies associated with long-term weight control including breakfast eating, reducing 

sedentary time, and developing a consistent eating and activity routine.[26–28] In addition to 

this one-time group session, all Standard participants received monthly informational emails 

from a research assistant that included problem solving strategies to promote physical 

activity and reduce caloric intake plus access to healthy, low calorie recipes.

Cost-benefit approach with a professional coach (CB Pro): CB Pro participants also 

attended one group session during which they were oriented to their program and 

encouraged to engage in core weight maintenance strategies as noted above. After this one-

hour session, CB Pro participants also received their entire intervention via email.

The CB intervention included several components designed to address the high cost-benefit 

ratio thought to undermine weight loss maintenance.[3, 5–7] Specifically, to increase 

“benefits,” or rewards, for weight management, two universal reinforcers were used: social 

reinforcement and monetary reinforcement. To decrease boredom or “costs” of long-term 

adherence, the maintenance program included a variety of different evidence-based 

strategies for weight loss maintenance, and the specific behavioral strategy changed every 

two weeks. Each of these approaches is detailed below.

Given that self-monitoring is consistently associated with better maintenance outcomes,[25, 

29] both the social and financial reinforcers were provided contingent on self-monitoring. 

Each week participants self-monitored their weight and the prescribed diet or activity 

behavior for at least 5 days, and emailed the self-monitoring data to their professional coach 

(a registered dietitian with training in behavioral weight control), they received an email 

from their coach providing social reinforcement (support, encouragement). If they did not 

email the information, no social reinforcement or contact from the coach was provided.

In addition, each week that participants self-monitored and submitted ≥5 days of weight and 

diet or activity information to their coach, they received a monetary reinforcement. 
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Participants were informed that they would receive between $1–$10/week for submitting 

their records, but the specific schedule of reinforcers was not provided to participants in 

advance. To reinforce and engage participants at the outset, larger incentives were delivered 

at the beginning (e.g., $10, $5, $8) and incentive size varied thereafter (e.g., $1, $7, $2). If 

participants completed all reporting, they earned a maximum of $160 during the entire 

maintenance program. When participants submitted the required information to their coach, 

they received an email with the amount of money earned that week and their total “bank.” 

Weekly reminders to submit self-monitoring information were framed using regret aversion 

language (“Don’t miss out on your money, be sure to submit your information by Sunday at 

midnight”). Weight maintenance was also incentivized. Those who maintained their weight 

loss in full at their assessment session received $25. Thus, maximum potential earnings were 

$185/participant, provided at the assessment visit.

To reduce behavioral “costs” for engaging in weight management behaviors, behavioral 

variety was used.[12, 30, 31] Instead of counting calories for the duration of the program (as 

is traditionally done and was encouraged in the Standard arm), participants in the cost-

benefit intervention monitored different evidence-based weight management behaviors for 2 

week periods each. This approach was used to mitigate boredom and thus effort. 

Specifically, every two weeks, participants were emailed a new behavior to monitor (e.g., 

Weeks 1–2: pedometer steps; Weeks 3–4: “red foods”) and given goals for each behavior 

(e.g., 10,000 steps/day; limit “red foods” to 1 serving/day).

Cost-benefit approach with a peer coach (CB Peer): The CB Peer arm involved the same 

one-time group session and cost-benefit components as CB Pro (social reinforcement, 

monetary reinforcement, and behavioral variety); however, instead of a professional coach, 

participants received a peer coach. Participants were randomly paired (within gender) with 

another individual in their arm and provided reciprocal peer coaching to one another via 

email. All peer coach participants received a 1.5 hour training session in how to be a 

reinforcing and supportive coach. During each week of the maintenance program, when peer 

coach dyads exchanged information about their weight over that week and adherence to the 

prescribed diet or activity behavior, they provided each other with social reinforcement. 

Moreover, while the total incentive amount was identical to CB Pro (maximum of $185/

participant), the incentive structure had a social contingency. To receive the weekly 

incentive, BOTH participants in each peer coach dyad had to email ≥5 days of self-

monitoring data to each other. Similarly, to receive the $25 weight maintenance incentive, 

BOTH participants had to maintain their weight loss in full.

