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Abstract

Introduction: Individuals who enroll in intensive behavioral therapy (IBT) programs are asked
to make several lifestyle changes simultaneously. However, few studies have examined the
relative effects of adherence to different treatment components on weight loss. Objective:
This secondary analysis of the SCALE IBT trial assessed adherence to the medication regimen,
dietary self-monitoring, and physical activity recommendations and their relative contribu-
tions to weight change in individuals with obesity who were provided with IBT combined with
either liraglutide 3.0 mg or placebo. Methods: SCALE IBT was a double-blinded, multicenter,
randomized controlled trial comparing 56-week weight losses in individuals with obesity who
received liraglutide 3.0 mg (n = 142) or placebo (n = 140), as an adjunct to IBT. Adherence to
dietary self-monitoring, physical activity, and medication usage (liraglutide or placebo) were
measured during the 56-week treatment period. A regression model was used to estimate the
relative contribution of adherence to each treatment component to weight loss at week 56.
Results: The proportion of individuals who adhered to each intervention component de-
creased over time. Compared with non-adherence, complete adherence to dietary self-mon-
itoring and physical activity recommendations were associated with estimated weight chang-
es of -7.2% (95% Cl -10.4 to -4.0; p < 0.0001) and -2.0% (95% Cl 3.2 to -0.8; p = 0.0009),
respectively. Complete adherence to liraglutide predicted an additional weight loss of —-6.5%
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(95% Cl -10.2 to -2.9; p = 0.0005) relative to individuals who did not adhere to the medication
regimen, while adherence to placebo did not have a statistically significant effect on weight
loss (p = 0.33). Conclusions: High adherence to dietary self-monitoring and use of liraglutide
3.0 mg was associated with clinically relevant weight loss with IBT and adjunctive pharmaco-
therapy. The effect of adherence to physical activity was significant but smaller.

© 2020 The Author(s)
Published by S. Karger AG, Basel

Introduction

Obesity treatment guidelines recommend that patients who would benefit from weight
loss participate in a comprehensive lifestyle modification program with the goal of losing
5-10% of their initial weight [1-3]. Individuals who are enrolled in these programs are
instructed to make several changes to their lifestyle simultaneously. These behaviors typi-
cally include consuming a reduced calorie diet, increasing physical activity, and engaging in
supportive behaviors such as regularly attending counseling visits and self-monitoring
dietary intake, weight, and physical activity [1, 4, 5]. Implementing meaningful change in any
one of these behaviors, in turn, requires that participants establish and maintain multiple
secondary lifestyle changes. For example, increasing physical activity may necessitate waking
up earlier, navigating scheduling conflicts, buying equipment or memberships, or sacrificing
leisure time. Establishing and sustaining the behavior changes that comprise a weight-
management intervention is therefore a complex undertaking, requiring considerable effort.

Most obesity treatment guidelines also now include recommendations for the adjunctive
use of pharmacotherapy alongside lifestyle modification approaches [1-3]. Several anti-
obesity medications have been approved by the Food and Drug Administration (FDA),
including the glucagon-like peptide 1 receptor agonist, liraglutide 3.0 mg [6]. These medica-
tions increase average weight loss [7-9], but require individuals to make additional behav-
ioral changes in order to adhere to a long-term medication regime.

The relationship between behavior change adherence and weight loss has been investi-
gated in a number of lifestyle modification trials. Frequency of dietary self-monitoring is well
established as a predictor of short-term weight loss (i.e., at 24 weeks or less), though few
studies have evaluated the long-term benefits of this behavior [10, 11]. Similarly, several
studies have identified a positive association between adherence to physical activity goals
and weight loss [12]. However, few studies have examined simultaneously the relative
benefits of adherence to these different treatment components. In two such studies, dietary
self-monitoring conferred a weight loss benefit that was independent of adherence to other
treatment components [13, 14]. Only one of the studies found physical activity adherence to
be independently associated with weight loss. To our knowledge, no studies have evaluated
the relative importance of adherence to a medication regimen alongside self-monitoring and
physical activity recommendations when pharmacotherapy is added to lifestyle modification.

