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Abstract
Background—Integral components of behavioral weight-loss treatment include self-monitoring
of diet and physical activity along with feedback to participants regarding their behaviors. While
providing feedback has been associated with weight loss, no studies have examined the impact of
feedback frequency on weight loss, or the mediating role of self-monitoring adherence in this
relationship.

Purpose—This study examined the effect of participant feedback frequency on weight loss and
determined if this effect was mediated by adherence to self-monitoring in a behavioral weight-loss
trial conducted in the United States.

Method—Participants (N=210) were randomly assigned to one of three self-monitoring methods
with either no daily feedback messages or daily feedback messages: 1) paper diary (PD)- no daily
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feedback, 2) personal digital assistant (PDA)- no daily feedback, and 3) PDA- daily, tailored
feedback messages (PDA+FB). The Sobel test via bootstrapping examined the direct effect of
feedback frequency on weight loss and the indirect effect through self-monitoring adherence.

Results—Receiving daily feedback messages significantly increased participants’ self-
monitoring adherence. A significant effect of feedback frequency on weight loss was noted;
however, after adjusting for self-monitoring adherence, the effect of feedback frequency on weight
loss was no longer significant. Feedback frequency had a significant indirect effect on weight loss
through self-monitoring adherence.

Conclusion—Self-monitoring adherence mediated the effect of feedback frequency on weight
loss. Increasing the frequency with which participants receive feedback could enhance self-
monitoring adherence, a critical component of behavioral weight-loss treatment.
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Introduction
Recent data indicate that 1.5 billion adults are overweight worldwide, and nearly two-thirds
of the global population lives in a country where overweight and obesity affect mortality
more than underweight [1]. While behavioral weight-loss interventions have demonstrated
that a clinically significant reduction in weight is possible among overweight adults [2-3],
modest effects in weight change are often seen [4] with varied outcomes even within the
treatment group [5]. Additional evidence is needed to determine the most efficacious
components of behavioral treatment in order to improve weight-loss outcomes.

A defining feature of behavioral treatment is setting measurable, behavioral goals for weight
loss, and self-monitoring of dietary intake and physical activity, which is often accompanied
by interventionist feedback to participants, is essential for facilitating goal achievement [6].
The aim of self-monitoring is to increase individuals’ awareness of their eating and activity
behaviors and the associated situations that would benefit from behavior change [7]. Due to
the importance feedback has in promoting behavior change [8], participants receive
feedback regarding behaviors that promote or impede their achievement of dietary and
physical activity goals. Providing participants with feedback has been associated with
weight-loss success within the context of providing personalized weekly feedback in self-
monitoring journals [9], emailing feedback on self-monitoring five times a week [10], and
sending immediate text-messages in response to participant-texted information [11].
However, no studies have specifically examined the impact of feedback frequency, e.g.,
daily feedback, on weight loss.

Although self-monitoring dietary intake and physical activity has been documented as being
critical for success in weight loss [12-14], few studies have examined the specific role that
self-monitoring plays in behavioral weight-loss treatment [15]. Only one small, 16-week
trial was found that examined self-monitoring as a possible mediator of the relationship
between participant motivation and weight loss [16]. Information regarding the efficacy of
the individual components of weight-loss interventions can be gleaned through mediation
analysis, and data regarding the most potent intervention components would allow for a
more efficient design of weight-loss programs. Therefore, the purpose of this study was to
examine the effect of daily vs. no-daily participant feedback on weight loss and determine if
this effect was mediated by self-monitoring adherence. We hypothesized that self-
monitoring adherence would mediate the relationship between feedback and weight loss in a
randomized clinical weight-loss trial.
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Method
Design and Participants

