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Abstract

Objective: This study aimed to evaluate the effectiveness of three levels of exercise on weight 

regain subsequent to clinically meaningful weight loss (WL).

Methods: Adults with overweight or obesity (n = 298) initiated a 3-month behavioral WL 

intervention, which included reduced energy intake, increased exercise, and weekly behavioral 

counseling. Participants achieving ≥5% WL (n = 235) began a 12-month behavioral WL 

maintenance intervention and were randomized to 150 min/wk (n = 76), 225 min/wk (n = 80), 

or 300 min/wk (n = 79) of partially supervised moderate-to-vigorous–intensity exercise.

Results: Participants randomized to 150, 225, and 300 minutes of exercise completed 129 ± 30, 

153 ± 49 and 179 ± 62 min/wk of exercise (supervised + unsupervised), respectively. Mean WL at 

3 months (9.5 ± 3.1 kg) was similar across randomized groups (P = 0.68). Weight change across 

12 months was 1.1 ± 6.5 kg, 3.2 ± 5.7 kg, and 2.8 ± 6.9 kg in the 150, 225, and 300 min/wk 

groups, respectively. Intent-to-treat analysis revealed no significant overall trend across the three 

treatment groups (P = 0.09), effects for group (P = 0.08), or sex (P = 0.21).

Conclusions: This study found no evidence for an association between the volume of moderate-

to-vigorous–intensity exercise and weight regain across 12 months following clinically relevant 

WL. Further, results suggest that exercise volumes lower than those currently recommended 

for WL maintenance, when completed in conjunction with a behavioral weight-maintenance 

intervention, may minimize weight regain over 12 months.
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Introduction

Comprehensive lifestyle interventions (≥14 sessions in 6 months) that assist individuals with 

overweight and obesity in adhering to a reduced-energy-intake diet and increased physical 

activity (PA) result in clinically meaningful short-term (6-month) weight loss (WL) of ~5% 

to 10% of baseline weight (1). However, 40% to 65% of adults with overweight and obesity 

participating in weight-management interventions will not maintain WL of ≥5% of initial 

body weight at ≥2 years from baseline (1).

WL increases the propensity for weight regain through decreases in sympathetic tone, 

leptin, insulin, lean body mass, and bioactive thyroid hormones, increases in ghrelin, and 

changes in substrate use, which result in altered energy balance by impacting energy intake 

and energy expenditure (resting metabolic rate and PA) (2,3). Exercise may counter the 

biological changes associated with WL that promote weight regain by increasing energy 

expenditure and resetting the balance between energy intake and expenditure at the reduced 

body weight (4).

Recommendations for WL maintenance from the American Heart Association (AHA), 

American College of Cardiology (ACC), and The Obesity Society (TOS) suggest a 

minimum of monthly contact with a trained interventionist to assist participants with 

adherence to high levels of PA (200-300 min/wk), the reduced-energy diet needed to 

maintain lower body weight, and regular self-monitoring of weight (1). Other groups 

including the International Association for the Study of Obesity (5), the European 

College of Sport Science (6), and the American College of Sports Medicine (7) have 

recommended 60 to 90 min/d (300-450 min/wk) of moderate-intensity PA to maintain 

WL. Exercise recommendations for weight maintenance are based primarily on results 

from cross-sectional (8–10) and nonrandomized studies (11–15) or retrospective analyses 

of randomized trials. These studies suggest that relatively high volumes of exercise (>200 

min/wk) are required to minimize weight regain (16–18).

The Midwest Exercise Trial for the Prevention of Weight Regain (MET-POWeR) evaluated 

the effectiveness of three different volumes of aerobic exercise, with a 150 min/wk group 

(G150), a 225 min/wk group (G225), and a 300 min/wk group (G300), on the prevention of 

weight regain over 12 months subsequent to clinically meaningful WL (≥5%) in a sample of 

adult men and women with overweight or obesity. We expected the greatest, intermediate, 

and least weight regain in G150, G225, and G300, respectively.

