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Abstract

Understanding the degree to which eating behaviors, such as disinhibition and restraint, are
associated with weight loss and weight loss maintenance could contribute to further refinement of
effective weight management intervention strategies. The purpose of this analysis was to examine
if these factors mediate weight loss or weight loss maintenance using data from a randomized
controlled trial testing a commercial weight loss program that delivered behavioral counseling and
structured meal plans including prepackaged foods. Mediation analyses were used to examine
whether changes in disinhibition and restraint mediated the relationship between intervention and
weight change during initial weight loss (0-6 months), continued weight loss (6-12 months), or
weight loss maintenance (12-24 months) phases. Only decreases in disinhibition between baseline
and 6 months mediated the intervention effect on initial weight loss. Our results suggest the
mediation effects of these eating behaviors are modest and other factors contribute to a larger,
more complex long-term weight loss prognosis.
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Introduction

Successful weight loss and weight loss maintenance remain challenging for many
overweight and obese individuals. Behavioral therapy is considered to be a central
component of weight loss therapy (Wadden et al., 2012). Behavioral therapy includes
counseling participants on techniques such as goal setting and problem solving around
moderate energy restriction and increased physical activity. Although participation in
behavioral weight loss programs leads to weight loss for many (Butryn et al., 2011) the
behavioral mechanisms through which these interventions work are still unclear. Moreover,
about half of participants do not achieve a clinically significant weight loss while
participating in state-of-the-art programs, and the likelihood of weight regain beyond 12
months remains high (Jeffery et al., 2000; Rock et al., 2010; Unick et al., 2010). Obtaining a
better understanding of the behavioral mechanisms underlying successful weight loss and
whether such mechanisms vary between the weight loss and weight maintenance phases
could support refinement of intervention strategies ultimately leading to improved initial and
long-term weight loss outcomes. Among the most compelling behavioral mechanisms are
dietary disinhibition and restraint. These dimensions of eating behavior have been associated
with weight and weight change in observational studies and weight loss trials (Dalle Grave
et al., 2009; Foster et al., 1998). Importantly, these factors have not been fully evaluated as
potential mediators of the impact of interventions on weight loss and weight loss
maintenance.

Disinhibition, as measured by the commonly used Eating Inventory (EI), has been described
as a recurring tendency to overeat in response to one's environment or mood (Stunkard et al.,
1985), and is often positively associated with weight status. This includes the lack of ability
to control eating when in certain situations, for example, eating too much at social events
and the inability to control eating while experiencing certain internal emotions or thoughts
wherein eating is a way of coping with emotions or feelings (Niemeier et al., 2007). A
number of studies have examined the associations between disinhibition and weight loss or
weight loss maintenance. Decreases in total disinhibition have been associated with greater
weight loss in overweight and obese treatment-seeking men and women during behavioral
weight loss interventions (Dalle Grave et al., 2009; Fogelholm et al., 1999; Foster et al.,
1998). Sustained decreases in disinhibition also have been associated with successful weight
loss maintenance (Pekkarinen et al., 1996). Conversely, a rise in disinhibition after
intervention and successful weight loss has been associated with weight re-gain (Wing et al.,
2008). Still, others have found no association between disinhibition and weight loss
maintenance after intervention (Mogels et al., 2007). Though not using mediation analysis,
one group found that disinhibition decreased after 12 months of intervention and that change
in disinhibition during this time also predicted weight loss. This group also measured initials
results after only 4 months of intervention and found no effect on disinhibition (Gillison et
al., 2015). Only one study has examined disinhibition as a mediator of a behavioral
intervention's impact on weight loss and weight loss maintenance (Teixeira et al., 2010). In
that study, disinhibition partially mediated 12-month weight change immediately post-
intervention and partially mediated weight change at 24 months following a no-intervention
phase in a sample of overweight and obese women.
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Unlike disinhibition, dietary restraint is thought of as a healthy eating behavior, which is
often inversely associated with weight status. Restraint is characterized as concern about or
use of strategies to prevent overeating, such as portion control or avoiding unhealthy foods.
Restraint has been examined with respect to weight loss and regain. Restraint, as
operationalized by the El, is characterized as adjusting eating behavior after over consuming
and being conscious of food choices, but can also include an all-or-nothing approach of
strictly following diet plans (Westenhoefer, 1991; Westenhoefer et al., 1999). While
disinhibition is most often inversely associated with weight loss, restraint has been shown to
be positively associated with weight loss. In fact, higher pre-treatment levels of restraint
have been associated with more weight loss over 12 months (Fogelholm et al., 1999). Foster
and colleagues showed increases in restraint were associated with greater weight loss over
the course of multiple different weight loss interventions in overweight and obese women
(Foster et al., 1998). Dalle Grave and colleagues showed that both men and women seeking
weight loss treatment demonstrated increased levels of restraint during the weight loss
trajectory (Dalle Grave et al., 2009). Increases in total restraint have been associated with
improved weight loss maintenance as well. For example, those who had increased dietary
restraint during weight loss regained less weight during weight maintenance in studies with
overweight or obese participants (Pekkarinen et al., 1996; Vogels et al., 2005, 2007). Others
have shown changes in restraint after as little as 4 months of intervention with subsequent
changes after 12 months of intervention. However these changes did not predict weight loss
outcomes (Gillison et al., 2015). Only one study to date has examined the mediating effect
of restraint. In this trial a component of dietary restraint (flexible restraint) did mediate 12-
month weight loss immediately post-intervention, an effect that continued through a 24-
month weight loss maintenance no-intervention phase that followed the initial active weight
loss period (Teixeira et al., 2010).

