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Abstract
Background State-of-the-art behavioral weight loss treat-
ment (SBT) can lead to clinically meaningful weight loss, 
but only 30–60% achieve this goal. Developing adaptive 
interventions that change based on individual progress 
could increase the number of people who benefit.
Purpose Conduct a Sequential Multiple Assignment 
Randomized Trial (SMART) to determine the optimal 
time to identify SBT suboptimal responders and whether 
it is better to switch to portion-controlled meals (PCM) 
or acceptance-based treatment (ABT).
Method The BestFIT trial enrolled 468 adults with 
obesity who started SBT and were randomized to treat-
ment response assessment at Session 3 (Early TRA) or 7 
(Late TRA). Suboptimal responders were re-randomized 
to PCM or ABT. Responders continued SBT. Primary 
outcomes were weight change at 6 and 18 months.
Results PCM participants lost more weight at 6 months 
(−18.4 lbs, 95% CI −20.5, −16.2) than ABT participants 

(−15.7 lbs, 95% CI: −18.0, −13.4), but this difference was 
not statistically significant (−2.7 lbs, 95% CI: −5.8, 0.5, 
p  =  .09). PCM and ABT participant 18  month weight 
loss did not differ. Early and Late TRA participants had 
similar weight losses (p = .96), however, Early TRA PCM 
participants lost more weight than Late TRA PCM par-
ticipants (p = .03).
Conclusions Results suggest adaptive intervention 
sequences that warrant further research (e.g., iden-
tify suboptimal responders at Session 3, use PCMs as 
second-stage treatment). Utilizing the SMART meth-
odology to develop an adaptive weight loss intervention 
that would outperform gold standard SBT in a random-
ized controlled trial is an important next step, but may 
require additional optimization work.
Clinical Trial information ClinicalTrials.gov identifier; 
NCT02368002
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Introduction

Clinically meaningful weight loss (7–10%) can be 
achieved through state-of-the-art behavioral weight loss 
treatment (SBT) participation [1, 2] but only 30–60% of 
people achieve this goal [3]. Rather than continuing with 
“one size fits all” approaches, developing adaptive inter-
ventions that change over time based on an individual’s 
progress could increase the number of people who benefit 
from treatment [4, 5]. Sequential Multiple Assignment 
Randomized Trials (SMART) use experimental design 
principles to answer whether, how, and when to alter 
treatment intensity, type or delivery method to build 
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adaptive interventions [6–8]. An additional strength of 
the SMART is the opportunity to develop more deeply 
tailored interventions that identify which individuals are 
likely to benefit the most from which sequence of treat-
ments [4].

Suboptimal SBT responders may benefit from alter-
nate treatments that address factors which impede weight 
loss [9–13]. One such factor is self-regulation, given that 
exercising calorie restraint in today’s obesogenic environ-
ment is compromised by both food-specific [11, 14] and 
general self-regulation difficulties [15–18]. Augmenting 
SBT with portion-controlled meals (PCM) or acceptance 
and commitment therapy-derived skills could address 
self-regulation challenges through different mechanisms. 
PCMs immediately reduce the need for decision making 
and behavioral control by providing people with meals 
that are compliant with SBT caloric intake recommenda-
tions [19]. Alternatively, acceptance-based treatment 
(ABT) teaches skills, such as distress tolerance, that may 
boost self-regulation capacity [20]. Each approach has 
empirical support [19, 21–24], but may be best reserved 
as second-stage treatments since PCMs can be expensive 
and difficult to fit into a person’s lifestyle, and ABT re-
quires specialized training [23]. PCMs are effective be-
cause they are pre-planned and pre-packaged, however, 
this is accompanied by a level of inflexibility that may 
not easily fit into a person’s lifestyle (e.g., family meals, 
parental responsibilities, work commitments, etc.) and 
may not be feasible over the long-term. Although treat-
ment accompanying PCMs should help people develop 
other tools and strategies to support weight loss and 
maintenance, reliance on PCMs may impede the devel-
opment of important behavioral strategies. In contrast, 
switching the therapeutic approach to ABT theoretically 
addresses the root problem of many weight loss chal-
lenges and boosts long-term capacity for self-regulation. 
Because ABT directly addresses the underlying causes of 
overeating, it may take longer to develop this skill set. 
Thus, these treatments may have differential short- and 
long-term effects, with PCMs being more effective short-
term, and ABT skill development accelerating over time. 
Different individuals also may vary in their responsive-
ness to different treatment sequences. For example, sub-
optimal responders who experience greater food-specific 
self-regulation challenges such as binge eaters may re-
spond differently to PCMs and ABT [4].