Methods

Design

A detailed description of the rationale and design for (MET-POWeR) has been published 

(19). Adults with overweight or obesity (n = 298) initiated a 3-month behavioral WL 

intervention (−3 to 0 months). Participants achieving clinically meaningful WL (≥5%,) 

began a 12-month behavioral weight-maintenance intervention (0-12 months) conducted 

in accordance with AHA/ACC/TOS guidelines (1) and they were randomized to one of 

three moderate-to-vigorous–intensity exercise groups: G150, G225 or G300. The primary 
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outcome was weight change from 0 to 12 months (i.e., weight at 12 months – weight 

at 0 months). Approval for this study was obtained from the Human Subjects Committee 

at the University of Kansas Medical Center. The study began in November 2012. 

Participant recruitment and data collection were completed in April 2016 and January 2017, 

respectively. All participants provided written informed consent and they were compensated 

monetarily for time and travel associated with outcome evaluations (up to $600) and 

received monetary bonuses for completing ≥80% of their prescribed exercise minutes over 

3-month periods (1-3 months, 4-6 months, 7-9 months, and 10-12 months) (up to $450).

Participant inclusion/exclusion

Participants were adults (BMI = 25-44.9 kg/m2, age 21-55 years) who were able to exercise 

and willing to be randomized to one of three exercise groups. Clearance from their primary 

care physician was required. Exclusion criteria included participating in a research project 

involving WL or exercise in the previous 6 months; currently participating in a regular 

exercise program (i.e., >500 kcal/wk) of planned activity assessed by questionnaire (20); 

not being weight stable (±4.5 kg) for 3 months prior to intake; being pregnant during the 

previous 6 months, currently lactating, or planned pregnancy in the following 15 months; 

having a serious medical risk such as type 1 diabetes, cancer, or recent cardiac event (heart 

attack, angioplasty, etc.); having an eating disorder, current treatment for psychological 

issues, or taking psychotropic medications; taking medications known to affect weight; 

adhering to specialized diets; not having access to grocery shopping and meal preparation 

(military, college students with cafeteria plan, etc.).

WL intervention (−3 to 0 months)

Participants completed a group-based, in-person lifestyle intervention that included a 

reduced-energy diet, increased exercise, and behavioral strategies to facilitate adherence 

to dietary and exercise recommendations (1).

Diet.—Energy intake was reduced to 1,200 to 1,500 kcal/d for women and 1,500 to 1,800 

kcal/d for men as recommended by AHA/ACC/TOS guidelines (1). Participants were asked 

to use a combination of two commercially available portion-controlled entrées (180-270 

kcal each), three low-calorie shakes (~100 kcal each), at least five servings of fruits and 

vegetables, and ad libitum noncaloric beverages to achieve their prescribed level of energy 

intake. The portion-controlled entrées and low-calorie shakes were provided by the trial only 

during WL (−3 to 0 months).

Behavioral sessions.—Participants attended weekly 60-minute in-person sessions based 

on Social Cognitive Theory to promote adherence to diet and exercise recommendations (). 

Strategies included goal setting, self-monitoring, self-efficacy, and the manipulation of the 

environment to promote behavioral change. Health educators delivered interactive 30- to 45-

minute lessons on topics including nutrition, exercise, and behavior-change strategies, with 

the remaining time devoted to discussion and problem solving. Participants were asked to 

complete weekly homework assignments designed to increase self-efficacy for both diet and 

exercise, provide practice of behavioral skills, and self-monitor daily diet (study-designed 

Web form) and exercise (paper-and-pencil log). Body weight, for participant feedback only, 
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was assessed at weekly behavioral sessions. All self-monitoring data were available to health 

educators for discussion with participants during behavioral sessions. Participant attendance 

at behavioral sessions was tracked by health educators. Weekly health-educator meetings, 

plus a review of tape recordings of behavioral sessions in a 20% random sample of health 

educators, were conducted to assure quality and standardization of presentations across 

health educators.