This study is a secondary analysis of the six-month data from the Self-Monitoring And
Recording using Technology (SMART) trial, a 24-month randomized clinical trial of
standard behavioral weight-loss treatment that compared the effect of three methods for self-
monitoring dietary intake and physical activity on weight loss. The design of the SMART
trial [17] and the primary outcomes at six months [18] are described in detail elsewhere.
Three cohorts of individuals totaling 210 participants were recruited from the community
between 2006 and 2008. Eligible participants were: between 18 and 59 years old; had a body
mass index (BMI) of 27 to 43 kg/m2; agreed to be randomly assigned to one of the three
groups; recorded their dietary intake for five days during the screening process; and had no
major medical or psychiatric conditions [17]. Participants were randomly assigned to one of
three self-monitoring groups: 1) a paper diary (PD, n=72); 2) a personal digital assistant with
software for recording dietary intake and physical activity (PDA, n=68); or 3) a PDA with
the same dietary and activity software plus daily feedback messages based upon the
participant-recorded behaviors (PDA+FB, n=70).

Standard Behavioral Intervention
All participants received the same intervention emphasizing reduced energy intake (< 25%
of calories from fat, 1200 or 1500 daily calories for women, 1500 or 1800 daily calories for
men), increased energy expenditure (150 minutes of moderate-intensity exercise), and
behavioral changes for eating and activity. Principal strategies of the standard behavioral
intervention were presented in 45-90 minute group meetings of 10-15 participants and were
led by a master’s-prepared dietician or exercise physiologist. Behavioral strategies included,
for example, goal setting, stimulus control, problem solving, and relapse prevention.
Participants met in three separate groups (PD, PDA, or PDA+FB) each week for four
months and every other week for two months, totaling 20 group sessions in six months [17].
Self-monitoring was a key component of the intervention and required daily recording of all
eating (calorie and fat gram) and activity behaviors. This study focuses on dietary self-
monitoring, and self-monitoring adherence was objectively verified via the PD or PDA at
each group session as “yes” if the participant recorded at least 50% of the weekly calorie
goal or “no” if he/she did not. The measurement of dietary self-monitoring has varied
greatly in the literature, and no standard definition of self-monitoring adherence exits [14],
but we wished to quantify adherence (i.e., recorded at least 50% of weekly goal) rather than
merely counting any submitted diary, regardless of completeness, as adherent to self-
monitoring.

As part of the standardized treatment, participants in all three groups received interventionist
feedback about their recorded eating and activity behaviors on a weekly basis for the first
four months and a bi-weekly basis for the next two months. PDA+FB participants also
received a tailored diet-related feedback message once daily. The daily messages were
customized to the participants’ daily calorie/fat gram goals and the information they had
recorded in the PDA along with their relative proximity to the dietary goals throughout the
day. Using an established algorithm, the program randomly chose a time of day to send a
feedback message. For example, if a participant’s intake had surpassed the calorie and fat
gram goals by more than 60% at 1:00 pm he/she could receive a message like, “Try a little
harder to watch high-calorie, high-fat foods.” If a participant was within 40-60% of the daily
dietary goals at 3:00 pm, feedback such as, “Nice food choices; this will serve you well”
might be received. Participants who were not recording would receive a message stressing
the importance of self-monitoring. A detailed description of the tailored feedback messages
and algorithm for delivery can be found elsewhere [17]. Participants in the PD and PDA
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groups received no daily feedback messages. The protocol was approved by the University
of Pittsburgh Institutional Review Board, and written informed consent was provided by all
participants.

Measures
Measures included self-monitoring adherence, feedback frequency, and the outcome
measure, percent weight change at six months. Self-monitoring adherence was calculated as
a proportion based on the number of sessions out of 20 that the participant had self-
monitored. For example, a participant who had self-monitored 16 out of 20 sessions was
80% adherent to self-monitoring. Participants who missed a group session were permitted to
submit their diary during the following session. Feedback frequency was dichotomized as
the daily feedback group (PDA+FB) or the no-daily feedback group (PD and PDA). Percent
weight change was calculated as the change in weight from baseline to six months
standardized by the baseline value and expressed as a percentage. In a private room prior to
each group session, body weight was measured by a staff member using a digital scale with
the participant wearing lightweight clothing and no shoes.