To build on these findings we examined whether changes in disinhibition or restraint
significantly mediate initial weight loss (0 to 6 months), continued weight loss (6-12
months) and/or weight loss maintenance (12-24 months) in a randomized controlled trial
testing a commercial weight loss program in women. Examining the degree to which
dimensions of eating behaviors, such as disinhibition and restraint, are associated with initial
weight loss success and weight loss maintenance could inform further refinement of
effective weight management intervention strategies. We hypothesized that decreases in
disinhibition and increases in restraint would mediate the intervention's effect on weight loss
between baseline and 6 months and between 6 and 12 months. We further hypothesized that
maintaining high levels of restraint and low levels of disinhibition between 12 and 24
months would mediate the intervention's effect on weight loss maintenance.

Materials and Methods

Participants and Setting

These analyses were conducted using data from a randomized controlled trial testing the
efficacy of a commercial weight loss program (Rock et al., 2010). Overweight and obese
adult women from 4 study sites (University of California, San Diego; University of Arizona,
Tucson; University of Minnesota, Minneapolis; and Center for Health Research, Kaiser
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Permanente Center Northwest, Portland, Oregon) were randomized to one of three arms, two
of which were intervention arms and one usual care (UC) arm.

Intervention Description

The intervention arms consisted of a multifaceted weight loss program that included in-
person or telephone one-to-one counseling, and free-of-charge prepackaged meals during the
initial weight loss phase and website and other resources throughout the 2 years. Counseling
sessions focused on participants' attitudes and beliefs about weight, food, and physical
activity as well as educational advice such as recipes and healthy eating choices at
restaurants. Online tools for support were also provided. All prepared foods, counseling and
online tools were provided by Jenny Craig Inc. (Carlsbad, California). For the purposes of
these analyses, data from the 2 intervention treatment arms were pooled (INT group) given
their similar intervention content and the similarity in weight change patterns and change in
mediating variables over the 2 years (data not shown). UC participants received print
materials, two in-person counseling sessions with a dietetics professional and monthly
check-ins. Additional details have been previously published (Rock et al., 2010). Follow-up
data were collected in person at 6, 12, and 24 months post randomization. Informed consent
was obtained from participants prior to enrollment and all study procedures were approved
by the Institutional Review Board at all involved institutions.