Exercise.—Exercise progressed from 10 min/d and 5 d/wk at 65% of the age-predicted 

maximal heart rate (HRmax = 220 – age in years) to the goal of 20 min/d and 5 d/wk at 

70% of the HRmax (22) at week 7 and remained at this level through the completion of 

the 3-month WL intervention. Participants were asked to complete three of five sessions 

per week under supervision by research staff. Supervised exercise was performed in 

dedicated facilities at either the University of Kansas Medical Center or University of 

Kansas–Lawrence that were open Monday through Friday from 6 to 10 AM and 4 to 8 PM to 

accommodate participant schedules. Treadmill walking was the primary mode of supervised 

exercise; however, one session per week of supervised exercise using an alternative mode 

(elliptical, bike, etc.) was permitted to provide variety and prevent overuse injuries. The 

duration and intensity of all exercise sessions (supervised + unsupervised) were verified 

by heart-rate (HR) monitors (RS 400; Polar Electro, Woodbury, New York). Each exercise 

session was preceded by a brief (5-minute) warm-up. Participants were asked to increase 

exercise intensity to reach their prescribed target HR prior to starting the HR monitor 

and to remain at the target intensity for the duration of each exercise session. Trained 

research staff checked participants’ exercise HR every 10 minutes during all supervised 

exercise sessions and instructed participants to increase or decrease exercise intensity if their 

HR was not within ±4 beats/min of their target HR. Participants were asked to document 

unsupervised exercise using a logging sheet provided by the trial. Prior to each supervised 

exercise session, research staff downloaded HR data (Polar HR Software) and reviewed 

exercise log data from all unsupervised exercise sessions completed since the last exercise 

laboratory visit. Participants who were not in compliance with the exercise prescriptions 

were counseled regarding behavioral strategies designed to improve compliance.

Weight-maintenance intervention (0-12 months)

Participants who lost ≥5% of their baseline weight (−3 to 0 months) began a 12-month 

maintenance intervention that included energy intake to maintain WL and increased exercise 

and behavioral strategies to facilitate adherence to these recommendations (1). Participants 

were stratified by sex and magnitude of WL (5%-9.9%, 10%-14.9%, and ≥15%) and were 

computer-randomized to exercise groups (G150, G225, G300) in a 1:1:1 ratio by the study 

statistician (MSM). Participant blinding to group assignment was not possible. However, 

investigators and research assistants were blinded at the level of outcome assessments, data 

entry, and data analysis.

Diet.—Energy intake was prescribed as resting metabolic rate estimated using the equation 

of Mifflin and St. Jeor (using participant weight at month 0) multiplied by 1.2 to account 

for activities of daily living (23). Daily meal plans including suggested servings of grains, 

proteins, fruits, vegetables, dairy, and fats, based on participants energy requirements 
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and in compliance with the United States Department of Agriculture and Health and 

Human Services Dietary Guidelines for Americans, were provided to all participants (24). 

Continued consumption of a minimum of two portion-controlled entrées, three low-calorie 

shakes, and five servings of fruits and vegetables per day were encouraged, but not required, 

and portion-controlled entrées and shakes were no longer provided by the trial. Participants 

were asked to purchase portion-controlled entrées and shakes with acceptable energy and 

macronutrient content available at local supermarkets from a list provided by the trial.

Exercise.—Exercise groups represented a spectrum of exercise volume from that 

recommended by the US Department of Health and Human Services to improve health 

in adults (150 min/wk) (25), which, although not specifically recommend for weight 

maintenance, have been interpreted as such, to 300 min/wk as recommend by professional 

organizations to promote WL maintenance (5–7). Exercise progressed from 100 min/wk to 

the prescribed goal (150, 225, or 300 min/wk at 70% of HRmax) at month 2 and remained at 

the prescribed goal for the duration of the 12-month intervention. The average exercise 

minutes across the 12-month maintenance intervention was calculated as the average 

exercise minutes per week (supervised + unsupervised) divided by the number of weeks 

with exercise data. Requirements for exercise mode, supervision, and HR monitoring were 

identical to those for exercise during WL, as previously described.

