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Objective: This study was designed to compare weight loss through a traditional behavioral treatment

(BT) approach that integrated skills for managing the obesogenic food environment (BT 1 E) with an

approach that integrated environmental and acceptance-based skills (BT 1 EA). Moderators were exam-

ined as an exploratory aim.

Methods: Adults (N 5 283) were randomly assigned to treatment condition and provided with 26 group-

based sessions over the course of 12 months. Weight was measured in the clinic at months 0, 6, and 12.

Results: Change in weight over time did not significantly differ by condition. However, race significantly

moderated the effect of condition on weight loss (P 5 0.04), such that African-American participants lost

less weight than non-Hispanic white participants in the BT (6.2% vs. 11.5%) and BT 1 E conditions

(6.6% vs. 12.2%), but weight loss in these two groups was similar in the BT 1 EA condition (9.4% vs.

11.5%). Among African Americans, rates of achieving a clinically significant weight loss (i.e.,> 5%) at 12

months were higher in BT 1 EA (80%) than BT (57%) or BT 1 E (48%) (P 5 0.04).

Conclusions: This innovative behavioral approach shows promise for treatment of African Americans,

which is notable given the lack of progress to date addressing racial disparities in obesity intervention

efficacy.
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Introduction
Behavioral treatment (i.e., lifestyle modification) is one of the most

powerful tools available for treating obesity (1). Continuing to refine

and improve the efficacy of behavioral treatment is important

because a sizable proportion of individuals do not experience clini-

cally significant short-term benefits (2), and the majority of partici-

pants regain lost weight in the long term (3). Adherence to the die-

tary intake and physical activity prescriptions necessary for weight

control is exceptionally difficult because of the interaction of biolog-

ical (e.g., appetitive drive and metabolic efficiency) and environ-

mental factors (e.g., omnipresence of high-calorie food and energy-

saving devices) (4). Resisting powerful drives to consume more

calories and expend less energy than necessary requires a great deal

of self-regulation effort and skill (4).

Treatment may attempt to facilitate adherence to a healthy lifestyle

by engineering the environment such that the temptation for

lapses in diet or physical activity is minimized, thus requiring fewer

self-regulatory resources. An intervention that targets environmental

challenges might position participants to engineer the modifiable

aspects of their households and other settings such that limiting cal-

orie intake (and, secondarily, engaging in physical activity) becomes

easier and more automatic, ultimately reducing self-regulatory

demands (5-7). Previous research, though limited, has shown some

evidence for the effectiveness of this approach (8).

An alternate framework for addressing the challenges of self-

regulation of weight in the modern environment may operate from

the assumption that biological and environmental challenges can

never be fully prevented or managed. As such, it may be especially

valuable for participants to learn skills for engaging in value-driven

behaviors despite the challenging internal experiences that will

likely occur throughout the course of lifestyle modification (e.g.,

perceived loss of pleasure, behavioral fatigue) (9). Acceptance-based

behavioral treatment represents one such approach to teaching these
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skills (10,11). This weight control approach has produced promising

findings in a small body of literature, including one clinical trial

that demonstrated superior efficacy compared to standard behavioral

treatment (12-14). However, no previous work has tested the

hypothesis that participants’ ability to achieve and maintain weight

loss may be improved if they are provided with a version of behav-

ioral treatment that integrates tools for engineering the home envi-

ronment, which should reduce the need to rely on self-regulatory

resources, and an acceptance-based approach to uncomfortable inter-

nal experiences, which should strengthen the ability to engage in

desirable weight control behaviors even when biological and envi-

ronmental factors make doing so difficult.

The primary aim of this study was to compare the efficacy of three

versions of behavioral treatment in a randomized clinical trial: tradi-

tional behavioral treatment (BT), behavioral treatment that integrated

skills for managing the obesogenic environment (BT 1 E), and

behavioral treatment that integrated both environmental and

acceptance-based skills (BT 1 EA). Given previous research demon-

strating heterogeneity in response to behavioral treatment, modera-

tors also were of interest (2). As an exploratory aim, several demo-

graphic moderators of treatment efficacy were tested (i.e., race, sex,

and education).