Establishing the best time to transition to second-stage 
treatment is important. Difficulty losing weight early in 
treatment predicts suboptimal response [25–27]. Stepped 
care interventions have intensified treatment to address 
suboptimal response as early as 3 and up until 12 weeks 
after initial treatment began, with limited empirical justi-
fication [28–31]. Weight loss trial data, [22, 32–35] using 
weekly weight loss to predict the likelihood of achieving 

weight loss success at 6 months (i.e., 10% weight loss), 
suggest that sessions 3 and 7 are good candidate time 
points for treatment transition. Participants who had 
not lost at least 2.5% of their starting body weight at 
session 3 or at least 5% by session 7, had a high likeli-
hood of not being classified as successful weight losers 
at 6 months. However, it is unclear which of these two 
time points would be best. Switching at session 3 may 
“rescue” people before it’s too late, but could be prema-
ture and subject to incorrect classification. Waiting until 
session 7, however, could be detrimental if  people have 
started to experience a sense of futility.

This paper describes results of BestFIT, a SMART 
which addressed: (a) whether PCM or ABT was more 
effective for suboptimal responders; and (b) when to 
identify suboptimal responders. All participants began 
with SBT and were randomized to treatment response 
assessment at Session 3 (Early TRA) or 7 (Late TRA). 
Suboptimal responders were re-randomized to PCM or 
ABT and Responders continued SBT. We hypothesized 
that participants re-randomized to PCMs would lose 
more weight at 6 months (6m) than those re-randomized 
to ABT, but that ABT would outperform PCM at 
18  months (18m). We hypothesized that participants 
randomized to Session 3 treatment response assessment 
(Early TRA) would lose more weight at 6m and 18m 
follow-up than those randomized to Session 7 treatment 
response assessment (Late TRA). Exploratory analyses 
examined 6m and 18m weight loss across the four em-
bedded Adaptive Interventions that begin with SBT 
(Early PCM, Early ABT, Late PCM, Late ABT) and 
examined whether responses to the embedded Adaptive 
Interventions varied for participant subgroups (sex, BMI 
category, binge eating disorder status).

Methods

Study Design

BestFIT was a two-stage SMART. The study protocol 
was reported previously [36]. All treatment was pro-
vided with individual, in-person sessions. Participants 
all began by receiving state-of-the art behavioral 
weight loss treatment (SBT) sessions. Participants were 
randomized to treatment response assessment (TRA) 
at Session 3 (Early TRA) or 7 (Late TRA). Responders 
identified at the Early and Late TRA continued SBT 
while suboptimal responders were re-randomized to 
have SBT augmented with the provision of  portion-
controlled meals (PCM), or to switch to an acceptance-
based version of  behavioral treatment (ABT). This 
resulted in four adaptive interventions (AI) that begin 
with SBT, switch treatment for suboptimal responders, 
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and continue SBT for responders: Early Augment with 
PCM (Early PCM); Early Switch to ABT (Early ABT); 
Late Augment with PCM (Late PCM); Late Switch to 
ABT (Late ABT). Outcomes were assessed at 6m and 
18m. The study was approved by the HealthPartners 
Institutional Review Board. The ClinicalTrials.gov 
identifier is NCT02368002.

Study Participants

Participants were enrolled between May 2015 and 
September 2017. Inclusion criteria were: (a) 21–70 years 
old; (b) BMI ≥ 30.0 and ≤ 45 kg/m2; and (c) able to par-
ticipate for 18 months. Exclusion criteria were: (a) preg-
nant, breastfeeding or planning a pregnancy;(b) diet 
intervention study or weight loss program involvement; 
(c) dietary restrictions (e.g., gluten-free); and (d) insulin-
dependent diabetes.

Study Procedures

Participants recruited through radio, print, web-based 
advertisements, and direct mailings were screened by 
phone, invited to an orientation session, and scheduled 
for a visit during which informed consent was obtained 
and baseline measures were collected.

Randomization and Blinding

The first randomization (Early TRA or Late TRA) 
was stratified by sex and BMI category (30–<35 kg/m2, 
35–<40 kg/m2, 40–<45 kg/m2). The second randomiza-
tion (PCM or ABT among suboptimal responders) was 
stratified by Early or Late TRA, sex, BMI category, and 
percent of weight lost prior to re-randomization (Early 
TRA: <1% or 1–2.49%; Late TRA: <2% or 2–4.9%). The 
decision to stratify by TRA timing was made to ensure 
that there were equal numbers of Session 3 and Session 
7 TRA participants re-randomized to PCM and ABT. 
We also stratified by amount of weight lost prior to the 
TRA to ensure that there was a similar distribution of 
pre-TRA weight loss among participants re-randomized 
to PCM and ABT. Blocks of 10 and 6 were used within 
each stratum to ensure approximately equal numbers of 
participants randomized to Early and Late TRA and 
suboptimal responders re-randomized to PCM and ABT, 
respectively. Randomization allocation was concealed in 
the study database. An algorithm, triggered when the 
weight loss coach entered the participant’s weight at 
weekly sessions, assessed whether the participant was due 
for TRA; if  so, whether the participant was responding 
optimally; and if  not, to which treatment the partici-
pant should be re-randomized. Weight loss coaches and 

participants were blinded to the first randomization 
(Early TRA vs. Late TRA), but not to the results of the 
second randomization for suboptimal responders. Study 
team members remained blinded to study outcomes until 
18m measurements were completed.

