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ABSTRACT

DORI STEINBERG: Effect of Daily Self-weighing on Weight Loss in Adults
(Under the direction of Deborah F. Tate)

Limited experimental evidence has examined the impact of daily self-weighing on
weight loss and psychological outcomes. The purpose of this dissertation was to assess
the effect of daily self-weighing on weight loss, behavioral, and psychological outcomes
among overweight and obese adults using an experimental design and robust analytic
methods. This dissertation followed three aims. Aim 1 consisted of a secondary data
analysis among participants enrolled in a 12-month Internet-based weight loss
intervention to examine the association between daily weighing and weight loss and
explore whether diet and physical activity behaviors explain that relationship. Those who
reported daily weighing had greater percent weight loss compared to those who reported
less frequent weighing at 6 months [(8.27% (5.40) vs. 5.51% (5.41); p=.003] and 12
months [8.09% (7.81) vs. 4.60% (6.35); p=.004]. At 6 months, multiple mediation
analysis showed that eating and exercise behaviors acted as mediators between daily self-
weighing and weight loss. At 12 months, only eating behaviors explained the
relationship. Aim 2 included a randomized controlled trial (n=91) comparing a 6-month
low-intensity, daily self-weighing intervention to a delayed intervention control group
that included an objective measure of self-weighing. On average, the intervention group
self-weighed more days per week (6.1£1.1 vs. 1.1£1.5; p<.0001) and lost significantly

more weight compared to the control group [Mean (95%CI); 3 months: -4.41%(-5.5, -3.3)
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vs. -0.37%(-1.5, .76); 6 months: -6.55%(-7.7, -5.4) vs. -0.35%(-1.5, .79); group x time
interaction: p<.001]. At 6 months, a greater percentage of the intervention group achieved
5% (42.6% vs. 6.8%; p<.0001) and 10% weight loss (27.7% vs. 0%; p<.0001). Aim 3
examined the psychological effects of the daily self-weighing intervention compared to
controls. There were no significant differences between groups in depressive symptoms,
anorectic cognitions, disinhibition, susceptibility to hunger, and binge eating. At 6
months, there was a significant group by time interaction for both body dissatisfaction
(p=.007) and dietary restraint (p<.001) with the intervention group reporting improved
outcomes on these constructs. The results of this dissertation indicate that daily self-
weighing is a feasible and effective behavior for weight loss among overweight and

obese adults that does not lead to adverse psychological outcomes.
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CHAPTER 1

INTRODUCTION

L.A. Overview

Obesity continues to be a challenging public health problem." Despite producing large
reductions in weight, standard behavioral weight loss interventions require a significant
amount of effort, as one of the main components is detailed self-monitoring of dietary intake
and exercise habits. This behavior, although effective, is difficult to sustain and may
contribute to weight regain post treatment.” Furthermore, because of the frequent face-to-face
contact and detailed self-monitoring, these interventions have limited potential for
dissemination. Interventions focused on enhancing simple strategies for self-monitoring may
be just as effective and provide more lasting effects.

One of the simplest forms of self-monitoring is self-weighing. Self-weighing is an
important tool for self-regulation of body weight as it provides feedback on how eating and
exercise behaviors are impacting weight, and allows individuals to make adjustments to these
behaviors to affect energy balance.” Observational research indicates that daily self-weighing
is associated with greater weight loss as compared to less frequent self-weighing.* However,
there is limited experimental evidence testing this association.”® Furthermore, previous
assessments of self-weighing were measured via self-report, which may introduce

measurement error.” Despite evidence indicating that more frequent self-weighing has no



adverse psychological effects in adults participating in weight control interventions, there
remains concern as to potential negative consequences as a result of daily weighing.®

The results of this dissertation provided experimental evidence tested under low-
intensity conditions regarding the efficacy of daily self-weighing for weight loss. An
objective measure of self-weighing frequency was collected via a scale that transmitted
weight data. Given that self-weighing does not impact weight loss directly but rather via
changes in diet and physical activity behaviors, a full understanding of the mechanisms
explaining this relationship was conducted. Furthermore, this research examined
psychological outcomes as a result of daily self-weighing to further add to the evidence
surrounding the debate. The specific aims outlining the goals of the dissertation are listed
below.
L.B. Specific Aims
AIM 1: Determine the association between daily self-weighing and weight loss via
secondary data analyses with individuals enrolled in a 12-month Internet behavioral weight
loss program.

la. Examine the association between self-reported daily self-weighing and percent
weight loss at 6 and 12 months.

1b. Examine the mechanisms linking daily self-weighing and weight loss via
mediation analyses assessing diet and physical activity behaviors as potential mediators.
Hypothesis la: Individuals who reported more frequent self-weighing will have greater
weight loss after 6 and 12 months compared to individuals who reported less frequent self-

weighing.



Hypothesis 1b: Individuals who reported more frequent self-weighing will report greater

engagement in diet and physical activity behaviors associated with weight loss, which will in
turn lead to greater weight loss at 6 and 12 months compared to those who reported less
frequent self-weighing.

AIM 2: Compare the efficacy of a daily self-weighing intervention against a delayed-
intervention control group on weight loss and changes in diet and physical activity behaviors
at 6 months.

Hypothesis: Participants in the group randomized to receive the daily self-weighing
intervention will have greater percent weight loss at 6 months compared to those in the
delayed control group. Participants in the intervention group will also report lower caloric
intake and greater caloric expenditure compared to the control group at 6 months.

AIM 3: Examine the impact of treatment group on changes in psychological measures,
including depressive symptoms, anorectic cognitions, body dissatisfaction, binge eating,
dietary restraint, disinhibition, and susceptibility to hunger.

Hypothesis: Participants in the group receiving the daily self-weighing intervention will
report no differences in psychological outcomes compared to those in the control group, and

any improvements among the intervention group would be related to better weight losses.



CHAPTER 11

THEORETICAL FRAMEWORKS

IL.A. Introduction
Theoretical frameworks are helpful to guide intervention design and evaluation
because they provide an understanding of the determinants and processes of health behavior

11,12 1
'~ were utilized

change.” Social Cognitive Theory'® and Kanfer’s Model of Self-regulation
to understand and guide the research conducted in this dissertation. These theories were
chosen because of their collective emphasis on self-regulation, a construct that is necessary
for weight control. Theoretical and empirical support relevant to this research is outlined
below.
I1.B. Social Cognitive Theory

Social cognitive theory (SCT) focuses on the dynamic interplay between the person,
the behavior, and the environment; a concept that is necessary for self-regulation of body

weight.'>!*

Figure 1 depicts the reciprocal nature of these factors. Constructs within SCT that
are relevant for the self-regulatory behavior changes necessary for weight loss include self-

efficacy, reinforcement, self-control, and behavioral capability.



BEHAVIOR

PERSONAL ENVIRONMENTAL
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(cognitive, affective, (interpersonal,
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Figure 1: Social Cognitive Theory
Self-efficacy

Self-efficacy is defined as confidence in one’s ability to perform a behavior across
various situations, and has been shown to be predictive of behavior change, specifically with
regard to weight management."> One of the central ways to increase self-efficacy is via focus
on small goals or small behaviors.'* This is because mastery, a key predictor of self-efficacy,
is more easily achieved if the goal or behavior does not require large amounts of effort or
cognitive load.'® Furthermore, it has been shown that individuals who utilize a greater
number of self-regulation strategies (e.g., self-monitoring, goal setting) have greater self-
efficacy in the face of challenging situations, which can lead to better weight control.'” Daily
self-monitoring, specifically, is a predictor of self-efficacy because it provides daily
accountability of a goal-oriented behavior.