Methods
Participants
Participants were 283 adults recruited from the community through

radio, newspaper, local websites, and postcards. Outlets that were

expected to reach a racially diverse audience were targeted. (A pri-

ori power analyses indicated that 297 participants would provide

>80% power to detect a medium effect size.) Inclusion criteria were

as follows: BMI of 27 to 45 kg/m2, age 18 to 70 years, ability to

engage in physical activity, completion of a 7-day food diary, and

two prerandomization screening/assessment visits. Exclusion criteria

included medical or psychiatric conditions that may have limited

ability to comply with the behavioral recommendations of the pro-

gram or posed a risk to the participant during weight loss, preg-

nancy, recently began a course of or changed the dosage of medica-

tion that could cause significant change in weight, or current or

planned participation in another weight loss program. Written

informed consent was obtained from all participants upon enroll-

ment. The study was approved by the Drexel University institutional

review board.

Study design
Participants were randomly assigned to one of three treatments: (1)

standard BT, (2) BT with a primary focus on learning skills to mod-

ify the home environment in order to support weight loss efforts

(BT 1 E), or (3) an acceptance-based version of behavioral treatment

that also included skills for modifying the home environment

(BT 1 EA). Across conditions, treatment sessions were held weekly

in months 1 to 4, biweekly in months 5 and 6, and monthly in

months 7 to 12, for a total of 26 sessions. Participant assessments

were completed at baseline, 6 months (midtreatment), and 12

months (i.e., end of treatment). Percent weight loss was the primary

outcome.

All treatment was delivered in 75-minute sessions in closed groups,

with 10 to 14 participants per group. Groups were held in a research

clinic on a university campus. Group composition was mixed in

terms of sex and race. Clinicians held a master’s or doctoral degree

in psychology and had previous experience conducting behavioral

weight loss interventions. Sessions were audio-recorded and 10% of

recordings were rated for fidelity, such that each segment of the ses-

sion was compared to the treatment manual and rated on a 10-point

scale ranging from 1 to 10, in which 1 equaled “no adherence to

treatment manual” and 10 equaled “perfect adherence to treatment

manual.”

Treatment conditions
Standard behavioral treatment (BT). The BT intervention was

adapted from the Look AHEAD (15) and the Diabetes Prevention

Program protocols (16). Self-monitoring of calorie intake, physical

activity, and weight was a core skill. Participants also learned to

identify triggers for overeating; set specific goals for calorie intake,

physical activity, and associated behaviors; use problem-solving

skills as a way of overcoming obstacles to behavior change; develop

social support for behavior changes; and use relapse prevention tech-

niques to prepare for lapses, anticipate challenges, and develop strat-

egies for addressing them. Of note, reflecting standard practice,

stimulus control techniques were taught in BT but were not a pri-

mary focus of session activities or participant assignments outside of

the session. In all conditions, participants were given calorie goals

based on weight, in accordance with standard balanced deficit diet

guidelines, and were instructed to gradually increase their physical

activity until they reached an ultimate goal of at least 250 minutes

per week of moderate activity.

Behavior therapy 1 environmental change (BT 1 E). In the

BT 1 E condition, participants learned all of the core BT skills, as

shown in Figure 1. However, the session content associated with

these standard activities and discussions in session was reduced to

allow sufficient time for other treatment components. The primary

focus of BT 1 E was learning how to modify the home environment

(or other settings in which the participant could make changes, such

as the workplace) in a way that would facilitate healthy eating.

Treatment strategies emphasized reducing the availability of foods

that promote overconsumption (e.g., through “cabinet cleanouts”)

and increasing the availability of foods that were likely to facilitate

weight control (e.g., preportioned foods, fruits and vegetables) (8).

Second, participants learned how to modify the home environment

in a way that would promote physical activity (e.g., increasing cues

for exercise in the home). They also learned to navigate the macro-

environment in a way that reduced the need for self-control (e.g.,

rather than buying coffee each morning from a store in which

donuts were prominently displayed, make coffee at home or order

from a drive-thru window).