Behavioral sessions.—Group sessions were held weekly during the first 3 months 

(in person) and twice per month (phone conference call) over the final 9 months of 

the maintenance intervention. Delivery of weight-maintenance interventions via phone 

conference calls removes the burden of travel and has been shown to provide weight 

maintenance equivalent to interventions delivered in-person (26). The session format 

during maintenance was identical to that during WL; however, topics such as meal 

planning, environmental control, eating on the go, and maintaining motivation for diet and 

exercise were included. Session attendance was tracked by health educators. Participants 

self-monitored diet and exercise as previously described; however, over the final 9 months 

when behavioral sessions were conducted by phone, body weight was self-reported using an 

online Web form.

Outcome assessments

All outcomes were assessed by trained research staff in our laboratories. Staff completed 

reliability testing for height and waist-circumference assessments. An interrater correlation 

of ≥0.90 was required prior to data collection. At baseline (−3 months), participants 

completed a health history and provided demographic information, including age, sex, 

ethnicity, education, and income.

Anthropometrics (weight/height/waist circumference)

Weight, height, and waist circumference were recorded before (−3 months) and after WL 

(0 months) and at 3, 6, 9, and 12 months during maintenance. Weight was obtained using 

a digital scale accurate to ±0.1 kg (model #PS6600; Befour Inc., Saukville, Wisconsin) 

between the hours of 6 and 10 AM, after an overnight fast. Participants were weighed 

prior to breakfast and after attempting to void wearing a standard hospital gown. Height 
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was measured using a stadiometer (model PE-WM-60-84; Perspective Enterprises, Portage, 

Michigan). Waist circumference was assessed using procedures described by Lohman et al. 

(27).

Energy intake/total daily moderate-to-vigorous PA

Energy intake was assessed by 3-day food records (2 weekdays/1 weekend day) before and 

after WL (−3 and 0 months) and at 3, 6, 9, and 12 months during maintenance. Data from 

the 3-day food records were entered in the Nutrition Data System for Research (version 

2014; University of Minnesota, Minneapolis, Minnesota) for calculation of energy intake. 

Moderate-to-vigorous PA (MVPA) was assessed using an ActiGraph GT3+ (ArchiMed Co., 

Lyon, Auvergne-Rhone-Alpes, France) worn by participants for 7 consecutive days at −3, 0, 

6, and 12 months. Data, collected in 60-second epochs, were processed using the protocol 

for adults used in the 2003 to 2004 and 2005 to 2006 cycles of the National Health and 

Nutrition Examination Survey (28) with a custom program developed by our group.

Analysis

The primary analysis, a two-factor ANOVA (SAS Proc GLM; SAS Institute, Cary, North 

Carolina) to evaluate the main effect of treatment group and/or sex on weight change during 

the weight-maintenance intervention (0-12 months) was conducted using intent-to-treat 

principles with multiple imputation for missing weight data at 12 months. Missing weights 

were not related to treatment or demographic characteristics; therefore, a traditional method 

(i.e., Monte Carlo Markov Chain multiple imputation (29) [SAS Proc MI, k = 10]) was 

used to impute missing weight. A two-factor ANOVA was also used for an analysis of 

completers-only and an analysis of completers who performed ≥80% of prescribed exercise 

minutes. Two-factor ANOVA was also used to compare secondary outcomes (i.e., BMI, 

waist circumference, weekly exercise minutes, energy intake, and total daily MVPA over 

12 months) across the three randomized groups. All secondary outcome analyses were 

performed on participants who completed the 12-month trial.

