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Abstract

Background—To date, no investigators have examined electronically recorded self-weighing
behavior beyond nine months or the underlying mechanisms of how self-weighing may impact
weight change.

Objective—1) Examine electronically recorded self-weighing behavior in a weight loss study; 2)
examine the possible mediating effects of adherence to energy intake (EI) and energy expenditure
(EE) goals on the association between self-weighing and weight change.

Design—This was a secondary analysis of the self-efficacy enhancement (SE) arm of the Self
Efficacy Lifestyle Focus (SELF) trial, an 18-month randomized clinical trial.

Participants/setting—The study was conducted at the University of Pittsburgh (2008-2013).
Overweight or obese adults with at least one additional cardiovascular risk factor were eligible.

Intervention—~Participants in the SE arm were given a scale (Carematix, Inc.) and instructed to
weigh at least 3 days/week or every other day. The scale date- and time-stamped each weighing
episode, storing up to 100 readings.

Main outcome measures—Weight was assessed every six months. Adherence to El goal and
EE goal was calculated on a weekly basis using paper diary data.

Statistical analyses performed—Linear mixed modeling and mediation analyses were used.
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Results—The sample (N=55) was 80% female, 69% Non-Hispanic White, with mean (SD) 55.0
(9.6) years old and a BMI of 33.1 (3.7) kg/m2. Adherence to self-weighing declined over time
(p<0.001). From baseline to 6 months, there was a significant mediation effect of adherence to El
(p=0.02) and EE goals (p=0.02) on the association between adherence to self-weighing and
percent weight change. Mediation effects were not significant during the second and third 6-month
periods of the study.

Conclusions—The objectively measured adherence to self-weighing declined over 18 months.
During the first six months, self-weighing directly impacted weight change and indirectly
impacted weight change through changes in El and EE.
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self-weighing; weight loss; behavior; energy intake; energy expenditure; electronic scale

Background

Self-monitoring of body weight has been recommended as a component of standard
behavioral treatment (SBT) for weight loss, a strategy also recommended by the Clinical
Guidelines for Treatment of Overweight and Obesity of the National Heart, Lung, and Blood
Institute.2 Recent studies have demonstrated that frequent self-weighing is associated with
greater weight loss3~7, less weight regain®® and better weight gain prevention.10-12

A weakness of the reported studies was the method used to assess self-weighing. Most of the
studies used self-report methods and queried the participants retrospectively about the
frequency of self-weighing (e.g., daily, weekly). For example, some studies used a single
question asking about frequency of self-weighing with response options being never, about
once a year or less, every other month, once a month, once a week, once a day, or more than
once a day.8:9-16 However, these self-report methods might not accurately reflect the actual
weighing behavior because self-reporting tends to provide an over-reporting”-18 or recall
bias!® of self-weighing frequency. Thus, more objective measures of self-weighing
frequency are needed to validate the association of a self-weighing intervention strategy
with weight loss.

To the best of our knowledge, only three of the recent studies have used electronic scales to
objectively measure self-weighing behaviors.#>20 \anwormer and colleagues used a
telemonitoring scale (Thin-Link, Cardiocom, LLC., Chanhassen, MN) that transmitted
weight data automatically to the research center through a telephone land line.> Gokee-
LaRose reported using a scale that stored weight data for 31 days.* Steinberg et al. used a
smart scale that displayed current weight and sent the data directly to a website
(www.bodytrace.com) via the wireless cellular network.2% The limitations of these studies
included small and homogeneous samples and short-term follow-up (e.g. 6 months), limiting
the generalizability of the findings.

Additionally, a few studies reported adherence to self-weighing over a short period of time,
e.g., six months. Gokee-Larose et al. reported that at the end of a 10-week intervention
approximately 90% of the participants weighed themselves daily, a rate that decreased
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significantly at the 20-week follow-up.* This pattern of initial high level of adherence to
self-weighing followed by a gradual decrease after approximately 3 months has also been
reported by others.1420 Further, previously published studies have provided evidence for a
gradual decline in adherence to self-monitoring of diet and exercise, which becomes worse
when treatment sessions and interventionist contact decrease.?! Although research related to
self-monitoring of diet and exercise is extensive, it remains unclear whether the pattern of
adherence to self-weighing, a component of self-monitoring, is similar to or differs from that
of long-term self-monitoring of diet and exercise.

