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Abstract

Objectives: The goal of the present study was to determine whether baseline mindful eating, 

general mindful awareness, or acceptance was most strongly associated with short- and long-term 

weight loss in a lifestyle modification program.

Methods: Data were from 178 participants (baseline BMI=40.9±5.9 kg/m2, age=44.2±11.2 

years; 87.6% female; 71.3% black) who enrolled in a two-phase trial. All participants attended an 

initial 14-week lifestyle modification program that included a meal replacement diet. Participants 

who had lost ≥5% of initial weight (N=137) were then randomized to 52 weeks of lifestyle 

modification with lorcaserin or placebo. Linear mixed models examined whether mindful eating 

(Mindful Eating Questionnaire) and general mindful awareness and acceptance (Philadelphia 

Mindfulness Scale) predicted short-term weight loss at week 14 in the full sample and long-term 

weight loss at the end of the trial in the subsample of randomized participants.

Results: In the full sample, higher baseline acceptance predicted greater short-term weight losses 

(p=.004). At week 14, individuals low in acceptance (−1SD) lost an average of 8.7 kg (SE=0.6) 
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compared to 11.2 kg (SE=0.6) among those high in acceptance (+1SD). In the subsample of 

participants who successfully lost weight in phase 1, the independent effect of acceptance on total 

losses at the end of the trial did not reach statistical significance (p=.058). Neither mindful eating 

nor general mindful awareness independently predicted weight loss at either time point.

Conclusions: Acceptance was a stronger predictor than either general or eating-specific 

awareness of weight loss with lifestyle modification.
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Mindfulness interventions have been increasingly applied to the treatment of obesity in the 

hopes that these skills will facilitate behavior change and improve weight loss. Mindfulness 

can be defined as “paying attention in a particular way: on purpose, in the present moment, 

and nonjudgmentally” (Kabat-Zinn, 1994, p. 4) and has been operationalized as having two 

components: awareness and acceptance (Bishop et al., 2004; Cardaciotto et al., 2008). 

Awareness refers to sustained attention to the present experience (rather than preoccupation 

with past or future events), while acceptance refers to taking a nonjudgmental or open stance 

towards those experiences, rather than attempting to change or avoid events as they occur 

(Bishop et al., 2004; Cardaciotto et al., 2008).

In recent systematic reviews, the efficacy of mindfulness interventions for weight loss has 

been mixed (Carrière et al., 2018; Katterman et al., 2014; Olson & Emery, 2015; Rogers et 

al., 2017; Ruffault et al., 2017). This may be due, in part, to heterogeneity of the intervention 

approaches. Some interventions, such as Mindfulness-Based Eating Awareness Training 

(MB-EAT; Kristeller & Wolever, 2014), focus specifically on improving mindful eating 

through exercises designed to increase attention to hunger, satiety, and triggers for 

overeating. Other interventions, including Mindfulness-Based Cognitive Therapy (MBCT; 

Teasdale et al., 2000) and Mindfulness-Based Stress Reduction (MBSR; Kabat-Zinn, 2013), 

focus on improving general mindfulness through formal meditation practice. Acceptance-

based approaches, such as Acceptance and Commitment Therapy (ACT; Hayes et al., 1999), 

include specific exercises designed to promote the acceptance of internal experiences in 

addition to mindful awareness practice. The majority of acceptance-based weight loss 

interventions have incorporated both mindful eating and general mindfulness and acceptance 

approaches (Forman et al., 2013; Forman et al., 2016; Lillis et al., 2016).

It is unclear whether mindful eating, general mindful awareness, or acceptance is most 

important to weight loss. On the one hand, it may be most important to provide practice with 

applying mindful awareness to situations directly related to energy intake and expenditure. 

Awareness of hunger and satiety signals, the sensory properties of food, and environmental 

and emotional cues that may impact eating could help patients to reduce portion sizes, 

mindless eating, and emotional eating (Beshara et al., 2013; Framson et al., 2009; Van De 

Veer et al., 2016). Greater awareness of the sensory properties of food also may reduce 

consumption at subsequent meals due to enhanced recall of the eating episode (Higgs & 

Donohoe, 2011; Robinson et al., 2014). On the other hand, improving general mindfulness 

could have the greatest likelihood of increasing awareness of a broad range of experiences 
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that may affect weight control (Schumacher et al., 2019). General mindful awareness also 

could facilitate weight-related behavior change through its independent associations with 

lower emotional distress (de Bruin et al., 2012; Hinterman et al., 2012; Masuda & Tully, 

2011; Soysa & Wilcomb, 2015), higher self-compassion (Hollis-Walker & Colosimo, 2011; 

Raab, 2014), and stronger self-control (Howell & Buro, 2011).