Acceptance-based behavior therapy 1 environmental change

(BT 1 EA). In the BT 1 EA condition, participants were taught

core BT skills and learned to make key modifications to the home

environment, but the time devoted to these activities was abbrevi-

ated so that there was ample opportunity to teach acceptance-based

skills. Acceptance-based skills were designed to facilitate greater

adherence to behavioral and environmental targets. Participants were

encouraged to adopt a stance of acceptance towards uncomfortable
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internal experiences encountered as part of weight loss efforts (e.g.,

feeling an urge to buy a bag of potato chips in the grocery store or

having the thought that watching television after dinner would be

more enjoyable than going for a walk). Willingness was framed as a

skill that positions individuals to choose behaviors that are consist-

ent with their values and long-term goals (e.g., refrain from buying

chips, go for the walk after dinner), regardless of how pleasurable or

uncomfortable these behaviors may feel in the short term. Discus-

sions and exercises were used to develop greater clarity about what

is most important in one’s life. Ultimately, treatment was designed

to enhance psychological flexibility so that individuals could choose

values-driven behavior rather than allow transient internal experien-

ces to dictate eating and activity choices.

Measurement
Weight and height. Anthropometric measurements included body

weight using a Seca
VR

scale accurate to 0.1 kg (measured in street

clothes) and height using the built-in height rod. Height in meters

and weight in kilograms were measured at each assessment point,

and weight was also measured at each treatment session.

Weight-related covariates. At baseline, participants self-

reported their highest weight since reaching adult height. Weight

suppression was measured as the absolute difference between this

weight and an individual’s weight at baseline (17). Participants who

were currently at their highest weight had weight suppression values

of zero. Weight suppression significantly predicted 12-month weight

loss in this sample (P 5 0.04), such that those with more weight sup-

pression lost less weight, consistent with previous research demon-

strating that weight change over time can be predicted by previous

highest weight or weight suppression (18-20). In addition, early

weight loss was calculated as change in weight during the first 4

weeks of treatment, a time during which participants across condi-

tions were learning the same core behavioral skills. Weight at the

beginning of session 5 was imputed using the last available weight

measurement for individuals who were not present at this session.

Weight control behaviors. Minutes of moderate-to-vigorous

physical activity were measured with GT3X accelerometers worn

for 7 days at each assessment point. Calorie intake was measured

with 24-hour food recalls administered by registered dieticians

Figure 1 Summary of treatment components.
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before and after treatment (data were collected for 3 days at each

time point).

Self-report measures. Participants completed a demographic

questionnaire that included sex, race, and education level. Measures

of self-efficacy (Weight Efficacy Lifestyle Questionnaire) (21),

autonomous motivation (Treatment Self-Regulation Questionnaire)

(22), and uncontrolled eating (Three-Factor Eating Questionnaire)

(23) were administered. Participants also were asked to rate their

satisfaction with the treatment approach on a Likert scale ranging

from 1 (“not at all satisfied”) to 5 (“very satisfied”).

Statistical analyses
Descriptive statistics of baseline characteristics for each treatment

condition were computed. Baseline characteristics were compared

using ANOVA (or non-parametric Kruskal-Wallis, as appropriate)

for continuous variables and v2 test for categorical variables. Percent

weight loss was examined as the primary outcome. Multilevel mod-

eling was performed to investigate weight change trajectories from

0, 6, and 12 month assessments for each participant and to examine

how treatment effects influenced individual growth trajectories. Fur-

thermore, percent weight loss at the end of treatment was compared

among treatment conditions using analysis of covariance

TABLE 1 Comparison of baseline characteristics of study participants across treatment conditions

Condition

BT

(n 5 88)

BT 1 E

(n 5 93)

BT 1 EA

(n 5 102) P value

Race, n (%) 0.695

American Indian/Alaskan Native 0 (0%) 0 (0%) 1 (1%)

Asian 0 (0%) 1 (1%) 0 (0%)

Native Hawaiian or other Pacific Islander 1 (1%) 0 (0%) 0 (0%)

Black or African American 24 (27%) 27 (29%) 32 (31%)

White 59 (67%) 63 (68%) 64 (63%)

More than one race 4 (5%) 2 (2%) 4 (4%)