Interventions

All participants were offered a total of 20 treatment 
sessions (45 minutes per session) delivered in-person at 
the Institute over an approximately 20-week time period. 
Of the six weight loss coaches, four were master’s level 
registered dieticians and two had a psychology back-
ground (master’s degree in counseling psychology, 
PhD in health behavior). Two supervision sessions per 
week were led by PhD-level clinical psychologists, with 
sessions focused on SBT and PCM led by Drs. Sherwood 
and Kunin-Batson and sessions focused on ABT led by 
Drs. Butryn and Forman. Intervention sessions were 
audio recorded to monitor quality assurance and for 
coach training and supervision. Five different counselor 
manuals were developed for each treatment arm (i.e., 
SBT, Early PCM, Late PCM, Early ABT and Late ABT) 
to promote adherence to the treatment protocols. The 
study database included treatment-specific cues for each 
participant. Session content in each treatment arm was 
reviewed throughout the study to ensure all coaches were 
delivering the content in a similar, consistent manner. 
Audio was provided by coaches for feedback on con-
tent delivery. Coaches completed case conceptualiza-
tion forms and provided audio for participants who had 
recently been classified as a suboptimal responder and 
switched treatment arms and for participants who were 
struggling with their weight loss efforts.

State-of-the-art Behavioral Weight Loss 
Treatment (SBT)

Participants were offered 20 weekly in-person sessions 
over a 6m period and started with SBT which fo-
cused on self-monitoring, stimulus control, goal set-
ting, problem-solving, cognitive reframing, addressing 
social situations, and relapse prevention [2, 34, 37]. 
Participants were assigned a calorie intake goal of 
1200, 1500, or 1800 kcal/day based on body weight 
and worked on increasing their physical activity level 
to 1 hour per day. Participants were taught how to self-
monitor their eating and physical activity using the 
MyFitnessPal™ smartphone application or a paper 
self-monitoring log based on their preference. Weight 
loss coaches reviewed self-monitoring records and 
provided feedback to participants at each session. The 
weight loss coach also measured and documented each 
participant’s weight in the study treatment database 
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prior to delivering the weekly treatment session con-
tent. Additional detail about the interventions is pro-
vided in our study protocol paper [36].

Sub-optimal Response Definitions

Participants randomized to Early TRA were considered 
sub-optimal responders if  they had lost less than 2.5% of 
their session 1 weight by Session 3 or 28 days following 
Session 1, which ever came first. Late TRA participants 
were considered sub-optimal responders if  they had 
lost less than 5.0% of their session 1 weight by Session 
7 or 63 days following Session 1, whichever came first. 
Participants classified as sub-optimal responders at 
Sessions 3 and 7 were re-randomized to either portion-
controlled meals or ABT.

Portion-controlled Meals (PCM)

PCM participants completed the 20 sessions of SBT. 
Additionally, they received meals (17 weeks for Early 
TRA and 13 weeks for Late TRA) prepared by Healthy 
for Life Meals™ at different caloric levels (e.g., 1200, 
1500 kcals/day) at no cost and included freshly prepared 
food with fruits and vegetables. The weight loss coach 
helped identify a convenient location for twice-weekly 
pick-up of the participant’s meals.

Acceptance-based Behavioral Treatment (ABT)

ABT [38, 39] participants identified internal experi-
ences that make weight control behaviors challenging 
and learned through several activities that adaptive be-
havior (e.g., eating less) often depends on the ability to 
tolerate unpleasant internal experiences (e.g., desire to 
eat tasty food) or experience a perceived or anticipated 
loss of  pleasure (e.g., choosing a less, over a more, 
tasty food). ABT focused on increasing willingness 
to engage in adaptive behavior long-term, even when 
it is uncomfortable or less pleasurable. Participants 
learned to differentiate controllable (e.g., food kept 
at home) and uncontrollable (e.g., cravings) aspects 
of  weight control, and to engage in change strategies 
for the former and psychologically acceptance for 
the latter. Participants clarified their values and how 
healthy eating and physical activity could move them 
toward those values and were taught mindful decision 
making, i.e., bringing values to mind during weight-
related decision-making moments. Calorie intake and 
physical activity goals remained the same as SBT and 
several SBT strategies were integrated into ABT (e.g., 
self-monitoring, stimulus control).

Measures

In-person outcome assessments occurred at baseline, 6m 
and 18m with measurement staff  blinded to participant 
treatment assignment.