If an individual, however, is unable to maintain a non-reactive approach, greater attention to 

food cues, cravings, or negative emotions could instead increase the likelihood of eating 

(Friese & Hoffman, 2016; Hendrikse et al., 2015). Acceptance may instead be the aspect of 

mindfulness that is most integral to successful weight loss. Acceptance is associated with 

lower impulsivity (Murphy & MacKillon, 2012; Peters et al., 2011), which could facilitate 

deliberate decision-making in the presence of eating cues. Openness towards one’s internal 

experiences (e.g., emotions, thoughts, urges, physical sensations) also may allow an 

individual to better maintain goal-consistent behaviors that are associated with unpleasant 

internal states. Individuals who take an accepting stance towards their weight control 

experiences may therefore be better able to tolerate reduced pleasure (e.g., choosing a low- 

vs high-calorie food) and any discomfort that occurs while changing their eating and activity 

behaviors (e.g., hunger, fatigue during exercise, negative emotions) (Carrière et al., 2018; 

Forman et al., 2013; Olson & Emery, 2015).

In one previous study, both higher general mindfulness and aspects of mindful eating were 

associated with less self-reported consumption of energy-dense foods per week (rs=−.20 to 

−.27; Beshara et al., 2013). Mindful eating mediated the relationship between general 

mindfulness and energy-dense food consumption, such that general mindfulness did not 

predict consumption when controlling for mindful eating. This finding suggests that general 

mindfulness only benefits eating behavior to the extent that it enhances eating-related 

mindfulness. However, the effects of mindful awareness and acceptance were not assessed 

separately. Additionally, the relationship between aspects of mindfulness and a single eating 

behavior may differ from their relationship to weight change, which is the product of a 

spectrum of eating and activity behaviors. Investigating mindful eating, general mindful 

awareness, and acceptance together as predictors of weight loss provides the opportunity to 

identify which aspects of mindfulness are most helpful to weight-related behavior change 

and may reveal relationships that are not apparent when mindfulness is measured as a single 

construct.

Our understanding of the relationship between mindfulness and behavior change may also 

be enhanced by determining whether components of mindfulness change during a standard 

lifestyle modification intervention. Recommendations to self-monitor eating and physical 

activity, identify eating and activity cues, and change habitual responses to cues, cravings, 

and emotions could foster greater awareness and acceptance. Evidence of changes in 

mindfulness components, particularly among people who successfully lose weight, would 

provide preliminary evidence that mindfulness is a mechanism through which health 

behavior change occurs. Although some studies have compared changes in general 

mindfulness or mindful eating between standard and mindfulness-based weight loss 

interventions (Daubemier et al., 2011; Mason et al., 2016), these results are difficult to 

interpret when one group has received training that might both allow them to more 

Tronieri et al. Page 3

Mindfulness (N Y). Author manuscript; available in PMC 2021 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



accurately report on mindfulness and may increase the perceived desirability of reporting its 

use (Grossman, 2011; Baer, 2011). Examining how mindfulness components change in a 

standard behavioral treatment would allow us to determine whether improvements in 

awareness and acceptance occur that are independent of increased exposure to these 

constructs.

The primary goal of the present study was to determine whether baseline mindful eating, 

general mindful awareness, or acceptance was most strongly associated with short- and 

long-term weight loss in a lifestyle modification intervention. This was a prespecified 

secondary analysis of data from a two-phase trial (Tronieri et al., 2017) in which all 

participants completed an initial 14-week, group lifestyle intervention that included the use 

of a meal-replacement diet (i.e., phase 1). Participants who lost ≥ 5% of their initial weight 

were then eligible to participate in a 52-week, double-blind randomized controlled trial 