Statistical Analysis
Analyses were performed using the intention-to-treat principle regardless of participants’
adherence and retention. Missing weight measurements due to attrition were handled by
adding 0.3 kg/month to the last recorded session weight. This conservative method has been
used previously to account for possible weight regain after study drop out [13] and is based
on the commonly noted weight regain of 3.0 kg in one-year behavioral weight-loss trials
[19-20]. Means and standard deviations were computed for continuous variables; frequency
counts and percentages were calculated for categorical variables. Wilcoxon rank-sum tests
or two sample t-tests and chi-square tests of independence were used to compare baseline
characteristics, self-monitoring adherence, and percent weight change between the daily
feedback group and the no-daily feedback group.

To examine the mediating effect of self-monitoring adherence on the relationship between
feedback frequency and weight loss, feedback frequency was treated as a binary variable
(1=daily feedback and 0=no daily feedback). The weight-loss trial was not powered a priori
to detect mediational effects, but for this study, mediation analyses were performed using
the Preacher and Hayes simple mediation macro through SAS (version 9.1.3, SAS Institute,
Inc., Cary, NC) with the Sobel test via bootstrapping [21]. We simultaneously tested the
direct effect of feedback on weight change, controlling for self-monitoring adherence, and
the indirect effect of feedback on weight change through self-monitoring adherence
(Figure).

Model assessment via residual analysis revealed that the residuals from each model were
approximately normally distributed based on examination of histograms and normal
probability plots. Sensitivity analyses were performed to assess data points that were outliers
and/or influential, which were detected via graphical analysis of the raw data and the
residuals. A female participant with an unrealistic weight gain at six months (13.3 kg) was
excluded from the analyses, and results without this outlier are reported. The significance
level for two-sided hypothesis testing was set at 0.05.

Results
The participants were mostly female (85%), White (79%), and married (69%). There were
no differences between the feedback groups in baseline demographic variables, weight, or
BMI (Table). One hundred ninety-two (91%) participants completed the six-month
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assessment including 93% of the daily feedback group and 91% of the no-daily feedback
group. No differences in age, gender, race, or BMI were noted between those who
completed the assessment and those who did not.

The mean adherence to self-monitoring for those who did not receive daily feedback was
lower (64%, SD=31%) than those who received daily feedback (78%, SD=27%),
χ2(1)=11.1, p<0.001. Participants who did not receive daily feedback lost less weight in
kilograms (M=5.0 kg, SD=5.6) and percent weight loss (M=5.5%, SD=6.2%) compared to
those who received daily feedback (M=7.0 kg, SD=6.5 and M=7.3%, SD=6.6%),
χ2(1)=3.87, p<0.05 and t(207)=1.97, p<0.05, respectively.

When examining self-monitoring adherence as a mediating variable, weight change was
regressed on feedback groups, and a significant effect of feedback group on weight loss was
noted (β=−1.86, SE=0.94, p=0.04, i.e., total effect depicted in Figure- panel A). After
adjusting for self-monitoring adherence, the effect of feedback group on weight loss was no
longer significant (β=−0.20, SE=0.81, p=0.80, i.e., direct effect depicted in Figure- panel B).
Receiving daily feedback messages significantly increased self-monitoring adherence
(β=0.14, SE=0.04, p=0.002), and self-monitoring adherence was significantly associated
with weight loss (β=−11.78, SE=1.24, p<0.001), such that the effect of feedback group on
weight loss was mediated by self-monitoring adherence (M=−1.66, 95% CI=−2.67, −0.67,
i.e., indirect effect depicted in Figure- panel B).