SCALE IBT was a randomized clinical trial (ClinicalTrials.gov: NCT02963935) designed
to assess the effects of liraglutide 3.0 mg versus placebo, both in combination with intensive
behavioral therapy (IBT), on weight loss in individuals with obesity [9]. In the primary
analysis, participants assigned to take liraglutide 3.0 mg as an adjunct to IBT lost a mean of
7.5% of their initial weight at week 56, compared with a significantly smaller 4.0% for those
assigned to IBT with placebo (p = 0.0003) [9]. The present pre-specified secondary analysis
evaluated adherence throughout the 56-week trial to three treatment components: dietary
self-monitoring, physical activity, and medication usage (i.e., liraglutide 3.0 mg or placebo).
We assessed simultaneously whether adherence to these treatment components predicted
56-week weight loss.
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Materials and Methods

Study Design

SCALE IBT was a multi-site, randomized, controlled, double-blind trial comparing lira-
glutide 3.0 mg to placebo, both combined with IBT, on weight loss at 56 weeks in people with
obesity (defined as a body mass index [BMI] of >30). Participants were randomly assigned to
either once-daily subcutaneous liraglutide 3.0 mg or placebo (1:1 ratio). For full details of the
SCALE IBT trial design, please refer to the primary publication, Wadden et al. [9], 2019.

All participants received 23 brief (~15 min) IBT counseling sessions over 56 weeks
following a visit schedule based on the Centers for Medicare and Medicaid Services (CMS)
recommendations for the treatment of obesity in primary care settings [15]. Visits occurred
weekly for the first month, every 2 weeks in months 2-6, and once monthly in months 7-13.
This schedule was followed regardless of whether participants lost >3 kg during the first 6
months, the CMS requirement for continued treatment after that point.

The CMS-based IBT program followed an abbreviated lifestyle counseling protocol based
on the Diabetes Prevention Program, including recommendations for reduced caloric intake,
increased physical activity, and behavior change [16, 17]. Participants’ daily caloric target
throughout the trial was based on their body weight at randomization and ranged from 1,200
to 1,800 kcal/day. All participants were initially prescribed 100 min of physical activity per
week (e.g., walking or similar aerobic activity). They were encouraged to be physically active
for bouts of 10 min or more at a moderate intensity and to spread their physical activity
equally across 4-5 days each week. Their target activity goal increased by 25 min every 4
weeks, up to a prescription of 250 min per week.

All participants were instructed to record their daily food and calorie intake using paper
or electronic records. They were asked to wear electronic activity trackers (Polar® Loop 2)
to provide objective data on levels of physical activity. Participants were asked to report at
treatment visits whether or not they had administrated the trial product each week.

Measures

Weight change was measured as the percent reduction in body weight from baseline to
week 56.

Adherence variables were measured continuously as a percentage, calculated by dividing
the number of weeks in which a participant adhered to a given intervention by 56 weeks. At
each IBT session, interventionists assessed and recorded weekly adherence to each treatment
component using the following prespecified definitions:

1. Dietary self-monitoring adherence was assessed via participants’ completion of food
diaries and was defined as completing at least one food diary entry on 5 days per week.

2. Physical activity adherence was assessed using activity recorded by the electronic
activity trackers and was defined as completing at least 50% of the target minutes of
physical activity per week. In the primary analysis, physical activity was scored as the
mean percentage fulfillment of total physical activity goals summed at the end of trial,
rather than on a weekly basis.

3. Medication (trial product) adherence was recorded on a weekly basis by study
interventionists based on participants’ self-report and was defined as taking at least
one administration of the trial product per week. Taking at least one dose per week
was considered to represent taking the medication on most days because missing >3
consecutive days required reinitiation of the dose escalation (i.e., restarting at 0.6 mg).
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Statistical Methods

Associations among Adherence to the Intervention Components

We first sought to determine whether a participant, who is adherent to one component
of the weight loss intervention, is more likely to be adherent to the other components.
Spearman correlation coefficients were used to assess bivariate associations between
adherence to each intervention component and the other two components.