(RCT) that compared the efficacy of lorcaserin, a selective serotonin 2C receptor agonist 

approved by the Food and Drug Administration in 2012 for chronic weight management, to 

placebo for weight loss maintenance (i.e., phase 2). (On February 13, 2020, lorcaserin was 

voluntarily withdrawn from the market because of concerns that it may increase the risk of 

various cancers.) We hypothesized that higher baseline levels of mindful eating and general 

acceptance would predict larger short-term weight losses at week 14 (end of phase 1) in the 

initial sample and larger long-term weight losses at week 52 of phase 2 (66 total weeks of 

treatment) among participants who lost ≥ 5% of their initial weight in phase 1. Due to 

previous evidence suggesting that the relationship between general mindful awareness and 

eating behavior could be accounted for by mindful eating (Beshara et al., 2013), we 

hypothesized that general mindful awareness would be associated with weight loss at these 

time points when included as the sole predictor but would not be an independent predictor of 

weight loss in the final model evaluating all three mindfulness components. We also 

explored whether mindful eating, general mindfulness, and general acceptance would 

improve among individuals who successfully lost weight during a standard lifestyle 

intervention.

Methods

Participants

Eligible participants were aged 21–65 years, had a body mass index (BMI) ≥33 kg/m2 and ≤ 

55 kg/m2 (or ≥ 30 kg/m2 with an obesity-related comorbidity), and had no serious medical 

or psychological conditions (e.g., diabetes mellitus, recent cardiovascular disease, major 

depressive disorder) or contraindications to the use of lorcaserin (e.g., pregnancy). 

Participants were recruited from local media advertisements and completed a telephone 

prescreening and an in-person behavioral and medical screening. All participants provided 

written informed consent, and study procedures were approved by the university’s 

institutional review board. A total of 178 participants enrolled in the phase 1 lifestyle 

modification program, of whom 137 (77.0%) were randomized to lorcaserin or placebo in 

phase 2, the weight loss maintenance RCT. Due to the structure of the parent RCT, the 

present study could only include the participants who lost >5% of initial weight and enrolled 

in phase 2 in the analyses of long-term weight loss and of changes in mindfulness measures.
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Procedure

The primary randomized controlled trial’s design, methods, and inclusion criteria have been 

described in detail previously (Tronieri et al., 2017). The randomized trial’s primary 

outcome was the effect of lorcaserin on weight loss maintenance from randomization (week 

0) to week 52 of phase 2 in participants who lost ≥ 5% of their initial weight in phase 1, the 

initial 14-week group lifestyle intervention. Because the present secondary analysis was 

designed to evaluate baseline mindful eating, general awareness, and acceptance measured at 

week 1 of phase 1 as predictors of weight loss, the primary outcomes were prespecified as 

short- and long-term weight loss from the start of phase 1, rather than weight loss 

maintenance from week 0 to week 52 of phase 2. Phase 2 is still descried below as a “weight 

loss maintenance” intervention to maintain consistency with the primary study. We included 

an exploratory analysis of the relationship between baseline mindfulness variables 

(measured at the start of phase 1) and weight loss maintenance in phase 2 among the 

randomized participants.

Phase 1 Intervention: Weight loss induction with lifestyle modification and 
meal replacements.—The phase 1 intervention included 14 weekly, 90-minute group 

lifestyle modification sessions, delivered by registered dietitians or psychologists. The 

intervention content was based on previous studies (e.g., Wadden et al., 1997; Wadden et al., 

2004) and included behavioral strategies such as self-monitoring of weight and calorie 

intake, stimulus control, goal setting, problem-solving, cognitive restructuring, and relapse 

prevention. All participants were prescribed a 1000–1200 kcal/day meal-replacement diet 

that included four servings of a liquid shake (Health Management Resources–HMR; 160 

kcal/shake), a prepackaged entrée (250–300 kcal), 1–2 servings of fruit, and a salad. The use 

of shakes was gradually terminated by week 14. Participants were instructed to gradually 

increase their physical activity to 175 minutes/week.

Phase 2 Intervention: Weight loss maintenance with lifestyle modification and 
pharmacotherapy.—Participants who lost ≥ 5% of initial weight in phase 1 and enrolled 

in phase 2 were randomly assigned to lorcaserin (10 mg BID) or placebo and received group 

lifestyle modification for an additional 52 weeks. Sessions were provided every other week 

for the first 12 weeks (i.e., 6 sessions) and once every 4 weeks for the remainder of the 52 

weeks (i.e., 10 sessions). Approximately every-other session was delivered via group 

conference call. Session topics included the behavioral principles described above, as well as 

dietary recommendations and weight loss maintenance strategies. One phase 2 session 

discussed mindful eating strategies. The intervention did not otherwise emphasize 

mindfulness or acceptance-based skills. All participants were prescribed a calorie goal of 

1200–1800 kcal/day based on initial body weight. Participants were instructed to continue to 

self-monitor their weight and food intake and to increase their physical activity to 225 

minutes/week by week 40. Participants could attempt to lose additional weight during this 

phase of treatment, if desired.
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Measures

Body weight.—Body weight was measured using a digital scale (Tanita BWB-800) at all 

clinic visits and at four outcome assessments (i.e., phase 1 baseline and weeks 0 

(randomization), 24, and 52 of phase 2).