Weight Change

The primary outcome was body weight change from 
baseline at 6m and 18m. Body weight and height were 
measured twice in light clothing without shoes using a 
digital scale and a portable, calibrated stadiometer (Seca 
876 Flat Scale; Seca 217 Stable Stadiometer; SECA 437 
Adapter for Flat Scale). Measurements differing by 
0.2 kg or more for weight or 0.5 cm or more for height 
were repeated for a third time. Data for the multiple as-
sessments were averaged. The following CDC-defined 
BMI categories were used in exploratory analyses: Class 
1 (BMI 30 to < 35 kg/m2); Class 2: (BMI 35 to < 40 kg/m2;  
and Class 3 (BMI of 40 kg/m2 or higher).

Binge Eating (BE)

BE was assessed with the Binge Eating Scale (BES) and 
a semi-structured interview adapted from the Eating 
Disorder Examination (EDE) [40, 41]. Participants 
were classified as follows: No BE (BES score 0–17 and 
no BE reported on the EDE); Subclinical Binge Eating 
Disorder (BED; BES score 18–26 and/or subclinical 
BED on EDE); or Probable BED (BES score >26 and/or 
met DSM-5 BED criteria on EDE).

Demographic characteristics

Demographic characteristics assessed included gender, 
age, race/ethnicity, marital status, education level, and 
employment status.

Intervention Process Evaluation.

Session length, completion, and PCM orders were 
tracked. Raters with experience in SBT, PCM and ABT 
randomly coded 5% of all sessions (n = 400) on a scale 
of 1 (skipped entirely) to 3 (thoroughly covered) adher-
ence to each sub-section of the specific session manual. 
Avoidance of treatment contamination was rated by the 
presence or absence of specific SBT and ABT strategies 
in each treatment arm. Coding began before the inter-
vention was complete so that adherence issues could 
be addressed in the ongoing supervision meetings. SAS 
was used to randomly select audios for coding equally 
distributed across the intervention period of the trial. 
Satisfaction and perceived helpfulness of the sessions 
were rated by participants.
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Analysis

The analytic approaches for the primary, secondary, 
and exploratory aims were informed by the literature 
on SMART designs [4, 42–44]. Hypothesis 1 stated that 
suboptimal responders re-randomized to PCM would 
lose more weight at 6m than those re-randomized to 
ABT (H1a) but that ABT participants would lose more 
weight at 18m than PCM participants (H1b). This hy-
pothesis was tested using a mixed linear model where 
weight changes between baseline and post-baseline 
among suboptimal responders were predicted from 
re-randomization (ABT, PCM) and measurement 
time (B, 6M, 18M) accounting for sex, baseline weight 
(grand mean-centered), TRA timing and percent of 
weight lost prior to re-randomization. A  significant 
re-randomization by measurement time interaction 
was expected, with simple effects tests comparing 
PCM to ABT within measurement time testing H1a 
(6m) and H1b (18m). The contrast with the smaller 
p-value was tested at α2  =  0.025, and the second at 
α2 = 0.05 to ensure a family-wise Type I error rate of 
0.05. The H1 and H2 mixed models treated all pre-
dictors as fixed parameters and included a random 
intercept for participant.

Hypothesis 2 stated that participants randomly as-
signed to Early TRA would lose more weight at 6m and 
18m than those randomized to Late TRA and was tested 
using a mixed linear model where weight changes from 
all randomized participants were predicted from TRA 
timing accounting for sex, baseline weight and TRA 
result (PCM, ABT, responder, quit intervention be-
fore TRA). The main effect for Early versus Late TRA 
tested H2.

Sensitivity analyses applied the Hypothesis 1 and 
2 analytic models to a multiply-imputed dataset and 
summarized the results of  these analyses across m = 20 
imputations [45]. The imputation model assumed 
missing at random conditional on covariates, which 
included all analysis covariates and the auxiliary vari-
ables education, income, coach and intervention com-
pletion [45]. A  Markov chain Monte Carlo model 
imputed sporadically missing 6-month weight values 
(n = 15) from the auxiliary variables and all observed 
weight values. Fully conditional specification using 
the regression method, which readily accommodates 
binary auxiliary variables, imputed the monotonically 
missing 6 and then 18-month weight values from the 
auxiliary variables and prior weight values for par-
ticipants who dropped out after baseline (n  =  38) or 
6 months (n = 28).

The exploratory aim was to compare 6m and 18m 
weight loss across the 4 AIs, overall (Early PCM, 
Early ABT, Late PCM, Late ABT) and by participant 

subgroups (sex, BMI category, binge eating disorder 
status). This aim was carried out using generalized 
estimating equations to fit a segmented linear regression 
model predicting imputed weight at baseline, 6m and 
18m from indicators of first- and second-stage random-
ization results and controlling for baseline weight and 
sex [44]. The relative effectiveness of each AI is based 
on model-predicted weight change from baseline to 6m 
and 18m.