Ethnicity, n (%) 0.156

Hispanic/Latino 7 (8%) 4 (4%) 12 (12%)

Non-Hispanic/Latino 81 (92%) 89 (96%) 89 (88%)

Age, M (SD) 53.02 (9.32) 53.41 (10.28) 53.23 (9.43) 0.965

Black or African American 51.46 (9.29) 51.52 (10.57) 52.56 (8.53)

White 53.66 (9.67) 54.63 (10.08) 54.11 (9.10)

BMI, M (SD) 34.96 (5.19) 35.38 (5.17) 35.23 (4.64) 0.849

Black or African American 36.69 (6.18) 35.82 (4.91) 37.09 (4.55)

White 34.16 (4.58) 34.83 (5.13) 34.27 (4.58)

Female, n (%) 67 (76%) 72 (77%) 84 (82%) 0.535

Black or African American 19 (79%) 19 (70%) 28 (87%)

White 43 (73%) 51 (81%) 51 (80%)

Education, n (%) 0.07

High school or lower 5 (6%) 6 (6%) 7 (7%)

Associate’s degree 14 (16%) 19 (21%) 12 (12%)

Bachelor’s degree 32 (36%) 21 (23%) 47 (46%)

Graduate or professional degree 37 (42%) 46 (50%) 35 (35%)

Black or African American
High school or lower 2 (8%) 5 (19%) 6 (19%)

Associate’s degree 4 (17%) 7 (27%) 5 (16%)

Bachelor’s degree 6 (25%) 6 (23%) 13 (42%)

Graduate or professional degree 12 (50%) 8 (31%) 7 (23%)

White
High school or lower 2 (3%) 1 (2%) 1 (2%)

Associate’s degree 9 (15%) 11 (17%) 5 (8%)

Bachelor’s degree 25 (42%) 14 (22%) 31 (48%)

Graduate or professional degree 23 (39%) 37 (59%) 27 (42%)

P value 5 P value of v2 or f-test evaluating potential differences in demographic variables across conditions.
BT, standard behavior therapy; BT1E, behavior therapy with environmental change; BT 1 EA, acceptance-based behavior therapy with environmental change.
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(ANCOVA). Weight suppression, early weight loss (during the first

4 weeks of treatment, when similar core behavioral skills were

taught in all conditions), baseline BMI, and attendance were

controlled for in outcome analyses because of the significant vari-

ability they account for in long-term weight loss. In addition, we

examined whether race, sex, or education significantly moderated

the effect of condition on weight loss using a two-way ANCOVA.

Analyses were performed on an intent-to-treat basis. For missing

data, we performed multiple imputation in SPSS (IBM, Armonk,

New York) using MCMC algorithms known as chained equations

imputation (24). Rubin’s rules were used to combine analysis results

from multiply imputed data (25,26). Analyses were conducted using

R and SPSS. All reported P values are based on two-sided hypothe-

ses, and statistical significance is taken at the 5% level.

Results
Preliminary analyses
The sample was comprised primarily of non-Hispanic white or

African-American participants (as shown in Table 1), and 78.8%

were female. Treatment groups did not differ significantly at base-

line on any demographic or outcome variables (see Table 1). On

average, participants attended 74.6% of group treatment sessions (of

the 26 scheduled sessions, mean 5 19.43, standard deviation

[SD] 5 5.99; see Table 2). Across conditions, average number of

sessions attended did not significantly differ (P 5 0.53). Fidelity to

treatment condition was high (means: BT 5 9.13, BT 1 E 5 9.20,

BT 1 EA 5 9.24, with a maximum value for fidelity of 10). As

shown in Figure 2, assessments were completed by 91.2% of partici-

pants at 6 months and 85.5% of participants at 12 months.