Mindful eating.—The Mindful Eating Questionnaire (MEQ; Framson et al., 2009) consists 

of 28 items rated on a 5-point likert scale (“never/rarely” to “usually/always”). Its total score 

is the mean of five subscales that assess domains of mindful eating: disinhibition, awareness, 

external cues, emotional response, and distraction. Higher scores indicate higher levels of 

mindful eating. The scale and its subscales have been found to have good internal 

consistency and test-retest reliability (Apolzan et al., 2016; Framson et al., 2009). 

Cronbach’s alpha for our sample was 0.76 to 0.84 at each assessment.

General mindful awareness and acceptance.—The Philadelphia Mindfulness Scale 

(PHLMS; Cardaciotto et al., 2008) was constructed to independently measure two 

dimensions of mindfulness: awareness and acceptance. It includes 20 items rated on a 5-

point likert scale (“never” to “very often”). The awareness subscale assesses the degree to 

which an individual notices ongoing internal and external experiences (e.g., “I am aware of 

what thoughts are passing through my mind”), and the acceptance subscale measures the 

degree to which a person experiences these events with a non-judgmental attitude as 

opposed to trying to avoid or change them (e.g., “If there is something I don’t want to think 

about, I’ll try many things to get it out of my mind”). The validity and internal consistency 

of both subscales has been demonstrated in both clinical and non-clinical samples 

(Cardaciotto et al., 2008). In the present study, Cronbach’s alpha was 0.81 to 0.91 for the 

awareness subscale and 0.89 to 0.90 to for the acceptance subscale at the different 

assessments.

Data Analyses

We used the initial sample of 178 participants who enrolled in phase 1 to examine 

relationships with short-term weight loss at week 14 and the sample of 137 participants who 

successfully lost ≥ 5% of their initial weight and enrolled in phase 2 to examine 

relationships with long-term weight loss at week 52 of phase 2. Only phase 2 participants 

were included in the exploratory analyses of changes in mindfulness components during 

treatment, because participants who were not eligible for phase 2 did not complete 

questionnaires at randomization (week 0) or week 52 of phase 2.

For the primary analyses, linear mixed models with residual maximum likelihood were used 

to determine the relationships of baseline mindful eating, general mindful awareness, and 

general acceptance with total weight loss at the end of phase 1 (week 14) and at week 52 of 

phase 2 (66 total weeks of treatment). Because our goal was to understand the relative 

benefit of each construct to successful weight loss, the primary analyses evaluated the 

independent effects of the three variables when analyzed together. We ran preliminary 

analyses exploring the relationship between each predictor and weight loss when analyzed 

separately to support our understanding of the impact of shared variance on the primary 

results. Unconditional models were used to determine the appropriate model shape (e.g., 
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linear, quadratic, piecewise) and variance-covariance structure based on model fit criteria 

(Gallop & Tasca, 2009). All analyses were conducted using weight loss in kg as the outcome 

after controlling for participants’ heights and medication condition (for phase 2 analyses). 

Percent weight loss is also reported. Estimates of weight change at one standard deviation 

above and below the mean were calculated using least squared means. Dependent t-tests, 

repeated measures ANOVAs, and Pearson correlations were used to explore changes in 

mindfulness and acceptance during treatment and relationships to weight change.

Missing data.—Of the 178 initial participants, 150 (84.3%) provided a weight 

measurement at the end of phase 1. Of the 137 randomized participants, 112 (81.8%) 

provided a weight measurement at week 52 of phase 2. The use of linear mixed models 

allowed us to include data from all relevant participants regardless of missing weight data.