Anthropometric Measures

Height and weight were measured by study staff during clinic visits at baseline, 6, 12, and
24 months using standardized protocols. Body mass index (BMI) was calculated as weight
in kg divided by height in m2.

Eating Inventory Questionnaire

The 51-item Eating Inventory was administered via self-reported paper survey during
regularly scheduled clinic visits at each time point. This measure was designed to assess
levels of eating behaviors in three factors, disinhibition (16 items), restraint (21 items), and
hunger (14 items). Item responses are summed within each scale. This measure has shown
acceptable reliability in previous samples (Stunkard et al., 1985). Only the disinhibition and
restraint items are examined in these analyses. In the current sample, raw Cronbach's a were
0.72 and 0.75 respectively for disinhibition and restraint in the full sample at baseline.

Statistical Analyses

First, 2-sample t-tests were used to examine whether there were treatment group differences
in the outcome variable (weight) and the potential mediators (disinhibition and restraint) at
each time point (baseline, and 6, 12, and 24 months). Three mediation models were
conducted to predict (1) initial weight loss (change in weight from baseline to 6 months), (2)
continued weight loss (change from 6 to 12 months), and (3) weight loss maintenance or re-
gain (change in weight from 12 to 24 months). Change in the mediator variables during
these same time frames were tested as potential mediators of the relationship between
intervention (yes or no) and weight change. All meditational analyses were conducted
following the Baron and Kenny approach which uses a combination of linear regression
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equations to estimate the effect of the intervention transmitted through the mediators (Baron
et al., 1986). In summary, the total impact of the intervention on weight change is first
assessed. The indirect effect of the intervention on weight change through the 2 mediation
variables is then calculated by summing the product of the intervention effect on each
mediator by the relationship between each mediator and weight change. The total effect
minus the effect of the intervention on weight change through the mediators leaves the direct
effect of the intervention on weight change not transmitted through the intervention. Two-
tailed statistical significance of the mediated effects of the intervention on weight change
was assessed by calculating 95% confidence intervals using an asymptotic normal
distribution method (Preacher et al., 2004). It is important to note that although it is
hypothesized that Eating Inventory variables are mediators on the pathway between the
intervention and weight change, with mediational analyses, it is also possible that the reverse
is true, (that weight change acts as a mediator on the pathway between the intervention and
change in Eating Inventory variables.) This limits the inference of causality. All analyses
were conducted with SAS statistical software (versions 9.2 and 9.3).

This analysis includes data from 442 participants at baseline, 428 participants at 6 months,
408 participants at 12 months, and 387 participants at 24 months. Dropout rates were similar
across groups and ranged from 1% to 9% of the sample. There were no statistically
significant differences in baseline characteristics between intervention groups and the usual
care group (Table 1). Participant mean (SD) body mass index in kg/m? was 34 (3) and mean
(SD) age in years was 45 (10). Overall, 45% were college graduates, 75% were non-
Hispanic white, and 45% had an annual household income of $75,000 or higher. At baseline,
there were no significant differences in weight or Eating Inventory factors between the
intervention (INT, N=331) or the usual care comparison group (UC, N=111). Mean weight
across both groups was 203 + 24 Ibs. Baseline disinhibition score was 9.0 + 3.4 on a scale of
0-16 and restraint score was 10.0 + 4.2 on a scale of 0-21, with higher scores indicating
higher behavioral responses. The intervention groups had significantly lower average weight
at 6 (p<.01), 12 (p<.01), and 24 months (p=.02) as compared to usual care. There were no
between group differences in disinhibition at any time point. Restraint was significantly
higher in the INT groups at all follow-up time points (6-months, p<.01; 12-months, p=.01;
and 24-months, p<.01). There were no significant between-group differences at baseline in
any of the disinhibition or restraint subscales. Each of the mediators also showed greater
changes between baseline and 6 months (decreases in disinhibition and increases in
restraint) in the intervention groups than the comparison group, and these changes were
maintained or slightly attenuated over the remaining months (see Table 2).