Differences in Adherence between Treatment Arms

Next, we investigated whether participants randomized to liraglutide were more or less
likely to be adherent to the different intervention components than those assigned to placebo.
The number of weeks meeting the adherence criteria for each intervention component was
analyzed using a negative binomial model, with treatment as the primary predictor and
baseline BMI, sex, and baseline body weight as covariates. Outcomes were expressed as
comparative treatment ratios for liraglutide versus placebo. A treatment ratio of 1 denotes
no difference in adherence between the treatment arms, values >1 favor liraglutide, and
values <1 favor placebo.

Effect of Adherence on Weight Loss

The primary analysis evaluated the effect of adherence to the intervention components
on change in body weight (%) at week 56. This was tested using a linear regression model
that included dietary self-monitoring, physical activity, and medication adherence, and their
interactions with randomized treatment group. This regression model was reduced by
removing nonsignificantinteractions with treatmentgroup (p>0.05). Theresultingregression
coefficients were used to estimate the independent contribution of adherence to each
component on 56-week weight loss.

Results

Trial Participants and Mean Adherence

A total of 282 participants were randomized; 142 were assigned to liraglutide 3.0 mg and
140 to placebo, both in combination with IBT. The liraglutide and placebo-treated groups had
mean (SD) BMIs at baseline of 39.3 (6.8) and 38.7 (7.2), respectively. Their mean ages were
45.5 (11.6) and 49.0 (11.2) years, 83.8 and 82.9% were female, and 78.9 and 82.1% were
identified as white (19.0 and 15.7% as black), respectively. All other baseline demographics
also were well matched between the treatment groups [9].

A high proportion of participants completed the trial (99.3% in the liraglutide 3.0 mg
group and 92.9% in the placebo group) and remained on trial product at week 56 (80.3 and
73.6%, respectively). As shown in Table 1, a total of 81 participants discontinued the trial
product at least once, including 36 in the liraglutide group and 45 in the placebo group. Of
those patients, 29 later resumed taking the trial product and 16 also went on to be treatment
completers (8 participants in each group).

Intercorrelations in Adherence to the Intervention Components
Adherence to the weight loss intervention components had small to moderate positive
correlations with each other. The size of these correlations ranged from 0.27 to 0.41 (Table 2).

Adherence over 56 Weeks

Table 3 shows the mean number of weeks that participants adhered to each intervention
component during the 56-week study period. Summed across the groups, participants
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Table 1. Trial disposition

Liraglutide Placebo + IBT Total
3.0 mg + IBT
Randomized, n (%) 142 (100) 140 (100) 282 (100)
Exposed, n (%) 142 (100) 140 (100) 282 (100)
On drug at week 56, n (%) 114 (80.3) 103 (73.6) 217 (77.0)
Participants who discontinued trial product at least once,
n (% of randomized) 36 (25.4) 45 (32.1) 81 (28.7)
Participants who resumed treatment having discontinued at
least once, n (% of discontinued) 13 (36.1) 16 (35.6) 29 (35.8)
Participants who were treatment completers having discontinued
at least once and then resumed treatment, n (% of resumed) 8 (61.5) 8 (50.0) 16 (55.2)
Discontinued trial product, n (%) 28 (19.7) 37 (26.4) 65 (23.0)
Participants who discontinued but returned for final study visit
(retrieved), n (%) 27 (19.0) 27 (19.3) 54 (19.1)
Withdrawals, n (%) 1(0.7) 10(7.1) 11 (13.9)

IBT, intensive behavioral therapy.

Table 2. Correlations among different adherence measures

Total number of weeks
adherent to physical activity

Total number of weeks

adherent to dietary self-monitoring

Total number of weeks adherent to 0.41 N/A
dietary self-monitoring (p<0.0001)
Total number of weeks adherent to 0.32 0.27
trial product (p <0.0001) (p<0.0001)

Data are rho values based on Spearman correlation coefficients.