Questionnaire data were missing for additional participants due to non-completion or to 

skipped items. At baseline, 168–170 participants (94.4–95.5%) completed the PHLMS and 

MEQ. Of the 137 randomized participants, 132–134 (96.4–97.8%) completed these 

questionnaires following their completion of phase 1 (i.e., at randomization into phase 2), 

and 85–87 (62.0–63.5%) had complete questionnaire data at week 52 of phase 2. Missing 

values for the PHLMS subscales and MEQ total score were estimated with multiple 

imputation (MI) using chained equations. MI relies on the missing at random assumption. 

Twenty iterations were determined to be sufficient based on the fraction of missing data (γ = 

0.02 to 0.38) (Graham et al., 2007). Treatment group, eligibility for phase 2, initial BMI, 

demographic characteristics (age, gender, race), depression (Beck Depression Inventory; 

Beck, Steer, & Brown, 1996), Eating Inventory scores (Stunkard & Messick, 1988), phase 1 

weight loss, and phase 2 weight loss maintenance were entered as predictors in the 

imputation model.

Results

Phase 1 participants (N = 178) had a mean (± SD) initial weight of 114.4 ± 21.0 kg (BMI = 

40.9 ± 5.9 kg/m2). Their mean age was 44.2 ± 11.2 years, 87.6% were female, and 71.3% 

were black (21.9% white). Baseline characteristics of the 137 participants who were later 

randomized in phase 2 were similar to the initial sample (Table 1).

Participants’ mean mindfulness and acceptance scores at baseline of phase 1 and their 

intercorrelations are shown in Table 2. Mindful eating had a small association with general 

mindful awareness and a moderate association with acceptance. There was minimal 

correlation between general mindful awareness and acceptance. None of the mindfulness 

measures were associated with baseline weight

Predictors of Short-term Weight Loss in the Full Sample

The average estimated weight loss (± SE) of the initial phase 1 sample (N=178) was 10.0 ± 

0.4 kg (−8.5 ± 0.3% of initial weight) at week 14 of phase 1. When analyzed in separate 

models, mindful eating (b=−0.049, SEb=0.080, t=−0.618, p=.537) and general mindful 

awareness (b=0.055, SEb=0.038, t=1.442, p=.149) did not predict weight loss at week 14. 

Higher acceptance was a significant predictor of greater weight loss (b=−0.099, SEb=0.031, 

Tronieri et al. Page 7

Mindfulness (N Y). Author manuscript; available in PMC 2021 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



t=−3.227, p=.001). In the combined model that included all three variables, neither mindful 

eating (b=0.045, SEb=0.093, t=0.483, p=.629) nor general mindful awareness (b=0.036, 

SEb=0.040, t=0.896, p=.370) independently predicted weight loss at week 14. Higher 

baseline acceptance was associated with a faster rate of weight loss (b=−0.104, SEb=0.036, 

t=−2.915, p=.004). As shown in Figure 1, at week 14, individuals low in acceptance (−1 SD) 

lost an average of 8.7 ± 0.6 kg (8.4 ± 0.5% of initial weight) compared to 11.2 ± 0.6 kg (10.2 

± 0.5%) among those high in acceptance (+1 SD).

Predictors of Long-term Weight Loss and Weight Loss Maintenance Among Randomized 
Participants

As reported previously (Tronieri et al., 2018), the 137 participants who lost ≥5% of initial 

weight in phase 1 and were later randomized in phase 2 lost a mean of 10.7 ± 0.4 kg in 

phase 1 (9.3 ± 0.3% of initial weight). Lorcaserin-treated participants gained a mean of 2.0 ± 

0.8 kg (1.8 ± 0.8% of initial weight) from randomization to week 52 of phase 2, which was 

not significantly different from the 2.5 ± 0.8 kg gain of participants assigned to placebo (2.2 

± 0.8%) (Tronieri et al., 2018). As measured from the start of phase 1, total long-term 

weight losses at week 52 (of phase 2) were 9.4 ± 0.9 kg (7.8 ± 0.8% of initial weight) for 

participants randomized to lorcaserin and 7.5 ± 1.0 kg (6.6 ± 0.9%) for those assigned to 

placebo.