Power and sample size

The power and sample size were discussed in detail in our previously published rationale 

and design paper (19). Briefly, sample size estimates were based on an expected weight 

change (0-12 months) of 8 kg, 5 kg, and 2 kg with a common SD of 6 kg and a type 

1 error rate of 5%. With these assumptions and using a two-factor ANOVA on weight 

change over 12 months, our randomized groups (G150, n = 76; G225, n = 80; G300, n = 

79) provided greater than 90% power to detect an overall trend across the three treatment 

groups. However, our sample included an inadequate number of men (G150, n = 14; G225, n 
= 14, G300, n = 15) to provide adequate power to assess sex differences in weight change in 

response to the exercise intervention; thus, the results for the impact of sex on weight regain 

should be cautiously interpreted.
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Results

Participants

Two hundred thirty-five of 298 participants who participated in the WL intervention 

achieved ≥5% WL at 0 months (78.9%) and were randomized to the three exercise groups: 

G150, n = 76 (14 men); G225, n = 80 (14 men); and G300, n = 79 (15 men). There were no 

baseline differences (−3 months) in weight, age, sex, minority status, education, or income 

between participants who did or did not achieve ≥5% WL. Complete data (i.e., participants 

with weight data at 0 and 12 months) were available for 74.4% of the randomized sample 

(175/235). The completion rate did not differ by randomized group: G150, n = 53 (70%); 

G225, n = 60 (75%); G300, n = 62 (78%). Reasons for missing data included inability 

to contact or schedule participants for 12-month outcome testing (n = 27), participants 

indicating they were no longer interested in participating in the intervention (n = 28), and 

relocation outside the area (n = 5). Weight, age, sex, minority status, education, and income 

at month 0 did not differ significantly between completers (n = 175) or those without 

12-month data (n = 60). For details, see Figure 1 and Tables 1 and 2.

Weight, BMI, and waist circumference

Mean WL (−3 to 0 months) was 9.3 ± 3.6 kg and did not differ significantly across 

randomized groups: G150 = 9.6 ± 4.1 kg, G225 = 9.3 ± 3.6 kg, and G300 = 9.1 ± 3.0 

kg (P = 0.68). Mean weight regain across 12 months, irrespective of randomization group, 

was 2.4 ± 6.4 kg (women = 2.6 ± 6.5 kg, men = 1.5 ± 6.5 kg). An intent-to-treat analysis 

evaluating the overall trend across treatment groups, using imputed data for participants 

with missing weight at 12 months, found no group-by-sex interaction. Thus, the interaction 

term was removed from the final model, which revealed no significant overall trend across 

the three treatment groups (P = 0.09), effects for group (P = 0.08), or sex (P = 0.21). 

A completer-only analysis including only participants with weight at 12 months also 

indicated no significant between-group differences in weight change across the maintenance 

intervention (0-12 months): G150 = 1.1 ± 6.5 kg (n = 53); G225 = 3.2 ± 5.7 kg (n = 60); and 

G300 = 2.8 ± 6.9 kg (n = 62) (P = 0.21). An analysis including a subset of completers who 

performed ≥80% of prescribed exercise minutes (i.e., 120 [n = 31], 180 [n = 25], and 240 

[n = 11] min/wk) also revealed no significant between-group differences in weight change 

across the 12-month maintenance intervention: G150 = −0.4 ± 6.1 kg (n = 31); G225 = −0.4 

± 5.0 kg (n = 25); and G300 = 2.9 ± 5.3 kg (n = 11). Agreement of results across these 

three analytic approaches provides support for our conclusion of no association between 

exercise volume and weight regain across 12 months following clinically relevant WL. An 

insufficient sample size across intervention groups precluded completion of a per-protocol 

analysis of weight change across 12 months. There were no significant between-group 

changes in BMI (P = 0.26) or waist circumference (P = 0.20) across 12 months. For details, 

see Figure 2 and Table 3.

Individual data for weight change (kilograms) from 0 to 12 months by randomization 

group is presented in Figure 3. Across the 12-month maintenance intervention ~30% of 

participants continued to lose weight, ~30% regained <5%, ~30% regained 5% to 10%, and 
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~10% regained >10% of the weight that was initially lost. At 12 months, 88% of participants 

who completed the trial (154 of 175) lost ≥5% of their initial body weight (−3 months).