Mediation analyses of initial weight loss (baseline to 6 months)

Figure 1 presents the results of the mediation analyses for initial weight loss. As previously
reported (Rock et al., 2010), those in the intervention group lost significantly more weight
during the first 6 months of the study than those in the usual care group (Pathway C;
=-12.6, p<0.05). During this same time, disinhibition decreased more in the intervention
groups (9.0+3.4 to 7.3+3.4) than in the usual care group (9.1+3.5 to 8.0+£3.9). The decrease
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in disinhibition significantly mediated the effect of the intervention on weight change during
the initial weight loss phase after controlling for the mediating effect of restraint such that
those who had larger decreases in disinhibition demonstrated greater weight loss (Pathway
A1B1; p=-0.65, p<0.05). Similarly, greater increases in restraint were observed for those in
the intervention groups (10.1+4.2 to 14.7+3.4) compared to the usual care group (9.8+4.2) to
13.0+4.7). However, after controlling for the mediating effects of disinhibition, restraint was
not a statistically significant mediator of the interventions effect on weight loss (Pathway
A,B5; p=-0.65, p>0.05). Although both disinhibition and restraint combined significantly
mediated the intervention's impact on initial weight loss (Pathway A;B1+A,B,; f=-1.81,
p<0.05), these variables only partially explained the variation in weight loss during this
phase as there was still a significant direct effect of the intervention on weight loss after
accounting for changes in disinhibition and restraint (Pathway C’; p=-10.83, p<0.05)

Mediation analyses of continued weight loss (6 to 12 months)

Between 6 and 12 months of study participation, participants in the intervention groups
continued to lose weight while those in the usual care group maintained their weight
(Pathway C; p=-2.9, p<0.05). At 12 months, there were no treatment group differences in the
disinhibition (Table 2) and disinhibition did not mediate the interventions' effect on
continued weight loss after controlling for restraint (Pathway A1B1; = 0.29, p>0.05).
Although the intervention group did have significantly higher restraint scores at 12 months
(Table 2), changes in restraint from 6 to 12 months did not mediate continued weight loss
during this time after controlling for changes in disinhibition (Pathway A,B»; f=-0.10,
p>0.05). Here, the combined mediating effect of restraint and disinhibiton was not
statistically significant (Pathway A1B1+A,B5; f= 0.19, p>0.05)

Mediation analyses of weight loss maintenance (12 to 24 months)

Finally, during the weight loss maintenance phase, 12 to 24 months, slight weight regain was
observed among intervention group participants, however, intervention group participants
continued to weigh significantly less at 24 months compared to usual care group participants
(Pathway C; =-2.9, p<0.05). Between 12 and 24 months, there were no further changes
disinhibition (Table 2) and disinhibition did not mediate the intervention's effect on weight
regain after controlling for restraint (Pathway A,B1; p= 0.14, p>0.05). Restraint remained
stable between 12 and 24 months, and was still higher among intervention group participants
relative to usual care group participants (Table 2). Restraint did not mediate the
intervention's effect on weight regain after controlling for disinhibition between 12 and 24
months (Pathway A,B,; B=0.33, p>0.05). Again, the combined mediating effect of restraint
and disinhibition was not statistically significant from 12 to 24 months (Pathway
A1B1+A,By; p= 0.47, p>0.05).

Discussion

Developing interventions to support successful weight loss and maintenance in overweight
individuals is a public health priority. Understanding the behavioral mechanisms through
which weight loss programs work can lead to more efficacious interventions. This study,
with ample weight loss, long-term intervention and 24-month follow-up, affords an ideal
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opportunity to explore such mechanisms (Rock et al., 2010). Both dietary restraint and
disinhibition, potentially modifiable behavior mechanisms previously associated with weight
loss and maintenance, were evaluated over time in this study. Most importantly, these data
provide new insight into the mediating role of these behavioral mechanisms on weight
control in a large sample of treatment-seeking women.