Moreover, no study has reported the underlying mechanisms of how self-weighing impacts
weight change. Mediation analysis can determine the impact of each link in a hypothetical
chain of events and define the contribution of different program components, which
provides an explicit check on an intervention’s theoretical underpinnings and whether the
proposed change process was achieved.22 Exploring these mechanisms will provide data to
inform interventions to better counsel participants on the use of self-weighing for weight
management.

According to self-regulation theory, motivation for behavioral change results from the
interplay among awareness, self-observation, recording, and self-evaluation.23 Regular self-
weighing may permit an individual to increase his or her awareness of eating and exercise
behaviors, which may result in changes in balance of energy intake and expenditure, which
may impact weight loss. 24 Therefore, we conducted mediation analysis to examine if self-
weighing impacted weight loss through changes in eating and exercise behaviors.

The aims of our study were to 1) examine electronically recorded self-weighing behavior in
a long-term weight loss study; and 2) examine the potential mediating effects of adherence
to energy intake / expenditure goals on the association between self-weighing and percent
weight change. Mediation analysis may identify the underlying process or mechanisms for
the impact of self-weighing on weight change

Study design

This was a secondary analysis of data (N=58) from the self-efficacy enhancement (SBT+SE)
arm of the Self-Efficacy Lifestyle Focus (SELF) trial. Since only the participants in SBT
+SE group were provided an electronic scale to weigh themselves at home, only the data
from the SBT+SE arm was used for data analysis. The SELF trial was a 2-group, single-
center, 18-month randomized clinical trial of a behavioral weight loss intervention for obese/
overweight adults (Figure 1).2° The study was conducted at the University of Pittsburgh
(2008-2013). The primary outcome of the SELF trial was weight loss maintenance. Both
groups received a standard behavior treatment (SBT) intervention to promote weight loss
that included a calorie- and fat-restricted diet.26 SBT is comprised of group-based cognitive-
behavioral intervention strategies, daily dietary goals, weekly physical activity goals, as well
as self-monitoring of dietary intake and physical activity. Group meetings were held in-
person at the research center weekly for the first month, every two weeks in the second
month, and monthly for the remainder of the first year; then, every 6 weeks for months 13-

J Acad Nutr Diet. Author manuscript; available in PMC 2017 April 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zheng et al.

Sample

Measures

Page 4

18. In addition to the group sessions, participants in the SBT+SE group met in person with
their interventionist on a one-to-one basis. The interventionists for the trial were master-
level registered dietitians/nutritionists and exercise physiologists. They implemented the
self-efficacy based strategies and worked with the participant to develop jointly tailored,
incremental goals for diet and physical activity to facilitate weight loss. During the first 12
months, the one-to-one sessions were held every two weeks; thereafter sessions were held at
least monthly. Telephone sessions were available in place of face-to-face sessions at
participant’s request. Individuals in the SBT+SE group were also provided with a scale
(Carematix, Inc., Chicago, IL) to weigh themselves at home at least three times per week or
every other day. The University of Pittsburgh Institutional Review Board approved the study
protocol and all participants provided written informed consent.

Overweight or obese adults with at least one additional risk factor for cardiovascular
disease, e.g., dyslipidemia, hypertension, cigarette smoking, were eligible. During screening
for eligibility, participants were asked to reasonably assess whether or not they would be
able to commit to an 18-month intervention. They were excluded if they were planning a
pregnancy or relocation that would prevent them from attending the group sessions. To
minimize attrition, individuals who participated in weight loss treatment within the last 6
months were not eligible. Assessments were conducted every six months throughout the
study as described below.

Socio-demographic Questionnaire—Baseline socio-demographic factors were
assessed with The Socio-demographic and Lifestyle Questionnaire, a self-administered,
standardized questionnaire developed by the Center for Chronic Disorders at the University
of Pittsburgh.

Weight—A digital scale (Tanita Corporation of America, Inc., Arlington Heights, IL, USA)
was used to measure weight in pounds at baseline, 6, 12, and 18 months. Participants wore
light clothing, no shoes, and had fasted overnight. Weight was transformed into percent
change relative to baseline levels (t=0). That is, percent weight change was defined as
([weight; — weightg] / weightg) x 100%, t = 6, 12, 18 months.

Self-weighing—Each self-weighing episode at home was date- and time-stamped using
the scale provided, which stored a maximum of 100 readings that were uploaded every 3
months to a server in the research center. If data could not be transmitted from the scale to
the server in the research center, the scale was returned to the manufacturing company for
retrieval of the weight data. Some of the retrieved data remained incomplete as a result of: 1)
missing date-stamps due to technical issues and 2) missing both date-stamps and weights.