Linde and colleagues found that eating and exercise self-efficacy predicted certain
monitoring behaviors (e.g., days counting calories and days following eating plan) and other
behaviors associated with weight control (e.g., fruit and vegetable intake, walking).
Additionally, they found that a significant correlation was present when looking at cross-

sectional data between both eating and exercise self-efficacy with monitoring behaviors (e.g.,



days following eating or exercise plans), including a strong correlation with days of self-
weighing.'®
Reinforcement and Self-control/Self-regulation

Reinforcement refers to responses to a person’s behavior that increase or decrease the
likelihood of reoccurrence. Using tools to promote self-initiated positive reinforcement of

13,16

particular behaviors could increase the likelihood of action. Mahoney found that adding a

self-initiated award as a form of reinforcement enhanced weight loss."”*°

For example, a
body scale can act as a tool to reinforce particular diet and physical activity behaviors that
may enhance weight loss. Self-control refers to personal regulation of goal-directed behavior
or performance. Self-control is often used interchangeably with self-regulation and can be
enhanced via opportunities for self-monitoring, goal setting, and problem solving.'>'®
Although an extreme example, Rosen found that individuals who observed themselves eating
via a handheld mirror, a form of “active self-confrontation” that enhances self-control, were
less likely to deviate from a prescribed eating plan for weight loss and more likely to report
greater satisfaction and control with regard to their goals.”' Similarly, weighing oneself
everyday could act as a form of active confrontation, which could potentially enhance self-
regulation allowing for greater engagement in diet and physical activity behaviors that could
produce a caloric deficit. In general, self-directed approaches that focus on self-regulation
may enhance self-control. Self-management and self-reliance can enhance empowerment,
which in turn may increase self-efficacy, potentially leading to better weight loss
outcomes.*>*’

Behavioral Capability

Behavioral capability refers to the idea that “if a person is to perform a particular



behavior, he or she must know what the behavior is (knowledge of the behavior) and how to
perform it (skill).”"® The interplay between SCT constructs posits that self-efficacy for
behavior change can be enhanced via behavioral skills training, further indicating it as an
important construct to intervene upon.>* Including a skills-based component in a weight loss
intervention is important for providing individuals with the knowledge and skills necessary to
make behavioral changes. This includes knowledge about nutrition and weight control
topics, such as label reading or portion control, but also the behavioral skills training
necessary to respond to a variety of circumstances with topics such as problem solving and
relapse prevention.”
I1.C. Kanfer’s Model of Self-regulation

This model is relevant for self-monitoring behaviors and weight control, as it
describes the three stages of self-monitoring, self-evaluation, and self-reinforcement as the

process necessary for self-regulation.

Self-
reinforcement

Self-monitoring Self-evaluation

Comparison

Judgment of
Response feedback e of feedback to ] positive or negative [aasd
performance standard reinforcement

Behavior Change or

Maintenance

Figure 2: Kanfer's Model of Self-regulation



As is depicted in Figure 2, Kanfer posits that individuals self-monitor when behavior
change is present or necessary in response to some feedback. Using feedback from
environmental and personal cues, individuals then self-evaluate by comparing the feedback
to the performance criterion that was set. From here, individuals assess whether their
performance is above, below, or at the given standard. This allows for a judgment that either
results in positive reinforcement or punishment regarding the behaviors, leading to either
continued behavior change, maintenance or termination.' "2
IL.D. Theoretical basis for self-monitoring

Evidence indicates that self-monitoring is one of the key behaviors associated with
weight loss success.”® Self-monitoring provides personal accountability and allows for
greater awareness of how behaviors are impacting weight outcomes.?’ This is informed by
SCT and Kanfer’s model of self-regulation as self-monitoring allows for self-regulation via
greater awareness, which can lead to greater self-efficacy, self-control, and self-initiated
reinforcement.”® Individuals are able to observe what they are eating, what
activities/behaviors they are performing, and how these choices are impacting their weight.
IL.E. Self-weighing as a self-monitoring strategy for weight control

Self-weighing has been shown to be a self-monitoring strategy that is associated with
greater regulation of body weight.” Applying the theoretical frameworks to self-weighing
helps understand this positive association. Individuals self-weigh and receive feedback
regarding their weight and how their eating and activity behaviors are impacting their weight.
They then are able to evaluate whether these behaviors were adequate to create the caloric
deficit that is required for weight loss or whether a calorie imbalance occurred. From here,

they receive positive reinforcement for continuing the behaviors that produce the deficit or a



lack of reinforcement for the behaviors that resulted in weight gain. This then leads to
behavior change or maintenance of current strategies.

Based on these frameworks, more frequent weighing should lead to greater self-
regulation as even small changes in body weight could be identified and resolved.” Weighing
more frequently will allow for small day-to-day changes to be made to regulate body weight.
These small changes are optimal over larger changes, as they are easier to achieve and
sustain, leading to greater self-efficacy and empowerment over one’s ability to regulate their
body weight.” Compared to more intensive strategies typically included in lifestyle
modification programs for weight loss, small, measureable goals that do not require drastic
modifications to a person’s lifestyle may be a better strategy for self-regulation as they have
greater potential for longer lasting effects. The focus on self-weighing as a small, more
achievable self-monitoring behavior may help enhance self-regulation, and possibly allow for
greater sustainability of weight loss outcomes.

IL.F. Conceptual Model

Using the relevant constructs from SCT and Kanfer’s model of self-regulation, Figure 3
illustrates the conceptual model outlining the process through which daily self-weighing will
impact weight loss within this intervention. Self-weighing, as a key self-monitoring
behavior, along with skills training will enhance behavioral capability and self-
regulation/self-control via positive reinforcement for behaviors and continued daily
weighing, which will, in turn, increase self-efficacy across various circumstances. This will
then increase the likelihood of engagement in diet and physical activity behaviors associated
with produce a caloric deficit. These determinants will then increase the likelihood of action

with regards to diet and physical activity behaviors associated with weight loss.
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Figure 3: Conceptual Model of the Intervention
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CHAPTER 111

LITERATURE REVIEW

ITLI.A. Obesity as a public health problem
Obesity continues to be one of the most important public health problems in the U.S

given that 69% of adults are overweight or obese, 36% are obese and 15% are morbidly
obese.' Chronic diseases affected by obesity such as cardiovascular disease, diabetes, and
some cancers are of great concern.” Specifically, evidence indicates a positive association
between obesity and hypertension, hyperlipidemia®® and glucose intolerance,”’ and a recent
review estimates that 20% of all cancer cases are caused by overweight and obesity.*>
Approximately 300,000 deaths are attributed to obesity each year,”” and the yearly cost of
obesity has been estimated to account for 9% of medical expenses, or approximately 75
billion dollars.* Fortunately, risk for most of these health outcomes is greatly reduced with
achievement of a healthy body weight.”
IT1.B. Evidence of health benefits from weight loss

Most standard behavioral weight loss interventions produce impressive results in 6-12
months via changes in diet and physical activity behaviors that result in caloric deficits.
These interventions include intensive 60-90 minute weekly or bi-weekly sessions for 16-26
weeks, facilitated by highly trained health professionals (e.g., registered dietitians, exercise

physiologists, behaviorists).>”® Weight losses of 7-10% of initial body weight are seen after



6-12 months.”’® Weight loss of at least 5% is associated with clinically meaningful changes
in biomarkers associated with chronic disease (i.e., blood pressure, glycemic control, blood
lipid levels).***!

Specifically, the Diabetes Prevention Program (DPP) was one of the pivotal weight loss
trials examining the effect of weight loss on incidence of chronic disease. This trial was a
multicenter study examining the effect of a 6-month lifestyle modification weight loss
intervention on the incidence of Type-2 Diabetes after three years compared to a group that
received standard lifestyle recommendations for weight loss plus the use of the Diabetes
medication Metformin or a group that received standard lifestyle recommendations for
weight loss plus a placebo twice daily. The lifestyle intervention group received a 16-lesson
curriculum over 24 weeks that focused on promoting a low-fat diet, 150 minutes of brisk
walking for exercise each week, and behavior modification strategies with the goal of
achieving a 7% weight loss by the end of the study.** Results indicated that the lifestyle
intervention group lost on average ~7% after 6 months and the incidence of Type-2 Diabetes
was significantly lower among those in the lifestyle intervention group compared to the other
groups with an incidence reduction of 58% in those receiving the lifestyle intervention and
17% in those receiving the Metformin compared to the placebo group.” These results were
vital to our understanding about the efficacy of a lifestyle modification weight loss
intervention and its impact on clinically meaningful health benefits.