Assessments

Assessments were conducted by research staff blinded to intervention arm.

Demographics—Participant characteristics were collected at Phase I baseline.

Adherence—To track adherence to the coaching paradigm, participants “cc’d” a research 

assistant on all coaching correspondence. Using these data, percentage of weeks participants 
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submitted information to their coach was calculated. Retention was defined as completion of 

the final assessment visit.

Weight and height—Weight was assessed using a digital scale before and after Phase I 

and at the end of Phase II. Height was assessed using a stadiometer at Phase I baseline. 

Assessments of weight and height were completed in private exam rooms.

Statistical analyses

Statistical analyses were performed using SAS 9.4 for Windows. Analyses of variance 

(ANOVA) and chi-square tests were used to test for group differences in baseline 

characteristics and adherence. The primary outcome analysis examined weight regain over 

the 10 month maintenance intervention, and used an intent-to-treat framework in which 

missing data (n=1 participant) was imputed at .3 kg/month of weight gain over the 10 month 

follow-up period. This assumption is based on natural weight trajectories over time and has 

been used in prior studies.[32, 33] The primary outcome variable of weight regained was not 

normally distributed and was transformed using a rank-based normalizing transformation.

[34] The transformed variable was rescaled back to the original metric before performing the 

ANOVA. Overall significant group differences on the primary outcome were followed by 

post-hoc pairwise multiple group contrasts using a stepdown bootstrap procedure that 

controls Type I error for multiple group contrasts at p=.05.[35, 36] Logistic regression was 

used to examine group differences in percent of participants achieving 5% weight loss at 

final assessment and percent who achieved full weight loss maintenance, defined as 

regaining less than 2.3kg over the 10 months of maintenance.[37] Finally, power analysis 

indicated that a total of N=75 participants yields .87 power assuming a 3.5kg delta between 

CB and Standard groups with α at .05.

Results

Participants

All participants (N=75) lost a minimum of 5% of initial weight for eligibility in the 

maintenance trial, with a mean percent weight loss of 8.0±2.1. There were no group 

differences in baseline characteristics (Table 1). Retention was 99%.

Adherence

Participants were highly adherent to the coaching paradigm (Table 2). Participants in CB Pro 

and CB Peer emailed their coach at least 5 days of self-monitoring data on 85.0% and 92.8% 

of intervention weeks, respectively. As a result, incentive earnings did not significantly differ 

by group (CB Pro: $3.43±0.78/week, CB Peer: $3.52±0.77/week, p=0.70). Similarly, the 

percentage of participants who emailed at least 5 days of self-monitoring information on all 

40 intervention weeks, thus earning the full $160 self-monitoring incentive, did not differ by 

arm (CB Pro: 24%, CB Peer: 27%, p=.81). In addition, both types of coaches were highly 

adherent to providing feedback (CB Pro: 100% of weeks, CB Peer: 83.1% of weeks).
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Weight Regain

There was an overall significant group effect (p=.01) for weight regain over the maintenance 

period (Table 2). CB Pro (M=−1.8±7.0) and CB Peer (M=−0.5±6.4) regained significantly 

(p=0.012 and p=0.049, respectively) less weight than Standard (M=3.5±5.7), but were not 

different from each other (p=0.47).

Weight Loss Maintenance

A logistic regression analysis compared percent of participants in each group who achieved 

full weight loss maintenance at month 10, defined as regaining 2.3kg or less.[37] A 

significantly greater percentage of participants in CB Pro (72%) and CB Peer (73%) 

maintained their weight loss in full compared to Standard (33%) (p’s≤0.008). The CB Pro 

and CB Peer groups did not significantly differ (p=0.931).

We also compared the percent of participants in each group who met the 5% weight goal at 

the end of both Phase I and Phase II. A significantly greater percentage of participants (76%) 

in CB Pro maintained a 5% weight loss or greater (p=0.008, OR=5.3, 95% CI: 1.5, 18.1) 

compared to Standard (37.5%). The percentage of participants in CB Peer (65.4%) was at a 

marginally significant level versus Standard (p=0.052, OR=3.1, 95% CI: 1.0, 10.0). CB Pro 

and CB Peer groups did not significantly differ from one another (p=0.408, OR=1.7, 95% 

CI: 0.5, 5.7).