The outcome variables for analysis were calculated in two ways over three six-month blocks
of time: 1) frequency of self-weighing was defined as the mean number of days of self-
weighing per week; 2) percent time adherent: (number of weeks adherent to self-weighing /
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total number of weeks in each 6-month block) x 100%, where adherence for each week was
defined as self-weighing =3 days / week.

Adherence to energy intake (El) goal—Adherence to energy intake goals was
calculated on a weekly basis using the data from the paper diary recording of dietary intake.
Adherence to the EI goal was calculated by dividing the total number of calories consumed
per week by the weekly calorie goal, then multiplying by 100 to express the value as a
percentage, e.g., if a participant with a daily calorie goal of 1800 kilocalories (kcal) [weekly
goal = 12,600] reported consuming 10,500 total kcal in a week, the level of adherence to the
energy goal was calculated as 83.3% (10,500/12,600 x 100%).2” Adherence to the El goal
was categorized as adherent (reported consuming 85%-115% of the weekly goals) and non-
adherent (reported consuming <85% or >115% of the weekly goals) on a weekly basis. If a
diary was not returned, adherence to El goals was coded as non-adherent for that week. For
the analysis, the proportion of weeks participants were adherent to the EI goal was
calculated, dividing the number of weeks adherent to the calorie goal by the total number of
weeks in each six-month period.

Adherence to energy expenditure (EE) goal—Adherence to energy expenditure goal
was calculated on a weekly basis using the data from the paper diary recording exercise
minutes. Adherence was calculated using the reported weekly minutes spent exercising
divided by the weekly goal. For example, adherence for a person reporting 140 minutes of
exercise per week with a goal of 150 minutes, would be 93% (140/150 x 100%). Since the
exercise goal was increased over the first six weeks, the denominator was changed
accordingly. Adherence to the EE goal was examined as a binary variable based on whether
participants achieved the goal each time their diaries was submitted (adherent: =100% of
weekly goal, nonadherent: <100% of weekly goal). The adherence was coded as 0 if a diary
was not returned for the week. For the data analysis, the percentage of weeks that
participants adhered to the EE goal in each six-month period was calculated.

Statistical Analysis

Statistical analyses were conducted using SAS version 9.3 (SAS Institute, Cary, NC. 2012)
and Mplus (version 7.31, Muthén & Muthén, Los Angeles, CA, 2012) for Windows.
Significance was set at < 0.05 for two-sided hypothesis testing. Summary statistics were
reported as mean and standard deviation (SD) as well as frequencies as number (n) and
percent (%). The normality of variables was assessed using the Shapiro-Wilk test and
histograms were also reviewed.

Linear mixed modeling was used to examine the longitudinal association between self-
weighing and weight change over 18 months. The scale data that were missing a date-stamp
due to transmission issues were imputed using data retrieved by the company while the scale
data that were missing dates and weights were coded as missing. In linear mixed models,
individuals with missing data at some time points are included in the analysis, not deleted.
Sensitivity analyses were conducted using participants with missing data and coding the
missing as zero. Also, the conclusions did not change when the analysis was conducted

J Acad Nutr Diet. Author manuscript; available in PMC 2017 April 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zheng et al.

Results

Page 6

using the smaller sample with complete data. The results from sensitivity analyses supported
the robustness of our findings.

Mediation analysis28 was used to assess the extent that EI or EE was a mechanism or
process (mediator) that affected the relationship between percent weight change and self-
weighing. The steps, models, and effects used in these analyses are displayed in Table 1.
Model 1 assessed the total effect, the impact of self-weighing on percent weight change.
Model 2 assessed the effect of self-weighing on El or EE. Model 3 assessed the effect of El
or EE on percent weight change. Model 4 assessed the direct effect of self-weighing by
adjusting for El or EE. Since adherence to El and EE were highly collinear, they could not
be included together in any model. When the results in the first three models were
significant then a mediating effect might exist.2° In the fourth model, if self-weighing was
not significant, evidence for complete mediation existed. If both self-weighing and EI or EE
are significant in Model 4, evidence for partial mediation exists. The indirect effect
represents the portion of the relationship between self-weighing and percent weight change
that is mediated by El or EE. The indirect effect was calculated by multiplying the beta
coefficient of the mediator (EI or EE) from the model with only the mediator and the
outcome (percent weight change) and the coefficient of the mediator from the model with
both self-weighing and the mediator. Statistics for the indirect effect were generated using a
bootstrap method with 5000 repetitions. All model fit indices indicated a good fit for the
mixed linear models.