Similarly, results from the Look AHEAD Study, a multisite, 11.5-year trial testing at
the efficacy of a lifestyle weight loss intervention on cardiovascular outcomes in individuals
with Type-2 Diabetes, indicated that participants assigned to the intervention group lost

significantly more weight after 1 year (8.6%) compared to a control group (0.7%) that
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received usual care. The intervention was similar to the DPP with regard to dosage, as it
included weekly contact for the first 6 months and bi-weekly contact for the second 6 months
with trained weight loss counselors either in the form of group or individual contact.*® In
addition to better weight loss outcomes, the intervention group experienced significant
improvements compared to the control group in fitness levels, blood pressure, lipid levels,
and markers of kidney function, as well as a decrease in the use of medications for
hypertension, diabetes, and lipid reduction.”® This study further indicates the benefit that
weight loss can have on reducing the burden from chronic disease.
ITI.C. Challenges of current weight reduction strategies

Long-term sustainability of weight loss outcomes remains a concern. About 30-35% of
participants in weight control trials return to their baseline weight within the 1% year
following treatment and about 50% of participants by 5-years post treatment.** Although
some weight loss was maintained, lifestyle intervention participants within the Diabetes
Prevention Program and Look AHEAD Study saw weight regain 10 and 4 years post

treatment, respectively.*

Weight regain is likely attributed to difficulty maintaining newly
adopted eating and exercise behaviors and consequently, individuals return to old behaviors.
Examining approaches to help individuals maintain these behaviors is critical.

Daily self-monitoring of food intake and exercise is the central tenet of most weight
loss interventions, typically requiring detailed monitoring of calories and fat content of all
foods and beverages consumed, daily physical activity, and weekly monitoring of weight.”
However, after completion of the program and cessation of frequent accountability, these

monitoring behaviors are difficult to sustain.”””’ This leads to a decrease in actual

performance of diet and physical activity behaviors associated with weight loss, and weight

13



regain occurs.’

Results from the National Weight Control Registry (NWCR), a cohort study following
approximately 5000 individuals who have lost at least 30 Ibs. and maintained that loss for at
least 1 year, indicate that individuals who are successful at weight loss maintenance continue
to perform the behavioral strategies included in weight loss programs,*’ further confirming
the effectiveness of these strategies. After completion of a weight loss intervention, the lack
of continued contact may make it difficult to continue compliance with self-monitoring and
other weight control behaviors, suggesting that motivation to sustain these behaviors relies
on some type of external accountability.”’ Interventions focusing on strategies for self-
management and self-regulation may help decrease this reliance and lead to greater
sustainability of self-monitoring and performance of behaviors associated with weight loss.
IIL.D. Self-directed, low-intensity approaches for weight control

To help address the recidivism of weight that often occurs post treatment, a self-
directed or low-intensity approach to weight loss has been considered a viable alternative to
standard behavioral weight loss programs.*® This lower intensity approach may decrease the
reliance on external accountability that so often occurs during standard behavioral weight
loss interventions. Self-directed approaches include self-administered manuals, written or
email correspondence, computer assisted courses or information, or use of commercial self-
guided programs.* The addition of minimal contact with a trained therapist may help
enhance the effectiveness of this type of approach.™

A study from the NWCR found that approximately 30% of individuals who have
successfully maintained their weight loss lost the weight on their own, without the assistance

of a formal weight loss program.’’ The strategies they utilized are consistent with those

14



included in formal programs, including weekly self-monitoring of weight, daily self-
monitoring of intake, consistent physical activity, and a reduction in caloric intake via use of
portion control, decreases in fat intake, and a reduction in certain types or classes of foods
(e.g., dessert, sugars). It is important to note, however, that individuals who utilized self-
directed approaches to achieve their weight loss tended to be less overweight prior to losing
the weight, report less weight cycling, and report less disinhibition for eating behaviors.”'
This suggests individuals seeking a self-directed approach may have fewer barriers to
achieving weight control, making this approach more effective, and for others, an intensive
program may be more beneficial.

Interventions to test self-directed, lower-intensity approaches for weight control have
shown promise. Miller and colleagues tested this type of approach (n=35) against a wait list
control group (n=9) among individuals who were previously unsuccessful with self-
administered weight loss programs. The 6-month intervention consisted of an initial face-to-
face contact followed by a self-guided workbook that included worksheets for self-
monitoring of dietary intake and exercise behaviors that focused more on changes in dietary
and exercise patterns, and not on severe restrictions in caloric intake. The only additional
contacts consisted of the interactions with the staff at the 3 and 6-month assessment visits
and monthly mailing of the worksheets to the clinic. Although they experienced 34%
attrition, after 6 months the intervention group lost on average 8.1kg + 0.09kg. This was
significantly greater than the control group, which did not show a measureable change in
body weight.”*

Cameron et al. conducted a study to test the effects of a correspondence-based program

against a delayed control group that consisted of evaluating the various possible
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combinations of 4 components (weekly lessons, weekly homework, interim weigh-ins, and
monetary deposits by participants). There were 8 groups total and after 15 weeks, they found
a significantly greater weight loss in all the possible groups, except the group receiving
lessons only, compared to the delayed control group. What is interesting from these results is
that the group receiving lessons plus interim weigh-ins had a significantly greater reduction
in BMI compared to the delayed control group.” Similarly, Lally and colleagues conducted a
brief self-directed weight loss intervention that consisted of similar weigh-ins and a leaflet
with recommendations for eating and activity behaviors promoting weight loss, and a self-
monitoring checklist. They tested the effect of this approach using a 3-group design,
assessing the leaflet with monthly weighing or with weekly weighing in clinic against a
delayed control group. Both intervention groups lost significantly more weight after 8 weeks
compared to the control group, however, there were no differences between intervention
groups.”* These results suggest that a low-intensity approach that includes weigh-ins and
lessons can produce enough of a caloric deficit to result in weight loss.

More recently, Carels and colleagues sought to examine a low-intensity approach via
an 18-week stepped-care study where individuals were first provided with a self-directed
program and then, if necessary, ‘“stepped up” to a more intensive program with greater
support and accountability by trained professionals. The self-directed approach consisted of a
one-time session at baseline where individuals received the LEARN manual weight loss
program’ with instructions on how to self-monitor their dietary intake and physical activity
and weekly chapters with information about how to produce caloric deficits necessary to lose
1-2 1bs. each week. They found that 41.4% of individuals were successful at meeting the

study weight loss goal (2.5%) after 6 weeks and therefore, continued with the self-directed
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approach in phase two. This group lost on average 4.5% + 0.1% of their initial body weight
during the first 6 weeks, while those who “stepped up” lost on average only 0.7% =+ 0.1% of
their initial body weight. During the second phase those who “stepped up” did not achieve
any further weight loss, and similarly, the self-directed group maintained their weight losses
from phase one without further weight loss.”® Self-monitoring was the greatest predictor of
success for those in the self-directed group, suggesting that including self-monitoring, as a
component of a self-directed approach, is necessary to enhance weight loss outcomes.
IIL.LE. Weight loss interventions delivered via the Internet

Delivering weight loss treatment via the Internet may increase sustainability and
dissemination potential given no face-to-face contact. Gold and colleagues tested an intensive
program delivered via the Internet compared to a commercial online weight loss program.
The intervention was similar to the traditional treatments for obesity with the exception of
face-to-face contact. The intervention consisted of hour-long weekly group chats with a
trained weight loss counselor, weekly weighing, self-monitoring of diet and physical activity
behaviors, and prescriptions to achieve diet and physical activity goals associated with
achieving a weight loss of 1-2 Ibs. per week. After 6 months, intervention participants
achieved 7.3+7.8% weight loss on average, while the comparison group lost on average
3.6+6.1%.”” These results are comparable with findings from standard face-to-face
interventions, indicating that an intensive approach can be delivered via the Internet.