Discussion

According to behavior change theory, weight regain may be explained by a significant shift 

in the cost-benefit ratio for engaging in weight management behaviors over time. This is the 

first study to test whether an intervention package that targets the problematic cost-benefit 

shift improves weight loss maintenance outcomes. Results showed that this intervention, 

which included provision of ongoing benefits, or rewards, for weight management behaviors 

via social and monetary reinforcement and reduction in boredom and thus behavioral “costs” 

by having participants monitor a variety of evidence-based behaviors was effective in 

improving long-term weight outcomes. Both groups given the cost-benefit intervention 

continued on average to actually lose weight over the 10 month maintenance period, 

whereas the standard group had a 3kg weight gain. Thus, this novel intervention, targeting 

both sides of the cost-benefit ratio, was successful in improving maintenance.

Another important finding from this study was that peer-provided social reinforcement was 

just as effective as professional for weight loss maintenance. Whereas previous studies have 

added professional e-coaching to improve outcomes in web-based weight loss programs,[38, 

39] this is the first study to test peer e-coaching. Our results showing that peers are as 

effective as professionals suggest that peers may be a particularly efficient and economical 

method of maintaining the minimal costs of web programs while also optimizing 

engagement and efficacy for long-term weight control.

One of the primary reinforcers used in this study – financial incentives – has been used to 

improve weight loss outcomes but has not been extensively examined for weight loss 

maintenance.[40] From the 1970s through the 1990s, Jeffery and colleagues conducted a 
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series of financial incentive trials showing that the addition of financial rewards to 

behavioral weight loss treatment improves weight loss outcomes in the short-term.[40–42] 

Recently, Volpp and colleagues have continued this line of work with similar effects.[43] In 

a recent review of the incentive weight loss literature, Jeffery indicated that there is sufficient 

evidence to conclude that financial incentives improve the efficacy of weight loss programs 

in the short term; however, studies are needed that evaluate the impact of financial incentives 

for weight loss maintenance.[40] Results from our trial provide evidence that financial 

rewards may be beneficial for weight loss maintenance. In addition, findings from the peer 

arm suggest that making incentive payouts contingent upon dyadic partner performance 

yield excellent adherence to critical weight management behaviors (i.e., self-monitoring) 

and maintenance of lost weight. This is consistent with previous findings showing that social 

contingencies are particularly effective and perhaps more effective than individual 

contingencies.[44]

Social reinforcement was also used to increase “benefits” for long-term weight management 

with promising results. These findings are consistent with those of previous studies showing 

that extending contact with intervention staff and group members significantly improves 

weight loss maintenance outcomes.[7] Given that extended group contact is beneficial, a 

“continuous care model” for long-term weight control has gained popularity.[45] However, 

one of the major drawbacks of this model is that the provision of constant care is expensive 

and unrealistic in the current healthcare system. Findings from this trial and our previous 

work[17] suggest that a new approach – peer coaching – may be an excellent model to 

provide continuous support for weight control. Moreover, unlike professional support, peer 

coaches have the inherent capacity to provide support and reinforcement indefinitely. Thus, 

given that the Affordable Care Act provides reimbursement for peer supporters,[46] peer 

coaching may represent a unique and practical model that allows for sustainable, effective, 

scalable support for long-term weight control. Moreover, peer support may be particularly 

cost-effective; however, a formal cost analysis comparing peer support to other types of 

support (professional) or alternative maintenance interventions is needed.

While social and monetary reinforcement were used to increase “benefits” for weight 

maintenance, behavioral variety and novelty were used to reduce boredom and thus response 

“costs.” Findings suggest that such an approach may improve engagement and weight 

outcomes, which is consistent with results from an earlier study showing that greater 

exercise variety is associated with better long-term weight control.[47] However, there are 

also some conflicting findings. An earlier trial examined the effects of behavioral variety on 

weight outcomes and showed limited benefit.[12] Thus, additional research is needed to 

determine whether prescribing behavioral variety during obesity treatment improves 

outcomes.

Lastly, it is important to note that Internet delivery of our cost-benefit intervention yielded 

promising weight loss maintenance outcomes and high levels of engagement. Previous 

Internet delivered interventions for long-term weight control have shown mixed effects. 