The power of the simple effects tests comparing 6m 
and 18m weights between participants re-randomized to 
PCM versus ABT was a function of the proportion of 
participants who were suboptimal responders and 6m 
and 18m retention rates. There were N = 468 randomized 
participants, a 55% suboptimal response rate (n  =  259 
re-randomized), and 89% and 85% retention at 6m and 
18m. The minimum detectable standardized effect for 
the observed sample sizes (n = 230 at 6m, n = 220 at 18m) 
was Cohen’s d = 0.37–0.38.

Results

Study Participants

The CONSORT diagram (Fig. 1) includes recruitment 
and retention information and Table 1 includes study 
sample descriptive characteristics. Of the 1540 parti-
cipants who expressed interest, 363 did not complete a 
phone screening, 114 were not interested in participating 
after learning more about the study, 594 did not meet 
eligibility criteria over the phone or at the orientation 
or baseline session, and 469 completed baseline meas-
ures. One individual was excluded due to a randomiza-
tion error and the remaining 468 were randomized (R1) 
to Early (n = 233) or Late (n = 235) treatment response 
assessment (TRA). Approximately 5% (n = 26) quit the 
intervention prior to their TRA session. At their TRA 
session, 55% of the participants (n  =  259) were classi-
fied as suboptimal responders and re-randomized (R2) 
to ABT (n  =  127, 27.1%) or PCM (n  =  132, 28.2%). 
Responders (n = 183, 39.7%) continued SBT sessions.

Participants who quit the intervention prior to TRA 
were younger (M = 43.5 years, SD = 10.6), less educated 
(76.9% < college), and less likely to be married (46.2%) 
or employed full time (69.2%) than those who completed 
the TRA (M = 49.0 years, SD = 10.3; 37.8% < college; 
70.0% married; 83.9% employed full time). The 38 parti-
cipants who did not provide follow-up data were younger 
(M = 42.8 years, SD = 10.2), more likely to be female 
(84.2%), less educated (60.5% < college) and had higher 
baseline BMI (36.8% Class 1) than those who provided 
follow-up data (M  =  49.2  years, SD  =  10.3; 75.6% fe-
male; 38.1% < college; 46.1% Class 1).
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Primary Analyses

Table 2 summarizes mean weight measured at baseline 
and weight loss at 6m and 18m expressed as pounds lost, 
percent weight loss, and percent achieving 5% and 10% 
weight loss by TRA timing (Early, Late) and TRA re-
sult (responder, re-randomize to PCM, re-randomize to 
ABT). The primary hypothesis was that PCM would be 
more effective at 6m (H1a) while ABT would be more ef-
fective at 18m (H1b) among suboptimal responders. The 
re-randomization by measurement time interaction was 
not statistically significant (p = .25). The predicted base-
line to 6m weight changes among PCM (−−18.4 lbs, 95% 
CI −20.5, −16.2) and ABT (−15.7 lbs, 95% CI: −18.0, 
−13.4) were in the expected direction but the difference 
of −2.7 lbs (95% CI: −5.8, 0.5) was not statistically sig-
nificant (p = .09; Fig. 2). When the outcome was weight 
loss percent rather than pounds, the re-randomization 
by measurement time interaction was also not statistic-
ally significant (p =  .26). The 6m mean percent weight 
loss among PCM (8.3% loss, 95% CI 7.3, 9.2) and ABT 
(7.2% loss, 95% CI: 6.2, 8.2) was in the expected dir-
ection, but the difference of 1.1% (95% CI: −0.2, 2.5) 
more loss in PCM was also not statistically significant 
(p = .11). For the H1 sensitivity analyses using imputed 
data, the baseline to 6m pattern in weight change was 
also consistent with H1a expectation in that suboptimal 
responders re-randomized to PCM (−17.6 lbs, 95% CI: 