Table 3. Number of weeks that patients adhered to each intervention component during the 56-week IBT

program
Liraglutide 3.0 mg + IBT Placebo + IBT
(n=142) (n=140)
Weeks adherent to dietary self-monitoring 38.4 (16.0) 36.1(17.3)
Weeks adherent to physical activity 29.0 (17.1) 30.0 (17.2)
Weeks adherent to the trial product 49.5 (14.0) 46.8 (16.1)

Data are means (SD). The maximum number of weeks that a participant could have adhered to the inter-
vention was 56 for all treatment components. IBT, intensive behavioral therapy.

adhered to the dietary self-monitoring, physical activity, and trial product goals on 37.2, 29.5,

and 48.2 of the 56 weeks, respectively.

Figure 1 shows the proportion of participantsin each treatment group who were adherent
to the dietary self-monitoring, physical activity, and trial product goals as a function of the
week since randomization. As seen in the figure, the proportion of participants who were
adherent to each intervention decreased steadily over the 56-week follow-up period across
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both treatment groups. For example, at week 4 (the end of the weekly treatment and dose
titration period), 91.1% of participants adhered to dietary self-monitoring, 87.6% to the
physical activity recommendation, and 98.2% to trial product. By week 24, this had declined
to 67.7, 49.3, and 88.3%, respectively, and at week 56, 26.7, 34.3, and 73.3%, respectively,
were adherent to these recommendations.

There were no significant differences between the liraglutide and placebo groups in
adherence to any of the intervention components: dietary self-monitoring (treatment ratio
[TR] 1.07 [95% C1 0.94 to 1.22]; p = 0.2762), physical activity (TR 0.99 [95% CI 0.84 to 1.16];
p = 0.8827), or medication usage (TR 1.06 [95% CI 0.95 to 1.17]; p = 0.3042).

Adherence and Body Weight

The regression model estimated the effects of adherence on body weight for each
component throughout the 56-week treatment period. Figure 2a-c demonstrates the rela-
tionship between participants’ attainment of the adherence criteria on the x axis, and the esti-
mated weight loss achieved in the trial on the y axis. The placebo-adjusted effect of liraglutide
3.0 mg on weight loss is reflected in the differences between regression lines.

The effects of dietary self-monitoring and physical activity adherence on weight loss did
not differ significantly between the treatment groups, and interaction terms were removed
from the final model. Participants who adhered to dietary self-monitoring on all 56 weeks
were predicted to lose 7.2 percentage points more in baseline weight (95% CI -10.4 to -4.0;
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Fig. 1. Proportion of participants adhering to dietary self-monitoring, physical activity, and trial product over
time. Data are observed mean proportions over time.

Fig. 2. Weight change (%) from baseline to week 56 as function of weeks adherent to (a) dietary self-moni-
toring, (b) physical activity, and (c) the medication regimen. Data are estimated means using a regression
model thatincluded dietary self-monitoring, physical activity, and medication adherence, and the interaction
between treatment condition and trial product (all other interaction terms were not statistically significant).
Regression lines correspond to mean adherence to (a) physical activity, (b) dietary self-monitoring, (c) lira-
glutide 3.0 mg and placebo. Scatter plots were created using estimated data for individuals’ data points. The
regression lines in each panel assume mean adherence for the two other components. The difference in
weight loss between the mean estimates at 0 and 100% adherence is described in the text.

(For figure see next page.)
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p <0.0001) than participants who did not self-monitor on any of the weeks. Participants who
adhered to the physical activity recommendations for all 56 weeks had an estimated reduction
of 2.0 percentage points more of initial body weight (95% CI -3.2 to -0.8; p = 0.0009), when
compared to those with zero weeks of adherence.