Efficacy
Multilevel modeling analysis revealed a significant linear increasing

time effect (P< 0.001), which indicated significantly increasing per-

cent weight loss over time for all three conditions during treatment

TABLE 2 Attendance, retention, and treatment satisfaction by
race and treatment condition

Condition

BT

(n 5 88)

BT 1 E

(n 5 93)

BT 1 EA

(n 5 102)

Attendance rate, M (SD) 0.74 (0.26) 0.73 (0.23) 0.76 (0.21)

Black or African
American

0.66 (0.31) 0.68 (0.30) 0.75 (0.20)

White 0.78 (0.21) 0.75 (0.19) 0.79 (0.21)

Retention rate, n (%) 75 (85%) 76 (82%) 88 (86%)

Black or African
American

19 (79%) 20 (74%) 27 (84%)

White 51 (86%) 53 (84%) 58 (90%)

Satisfaction, M (SD) 4.26 (0.96) 4.37 (0.99) 4.53 (0.72)

Black or African
American

4.21 (0.97) 4.53 (0.79) 4.64 (0.57)

White 4.23 (0.99) 4.33 (1.06) 4.52 (0.71)

Post hoc analyses revealed that among African-American participants, attendance
was significantly higher in BT 1 EA compared to BT (P 5 0.04), and a trend was
observed for higher treatment satisfaction (P 5 0.06).
BT, standard behavior therapy; BT1E, behavior therapy with environmental
change; BT 1 EA, acceptance-based behavior therapy with environmental change.

Figure 2 Participant randomization and retention.

Figure 3 Average percent weight loss over time by condition. [Color figure can be
viewed at wileyonlinelibrary.com]
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(Figure 3). At 6 months, weight loss means were 9.29%

(SD 5 6.14%), 9.73% (SD 5 6.14%), and 9.83% (SD 5 6.01%) in

BT, BT 1 E, and BT 1 EA, respectively. At 12 months, weight loss

means were 10.21% (SD 5 7.98%), 10.62% (SD 5 7.82%), and

10.84% (SD 5 7.04%) in BT, BT 1 E, and BT 1 EA, respectively.

The interactions between time and treatment conditions were not

statistically significant (P 5 0.94 for contrasting BT vs. BT - EA,

P 5 0.69 for contrasting BT versus BT - E, and P 5 0.73 for con-

trasting BT - E versus BT - EA). In addition, results from

ANCOVA revealed that percent weight loss at 12 months did not

differ significantly among treatment conditions (P 5 0.65). There

were no significant differences between conditions in change over

time in calorie intake (P 5 0.74) or minutes of moderate-to-vigorous

physical activity (P 5 0.45). Similarly, the interactions between con-

dition and change in self-efficacy (P 5 0.46), autonomous motiva-

tion (P 5 0.41), and uncontrolled eating (P 5 0.54) were not statisti-

cally significant.

Moderation
While there was no main effect of treatment condition, race signifi-

cantly moderated the effect of condition on weight loss in a two-way

ANCOVA (P 5 0.04), such that African-American participants lost

less weight than non-Hispanic white participants in the BT (6.2% vs.

11.5%) and BT 1 E conditions (6.6% vs. 12.2%), but weight loss in

these two groups was similar in the BT 1 EA condition (9.4% vs.

11.5%; (Figure 4). Only African-American and non-Hispanic white

participants were included in this analysis because the other race cate-

gories account for less than 5% of the data. The moderation effect

was unchanged when education was added to the model as a covari-

ate. To further examine treatment effects on weight loss among Afri-

can Americans, a v2 test was conducted. A clinically significant

weight loss (i.e.,> 5%) at treatment completion also was more likely

in the BT 1 EA condition (80% of participants) than in the BT (57%)

or BT 1 E (48%) conditions (P 5 0.04). Among African-American

participants in BT 1 EA versus BT, program satisfaction was signifi-

cantly higher (P 5 0.03), and a statistical trend was observed for

higher attendance (P 5 0.06). Neither sex (P 5 0.73) nor education

(P 5 0.72) was a significant moderator of treatment outcome.

Discussion
The current study examined the efficacy of behavioral treatment that

included a focus on the home environment (BT 1 E) and an

acceptance-based version of behavioral treatment that also included

skills for modifying the home environment (BT 1 EA), relative to

gold standard behavioral treatment (BT). These three interventions

resulted in large weight losses at 6 months that were sustained at

the 12-month mark. Primary hypotheses were not supported, as nei-

ther the addition of tools for home environment modification nor

acceptance-based skills improved the overall efficacy of treatment.