−19.9, −15.3) lost more weight (−3.4 lbs, 95% CI: −6.8, 
0.0, p  =  05) than those re-randomized to ABT (−14.3 
lbs, 95% CI: −16.9, −11.6); however, this difference was 
not significant using the p < .025 criterion. When weight 
loss percent was the outcome, the baseline to 6m pattern 
was consistent with H1a expectation in that suboptimal 
responders re-randomized to PCM (8.0% loss, 95% CI: 
6.9, 9.0) lost a greater percentage of weight (1.5% more 
loss in PCM, 95% CI: −0.0, 3.0, p  =  .05) than those 
re-randomized to ABT (6.5% loss, 95% CI: 5.3, 7.4). The 
H1b-predicted baseline to 18m weight changes were not 
in the expected direction (PCM −8.5 lbs, 95% CI: −10.7, 
−6.3; ABT −7.4 lbs, 95% CI: −9.7, −5.2) nor was their 
difference statistically significant (−1.0 lbs, 95% CI: −4.2, 
2.2, p = .53). A similar pattern was observed with 18m 
mean percent weight loss as the outcome (PCM 3.7% 
loss, 95% CI: 2.7, 4.6; ABT 3.3% loss, 95% CI: 2.7, 4.6); 
this difference was also not statistically significant (0.3% 
more loss in PCM, 95% CI: −1.0, 1.7, p = .63). The pat-
tern of results for the H1b sensitivity analysis using im-
puted data were similar such that suboptimal responders 
re-randomized to PCM had more weight loss at 18m 
(−8.0 lbs, 95% CI: −10.3, −5.6; 3.5% loss, 95% CI: 2.4, 
4.5) than those re-randomized to ABT (−6.5 lbs, 95% CI: 
−9.3, −3.7; 2.9% loss, 95% CI: 1.6, 4.1) but these differ-
ences were not statistically significant (−1.4 lbs, 95% CI: 
−5.0, 2.1, p = .43; 0.6% more loss in PCM, 95% CI: −1.0, 
2.2). Comparable analyses treating weight change as a 

Fig. 1.  BestFIT CONSORT diagram.
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percentage of baseline weight produced a virtually iden-
tical pattern of results.

Secondary Analyses

Hypothesis 2 predicted that Early TRA participants 
would lose more weight than Late TRA participants. 
The adjusted change from baseline to the average of the 
6m and 18m post-baseline weights was −16.6 lbs (95% 
CI: −18.3, −14.9) among participants randomized to 
Early TRA and −16.7 lbs (95% CI: −18.4, −15.0) among 
those randomized to Late TRA. The difference between 
the TRA timing groups was not statistically significant 
(−0.1 lbs; 95% CI: −2.4, 2.3, p = .96). H2 sensitivity ana-
lyses using imputed data also showed no significant dif-
ference in baseline to post-baseline weight change (−0.1 
lbs; 95% CI: −2.6, 2.4, p = .93) between Early (−15.5 lbs; 
95% CI: −17.4, −13.7) and Late TRA (−15.6 lbs; 95% 
CI: −17.4, −13.8) participants.

Post Hoc Analyses

When checking the homogeneity of regression assump-
tion for the re-randomization by measurement time 
interaction reported in the primary analysis, we found 
that the three-way re-randomization by measurement 
time by rate of weight loss prior interaction was statistic-
ally significant (p < 0.04). The weight loss rate covariate 
classified suboptimal responders as losing weight slowly 
if  between treatment initiation and the TRA they had 
lost half  or more of the weight required to be considered 
a responder; and very slowly if  they had lost less than 
half  of the necessary weight. In general, suboptimal 
responders who lost weight slowly prior to their TRA 
tended to have more weight loss at 6m (−4.5 lbs; 95% CI: 
−8.2, −0.9, p < 0.02) and 18m (−3.3 lbs; 95% CI: −7.0, 
0.4, p  =  .08) if  they had been re-randomized to PCM 

rather than ABT. The pattern was reversed among sub-
optimal responders who lost weight very slowly. They 
tended to have less weight loss at 6m (2.6 lbs; 95% CI: 
−3.1, 8.4) and 18m (5.0 lbs; 95% CI: −0.9, 10.9) if  they 
had been re-randomized to PCM although neither of 
these changes relative to baseline was significant.

The weight change patterns observed in Table 2 in-
spired a post-hoc analysis to better quantify patterns 
of baseline to post-baseline weight change as a function 
of TRA timing (Early, Late) and TRA result (PCM, 
ABT, Responder). The role of TRA timing appeared to 
differ between responders and suboptimal responders. 
Adjusting for baseline weight and sex, the simple effect 
of TRA timing on post-baseline weight loss was sig-
nificant among PCM (Late TRA vs. Early TRA weight 
change difference = 4.5 lbs, 95% CI: 0.3, 8.6, p =  .03), 
but not among ABT participants (Late TRA vs. Early 
TRA weight change difference = 2.4 lbs, 95% CI: −1.9, 
6.6, p =  .28). Suboptimal responders re-randomized to 
PCM lost more weight if  their TRA was Early than if  it 
was Late. Among responders, the post-baseline weight 
loss pattern was also significantly related to TRA timing 
but in the other direction. Responders lost more weight 
if  their TRA was Late than if  it was Early (−4.3 lbs, 95% 
CI: −7.8, −0.9, p = .01).