There were significant differences between the liraglutide and placebo groups in the
effect of adhering to the medication regimen. Participants who were adherent to adminis-
tering liraglutide 3.0 mg on all 56 weeks were predicted to achieve an additional mean weight
loss of 6.5 percentage points (95% CI -10.2 to -2.9; p = 0.0005) when compared to 0 weeks
of adherence. For the placebo-treated participants, full adherence did not result in a signifi-
cantly larger weight loss (mean contribution of -1.9% [95% CI -5.6 to 1.9]; p = 0.33) when
compared to no adherence. These treatment effects corresponded to a statistically significant,
placebo-subtracted weight loss of 4.6% (95% CI -6.5 to -2.8; p < 0.0001) for patients fully
adherent to the medication regimen.

We used this model to compare the estimated weight effects at 56 weeks between hypo-
thetical individuals who were 100% adherent to all components of the intervention with
counterparts who were 0% adherent. Hypothetical individuals with 0% adherence to any of
the treatment components were estimated to have gained 4.6% (95% CI +1.5 to +7.7) of their
initial weight at week 56. Individuals who were 100% adherent for the full 56 weeks to all
three treatment components would have estimated weight losses of 11.1% (95% CI -12.6 to
-9.6) and 6.5% (95% CI -8.0 to -4.9) of their initial weight in the liraglutide and placebo
groups, respectively. Thus, the total estimated weight difference between 0 and 100%
adherence would be -15.7% (95% CI -19.5 to -11.9) with liraglutide and -11.1% (95% CI
-14.9 to -7.2) with placebo.

Discussion

The results of this pre-specified secondary analysis from the SCALE IBT trial demon-
strated that greater adherence to dietary self-monitoring, physical activity, and liraglutide 3.0
mg were all associated with larger weight losses at 56 weeks. Only the effect of adherence to
placebo did not reach statistical significance. Full adherence to dietary self-monitoring and
liraglutide 3.0 mg were associated with the largest changes in weight from baseline. Although
statistically significant, full adherence to the physical activity recommendation was not asso-
ciated with a clinically meaningful weight loss at week 56 (i.e., >5% of body weight) relative
to participants who did not meet the target activity goal at any point during the study period.
Of note, treatment with liraglutide (versus placebo) did not result in a detectable difference
in adherence to any component of the IBT program.

The present findings are consistent with those of previous studies that have reported
bivariate associations between treatment adherence and weight loss with IBT [13, 14, 18].
The relatively smaller benefit of physical activity adherence in our study is also consistent
with evidence suggesting that physical activity plays a larger role in weight maintenance than
with initial weight loss [19]. Our results extend previous findings by measuring behavioral
adherence and weight loss over a longer duration and by evaluating simultaneously the role
of adherence to three different treatment components. They also provide an estimate of the
additional weight loss associated with adherence to each component.

This is one of the first studies to test the relationship between medication adherence and
weight loss when pharmacotherapy is added to IBT [20]. Adherence to the medication
regimen was independently associated with larger weight losses for participants assigned to
liraglutide plus IBT but not for those assigned to placebo plus IBT. This finding is likely
consistent with the relative benefit of the active medication over placebo.
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The placebo-subtracted effect on body weight of being fully adherent to trial product was
also estimated as part of SCALE IBT’s prespecified analysis plan using a different methodology
(asreported with the primary outcomes) [8]. Using a mixed model repeated measures (MMRM)
approach, weight change was estimated under the if-all-adhered-to-treatment principle by
using data from individuals still on drug to predict effects in those who had discontinued. The
mean placebo-subtracted weight change observed with the MMRM technique was very similar
to the estimate achieved with the regression model in the present study; -4.59% (95% CI
-6.54 to -2.64) and -4.63% (95% CI -6.45 to -2.81), respectively. This degree of concordance
indicates that the underlying assumptions of the different statistical models used were robust.