Exercise completed

Participants randomized to G150, G225, and G300 completed 129 ± 30, 153 ± 49, and 179 

± 62 minutes of exercise (supervised + unsupervised) each week, respectively. Individual 

data for average minutes of weekly exercise across 12 months is presented in Figure 4. 

Weekly exercise was significantly higher in G300 than in both G150 and G225 and was 

higher in G225 than in G150 (all P< 0.0001). Weekly exercise minutes did not differ by sex 

(P = 0.63), and there was no significant group-by-sex interaction (P = 0.67). The number 

of completed supervised (P = 0.16) or unsupervised exercise sessions (P = 0.054) did not 

differ by exercise group. Approximately 60% of weekly exercise minutes were completed 

under supervision. The intensity of all exercise sessions (supervised + unsupervised) (G150 

= 76%, G225 = 75%, G300 = 76%) was slightly higher than prescribed (70% HRmax). 

However, the average exercise intensity across the 12-month maintenance intervention was 

in the vigorous-intensity range (i.e., 77%-95% of HRmax (22) in 25% of participants and was 

similar across randomized groups (G150 = 23%, G225 = 27%, G300 = 26%). Completion of 

prescribed exercise minutes was poor, with 11, 2, and 1 participant averaging 150, 225, and 

300 min/wk across the 12-month intervention.

Behavioral sessions

Participants attended ~70% of the 30 scheduled behavioral sessions across 12 months: G150 

= 72.4%, G225 = 67.9%, and G300 = 69.2%. Behavioral session attendance did not differ by 

group (P = 0.78) or sex (P = 0.61), with no group-by-sex interaction (P = 0.93).

Energy intake/MVPA

There were no between-group differences in average energy intake (G150 = 1,634 ± 480, 

G225 = 1,458 ± 414, and G300 = 1,627 ± 497 kcal/d; P = 0.18) or average total daily MVPA 

across the 12-month maintenance intervention (G150 = 33 ± 17, G225 = 29 ± 13, and G300 

= 30 ± 17 min/d; P = 0.29).

Discussion

This trial was designed and powered to evaluate the effect of the volume of MVPA 

on weight regain across 12 months subsequent to clinically meaningful WL (≥5%). We 

expected significant differences in weight regain across the three exercise groups, with the 

highest, intermediate, and least regain in G150, G225, and G300, respectively. Contrary 

to our expectations, no significant between-group differences in weight regain across 12 

months were evident in either our intent-to-treat or completer analyses. The average weight 

regain across the three randomized groups was minimal, ranging from 1.1 to 3.2 kg, with 

considerable interindividual variation. Eighty-eight percent of participants who completed 

the trial (−3 to 12 months) lost ≥5% of their initial body weight.

Our findings of small weight regain and no significant differences in regain across 

exercise groups suggest that a minimal volume of exercise completed in conjunction 
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with participation in a behavioral weight-maintenance program may provide successful 

weight maintenance. Previous trials employing randomized (30), nonrandomized, and cross-

sectional designs (13,31) have also reported exercise volumes lower than those currently 

recommended as being associated with WL maintenance. For example, Fogelholm et al. (30) 

randomized 74 women who completed a 12-week WL intervention to one of three groups: 

control (no increase in exercise) or partially supervised walking programs (50%-60% of 

HR reserve) targeted to expend 4.2 MJ/wk (120-180 min) or 8.4 MJ/wk (240-360 min) 

completed in conjunction with a 40-week behavioral maintenance intervention consisting of 

weekly group sessions. Mean 12-week WL was 13.1 ± 3.5 kg. No significant between-group 

differences in weight change were observed across the maintenance intervention (i.e., mean 

body weight increased in controls [2.0 kg] and was relatively stable in both exercise groups 

(4.2 MJ/wk = −0.6 kg, 8.4 MJ/wk = −0.7 kg; P = 0.06). Mekary et al. (13) examined the 

association between leisure-time PA, assessed by questionnaire, and 6-year maintenance of 

intentional WL in 4,558 female participants in the Nurses’ Health Study II who were 26 

to 45 years of age in 1991 and had lost >5% of their body weight in the previous 2 years. 