Similarly, Tate and colleagues compared an Internet education group to a group that
received behavioral weight loss therapy via the Internet, which included weekly emails and
behavioral weight control lessons, as well as weekly submission of food and exercise diaries.

After 6 months, they found significantly greater weight loss among the group receiving the
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Internet-based behavioral weight loss program (1.6 + 3.3 kg vs. 4.0 + 2.8 kg, respectively; p
= 0.005).”® This indicates that the Internet and email are a viable method to delivery weight
loss therapy. Although barriers typical to face-to-face contacts were removed, concerns with
regard to long-term sustainability of both of these interventions remain because of the strong
reliance on external accountability and detailed self-monitoring that was involved.

Both of the interventions described above included individualized feedback via
weekly emails or chats based on self-monitoring behaviors and weight loss progress.
However, this type of individualized feedback may contribute to the high intensity nature of
the program, which increases reliance of external accountability and may limit the potential
for dissemination. The inclusion of tailored feedback may help address some of these
concerns. Although this feedback remains individualized, it is less intensive as it relies on
the results of particular goals (e.g., eating less fat) and does not require one-on-one email or
group chat-based counseling. The effectiveness of this type of feedback was investigated in a
study that examined the effect of a computer-automated program for weight loss that
included tailored feedback regarding weight and other self-monitoring behaviors (e.g., diet
and physical behaviors) compared to a group that received an interactive website but no
weekly behavioral feedback. After 3 months, the tailored feedback group lost significantly
more weight compared to the no-feedback group (=5.3 + 4.2 kg vs. —2.8 + 3.5 kg; p=.005).”’
Within the group receiving the computer-automated program, there was a significant positive
relationship between submission of online food and exercise diaries and weight loss,
indicating that those that self-monitored more often had better weight loss outcomes. These
participants also received more tailored feedback as the tailored responses were based on

submission of online diaries. These results suggest that tailored feedback based on self-
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monitoring behaviors is an effective approach for weight loss delivered via the Internet.
IILF. Self-weighing frequency and weight loss

The majority of self-weighing evidence indicates that more frequent self-weighing is
associated with greater weight loss, however, there remains debate among researchers and
practitioners regarding the most appropriate recommendation for self-weighing frequency,
with specific focus on the merits of daily self-weighing versus less frequent weekly self-
weighing.”

Most evidence comparing daily vs. less frequent self-weighing is derived from
observational designs in the form of post hoc analyses. The seminal study by Linde and
colleagues found, when assessing self-reported self-weighing within the “Weigh to Be”
intervention at baseline, 12, and 24 months that a dose-response relationship was present
with regards to self-weighing frequency and reduction in BMI. Specifically, individuals who
reported daily self-weighing lost on average 1.3 and 2 BMI units at 12 months and 24
months, while those who reported weekly or never weighing lost 1 BMI unit or gained at
both time points respectively (p<.05).* What is even more promising about these results is
that they were derived from a community-based weight loss intervention, where weight
losses were smaller given the inclusion of lower intensity intervention strategies. Another
post hoc analysis looking at effects of self-weighing and weight loss within the “Drop It At
Last” trial showed that individuals who reported daily self-weighing lost significantly more
weight compared to those who reported weekly or less often self-weighing [-6.8kg (1.3) vs. -
3.5kg (1.2) vs. -1.2 (2.0); p=.041.%°

A limited number of interventions tested the impact of daily weighing for weight loss

using an experimental design. VanWormer and colleagues evaluated the effect of a 6-month
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daily self-weighing intervention on weight loss among participants enrolled in the Weigh by
Day Trial with follow-up at 12 and 18 months. This study also used an objective scale that
transmitted weight information via a phone line that was received by trained counselors for
telephone-based counseling. They found the intervention to be effective compared to a
delayed control group (-7.5+1.5 Ibs., vs. 1.3+1.4; p<.05).° Furthermore, those who reported
weighing at least weekly were 6 times more likely to have lost at least 5% of their body
weight compared to those that weighed less than weekly, and a significant self-weighing by
time interaction was found at 6 months (p<.001), but not at 12 or 18 months.®! One concern
is the poor adherence to daily weighing during the 6-month intervention period; participants
weighed on average 50% of possible days. Furthermore, the amount of attrition seen in this
study was concerning (30% at 12 months and 50% at 18 months). Given these attrition rates,
the results may not accurately reflect the effect this behavior can have on weight loss.

Only one study manipulated self-weighing examining daily vs. less frequent self-
weighing using a randomized controlled design. Gokee-LaRose and colleagues conducted a
pilot study (n=40) to assess differences in weight loss after a 10-week intervention and 10-
week follow-up period between those receiving a Behavioral Self-regulation program that
included daily self-weighing at home, and a Standard Behavioral Treatment program that
included weekly weighing in-clinic. There were no differences between groups after 10
weeks [-6.4 kg (4.0) vs. -6.2 kg (4.5)] or 20 weeks [-6.6 kg (5.5) vs. -5.8 kg (5.2)] (p=0.84
for time x group analyses).” However, the intervention was only 10 weeks, had a small
sample size, and only the Behavioral Self-Regulation group was prescribed self-weighing,
while intervention staff weighed the Standard Behavioral Treatment group in the study clinic.

Lastly, daily self-weighing was used as a tool to self-regulate body weight within the
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STOP Regain trial. The goal of this study was to test the efficacy of delivering a self-
regulation program for weight loss maintenance either via the Internet or face-to-face
interactions compared to a control group receiving the standard of care. Using the scale,
participants were instructed to weigh daily and respond to the number on the scale based on
color zones, where green equated to <1.4kg regained, yellow was a regain of 1.4-2.2kg and
red was a regain >2.3kg. They were told to use the scale in a way similar to using a home
thermostat, making adjustments as needed to remain in energy balance. Specifically, they
received guidance on how to make changes to their eating and exercise behaviors based on
the different color zones. Daily self-weighing increased in both intervention groups and was
associated with an 82% reduction in risk of regaining 2.3 kg or more as compared to the
control group (p<0.001). These results indicate not only that daily self-weighing is
associated with better weight loss maintenance, but also that self-weighing frequency can be
enhanced within the context of a scale-based intervention. Furthermore, the study achieved
93% retention across all groups at 18 months, indicating that participants were willing to
participate in a scale-based intervention that focused on daily self-weighing for self-
regulation.®®

These results indicate that daily weighing is effective for weight control, but that more
experimental research for weight loss is needed examining either the additive benefit of daily
weighing compared to less frequency weighing or daily weighing within a self-regulation
program for weight loss.
I11.G. Dietary and physical activity behaviors associated with self-weighing

Self-weighing does not impact weight loss directly, but rather likely via diet and

physical activity behaviors that result in caloric deficits. Limited evidence specifically links
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self-weighing frequency with diet and physical activity behaviors. Linde and colleagues
examined differences in baseline characteristics of individuals who reported greater than or
equal to weekly weighing compared to those who reported less than weekly weighing. The
results indicated that those who reported at least weekly self-weighing ate less fat and walked
more blocks each day.” With adolescents, Alm and colleagues found that those who reported
more frequent self-weighing ate less food, less calories, and followed more of a structured
diet.** Qi and Dennis found that there was a significant increase in daily self-weighing in
those that lost at least 5Skg, and also found increases in self-monitoring of intake, restraint,
and stimulus control with regards to eating behaviors.”