The steady decreases in the percentage of participants who adhered to each component
over the course of the 56-week trial may partly explain why weight loss typically slows after
the initial months of an IBT program, though that relationship was not evaluated directly in
the present data. It is unclear why more individuals struggle to achieve behavioral goals later
in the program despite receiving ongoing support (e.g., accountability, problem solving) from
an interventionist. In the present study, treatment visits occurred less frequently as the study
progressed (weekly in month 1, every other week in months 2-6, and monthly in months
7-13). However, similar decreases in adherence were observed in a previous study that
provided weekly visits for 6 months [14]. This suggests that visit frequency is not the only
determinant of adherence, although this hypothesis would best be tested by an RCT that
provided different visit schedules.

The relatively small correlations between adherence to the different intervention compo-
nents may reflect that consistent adherence to diet, physical activity, and pharmacotherapy
recommendations each require different skill sets, approaches, support systems, and tools.
Determining predictors of adherence to these different components could inform the devel-
opment of treatment methods to improve weight loss outcomes.

Although the present analyses were pre-specified, the approaches used to define weekly
and overall adherence to the different treatment components were novel and thus preliminary
in nature. The definitions used for adherence in the present study were relatively permissive
and were scored as binary variables (yes/no) when characterizing adherence across each
study week. It is possible that these criteria were insufficiently sensitive to capture differences
between the treatment groups, intercorrelations among the adherence measures, or to detect
more nuanced relationships between adherence and weight loss. However, it is notable that
even using these permissive criteria, adherence to dietary self-monitoring and liraglutide
usage were associated with clinically meaningful relative weight losses.

Additionally, the criterion for evaluating medication adherence relied on participants’
self-report. It is possible that recall biases affected the accuracy of this data. The use of
observed records from the food diaries and electronic activity trackers to assess adherence
to the IBT components represents a relative strength.

We also note that estimates of the total weight loss that would be achieved by an indi-
vidual who was 0 vs. 100% adherent to all treatment components were exploratory, and
caution should be exercised when interpreting these data. No participants actually had zero
adherence to all three intervention components; therefore the plausibility of the estimated
total weight change of such individuals could not be verified with the data. However, there
were data for individuals who were close to 100% adherent to all three components, and the
observed total weight losses of those subjects (data not shown) were in line with the model
estimates, which lends support to the validity of the model.

We chose to include in our analyses representative measures of adherence to each of the
core components of an IBT program with adjunctive pharmacotherapy: diet, physical activity,
and medication. However, additional aspects of treatment adherence were not reported here,
includingadherence to the prescribed calorie targets and to session attendance. Most previous
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studies also have used dietary self-monitoring as a proxy for overall dietary adherence [18,
20-22], and one study found that dietary monitoring predicts weight loss when controlling
for adherence to the calorie goal [14]. However, the relative importance of these additional
behaviors could not be determined in the present study.

The present results also cannot be used to determine a causal relationship between
adherence and weight loss, or the direction of causality if present. Although this study was
designed to investigate whether adherence influences weight loss, weight loss also may
influence adherence. For example, amount of weight change could affect participants’ moti-
vation to continue complying with components of the intervention or the accuracy of their
retrospective self-report of these behaviors (for medication adherence).

Despite these limitations, these findings do support there being a strong association
between treatment adherence and weightloss with IBT and adjunctive liraglutide 3.0 mg. The
notable decline in the number of participants who adhered to these behaviors during the trial
is therefore concerning, particularly when considering that these data come from a clinical
trial setting in which individuals were selected from the general patient population based, in
part, on their motivation and willingness to participate. Further research that helps to identify
barriers to ongoing adherence as they develop could help to inform strategies for improving
long-term adherence to intervention components.

The results of this secondary analysis of data from SCALE IBT demonstrated that
treatment adherence is not a unitary construct and is specific to individual intervention
components. Although medication adherence remained high in both treatment groups,
adherence to all treatment components decreased over time. Overall, these findings suggested
that adherence to dietary self-monitoring and liraglutide 3.0 mg were associated with clini-
cally relevant weight losses with IBT and adjunctive pharmacotherapy, whereas adherence
to the physical activity recommendation was associated with a significant but smaller added
weight loss.
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