In separated preliminary analyses, long-term weight change at week 52 of phase 2 (66 total 

weeks of treatment) was predicted by higher baseline mindful eating (b=−0.064, SEb=0.032, 

t=−2.004, p=.045) and acceptance (b=−0.033, SEb=0.013, t=−2.500, p=.012) but not by 

general mindful awareness (b=−0.001, SEb=0.015, t=−0.061, p=.951). In the combined 

model, none of the variables were significant independent predictors of total weight loss 

(mindful eating: b=−0.032, SEb=0.038, t=−0.845, p=.398; general mindful awareness: b=

−0.001, SEb=0.016, t=−0.088, p=.930; acceptance: b=−0.029, SEb=0.015, t=−1.900, 

p=.058). As shown in Figure 2, at week 52, individuals low in acceptance (−1 SD) lost an 

estimated 6.9 ± 1.1 kg (6.0± 0.9% of initial weight) compared to 10.1 ± 1.1 kg (8.6% ± 0.9) 

among those high in acceptance (+1 SD). However, this difference did not reach statistical 

significance (p=.058).

In an exploratory analysis, weight loss maintenance from randomization (week 0) to week 

52 of phase 2 was not predicted by mindful eating (b=−0.043, SEb=0.038, t=−1.118, 

p=.264), general mindful awareness (b=−0.004, SEb=0.017, t=−0.214, p=.830), or 

acceptance (b=−0.010, SEb=0.016, t=−0.643, p=.520) as measured at baseline of phase 1.

Changes in Mindful Eating, General Mindful Awareness, and Acceptance Among 
Randomized Participants

Among the participants who lost ≥5% of their initial weight in phase 1 and then enrolled in 

phase 2 (N=137), mindful eating improved from baseline (M=2.70, SD=0.34) to week 14 of 

phase 1 (M=2.91, SD=0.34, p<.001), but decreased from the latter time to week 52 of phase 

2 (M=2.84, SD=0.41, p=.019). At week 52 of phase 2, mindful eating scores were still 

significantly higher than baseline values at the start of phase 1 (p<.001). As shown in Table 

3, there were no significant changes in general mindful awareness or acceptance during 
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phase 1 or phase 2. Changes from baseline in these mindfulness components were not 

associated with total weight change at either time point, and all correlations were minimal in 

size (Table 3). The medication groups did not differ in changes in mindful eating (p=.665), 

general mindful awareness (p=.729), or acceptance (p=.785) from week 0 to week 52 of 

phase 2.

Discussion

In the present study, higher baseline acceptance independently predicted greater short-term 

weight loss at week 14 of phase 1. Among participants who successfully lost 5% or more of 

their initial weight, the effect of acceptance on total weight loss at week 52 of phase 2 (66 

total weeks of lifestyle modification treatment) was statistically significant when this 

predictor was analyzed separately (p=.012), but was not significant when controlling for 

mindful eating and general mindful awareness (p=.058). In an exploratory analysis, 

acceptance did not independently predict how well weight loss was maintained after the 

initial 14-week low-calorie diet. Taken together, these findings suggest that any long-term 

benefit of baseline acceptance is likely attributable to its association with short-term weight 

loss, which strongly predicts total weight loss up to 8 years later (Unick et al., 2015). For 

each standard deviation increase in baseline acceptance, participants in the full sample were 

predicted to lose 1.2 kg more weight at week 14, and participants who successfully lost 

weight were predicted to lose 1.6 kg more at the end of treatment.

These results indicated that individuals who were more willing to tolerate the presence of 

negative or unwanted thoughts, emotions, and physical sensations were more successful with 

initial weight loss than those who typically attempted to change or avoid certain internal 

experiences. Maintaining a non-reactive, open approach to internal experiences may 

facilitate better adherence to weight control behaviors by increasing participants’ willingness 

to make and sustain changes that produce discomfort. Individuals with higher acceptance 

may therefore be better able to make healthy eating and activity choices in the presence of 

thoughts about tempting alternatives, feelings of reduced pleasure, or aversive physiological 

states (e.g., hunger, fatigue), whereas individuals who have low levels of acceptance might 

eat high-calorie foods or avoid physical activity in order to reduce these internal states. 

Additionally, acceptance may have allowed participants to make more deliberate decisions in 

the presence of internal and external eating cues through its associations with lower 

impulsivity (Murphy & MacKillon, 2012; Peters et al., 2011) or by limiting their reactivity 

towards resulting urges to eat. Future research should evaluate whether self-regulation and 

adherence to dietary and physical activity goals mediate the relationship between acceptance 

and weight loss.

Contrary to our hypotheses, mindful eating did not independently predict weight loss at 

either time point. General mindful awareness also was not associated with weight loss. 