Adaptive Interventions

Figs. 3 and 4 show the predicted 6m and 18m weight loss 
in each of the 4 embedded adaptive interventions (i.e., 
Early PCM, Early ABT, Late PCM, Late ABT). Overall, 
none of the AIs clearly resulted in more or less weight 
loss at 6 or 18 months. The 4 AIs resulted in similar 6m 
and 18m weight loss among men, but women in Early 
ABT lost 2–3 fewer pounds at 6m. Participants with 
Class 1 BMI had less 6m and 18m weight loss in Early 
ABT and Late PCM; those with Class 2 BMI had less 
18m weight loss in Early PCM and Late ABT; and those 
with Class 3 BMI lost less weight in Early PCM and 
Early ABT, especially at 18m. Participants with subclin-
ical BED lost more weight at 6m in Early PCM, and at 
18m in Early PCM and Late ABT.

Intervention Adherence and Contamination

Suboptimal responders (M = 16.8, SD = 4.5) attended 
fewer sessions than responders (M  =  18.4, SD  =  3.1; 
p  <  0.001). PCM participants attended more sessions 
(M = 17.5, SD = 3.5) than ABT participants (M = 16.1, 
SD = 5.1; p < 0.01). Session length was shorter among 
responders (M = 39.6 minutes, SD = 6.0) compared to 
suboptimal responders (M  =  41.1 minutes, SD  =  5.5, 
p  <  .01), but similar between suboptimal responder 
groups (PCM  =  40.5 minutes, SD  =  5.8; ABT=41.6 

Fig. 2.  Baseline to 6 and 18-month weight change in pounds.
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minutes, SD  =  5.2; p  =  .11). The average number 
of weeks PCMs were ordered was 14.6 and 11.4 for 
those re-randomized at 3 and 7 Weeks, respectively. 
Suboptimal responders were less satisfied with treatment 
(PCM M = 4.7, SD = 0.4; ABT M = 4.5, SD = 0.6) than 
responders (M  =  4.7, SD  =  0.5; p  <  .01). Suboptimal 
responders (PCM M  =  4.5, SD  =  0.4; ABT M  =  4.3, 
SD = 0.6) did not perceive treatment to be more or less 
helpful than responders (M = 4.5, SD = 0.5; p <  .07). 
Participants re-randomized to PCM were more satisfied 
with treatment, p < 0.02, and found it to be more helpful, 
p < .01, than those re-randomized to ABT. No treatment 

contamination was found (e.g., no ABT strategies in SBT 
or PCM sessions, SBT cognitive restructuring was not 
present in ABT sessions, PCMs were not discussed in 
ABT or SBT sessions).

Adverse Events

There were 64 adverse events (AEs) reported by 54 
unique participants, six were classified as serious AEs. 
Three of  the serious AEs required hospitalization; 
two were classified as possibly related to dietary in-
take and/or physical activity changes associated with 

Fig. 3.  Baseline to 6-month weight change in pounds by adaptive intervention.
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study participation (i.e., kidney infection, depression). 
There were 31 non-serious AEs related to musculo-
skeletal and connective tissue disorders or injury; 12 
were related to participation in physical activity and 
were classified as potentially related to study partici-
pation. There were two non-serious AEs (i.e., allergic 
reaction) reported by one person that were potentially 
related to dietary intake changes. The numbers of  ser-
ious (SBT = 2, PCM = 1, ABT = 3) and non-serious 
AEs (SBT = 23, PCM = 22, ABT = 13) were similar 
across groups.

Discussion

BestFIT, a two-stage Sequential Multiple Assignment 
Randomized Trial (SMART) designed to inform the 
development of an adaptive behavioral weight loss 
intervention for adults, examined whether it was better 
to identify suboptimal responders to SBT at Session 3 
(Early TRA) or Session 7 (Late TRA) and whether PCM 
or ABT was a more effective second-stage treatment. 
Results showed no significant weight loss difference be-
tween Early and Late TRA participants or between PCM 

Fig. 4.  Baseline to 18-month weight change in pounds by adaptive intervention.
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and ABT suboptimal responders at 6 or 18  months. 
However, sensitivity analyses using imputed data showed 
a non-significant trend that PCM participants lost more 
weight than ABT participants at 6 months. The weight 
loss difference at 6  months of 3.4 pounds was modest 
and equated to a difference of 1.5% more weight loss and 
an additional 5% of PCM individuals achieving a clinic-
ally significant weight loss (i.e., 10% loss) relative to ABT 
participants. Post hoc analyses prompted by descriptive 
data suggesting that the role of TRA timing differed 
among responders and suboptimal responders, showed 
that Early TRA suboptimal responders randomized to 
PCM lost 4.5 more pounds than Late TRA suboptimal 
responders randomized to PCM. At six months, nearly 
40% of Early TRA participants re-randomized to PCM 
lost at least 10% of their body weight compared to 24% of 
Late TRA suboptimal responders randomized to PCM. 
Although there was some indication that PCM partici-
pants lost more weight than ABT participants, particu-
larly those who started PCMs earlier, these differences 
were not maintained at 18-month follow-up. The weight 
loss pattern for treatment responders was in the opposite 
direction such that Late TRA responders lost more 
weight than Early TRA responders, an average differ-
ence of 4.3 pounds. Although identifying suboptimal re-
sponders and switching treatment early showed promise, 
these data suggest that not all participants identified as 
early responders were able to sustain their success over 
the course of treatment.