Here we show that levels of disinhibition and restraint were associated with intervention
randomization and weight at follow-up time points. Similar to previous behavioral weight
loss trials, participants in the intervention groups showed greater decreases in measures of
disinhibition, greater increases in measures of restraint, and greater weight loss compared to
participants in the usual care group during the first 6 months of the study. Because the
intervention limited food selections, by way of meal plans and prepackaged foods, it is as
expected that dietary restraint was supported in this intervention. Likewise, the provision of
meal plans/prepackaged foods is likely to help participants avoid overeating by partially
controlling the food environment. This component, paired with the behavioral counseling
provided which may have better prepared participants to avoid overeating in other
environments, likely explains reductions seen in disinhibition. The magnitude of changes in
these behavioral variables during the initial weight loss period (baseline to 6 months) was
similar to the magnitude of changes seen by Teixeira and colleagues after 12 months of
intervention in women with similar demographic characteristics (Teixeira et al., 2010). In
contrast, disinhibition, but not restraint was a mediator of the current intervention's impact
on weight loss at 6 months, whereas Teixeira and colleagues found both disinhibiton and
components of restraint to be a mediator of 12-month weight loss. The current data suggest
that an intervention's ability to diminish the lack of control in overeating in various
situations or emotional states may be an important key in initial weight loss. These data also
suggest that reducing these “negative” dietary behaviors may be even more important than
improving “positive” dietary behaviors. This is the first study to examine disinhibition and
restraint as mediators of initial weight loss, as characterized by the first 6 months of
intervention.

Between month 6 and 12, participants in the intervention groups continued to lose weight at
a slower rate relative to the initial weight loss phase whereas weight stabilized among usual
care group participants. In a similar pattern, little additional change in disinhibition or
restraint was reported among intervention participants during this time period. These
changes in disinhibition and restraint did not act as mediators of the intervention impact on
continued weight loss. This finding may have a number of implications. Although the
intervention strategies (behavioral counseling and providing prepackaged foods) lead to
modified and maintained initial changes in these dietary behaviors, additional or different
strategies may be needed to help participants with continued improvements. Similarly, no
additional improvements in dietary behaviors or weight loss were seen between 12 and 24
months. In fact, slight weight regain occurred among intervention group participants,
although body weight was still lower than usual care participants' weight at 24 months. Also,
levels of disinhibiton and restraint began to revert for those in the intervention groups,
although still not to baseline levels. This could be in part due to the encouragement of
participants to move away from pre-packaged meals later in the intervention and toward
their own food choices. These results could also be explained by shifts in participant use of
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behavioral counseling throughout 24 months. Future work should examine the impact of
changes in utilization of intervention components on dietary behaviors. The slight shifts seen
in dietary behaviors from 6 to 12 and 12 to 24 months were not significant mediators of
weight changes during these same times. This is the first study to examine further change in
dietary behavior mediators between 6 and 12 and 12 and 24 months.

Another important aspect of these results is the magnitude of the mediating effects. From
baseline to 6 months, the combined mediating effect of changes in disinhibition and
restraint, although statistically significant and clinically meaningful, only explained a small
portion of the total weight loss. Decreases in disinhibition and increases in restraint together
accounted for about 2 pounds of the average 13-pound intervention-induced weight loss
between baseline and 6 months (3=-1.81, 95% CI: -0.33 to -3.28). Although the combination
of changes in restraint and disinhibition may be a meaningful mediator of initial weight loss,
there are clearly other behavioral mechanisms associated with intervention effects on
weight. Further exploration to identify additional mediators of successful weight loss and
weight loss maintenance interventions is an important next step.