An increase of only 30 min/d in leisure-time PA over 6 years was associated with less 

weight regain (−1.36 kg), particularly among women with overweight (−2.45 kg) compared 

with women who remained sedentary. A report based on 3,591 participants in the National 

Weight Control Registry (NWCR), which consists of >10,000 individuals who have lost at 

least 13.6 kg (30 lb.) and have maintained WL for at least 1 year, demonstrated that 25% of 

participants reported low PA (<1,000 kcal/wk) and successful WL maintenance (31). These 

participants did not rely more on dietary strategies to achieve or maintain WL compared 

with participants reporting higher levels of PA, suggesting lower levels of PA than currently 

recommended may be associated with WL maintenance.

In contrast to our results, results from numerous cross-sectional studies (8,10,32,33), 

nonrandomized trials (11–13,15), and retrospective analysis of long-term randomized WL 

trials (16–18) suggest that relatively high volumes of exercise (>200 min/wk) are required 

for long-term WL or to minimize weight regain following WL. For example, several 

reports from the NWCR indicated that participants engaged in 60 to 90 min/d of moderate-

intensity exercise (32,33). Two more recent cross-sectional studies compared PA assessed by 

accelerometer (8) or PA energy expenditure assessed by doubly labelled water (10) in weight 

maintainers, as defined by the NWCR, with controls with normal weight or overweight. 

Results from both studies suggest that high levels of PA (60-90 min/d moderate, 30-45 

min/d vigorous) were important in WL maintenance. Secondary analysis from randomized 

trials have also suggested the need for high volumes of exercise for long-term WL (16,18). 

For example, Jakicic et al. (18) found no significant between-group differences in exercise 

energy expenditure or WL in 201 women who completed a 24-month behavioral WL 

intervention that included a reduced-energy diet with randomization to one of four groups 

based on levels of exercise energy expenditure (1,000 vs. 2000 kcal/wk) and exercise 

intensity (moderate = 50%-65% HRmax; vigorous = 70%-85% of HRmax). However, a 

secondary analysis indicated that women sustaining WL of ≥10% of baseline body weight at 

24 months, irrespective of randomization group, engaged in higher levels of self-reported PA 

(~275 min/wk) compared with those women sustaining WL < 10% of baseline weight. The 

inability to assess cause/effect (i.e., to answer whether increased PA results in less weight 
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regain or whether increased weight regain results in lower PA), reliance on self-reported 

PA, and selection bias associated with secondary analysis suggest that results from studies 

employing these designs should be cautiously interpreted.

The degree to which the participation in increased exercise and/or a behavioral WL 

maintenance program is responsible for the minimal weight regain shown in this trial and 

others is unknown. We are unaware of trials that have specifically evaluated the differential 

impact of exercise or participation in a behavioral weight-maintenance program on WL 

maintenance. However, the results from several trials, in addition to the current trial and 

the previously described trial of Fogelholm et al. (30), demonstrate that behavioral weight-

maintenance interventions, which prescribed relatively low volumes of exercise (120-200 

min/wk), have reported minimal weight regain over 12 to 30 months (34–36), suggesting 

an important contribution of the behavioral component. For example, Perri et al. (34) 

randomized 234 women who had lost an average of 10 kg over 6 months to a behavioral 

weight-maintenance intervention consisting of 26 sessions, delivered in a group face-to-face 

format, through individual phone calls, or through educational newsletter (control). Self-

reported PA averaged ~120 min/wk across 12 months. Weight regain was significantly 

lower in both the face-to-face format (1.3 kg) and the individual phone arms (1.2 kg) than 

in control participants (3.7 kg). Trials designed to delineate the relative contributions of 

exercise, participation in a behavioral program, the volumes of exercise, and the frequency 

of behavioral sessions associated with reduced weight regain would be an important addition 

to the weight-maintenance literature.