The fact that the addition of a home environment modification com-

ponent failed to improve weight loss is at odds with Gorin’s results

(8). In that study, women, but not men, lost more weight if they

were randomized to a version of BT 1 E versus a BT condition.

One possible explanation for the discrepancy was that the BT 1 E

condition in the Gorin study contained direct environmental modifi-

cations, while in the current study participants were responsible for

initiating and maintaining environmental changes in order to provide

a more ecologically valid test of this approach. For example, partici-

pants in the Gorin (8) study were provided with home exercise

equipment and were partially reimbursed for setting up an online

supermarket shopping account in order to limit store-based impulse

purchases. Moreover, that study required the participation of another

member of the household with overweight in order to support house-

hold changes. Perhaps these more robust and direct interventions are

necessary in order to confer benefit, at least to women.

In contrast to the current study, another large trial (Mind Your Health

II) (13) recently reported substantially greater weight loss for partici-

pants who were assigned acceptance-based behavioral treatment com-

pared to those who received gold standard BT. Several potentially

important differences exist between the acceptance-based treatment

protocol in that study and the current study that may explain the dis-

crepancy. First, in the BT 1 EA treatment, the current study’s

acceptance-based content was substantially reduced to make room for

a focus on modification of the environment. This change resulted in

a reduced dosage and emphasis of acceptance-based skills and

required participants to manage yet another category of information.

Perhaps participants’ cognitive “bandwidth” places constraints on the

number of skills that can be mastered. In addition, the Mind Your

Health II study set out to make a number of enhancements to the

treatment protocol following a predecessor study, which indicated

that the experimental treatment was only more effective than BT

under certain conditions. Changes included using a simplified treat-

ment frame (“Control What You Can and Accept What You Can’t”)

and deemphasizing skills related to eating in response to aversive

experiences (e.g., anxiety, cravings) while instead emphasizing will-

ingness to choose less pleasurable options. The current study’s treat-

ment protocol was not similarly modified, which may also have con-

tributed to the reduced difference between BT and BT 1 EA. Finally,

there may have been a ceiling effect that limited the ability to

observe superior performance of the BT 1 E or BT 1 EA conditions

because participants in the BT condition achieved large weight losses

that were, on average, fully maintained during the month 6-12 period

when weight regain would otherwise be expected to begin.

While no main effect of treatment condition was observed, the mod-

erating effect of race was large and notable. Whereas in the BT and

Figure 4 Percent weight loss at 12 months by condition and race. [Color figure can
be viewed at wileyonlinelibrary.com]
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BT1E conditions, African-American participants lost half the

weight of non-Hispanic white participants, the disparity was greatly

attenuated for African Americans assigned to BT 1 EA. Similarly,

African Americans receiving BT 1 EA were 1.4 times to 1.7 times

as likely to reach a clinically significant weight loss at 12 months

compared to those receiving BT and BT 1 E, respectively. Previous

research has revealed differences in behavioral weight loss treatment

response by race; African-American participants typically lose

approximately 50% less weight compared to white participants (27-

29). Future research must be conducted to replicate this finding and

identify mechanisms of action. One hypothesis is that the BT 1 EA

emphasis on clarifying personal values and connecting them to

weight control behaviors was especially important for African-

American participants, given previously documented racial differen-

ces in motivators for weight loss (30,31). It also is possible that

these participants found willingness skills to be especially helpful

when faced with particular cultural, social, or environmental chal-

lenges to weight control, such as needing to put forth greater effort

to acquire healthy foods or respond to social cues that encourage

consumption of high-calorie foods (32-34).

This study has several limitations. Weight and behavior likely

changed in meaningful ways after treatment ended, as weight loss

maintenance is notoriously difficult. Moderators were examined as

an exploratory aim, and it is possible that results would have dif-

fered with larger sample sizes for particular demographic groups

(e.g., men or African-American participants). Additional research

(e.g., with qualitative interviews or careful measurement of media-

tors) is needed to understand why an interaction between race and

treatment was observed. The generalizability and scalability of the

interventions may be limited, given the intensive schedule of meet-

ings and delivery in an academic weight loss clinic. These areas rep-

resent important directions for future research.O
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