Exploring differences in theoretical frameworks and behavior change techniques used across
interventions may give insight into new mediators. But, interestingly, the intervention group
changes in disinhibition and restraint shown in the current analyses were similar in
magnitude to changes demonstrated in another behavioral weight loss intervention that
focused on autonomous decision making with less structure around meals (Teixeira et al.,
2010). Additionally, similar amounts of initial weight loss and subsequent weight regain
have also been observed across multiple interventions (Teixeira et al., 2010; Westenhoefer et
al., 2013). Although these interventions share commonalities in theory, modality, duration,
etc. the specific techniques, interventionist training and background, and intensity (weekly,
monthly) with which they are delivered can vary a great deal. That similar patterns in
restraint, disinhibition, and weight change are seen across these diverse interventions leads
to the need for novel theories, techniques, or intervention designs to push the envelope on
weight loss research. Identifying mediators of weight loss and weight loss maintenance can
facilitate the design of more efficacious weight loss and maintenance intervention strategies.

It is important to note that in these secondary mediation analyses, temporality is not
established and it is therefore not possible to determine if changes in the assumed mediators
precede and/or cause changes in weight. It is plausible that the reverse is true, changes in
weight lead to changes in mediators during a given time period or that another third factor is
mediating the intervention impact on both weight change and concurrent change in El
variables. However, these analyses do shed light onto which factors may be important in
weight loss and weight loss maintenance and allow us to generate testable hypotheses when
designing innovative trials in the future. Furthermore, these findings were from a study of
relatively homogeneous (with respects to race, ethnicity and socio-economic status)
treatment-seeking women. This limits the generalizability of the findings and provides
opportunity to explore potential replication of results findings in more diverse populations.
Finally, these analyses were unable to tease apart the effects of specific intervention
components (e.g., behavioral counseling or prepackaged foods). Examining the variability in
intervention delivery or utilization of these specific components across participants and
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subsequent changes in dietary behaviors and weight change is an exciting area for future
work.
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Figure 1. Combined mediated effects of change in disinhibition and changein restraint on the
association between the intervention and initial weight change (baseline to 6 months)

*p<0.05

Pathway C- the total effect of the intervention on the outcome

Pathway A; and A, - the effect of the intervention on the mediator

Pathway B4 and B, - the relationship of the mediator to the outcome

Pathway C’- the direct effect of the intervention on the outcome not transmitted through the
mediators
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Table 1
Baseline demographic and Eating I nventory characteristics
Overall (N=442) Intervention (N=331) Usual Care(N=111) p-valuel
Body mass index, M (5D) 33.9(3.4) 33.8(3.4) 34.0(3.2) 0.66
Age, M (SD) 44.6 (10.2) 44.4(10.1) 45.3 (10.8) 0.45
Education, % college graduate 45 44 49 0.44
Race/Ethnicity, % non-Hispanic white 74 73 75 0.78
Income, % >$75,000 45 46 41 0.4114

1 . . . L
P-values from between groups independent sample t-tests or chi-square testing for baseline differences across groups.
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Table 2
Between group differencesin primary outcome and hypothesized mediator s at baseline,

6-, 12-, and 24-month follow-up measurement points, M (SD)

Weight, Ibs  Disinhibition  Restraint

Baseline, N=442

INT 203.6 (23.9) 9.0 (3.4) 10.1(4.2)

uc 200.1(22.9) 9.1(3.5) 9.8 (4.2)

p-value 19 .85 .58
6-Month, N=428

INT 184.1(24.2) 7.3(3.4) 14.7(3.4)

uc 191.9(23.8) 8.0(3.9) 13.0(4.7)

p-value .005 .10 .001
12-Month, N=408

INT 181.3(26.6) 7.9 (3.7) 14.0(3.7)

uc 1925(25.7) 7.9 (3.9) 12.2(5.0)

p-value .0003 .89 .01
24-Month, N=387

INT 186.6 (28.7) 7.8(3.7) 13.7(4.3)

uc 1945 (27.1) 7.9 (3.8) 12.2(4.9)

p-value .02 .83 .006

INT- Intervention groups

UC- Usual care comparison group
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