However, none of these studies examined the relationship between self-weighing and
these behaviors using a prospective or temporal relationship. Understanding the mediating
mechanisms through which more frequent self-weighing impacts key behaviors is important
to understanding how this behavior is effective for weight loss. Using mediation analysis
will allow for a greater understanding of the causal relationship rather than just an
association.®®
ITI.H. Negative psychological consequences associated with self-weighing

Although more frequent self-weighing appears to be effective for weight loss, there
remains concern about the possible negative psychological consequences associated with this
behavior.® Previous research, mostly derived from psychological experiments that did not
focus on weight control, suggests that awareness about body weight in general may be
associated with greater body dissatisfaction®” and depression.’®® These results seem to be
heightened among those who report restrained eating.’”’ Most of the evidence, however, was

obtained from experiments with normal weight adults responding to false weight feedback at
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one point in time about current weight status. Results indicate that individuals who were told
they were overweight reported poorer psychological outcomes compared to those who were
told their weight was normal.”’ Although compelling, the reaction to false feedback among
normal weight individuals is not necessarily comparable to using the scale to self-monitor
progress among overweight and obese adults looking to lose weight. Furthermore, these
studies examined one time weighing and its impact on psychological state. This is not the
same as using self-weighing as a self-monitoring tool for weight loss over time where
habituation to this behavior might decrease the amount of value-laden judgment from the
number on the scale.

To our knowledge, only one study has looked at the impact of daily self-weighing
specifically, outside of a weight control intervention. Ogden and Whyman experimentally
tested the impact of this behavior among normal weight, non-treatment seeking female
college students (n=30) on a variety of psychological outcomes after 2 weeks of daily
weighing against a no-weighing group. Results show that there was a significant difference
between groups with regard to mood and self-esteem, with the intervention group reporting
poorer outcomes.” However, this study evaluated the impact of daily weighing with a small
sample size over a 2-week period, and included normal weight, young adult females who
were not seeking weight loss treatment. These results are not necessarily applicable to a
population of overweight and obese adults looking to lose weight, who would use daily
weighing as a self-monitoring tool for long-term weight management.

O’Neil and Brown conducted a review of the claims regarding the negative
consequences associated with self-weighing and found that self-weighing by obese and

overweight adults trying to lose weight does not cause negative mood or body dissatisfaction,
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72 and there is also limited evidence that these states lead to poorer weight loss outcomes.”
What is most important, they state, is that there might be negative effects of scale avoidance
given the effectiveness of self-weighing for weight control. There appears to be no risk for
adverse outcomes, rather potential improvements, when examining evidence from weight
control interventions.

Welsh and colleagues examined differences in body dissatisfaction between those
weighing weekly or daily and found that self-weighing frequency was not associated with
greater body dissatisfaction, and in fact may have improved body satisfaction. They state
that these results are possibly due to the hypothesis that self-weighing increases self-efficacy
for weight loss, which would enhance body satisfaction.”” With regard to outcomes
associated with eating disorders, Gokee-LaRose and colleagues looked at the effect of a daily
weighing intervention for weight loss among young adults and found no increased risk for
development of eating disorders, negative body image, or mood disorders; rather,
improvements were seen on all parameters.” Linde and colleagues examined whether there
was an association between self-weighing and BMI among overweight adults with or without
depression. They found that more frequent self-weighing and lower depression scores were
associated with lower BMI, but that there was no interaction between depression and self-
weighing, suggesting the effect of depression status does not vary by self-weighing
frequency.”* Similarly, among individuals enrolled in a weight loss maintenance intervention,
more frequent self-weighing was associated with decreases in disinhibition and depressive
symptoms. Furthermore, individuals who weighed daily were less likely to report binge-
eating episodes.” These results suggest that self-weighing, regardless of frequency, does not

pose a threat to adverse psychological outcomes; rather it can possibly help prevent negative
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consequences in individuals trying to lose weight.
IIL.I. Summary and potential implications

In summary, obesity continues to be a very challenging public health problem.
Creating effective and sustainable strategies to enhance weight reduction would have strong
public health implications. Standard behavioral weight loss interventions include regular
face-to-face contacts and detailed self-monitoring of diet and exercise behavior, however, the
high intensity of these components may not be sustainable long-term. The literature suggests
that a low intensity approach can be effective for producing clinically significant weight loss,
especially when self-monitoring is a central component. This effectiveness may be enhanced
with the addition of minimal contact or tailored feedback. Delivering this type of approach
via the Internet can increase the potential for dissemination.

Previous evidence indicates that daily self-weighing may be more beneficial for weight
loss, and weight control overall, compared to less frequent self-weighing. Similarly, more
frequent weighing appears to be associated with positive changes in behavioral outcomes and
without concern for psychological harm among overweight and obese adults looking to lose
weight. Despite this, a recent review of the self-weighing literature stated, “At this time, the
evidence base does not support endorsement of a precise self-weighing frequency and
duration that has the most benefit for the most people.”’ Given that practitioners give varying
recommendations of self-weighing frequency for weight loss,’® having a randomized design
to test the efficacy of daily self-weighing is vital. Additionally, only one study objectively
measured self-weighing frequency. Using an objective measure would help prevent potential
systematic measurement error with regards to recall because the reporting of self-weighing at

one particular time point may not accurately reflect consistent behavior over a given period
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of time.

In summary, more research is necessary to test lower intensity interventions delivered
via the Internet that focus on self-regulation for weight loss via daily self-weighing This
dissertation project will help address some of these gaps by evaluating the behavioral
mechanisms through which daily weighing leads to weight loss, as well as the effect of a
daily self-weighing intervention on weight loss and psychological outcomes using an
experimental study design and inclusion of an objective measurements of self-weighing.
Should daily self-weighing appear efficacious, and continue to show no adverse
psychological outcomes, this simple self-monitoring strategy could be implemented on a
large scale to increase weight loss success, which in turn would have strong implications for

the prevalence of obesity on a population level.
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CHAPTER 1V

MECHANISMS LINKING DAILY SELF-WEIGHING AND WEIGHT LOSS
AMONG OVERWEIGHT ADULTS

IV.A. Overview

Evidence indicates that daily self-weighing is associated with greater weight loss
compared to less frequent weighing. This is likely via direct impact on behaviors that
produce caloric deficits. However, these mechanisms have not been thoroughly tested. The
purpose of this analysis was to examine whether diet and physical activity behaviors act as
possible mediators between daily self-weighing and weight loss among participants enrolled
in a 12-month Internet behavioral weight loss intervention.

The association between daily self-weighing and weight loss was analyzed using
participants (n=158) from the HealtheLife Study: a randomized trial that compared group
chats vs. individual email counseling for weight loss. Multiple mediation analysis was
conducted using bootstrapping to assess whether caloric intake, eating behaviors, and
physical activity act as mediators between daily self-weighing and weight loss at both 6 and
12 months. Using ANOVA, those who reported daily weighing often or always had greater
percent weight loss compared to those that reported less frequent weighing at both 6 months
[(8.27% (5.40) vs. 5.51% (5.41); p=.003] and 12 months [8.09% (7.81) vs. 4.60% (6.35);
p=-004]. Multiple mediation analysis showed that for 6-month weight loss, eating and

exercise behaviors acted as mediators between daily self-weighing and weight loss. Only



eating behaviors acted as a mediator for 12-month weight loss.

Results confirm that daily weighing is associated with greater weight loss compared
to less frequent weighing. These findings also suggest that daily weighing leads to greater
engagement in diet and physical activity behaviors associated with producing a caloric
deficit, which in turns leads to weight loss.

IV.B. Introduction

Obesity continues to be one of the most important public health problems in the U.S
given that 69% of adults in the U.S. are overweight or obese and 36% are obese.' Chronic
diseases affected by obesity are of great concern.” Fortunately, risk for these health
outcomes decreases with even small reductions in body weight.”

Evidence indicates that self-monitoring of weight is an effective weight control
strategy.””° This is supported by self-regulation theory, which posits that individuals self-
monitor and self-evaluate when behavior change is necessary in response to some feedback.
This feedback allows for a judgment that results in either positive reinforcement or
punishment regarding the behaviors associated with that feedback.'"'> In this instance, self-
weighing is the self-regulatory behavior and the scale provides the feedback about how
eating and exercise behaviors affect body weight. Given this, more frequent weighing will
provide more proximal feedback, making it easier to connect specific behaviors with changes
in body weight.’