These findings suggest that awareness alone is not sufficient to influence weight control 

behaviors, regardless of whether awareness is applied to the eating experience or more 

globally. Previous studies have suggested that higher awareness in the absence of an 

accepting stance is associated with higher levels of psychological distress (Cardaciotto et al., 

2008; Hayes et al., 2006). Greater awareness of eating-related cues, in the absence of 
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acceptance, could serve to increase the salience of those cues rather than to improve 

individuals’ ability to respond to them (Friese & Hoffman, 2016; Hendrikse et al., 2015).

This pattern of results may be attributable, in part, to the fact that the present study was 

conducted in a sample that had not been provided with mindfulness training. Although 

mindfulness questionnaires are designed to describe mindfulness-consistent and inconsistent 

experiences in ordinary language that an untrained individual can understand, several studies 

have shown that the interpretation of some items varies with mindfulness exposure (Baer, 

2011). Experienced mindfulness practitioners tend to interpret questionnaire items about 

awareness as being experienced in a nonjudgmental way, whereas mindfulness-naïve 

individuals endorse these items even when they experience awareness that is judgmental and 

reactive (Baer, 2011). The minimal correlation between the PHLMS awareness and 

acceptance scales in this study and in other mindfulness-naïve samples (Cardaciotto et al., 

2008; Siegling & Petrides, 2016) supports the idea that individuals without mindfulness 

training do not take their level of acceptance into account when responding to awareness 

items. A comparison of the strength of the relationship between these mindfulness 

components and weight loss in mindfulness-trained vs mindfulness-naive individuals would 

help to further clarify the role of mindful awareness in weight control.

It is also important to note that mindful eating was moderately correlated with both general 

mindful awareness and acceptance in this study, and the MEQ was not designed to 

separately measure these constructs. At week 52 of phase 2, there was a small bivariate 

association between mindful eating and greater total weight loss among participants initially 

who lost ≥ 5% of their weight. This effect remained statistically significant when general 

awareness alone was added to the model (data not presented), but not when acceptance was 

included. This pattern of results could suggest that the degree to which the MEQ measured 

eating-related acceptance was overshadowed by the more specific acceptance measure in 

this study. A scale specifically designed to assess eating-related acceptance could provide a 

more nuanced picture of the importance of general vs. eating-related acceptance. For 

example, a recent study found that changes in eating-related acceptance, but not general 

acceptance, correlated with 12-month weight loss in an acceptance-based intervention 

(Schumacher et al., 2019).

The standard lifestyle modification intervention provided in the present study produced 

medium-sized improvements in mindful eating, potentially through the use of behavioral 

techniques such as self-monitoring to increase awareness of food intake and eating-related 

cues. However, general mindful awareness and acceptance did not change with lifestyle 

modification alone. This outcome suggests that although higher acceptance may help people 

to change their eating or activity behaviors, the reverse is not true – changing one’s weight 

control behaviors alone does not foster an accepting attitude towards any unpleasant internal 

experiences that might arise. Although all mindfulness interventions include both awareness 

and acceptance components, the degree of emphasis varies (Tapper, 2017). A comparison of 

the extent to which the mindfulness interventions that have been applied to weight loss (e.g., 

MBCT, MBSR, MB-EAT, ACT) improve mindful eating, general awareness, and acceptance 

could be helpful for understanding differences in their efficacy. It also will be important to 

examine associations between changes in these constructs and weight change. The ability to 
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detect such relationships in the present study was likely limited by the absence of mean 

changes in the general awareness and acceptance scales.

The present findings also highlight the potential benefit of a “bottom-up” approach to the 

development of mindfulness-based interventions for weight management, in which 

observational associations between mindfulness components and weight loss are used to 

inform intervention targets. Investigators might use an iterative approach, such as the 

Obesity-Related Behavioral Intervention Trials (ORBIT) model of intervention 

development, to first identify the aspects of mindfulness most relevant to weight loss and 

refine an intervention protocol to maximize its effect on those components prior to testing 

whether the treatment enhances weight loss (Czajkowski et al., 2015; Vieten et al., 2018).