Discussion
These analyses revealed that self-monitoring adherence mediated the effect of participant
feedback on weight loss in a behavioral weight-loss trial. Studies regarding the effect of
mediator variables on weight loss in behavioral trials have been sparse, despite a call for
examinations of effective treatment components in randomized clinical trials [22]. Most
work has focused on examining behavioral (e.g., physical activity, alcohol intake, emotional
eating) [15, 23] or psychosocial (e.g., autonomous regulation, flexible cognitive restraint,
exercise self-efficacy) [24-25] variables as mediators of the intervention’s effect on weight
loss. Few have considered treatment adherence in a mediating role. Perri et al. examined a
composite adherence variable of nine behaviors (e.g., self-monitoring, performing
recommended minutes of exercise) and found that the effect of treatment group on weight
was partially mediated by adherence; but, the effect of self-monitoring adherence was not
isolated [26]. Despite the previously-documented importance of self-monitoring for weight-
loss success [12-14], only one study was found that specifically examined self-monitoring
adherence as a mediator of weight loss. In a 16-week trial conducted via the Internet,
adherence to completing self-monitoring diaries mediated the effect of autonomous
motivation on weight loss among 62 women [16]. Likewise, our findings support a
mediating role for self-monitoring adherence and fill an important gap in the literature
regarding efficacious intervention components in behavioral weight-loss trials.

We also found that the daily feedback group had higher adherence to self-monitoring and
greater weight loss than those not receiving daily feedback. While studies have found that
feedback to participants is beneficial for weight loss [9, 11], none have compared the impact
of different feedback frequencies on weight loss. Krukowski et al. found that weekly
facilitator feedback in self-monitoring journals was one of the best predictors of weight loss
in a web-based program [9]. Immediate text-message feedback in response to the participant
texting his/her weight to the study database resulted in text-messaging participants losing
more weight than the control group, and receiving immediate feedback was rated as one of
the most helpful aspects of the program. Although this study demonstrated the usefulness of
immediate feedback in the intervention group, the control group received no feedback at all
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[11]. Our study compared no daily feedback to daily feedback administered via a mobile
device (PDA) and documented the importance of a higher frequency of feedback for
promoting self-monitoring adherence. More frequent participant feedback could be
facilitated by increased use of mobile devices like smart phones with email messaging [27]
or text messaging [11, 28-29]. Even automated messages have been effective for decreasing
body fat [30] and weight [31]; this automaticity enhances the potential to incorporate instant
feedback.

Some limitations and strengths to this study should be noted. The use of existing data in a
secondary analysis and the relative homogeneity of the participants are limitations. Most
participants were female, White, and employed full-time with 15 years of education, limiting
the generalizability of these findings. The strengths of this study include the use of a
prospective, randomized design examining self-monitoring adherence over six months, the
objective measure of adherence via the paper diary or PDA data, and the high participant
retention (91%).

In conclusion, this study adds to the body of knowledge on the efficacious components of
behavioral weight-loss interventions and contributes to the limited literature examining the
role of participant feedback frequency and the mediating effect of self-monitoring
adherence. These findings show that self-monitoring adherence mediated the effect of
feedback frequency on weight loss, and suggest that increasing the frequency with which
participants receive feedback, potentially through the use of mobile technologies, may
enhance self-monitoring adherence, a critical part of successful behavioral weight-loss
treatment.
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Figure.
Graphical depiction of the direct and indirect effects of feedback group on percent weight
change
Note. Feedback groups = 1) daily feedback messages or 2) no daily feedback messages
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Table

Baseline characteristics of participants by feedback group

Characteristic
No-daily
Feedback
(n=140)

Daily
Feedback

(n=70)

n (%)

Female 119 (85.0) 59 (84.3)

White 110 (78.6) 55 (78.6)

Married 97 (69.3) 47 (67.1)

Employed full time 120 (85.7) 54 (77.1)

Mean (SD)

Age (years) 47.0 (8.8) 46.4 (9.5)

Education (years) 15.7 (3.0) 15.5 (3.0)

Weight (kg) 93.8 (14.8) 93.7 (15.9)

BMI (kg/m2)

 Women 33.7 (4.2) 34.2 (4.8)

 Men 34.5 (5.1) 35.5 (4.4)

Note. No significant differences were noted between the groups. BMI=body mass index; SD=standard deviation.

Int J Behav Med. Author manuscript; available in PMC 2014 December 01.