The majority of evidence suggests that a dose response pattern is present with regard to
self-weighing frequency and weight loss; daily weighing is associated with greater weight
loss compared to weekly or less frequent weighing.*® Although more frequent weighing

appears to be associated with greater weight loss, few studies have examined the relationship

28



between daily self-weighing and eating and exercise behaviors that may lead to weight loss.
Given that simply stepping on the scale will not produce weight loss, it is important to have
an understanding of how this daily behavior leads to better weight control. To our
knowledge, no studies have examined the mechanisms explaining the relationship between
daily self-weighing and weight loss using mediation analysis. This type of analysis will allow
for a better understanding of the causal relationship.®

This study involved a secondary analysis of data from the HealtheLife Study to
examine the impact of daily self-weighing on weight loss and the mechanisms linking those
variables over time within the context of a weight loss intervention. Consistent with previous
research and self-regulation theory, it was hypothesized that individuals who reported daily
self-weighing would have greater percent weight loss after 6 and 12 months compared to
those that reported less frequent self-weighing. Furthermore, it was hypothesized that
individuals who reported daily self-weighing would report greater engagement in eating and
exercise behaviors associated with weight loss, which would then lead to greater weight loss
at both 6 and 12 months compared to those that reported less frequent self-weighing.
IV.C. Methods
Sample

The data used for this analysis were from the HealtheLife Study, a 12-month Internet
behavioral weight loss intervention conducted in Chapel Hill, NC and Providence, RI. The
purpose of the HealtheLife Study (n=158) was to test the efficacy of two different Internet
weight loss programs, with the goal of comparing group vs. individual delivery modalities of
a standard behavioral weight loss intervention on percent weight loss at 12 months.”” All

groups were instructed to self-weigh at least weekly, with no specific emphasis on daily
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weighing. All measures were obtained at baseline, 3, 6, and 12 months. The present analyses
were conducted on those with available data for all measures at that follow-up. The sample
for the weight loss analysis was 144 at 6 months and 141 at 12 months. For the mediation
analysis, the sample was decreased to 127 for the 6-month data and 124 for the 12-month
data.
Measures
Weight

Percent weight loss at 6 and 12 months was calculated from measured weights.
Weights were measured in person, in hospital gowns without shoes using a digital scale.

Daily Self-weighing

The primary independent variable was daily self-weighing frequency over the past 3
months, which was assessed via the Eating Behavior Inventory question “I weigh myself
daily.” The Eating Behavior Inventory (EBI) is a 26-item questionnaire developed from a
survey of behavioral treatment manuals with the goal of generating items that represented
specific behaviors that had been empirically and theoretically implicated in weight loss.” The
item regarding daily self-weighing has 5 response options that include never/hardly ever,
some of the time, about half of the time, much of the time, and always or almost always with
values of 1-5 attached to those responses. To better understand weighing frequency
throughout the intervention, an average daily self-weighing score was calculated by
averaging the 3 and 6-month measurements for the 6-month outcomes and the 3, 6, and 12-
month measurements for the 12-month outcomes. Baseline values were excluded, as they
were not affected by the intervention and therefore would possibly misrepresent the effect of

daily self-weighing on weight loss within the context of a weight loss intervention. Average
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daily self-weighing frequency was then dichotomized and categorized as rarely/sometimes
(1-3.9), and often/always (4-5) in order to capture the effect differences between those that
reported almost always doing this behavior compared to those that reported rarely or
sometimes doing this behavior.

Eating and Exercise Behaviors

Caloric Intake
Caloric intake was measured using the Block Food Frequency Questionnaire (FFQ).

This FFQ is a 98-item questionnaire that has been shown to be a moderately valid”® and
reliable measure”” of total energy intake compared with more objective measures of food
intake.
Eating Behaviors

Eating behaviors associated with weight loss were also assessed via the EBI over the
previous 3 months. The questionnaire includes both positive and negative behaviors, and
negative behaviors are reverse scored to allow for calculation of a total score and assessment
of whether higher scores are associated with better outcomes. An example of a positive
behavior includes I refuse food offered to me by others and an example of a negative
behavior includes I eat when I am not really hungry. Previous studies have shown the EBI to
have moderate-high test-retest reliability (r =0.74).*” Evidence indicates that EBI scores
increase at the end of weight loss intervention and higher scores are associated with better
weight loss outcomes.®' Total EBI scores were calculated with removal of the daily self-

weighing question.
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Energy Expenditure

Exercise habits were assessed using the Paffenbarger Exercise Habits Questionnaire,
which captures leisure time physical activity. Data were analyzed as total energy expenditure
from physical activity per week.*” This questionnaire has moderate to high test-retest
reliability ( =0.72),* and has been used in previous weight loss interventions to capture
changes in physical activity.**

Additional covariates considered for inclusion in the models that might act as
confounders are age, sex, and race/ethnicity.

Statistical Analyses

Given no differences in weight loss (data not shown), both intervention groups were
collapsed into one group for the purposes of this analysis. ANOVA was conducted to
examine the relationship between the dichotomous daily self-weighing variable and the
continuous measure of percent weight loss at both 6 and 12 months. No imputations for
missing data were conducted and participants with any missing values were assumed to be
missing at random. Log transformations were made for continuous variables showing a non-
normal distribution. Energy expenditure from physical activity was the only variable that
required a log transformation. Weight loss over time was expressed as percent of baseline
weight lost.

Multiple mediation analysis was conducted using the methods of MacKinnon® and
Preacher and Hayes™ to assess the mediating effects of eating and exercise behaviors
between daily self-weighing and weight loss controlling for appropriate covariates (age, sex,
race/ethnicity) and baseline values of the mediators to assess changes over time. This

method allowed for analysis of one mediator controlling for the effect of the other mediators,

32



with additional control of covariates that might be associated with the variables in the model
but were not mediators. For 6-month percent weight loss we examined daily self-weighing at
3 months and its impact on the mediator measured at 6 months. This was done to account for
temporality as each measurement reflected behavior over the past 3 months. Similarly for
12-month weight loss, we examined daily self-weighing at 6 months with the mediator at 12
months. This analysis initially included a series of regression analyses to assess the
significance between the a, b, ¢, and ¢’ paths (Figure 4). Path c represents the rotal effect,
which is the relationship between the independent variable and the dependent variable. Path
a represents the relationship between the independent variable and the mediator, path b is the
relationship between the mediator and the dependent variable controlling for the independent
variable, and path c’, the direct effect, is the relationship between the independent variable
and the dependent variable controlling for the mediators.®” Point estimates are presented as
unstandardized beta coefficients.