Strengths of this trial include the use of a randomized design, with randomization following 

clinically meaningful WL, partial supervision of prescribed exercise, documentation of 

duration and intensity of exercise by HR monitoring, inclusion of a behavioral weight-

maintenance program, blinding of outcome assessments, interrater reliability for height and 

waist-circumference outcomes, and adequate statistical power to address our primary aim. 

Limitations include failure to achieve our goals for prescribed weekly exercise minutes 

across randomized groups and the lack of a sufficient sample of men to adequately address 

sex differences in response to the weight-maintenance intervention. Previous randomized 

trials designed to identify the volume of exercise associated with successful long-term WL 

or weight maintenance have also been unable to achieve participant compliance to the 

prescribed exercise protocols (18,37–39). Compliance with exercise prescriptions decreases 

with increased exercise volume (40). The difficulty in achieving long-term compliance 

with recommendations for higher volumes of exercise presents a major challenge to the 

successful completion of non–laboratory-based effectiveness trials addressing the issue of 

exercise volume required for WL maintenance. This suggests that laboratory-based efficacy 

trials with randomization to exercise groups following clinically relevant WL, in which 

compliance with the targeted exercise volumes is required for continued participation, may 

be required to answer continuing questions regarding the volume of exercise necessary for 

successful WL maintenance.

In conclusion, we observed no evidence for an association between the volume of MVPA 

and weight regain across 12 months following clinically relevant WL in men and women 

who previously had overweight or obesity. Further, our results suggest that exercise volumes 
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lower than those currently recommended for weight maintenance (G150 = 129 ± 30, G225 

= 153 ± 49, and G300 = 179 ± 62 min/wk), when completed in conjunction with a 

behavioral weight-maintenance intervention, may minimize weight regain over 12 months. 

The importance of exercise for weight maintenance over longer time frames (i.e., >12 

months), participant factors (age, sex, ethnicity, etc.), and intervention-program components 

(exercise volume, behavioral session frequency, etc.) associated with the high interindividual 

variability in weight regain are important topics for future investigations.
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Study Importance

What is already known?

• Exercise may counter the changes associated with weight loss (WL) that 

promote weight regain by increasing energy expenditure and resetting the 

balance between energy intake and expenditure at the reduced body weight.

• Current exercise recommendations for the prevention of weight regain 

(200-450 min/wk) are based on cross-sectional, nonrandomized studies or 

retrospective analyses of randomized trials.

What does this study add?

• We found no evidence for an association between exercise volume and weight 

regain across 12 months following clinically relevant WL.

• Exercise volumes lower than currently recommended, when completed 

in conjunction with a behavioral weight-maintenance intervention, may 

minimize weight regain over 12 months.

How might these results change the direction of research?

• Current recommendations may overstate the volume of exercise associated 

with WL maintenance. Laboratory-based efficacy trials with randomization to 

exercise groups may be required to adequately evaluate the volume required. 

The degree to which participation in increased exercise and/or a behavioral 

counseling is responsible for minimizing regain is an important topic for 

future investigations.
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Figure 1. 
MET-POWeR Consolidated Standards of Reporting Trials (CONSORT) diagram. G150, 

group at 150 min/wk; G225, group at 225 min/wk; G300, group at 300 min/wk.

Washburn et al. Page 15

Obesity (Silver Spring). Author manuscript; available in PMC 2022 July 07.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Body weight at −3 to 12 months by randomized group. 150, 150 min/wk; 225, 225 min/wk; 

300, 300 min/wk. [Color figure can be viewed at wileyonlinelibrary.com]
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Figure 3. 
Individual weight change across the 12-month maintenance intervention. G150, group at 150 

min/wk; G225, group at 225 min/wk; G300, group at 300 min/wk.
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Figure 4. 
Individual average weekly minutes of exercise across the 12-month maintenance 

intervention. G150, group at 150 min/wk; G225, group at 225 min/wk; G300, group at 

300 min/wk. [Color figure can be viewed at wileyonlinelibrary.com]
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