Limitations and Future Research

Several aspects of the primary study’s design may impact the generalizability of these 

findings. Only the 77% of initial participants who had lost at least 5% of their weight in 

phase 1 could be included in the analyses related to prediction of long-term weight loss and 

changes in mindfulness variables across treatment. We cannot determine whether those 

results would apply to individuals who did not lose at least 5% of their initial weight in the 

first 14 weeks of treatment. Although the baseline acceptance scores of this subsample (M = 

3.20, SD = 0.81) appeared to be similar to those of the full sample (M = 3.19, SD = 0.84), 

we also cannot rule out the possibility that the removal of participants with low initial weight 

loss from the data set affected the distribution of baseline acceptance scores (because they 

were associated with short-term weight loss). Additionally, although 81.8% of the 

randomized sample provided a weight measurement at the end of the trial, only 62–63.5% 

completed the questionnaire measures at that time, potentially due to trial fatigue. We 

attempted to use robust methods to account for missing weight and questionnaire data. 

However, it will be important to replicate these findings, particularly for the exploratory 

analyses of long-term changes in aspects of mindfulness.

All participants in this study were provided an initial 14-week meal replacement diet, 

followed by random assignment to lorcaserin or placebo, in addition to the lifestyle 

modification program. We observed that acceptance continued to be the strongest predictor 

of total weight loss after the 14-week meal replacement diet was completed, and we did not 

detect differences between the medication groups in mindfulness. However, we cannot 

determine whether the present results would generalize to programs that did not incorporate 

any meal replacements or medication. Therefore, a key next step will be to replicate these 

findings in a long-term lifestyle modification study that does not limit long-term enrollment 

or provide any adjunctive interventions.

In conclusion, higher acceptance predicted larger short-term weight losses in a lifestyle 

modification program, whereas general mindful awareness and mindful eating were not 

independently associated with weight loss. Further research is needed to replicate and extend 

these findings by evaluating behavioral pathways through which acceptance affects weight 

loss, assessing separately the importance of general and eating-related acceptance, and 

comparing the role of these constructs in mindfulness-trained and mindfulness-naïve 

samples.
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Figure 1. 
Effect of general acceptance on the induction of weight loss at week 14 of phase 1 in the full 

sample. Note. Data are estimated modeled means at the mean acceptance value and at +/−1 

SD in acceptance for participants who enrolled in the initial weight loss induction phase 

(N=178). These results control for the (non-significant) effects of mindful eating and general 

mindfulness.

Tronieri et al. Page 16

Mindfulness (N Y). Author manuscript; available in PMC 2021 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Effect of general acceptance on long-term weight loss at week 52 of phase 2 (66 total weeks 

of treatment) among participants who successfully lost weight. Note. Data are estimated 

modeled means at the mean acceptance value and at +/−1 SD in acceptance for successful 

weight losers who enrolled in the weight maintenance randomized trial (N=137). These 

results control for the (non-significant) effects of mindful eating and general mindfulness.
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Table 1.

Baseline characteristics of participants who enrolled in the 14-week weight loss induction program (phase 1) 

and of the subset of participants who successfully lost ≥ 5% of their weight and were later randomized to a 

weight loss maintenance condition (phase 2).

Participants who enrolled in phase 1 (N=178) Participants who later enrolled in phase 2 (N=137)

Sex (female), n (%) 156 (87.6%) 118 (86.1%)

Race, n (%)

 Black or African American 127 (71.3%) 94 (68.6%)

 White 39 (21.9%) 33 (24.1%)

 Asian 4 (2.2%) 4 (2.9%)

 Multiracial or other 8 (4.5%) 6 (4.4%)

Ethnicity (Hispanic), n (%) 11 (6.2%) 7 (5.3%)

Age (years) 44.2 ± 11.2 46.1 ± 10.1

Weight (kg) 114.4 ± 21.0 114.8 ± 22.5

Height (cm) 166.9 ± 8.7 167.2 ± 9.1

BMI (kg/m2) 40.9 ± 5.9 40.8 ± 5.9

Notes. Values are means ± SD, except as otherwise noted.
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Table 2.

Intercorrelations among mindfulness variables and baseline weight at the start of phase 1 (N = 178).

Mean ± SD 2 3 4

1. Baseline weight (kg) 114.4 ± 21.0 −.063 .029 −.073

2. General Mindful Awareness (PHLMS awareness) 3.76 ± 0.71 −.087 .282***

3. General Acceptance (PHLMS acceptance) 3.19 ± 0.86 .426***

4. Mindful Eating (MEQ total) 2.71 ± 0.34

Notes.

*
= p < .05

**
= p < .01

***
= p < .001.
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