Some trials found that Internet approaches outperformed minimal contact control conditions 

and yielded results similar to in-person interventions.[48, 49] However, others found that 

Internet treatment had no benefit above and beyond minimal contact and was not as 
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efficacious as in-person intervention for maintenance of lost weight.[50–52] One of the 

major reasons that Internet approaches are not as effective as in-person for maintenance is 

poor long-term utilization rates.[53] Our previous work showed that adding small financial 

incentives improved utilization of a web-based weight loss program.[19] Similarly, results 

from this trial suggest that modest incentives (average maximum payout of $4/week) 

coupled with ongoing social reinforcement via professional or peers also facilitate 

engagement in an Internet program.

This study has some limitations. We aimed to address the entire cost-benefit ratio associated 

with engaging in behavior change long-term, thus, our intervention involved a treatment 

package that included multiple reinforcers to maximize benefits plus strategies to reduce 

response-cost. As such, the impact of the individual intervention components on weight 

outcomes is unknown. A dismantling study may help to elucidate which components are 

most important for weight loss maintenance. The sample was predominantly female and 

White. To understand how this cost-benefit approach works in more diverse populations, 

additional research is needed. Finally, the intervention was just 10-months in length. A 

larger, longer trial is needed to determine the long-term efficacy of this approach, including 

the relative efficacy of peer support vs. professional support for weight control.

This study has several important strengths. The trial focused on weight loss maintenance, a 

current major challenge in the field of obesity treatment.[4] In addition, it used a rigorous 

randomized design to test the proposed intervention and included objective measures of 

primary outcomes and adherence. Retention and engagement were excellent. And, lastly, for 

decades obesity researchers have theorized that the problematic cost-benefit ratio for 

engaging in weight management behaviors long-term may explain weight regain following 

treatment;[3, 5, 6, 8, 12] yet, this is the first trial to test whether targeting these factors 

actually improves outcomes. Results were promising.

Conclusion

Findings from this randomized trial showed that targeting the problematic cost-benefit ratio 

associated with weight loss maintenance may be an effective strategy for long-term weight 

control.
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Highlights

• A cost-benefit intervention promotes excellent weight loss maintenance 

outcomes

• Peer provided support may be just as effective as professional support 

for weight loss maintenance

• Ongoing social and monetary reinforcement and behavioral variety 

may improve adherence to internet-based interventions
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Figure 1. 
Participant flow (Providence, RI, 2013–2014).
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Figure 2. 
Phase I weight loss and Phase II weight regain trajectories in kg for CB Pro, CB Peer, and 

Standard (Providence, RI, 2013–2014).
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Table 2

Adherence and weight outcomes by intervention arm (Providence, RI 2013–2014).

CB Pro (N=25) CB Peer (N=26) Standard (N=24)

Adherence

 Weeks (out of 40) 5 days of self-monitoring data submitted, n (%) 34 (85.0)a 37 (92.8)a -

 Weekly earnings, mean (SD) $3.43 (0.78)a $3.52 (0.77)a -

 Earned maximum self-monitoring incentive, n (%) 6 (24)a 7 (27)a -

Phase II weight regain/maintenance

 Kg weight change, mean (SD) −1.8 ± 7.0a −0.5 ± 6.4a +3.5 ± 5.7b

 % weight change, mean (SD) −1.6 ± 7.4a −0.3 ± 6.0a +4.0 ± 6.3b

 Maintained weight loss in full, n (%) 18 (72)a 19 (73)a 8 (33)b

 Maintained a clinically meaningful (≥5%) weight loss, n (%) 19 (76)a 17 (65)a,b 9 (38)b

Overall weight loss (Phase I start to Phase II end)

 % wt loss, mean (SD) 9.7 (7.1)a 8.6 (6.3)a 4.0 (6.3)b

 Kg weight loss, mean (SD) −9.1 (9.9)a −8.1 (5.7)a −3.2 (4.1)b

Note: Within variable values with different superscripts (e.g., a vs. b) differ significantly from one another at p<.05. Values with the same 
superscripts (e.g., a vs. a) do not significantly differ.
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