Fifty-five participants were included in the analysis (three were excluded for new diagnoses
of type2 diabetes or cancer, or did not use the scale for weighing). Seventeen (31.0%)
participants had complete data for self-weighing. Of the 7550 self-weighing records, 15.3%
were imputed using retrieved dates. At baseline, 80% of the participants were female, 69%
Non-Hispanic White, 64% married or cohabiting, and 67% had a household income >
$50,000. The participants had a mean age of 55.0 (9.6) years, 15.9 (2.6) mean years of
education, and a mean BMI of 33.1 (3.7)

During the first 6 months, the mean days of self-weighing per week was 2.2 (1.1); declined
to 1.8 (1.1) over the second 6-month period and to 1.5 (1.20) in the final 6-months (F=12.14,
p<0.001). Percent time of adherence to self-weighing declined over the three times from
44.1% to 36.9% to 29.3% (F=23.23, p<0.001). The percentage of participants adherent to
self-weighing also declined over the 18 months (Figure 2). The percent weight change was
—7.3%, —8.4%, and —8.0% at 6, 12 and 18 months (F=5.98, p=0.005), respectively.

The percent time that participants were adherent to self-weighing was linearly associated
with percent weight change over 18 months (b=-0.032, p=0.047), indicating that an increase
in one week of adherence to self-weighing resulted in 0.03% of weight loss over 18 months.
For the mediation effect, from baseline to 6 months, there was an association between
adherence to self-weighing and percent weight change (total effect, b=—0.53, p<0.001),
indicating that an increase in one week of adherence to self-weighing resulted in 0.53% of
weight loss during the first 6 months of study. When examining adherence to El goal as a
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mediator (Figure 3), there was a significant direct (b=-0.36, p=0.03) and indirect (b=-0.26,
p=0.02) effect of self-weighing on percent weight change. Similarly, when examining
adherence to EE goal as a mediator (Figure 4), there was also a significant direct (b=-0.31,
p=0.001) and indirect (b=—0.23, p=0.02) effect of self-weighing on percent weight change.
These results indicate that both adherence to El and EE goals had a partial mediation effect
on the association between adherence to self-weighing and weight change for the first 6
months since the total, direct and indirect effects were all significant. All the models fit well.

However, during the second and third 6-month period, adherence to the EI goal had no
significant mediation since the indirect effects were not significant (the second 6 months:
indirect (b=0.12, p=0.19); the third 6 months: indirect (b=—0.005, p=0.52). Adherence to the
EE goal had a significant mediation effect during the second 6 months: indirect (b=-0.03,
p=0.01), while there was no significant mediation effect during the third 6 months: indirect
(b=-0.02, p=0.09).

Discussion

This is the first study to look at the mediation effects of using the longitudinal objectively
assessed self-weighing data. The use of date-stamped data from an electronic scale revealed
that adherence to self-weighing declined throughout the 18-month follow-up. Both
adherence to El and EE goals showed partial mediation effects on the association between
adherence to self-weighing and weight change during the first 6 months of the follow-up.

Data from this study in which participants used an electronic scale that documented the
weighing events, confirmed that self-weighing was significantly associated with weight loss.
The data also demonstrated a decline in adherence to self-weighing over the 18-month
weight loss study, a pattern that is consistent with self-weighing adherence even over shorter
periods (e.g., six months).#12.14.20 Moreover, data from this investigation replicated the
pattern of declining adherence over time that is commonly observed in numerous other
lifestyle behaviors, e.g., self-monitoring of diet, changing one’s eating habits?72%, and
exercise programs.3? This growing body of evidence demonstrating a decline in adherence
across numerous behavioral domains heightens the need for the development of new
strategies that can enhance and sustain adherence to lifestyle interventions that target weight
loss.