Bootstrapping was then used to assess the significance of mediated effect, also known
as the indirect effect. This is a more robust method for assessing the indirect effect as is does
not require a normal distribution to be present, which is typically assumed for other tests of

the indirect effect, namely the Sobel test. 50

Bootstrapping allowed for assessment of
whether the indirect effects (a*b) were significantly different from zero by creating multiple
sampling distributions (5000) and using these estimates to calculate the point estimate for the
indirect effect. The standard error from the point estimate allowed for calculation of a 95%
confidence interval; if zero was not contained in the confidence interval, then the indirect

effect was significant and mediation was present.**®” A p-value of <0.05 was used to assess

significance for all tests. All analyses were performed using SPSS (Version 19, Chicago, IL).
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IV.D. Results
Table 1 contains sample characteristics. Participants were on average 46.2+8.6 years
old, obese (BMI: 31.7+ 4.2 kg/m?*), predominantly female (83%) and White (87%).
Main outcomes
Figure 5 presents self-weighing frequency among the participants. Over the past 3
months, 24.1% of participants reported often or always daily self-weighing at baseline, while
39.2% and 37.3% reported often or always daily weighing at 6 and 12 months respectively.
Figure 6 presents the weight loss data by self-weighing frequency. Individuals who reported
often or always daily self-weighing had greater percent weight loss compared to those that
reported less frequent self-weighing at both 6 months [(8.27% (5.40) vs. 5.51% (5.41);
p=.003] and 12 months [8.09% (7.81) vs. 4.60% (6.35); p=.004]
Mediation Outcomes
Table 2 shows the indirect effects from the multiple mediation models for each of the
mediators at both time points. At 6 months, the effect of daily weighing often or always on
weight loss was marginally significant (path c: f = 1.81 +/- 0.93 p = .054). For eating
behaviors (EBI), daily weighing was significantly associated with higher EBI score [path al:
B=5.24 +/- 2.1, p =.01] and EBI score was significantly associated with greater weight loss
(path bl: B =.12 +/- .04, p = .002). For energy expenditure (PA), daily weighing was
significantly associated with greater engagement in physical activity (path a3: f =.32 +/- .16,
p = .04) and physical activity was significantly associated with greater weight loss (path b3:
B=1.2+/- .51, p=.02). There were no significant associations for caloric intake. The effect
of daily weighing on weight loss was attenuated and non-significant when caloric intake, EBI

and PA were entered into the model (path c1’: f = 0.88 +/- .89, p =.33). This suggests full
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mediation. A significant indirect effect was seen for both eating behaviors and physical
activity at 6 months, indicating that these variables significantly mediated the relationship
between daily self-weighing and weight loss [EBI: f = 0.64 (95% CI: .16, 1.45); p <.05; PA:
B=0.39 (95% CI: .02, 1.15); p <.05]. The indirect effect for caloric intake was non-
significant [B =-0.09 (95% CI: -0.73, 0.09); p >.05];

At 12 months, the effect of daily weighing often/always on weight loss was significant
(path c: B=3.70 +/- 1.26 p =.004 ). For eating behaviors, daily weighing was significantly
associated with higher EBI score (path al: B =5.72 +/- 2.1, p =.007) and EBI score was
significantly associated with greater weight loss (path bl: f = .18 +/- .05, p = .001). For
energy expenditure, daily weighing was not significantly associated with greater engagement
in physical activity (path a3: = .14 +/- .20, p = .49) and PA was also not significantly
associated with weight loss (path b3: f = .56 +/- .57, p = .32). Similar to the 6-month
outcomes, there were no significant associations for caloric intake. The effect of daily
weighing on weight loss was attenuated but remained significant when EBI, caloric intake,
and PA score were entered into the model (path c1’: f =2.42 +/- 1.2, p =.047). This
suggests partial mediation. For 12 months, only eating behaviors produced a significant
indirect effect [B = 1.26 (95% CI: .30, 3.04); p <.05]. The indirect effects for physical activity
and caloric intake at 12 months were non-significant [PA: f = .07 (95% CI: -.14, .68); p >.05;
Caloric Intake: f =.15 (95% CI: -0.08, 1.0); p >.05 ]. Thus, when conducting multiple
mediation analysis, both eating behaviors and physical activity helped explain the
relationship between daily self-weighing and weight loss at 6 months, but at 12-months only
eating behaviors acted as a mediator. Caloric intake did not mediate the relationship at either

time point.
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IV.E. Discussion

Consistent with previous research, we found that daily self-weighing was associated
with greater weight loss compared to less frequent weighing among overweight individuals
enrolled in a weight loss intervention. This analysis sought to add to the evidence base with
an examination of the mechanisms explaining that relationship using mediation analysis. We
found that those who reported daily self-weighing more often were more likely to report
greater engagement in eating and exercise behaviors associated with producing a caloric
deficit. This, in turn, led to greater percent weight loss at 6 months compared to those that
reported daily weighing less often.

At 12 months, only changes in eating behaviors explained how daily weighing led to
greater weight loss. The lack of mediation findings for physical activity at 12 months may be
because energy expenditure decreased between 6-12 months in all participants, and there was
a small amount of weight regain during this time period. Caloric intake was not associated
with daily weighing or weight loss. The reason for this may be because food frequency
questionnaires provide a better representation of overall dietary patterns and are a less precise
measure of caloric intake.®® What is shown, however, is that those who reported daily
weighing more consistently were more likely to engage in dietary behaviors associated with
weight loss, as measured by the EBI. This suggests that daily weighing may lead to greater
self-regulation of eating behaviors that are encouraged during weight loss interventions to
produce caloric deficits (e.g., I leave food on my plate, I decide ahead of time what I will eat
for meals and snacks). While the present analysis controlled for the temporal factors, we
don’t know when these behavior changes truly occurred and whether daily weighing is a part

of a constellation of behavior changes that occur simultaneously.
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Prior to this study, limited evidence examined the link between self-weighing
frequency and diet and physical activity behaviors, as well as other behaviors associated
with weight control. Linde and colleagues examined differences in baseline characteristics
of individuals who reported greater than or equal to weekly weighing compared to those
who reported less than weekly weighing. The results indicated that those who reported at
least weekly self-weighing ate less fat and walked more blocks each day.”® With adolescents,
Alm and colleagues found that those who reported more frequent self-weighing ate less
food, less calories, and followed a structured diet.** Qi and Dennis found that there was a
significant increase in daily self-weighing in those that lost Skg, and also found increases in
self-monitoring of intake, restraint, and stimulus control with regards to eating behaviors.”
Consistent with our findings, these results suggest that daily weighing is associated with
dietary strategies for weight loss. However, these previous analyses were conducted cross-
sectionally, making it unclear as to whether the more frequent weighing caused individuals
engage in weight loss behaviors or if greater engagement in these behaviors and greater
weight loss led to more frequent weighing. The present analysis provides more temporal
evidence regarding the mechanisms between daily weighing and weight loss.

Limitations

This study has some limitations that are worth mentioning. As a secondary data
analysis, we were limited to a self-report, one-item measure of daily self-weighing that
assessed the frequency of daily weighing and not overall self-weighing frequency. Our
sample was predominantly female and White, and the intervention was delivered solely via
the Internet. This limits the generalizability of the results to other populations and delivery

modalities. Furthermore, we included participants in this analysis with complete data, thereby
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limiting the sample size. However, the sample size of was still large enough to conduct
mediation analysis using bootstrapping.*’
Strengths

Despite these limitations, these analyses have several strengths. Previous research
examining self-weighing with both behavioral and weight outcomes suffered from a lack of
understanding regarding temporality, where both variables were measured simultaneously.
This makes it difficult to determine whether daily weighing led to greater weight loss or
greater weight loss led to more frequent weighing. Although not as ideal as an experimental
manipulation, the longitudinal data in this study accounted for temporality by examining the
variables at multiple times throughout the study period, which suggest that perhaps daily
weighing preceded changes in eating and exercise behaviors, as well as weight loss.

None of the previous evidence examined the relationship between self-weighing and
these behaviors using mediation analysis, which adds to the evidence base with robust
methods. Despite this, more experimental research manipulating daily self-weighing is
necessary to provide a greater understanding as to whether daily weighing causes weight loss
and the mechanisms explaining that relationship. Furthermore, it will be important to utilize
an objective measure of self-weighing to better capture the impact of self-weighing
frequency on weight loss
IV.F. Conclusions

This study suggests that daily weighing leads to weight loss via changes to behaviors
that can produce a caloric deficit compared to less frequent weighing. Daily weighing was
particularly effective for self-regulation of eating behaviors associated with weight loss.