To aid future efforts to build a more deeply tailored 
adaptive treatment [4, 42], we also examined weight 
loss patterns for the four embedded adaptive interven-
tions that began with SBT, transitioned suboptimal 
responders to PCM or ABT at the early or later time 
point, and continued SBT for suboptimal responders 
(i.e., Early PCM, Early ABT, Late PCM, Late ABT) 
and whether pre-specified characteristics predicted re-
sponse to the different treatment sequences. Overall, 
none of  the four AIs clearly resulted in more or less 
weight loss at 6 or 18 months, however, some interesting 
patterns were observed. Participants with Class 1 BMI 
lost more weight in Early PCM and Late ABT; those 
with Class 2 BMI lost more weight in Late PCM and 
Early ABT, and those with Class 3 BMI lost more 
weight in Late PCM and Late ABT. Finally, partici-
pants with subclinical BED lost more weight in Early 
and Late PCM, and participants with clinical BED ap-
peared to lose more weight at 6m in Early PCM, and 
at 18m in Early PCM and Late ABT. Binge eating is 
a poor prognostic indicator for weight loss [46, 47]. 
These data suggest that PCMs may help people with 
moderate binge eating lose weight. Examination of 
whether initial weight loss rate influenced treatment re-
sponse showed that suboptimal responders with a slow 
early weight loss rate were more successful at 6 months 

if  re-randomized to PCM, whereas those with a very 
slow weight loss rate tended to lose more weight at 
18 months if  re-randomized to ABT. These results are 
consistent with the idea that ABT may facilitate longer 
term weight loss success [21].

Study strengths included high-quality SMART de-
sign implementation (e.g., re-randomization, treatment 
transitions), and high intervention participation and re-
tention. Study limitations included that suboptimal re-
sponders were not re-randomized to continue SBT to 
assess whether PCM and/or ABT outperformed no treat-
ment change. Participant diversity with respect to sex, 
education level, and race/ethnicity was limited. We also 
excluded individuals in the overweight category (BMI be-
tween 25 and 30 kg/m2) who could benefit from weight 
loss treatment. An important direction for future research 
is to examine the efficacy of these and other interventions 
in minority populations at high risk for obesity-related 
comorbidities. Cost should also be considered in future 
research. PCMs were provided free of charge to partici-
pants which likely enhanced compliance; helping people 
identify low cost, nutritionally sound PCM options could 
increase the feasibility of this approach. Although group-
based weight loss treatment can be more cost-effective, 
we chose to provide individual weight loss treatment be-
cause explicitly focusing on non-response and altering 
treatment course for participants who are not doing well 
can be a sensitive issue which could be exacerbated in the 
context of a group setting. Indeed, an interesting area for 
future work is to understand the acceptability and feasi-
bility of adaptive interventions in the context of group-
based therapies. Finally, BestFIT focused primarily on 
short-term weight loss and we know that long-term main-
tenance remains a challenge.

BestFIT was designed as a SMART with the goal of 
building an optimal adaptive intervention for weight loss 
that would substantively increase the number of adults that 
would benefit from treatment. Although the primary and 
secondary hypotheses were not supported, study results do 
point toward adaptive intervention sequences that warrant 
further research. Results suggest that a promising adaptive 
weight loss intervention would identify SBT suboptimal re-
sponders at Session 3 and potentially re-assess response at 
a subsequent session given that early response may not be 
sustained. Results suggest that PCMs may be a promising 
second stage strategy, particularly for suboptimal responders 
identified early in treatment. It should be noted, however, 
that the weight loss advantage of an early switch to PCMs 
was not maintained and that ABT and PCMs had similar 
long-term outcomes. Given evidence of the long-term ef-
fectiveness of ABT [21], exploring potential sequencing 
of a lower cost PCM option and ABT may enhance both 
short and long-term outcomes. Further exploration of more 
“deeply tailored” interventions based on binge eating status, 
BMI, and early weight loss rate is also needed. Utilizing the 

12� ann. behav. med. (2021) XX:1–14

D
ow

nloaded from
 https://academ

ic.oup.com
/abm

/advance-article/doi/10.1093/abm
/kaab061/6355409 by U

niversity of Alabam
a at Birm

ingham
 user on 22 N

ovem
ber 2021



SMART methodology to develop an adaptive weight loss 
intervention that would outperform gold standard SBT in 
a randomized controlled trial is an important next step, but 
may require additional optimization work.
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