Our mediation results showed that adherence to both El and EE goals had partial mediation
effects on the association between adherence to self-weighing and weight change during the
first 6-month period, indicating that self-weighing not only directly impacts weight change
but also indirectly impacts weight outcome through changes in dietary intake and exercise
behaviors. The magnitude of the effect of self-weighing on weight change was reduced
when either EE or EIl was added to the models. The beta coefficient changed from -.53 to
-0.36 for El and —0.53 to —0.31 for EE, indicating that the effect of self-weighing on percent
weight loss decreased after adjusting the El goal or EE goal. By observing the scale
readings, participants may observe small weight changes and relate this to current diet or
exercise behaviors, which in turn can support improved self-regulation of related behaviors.
Realization of how body weight fluctuates may allow individuals to focus on their behaviors
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rather than weight outcomes. The results did not demonstrate significant mediation effects of
adherence to El and EE goals during the second and third 6-month period of study, which
may be explained by the declining adherence and thus the increasing amount of missing data
that reduced the variability for each behavior variable.

The definition of adherence to prescribed self-weighing protocols varies across reported
studies. VanWormer et al. defined adherence to self-weighing as the percentage of days self-
weighed (i.e., total number of days self-weighed divided by the total number of days in the
active treatment phase).5 Gokee-Larose et al. reported the proportion of participants who, at
the end of the 10-week intervention and the 20-week follow-up, had adhered to weighing
themselves daily.# Other investigators have simply reported mean days per week of self-
weighing.3! The inconsistent definition of adherence used across studies underscores the
need for established measures and a consistent definition of adherence to self-weighing so
that adherence can be compared across studies and different populations.

In this study, some self-weighing data were incomplete due to technical issues, e.g., data not
transmitted via the modem. Advances in technology permit real-time transmission of self-
weighing data, limiting data loss. Thus, the use of currently available technology-supported
scales that provide date- and time-stamped measures of self-weighing may facilitate future
studies of adherence to self-weighing and its association with weight change.

The main limitation of this study is missing data due to technical issues encountered with the
scale that was available at the onset of our study. Also, the generalizability of these findings
may be limited due to the predominantly Non-Hispanic-White female sample. Additionally,
the use of paper-and-pencil diaries rather than use of mobile technology to collect data in
real time and thus avoid recall of food intake or the use of wearable sensors to collect
objective measures of EE to examine adherence to exercise is a limitation. A major strength
of the study was the use of a scale equipped with a date-stamp to document self-weighing
episodes and adherence during an 18-month weight loss intervention study. This is also the
first paper to explore the underlying mechanism of how self-weighing impacts weight
change. Exploring the role of mediators will provide data to inform interventions to better
counsel participants on the use self-weighing for weight management.

Conclusion

In conclusion, the data from the electronic scales in this study demonstrated that adherence
to self-weighing over 18 months was significantly associated with weight change. This was
the first study to use an electronic scale that stored data with a date stamp, permitting the
examination of documented adherence to self-weighing. The study was also the first one to
examine the underlying mechanism of the impact of self-weighing on weight change and
therefore adds to the literature supporting the use of electronic self-weighing as a strategy to
enhance weight loss. The findings from the mediation analysis provide evidence for
researchers to develop new strategies that address self-weighing in future weight loss
interventions as a means to enhance individual’s ability to self-regulate food intake and the
level of physical activity.
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Completed 18-month assessment Completed 18-month assessment
n=>57/72,79.2% n=47/58, 81.0%

Figure 1.

Assessment and Assignment of Participants in Self-Efficacy Lifestyle Focus (SELF) Trial
agBT=standard behavioral treatment; °SE=self-efficacy enhancement
Reproduced with permission from Burke LE, et al, 201525 © 2015 The Obesity Society.
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Percentage of Sample Adherent to Self-Weighing and Percent Weight Change over Time in

Self-Efficacy Lifestyle Focus (SELF) Trial
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Figure 3.

Mediation Effect of Adherence to Energy Intake Goal from 0 to 6 Months in Self-Efficacy

Lifestyle Focus (SELF) Trial

ax = predictor, Y= outcome, b= beta coefficients from the linear mixed models, followed
by the 95% CI and p-values, 9M = mediator
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Mediation Effect of Adherence to Energy Expenditure Goal from 0 to 6 Months in Self-
Efficacy Lifestyle Focus (SELF) Trial
ax = predictor, Y= outcome, b= beta coefficients from the linear mixed models, followed
by the 95% CI and p-values, 9M = mediator
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The steps, models, and effects used in the analyses of data from Self-Efficacy Lifestyle Focus (SELF) Trial

Models | Effects

Model 1 | Total effect: the impact of self-weighing on percent weight change
Model 2 | The effect of self-weighing on E12 or EEP

Model 3 | The effect of El or EE on percent weight change

Model 4 | Direct effect of self-weighing by adjusting for El or EE

aEI = energy intake,

bEE = energy expenditure
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