Daily self-weighing is a simple weight control strategy that, if implemented on a larger scale,
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could have strong public health implications with regards to overweight and obesity. Future
studies using an experimental design are necessary to determine the causal relationship

between daily weighing and weight loss.
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Table 1: Descriptive baseline characteristics of participants in the HealtheLife Study of
those included and excluded from the analytical sample at 12 months (n=158)

Baseline measure Included (n =141) Excluded (n=17) p-value
Age (years) 46.2 +8.6 45.1+£10.8 0.605
BMI (kg/m?) 31.7+4.2 31.9+3.9 0.860
Sex
Male 24 (17%) 4 (23%)

0.353
Female 117 (83%) 13 (77%)
Race/ethnicity
White, non-Hispanic 123 (87%) 15 (88%)

0.633
Not White, or Hispanic 18 (13%) 2 (12%)

Daily self-weighing frequency
Often/Always 35 (25%) 3 (18%)

0.377
Rarely/Sometimes 106 (75%) 14 (82%)
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Table 2: Indirect effects of daily self-weighing on weight loss at 6 and 12 months
through changes in caloric intake, eating behaviors, and physical activity

Point Estimate 95% CI*

Lower Bound Upper Bound

Indirect Effects at 6 months

Eating Behaviors .642 159 1.455
Caloric Intake -.090 -.732 091
Physical Activity .386 025 1.151

Indirect Effects at 12 months

Eating Behaviors 1.058 239 2.896
Caloric Intake 147 -.081 1.011
Physical Activity 078 -.160 .692

*Multiple Mediation Analysis; 5000 bootstrap samples.
® Confidence intervals containing zero are interpreted as not significant.

°N = 127 at 6 months and 124 at 12 months;
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CHAPTER V

THE EFFICACY OF A DAILY SELF-WEIGHING WEIGHT LOSS
INTERVENTION USING SMART SCALES AND EMAIL

V.A. Overview

Limited experimental evidence has examined the impact of daily self-weighing on
weight loss among overweight adults. Overweight and obese men and women (n=91) were
randomly assigned to a daily self-weighing intervention or delayed control group. The 6-
month intervention included a cellular-connected “smart” scale for daily weighing, web-
based graph of weight loss, and weekly emails with tailored feedback and lessons on
behavioral weight control. Weight was measured in clinic at 3 and 6 months. Smart scales
provided an objective measure of self-weighing frequency. At all time points, caloric intake
and expenditure, and perceptions of daily self-weighing were measured.

Using intent-to-treat analyses with linear mixed models, the intervention group lost
significantly more weight compared to the control group [Mean (95%CI); 3 months: -
4.41%(-5.5, -3.3) vs. -0.37%(-1.5, .76); 6 months: -6.55%(-7.7, -5.4) vs. -0.35%(-1.5, .79);
group x time interaction: p<.001]. At 6 months, a greater percentage of the intervention
group achieved 5% (42.6% vs. 6.8%; p<.0001) and 10% (27.7% vs. 0%; p<.0001) weight
loss. On average, the intervention group self-weighed more days/week (6.1£1.1 vs. 1.1£1.5;
p<.0001) and consumed fewer calories/day compared to the control group [Mean (95% CI); 6

months: 1509 (1291, 1728) vs. 1856 (1637, 2074); group x time interaction: p=.006]. Among



intervention participants, daily self-weighing was perceived as an easy, positive and helpful
behavior. These results indicate that an intervention focusing on daily self-weighing can
produce clinically significant weight loss, as well as positive changes in behavioral
outcomes. This further establishes daily self-weighing as a feasible and effective weight loss
strategy.

V.B. Introduction

Recent estimates indicate that 69% of Americans are overweight or obese.' This has
major implications for the incidence and prevalence of chronic diseases such as heart disease
and diabetes,” as well as some cancers.’> Evidence indicates that even 5-10% weight losses
can reduce risk factors for these diseases.” ' Standard behavioral weight loss interventions
that include frequent face-to-face interactions with a trained weight loss counselor and
detailed self-monitoring of diet and physical activity behaviors produce on average about 7-
10% weight loss after 6-12 months,z’3 8.43 however, the intensive nature of these interventions
limits their potential for dissemination. This indicates a need for effective, lower intensity
programs that reduce the burden of frequent face-to-face contacts and increases the potential
for broader public health impact and reach.

One of the most effective strategies within most weight loss interventions is self-
monitoring of diet, physical activity, and weight.”**" Self-monitoring provides personal
accountability and allows for greater awareness of how behaviors are impacting weight.”’
The mechanism of self-monitoring is suggested by Kanfer’s Model of self-regulation: self-
monitoring provides feedback that allows for greater awareness, which can lead to greater
self-efficacy, self-control, and self-initiated reinforcement.”® Kanfer posits that individuals

self-evaluate by comparing the feedback to the performance criterion, which allows for a
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judgment to be made that either results in positive reinforcement or a lack of reinforcement
for specific behaviors.'""'?

Despite being effective and theoretically grounded, detailed self-monitoring of diet and
physical activity behaviors is difficult to sustain. Burke and colleagues found that adherence
to self-monitoring protocols declines dramatically over time during participation in a

behavioral treatment program for weight loss.”"**

Furthermore, qualitative evidence indicates
that the labor intensive nature of self-monitoring leads to feelings of being overwhelmed,
frustrated, and defeated.” Given poor adherence, a need exists for interventions that test
simple and sustainable types of self-monitoring strategies.

Self-weighing is a simple self-monitoring behavior that has been shown to be useful for
self-regulation of body weight.”* Self-weighing provides feedback suggestive of how eating
and exercise behaviors are impacting weight, and acts as a tool to allow individuals to make
small adjustments to these behaviors to affect energy balance. Based on self-regulation
theory, daily weighing is optimal over less frequent weighing because the feedback is more
proximal, making it easier to attribute changes in weight to specific diet and physical activity
behaviors. This allows for better self-regulation as small changes in body weight can be
identified and resolved, likely leading to greater self-efficacy and empowerment over one’s
ability to regulate their body weight.’

A recent review of the self-weighing literature indicates that daily self-weighing is
associated with greater weight loss compared to less frequent weighing.” The seminal study
by Linde and colleagues found that individuals who reported daily self-weighing saw a

significantly greater reduction in body mass index compared to those who reported weekly or

never weighing.® Welsh and colleagues also examined the impact of self-weighing on weight
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loss within a phone-based weight loss intervention and found a similar dose response
pattern.®

Both of these studies, however, examined daily weighing and weight loss post hoc
using an observational study design making it impossible to ascertain if the weight losses
seen were a result of daily weighing or if losing weight led to more frequent weighing.
Furthermore, a retrospective self-report measure of self-weighing frequency was used, which
may have introduced systematic recall bias. Experimental evidence does indicate that daily
self-weighing is effective for self-regulation of body weight during weight loss
maintenance.’> However, there is limited experimental evidence examining whether daily
self-weighing is effective for weight loss, when coupled with a lower intensity
intervention.”®'

The purpose of the WEIGH Study (Weighing Every day to Improve and Gain Health)
was to improve on previous evidence and test whether a lower intensity, and potentially
sustainable, intervention focusing on daily self-weighing can produce significantly greater
weight loss compared to a delayed intervention control group. In order to test a lower
intensity approach, we included no regular face-to-face contact, relied solely on tailored
feedback, and did not emphasize self-monitoring of diet and physical activity behaviors. An
objective measure of self-weighing frequency was utilized to provide an accurate assessment
of this behavior. We hypothesized that the group receiving the intervention would have
greater percent weight loss at 3 and 6 months compared to a delayed control group, as well as

more positive changes in diet and physical activity behaviors.

48



V.C. Methods
Participants

Inclusion criteria included men and women ages 18-60 with a body mass index (BMI)
between 25-40 kg/m” and a maximum weight of 330 Ibs. (the maximum weight allowable on
the scales provided). Participants were also required to have access to the Internet to allow
for weight tracking. Exclusion criteria included having a pre-existing medical condition (i.e.,
myocardial infarction within the past 2 years, cancer diagnosis (non-skin) within the past 5
years, uncontrolled high blood pressure, unstable thyroid disease, current treatment for
psychiatric disorder other than depression, hospitalization for depression within the past year,
or history of eating disorder), pregnant or nursing within the past 6 months or planning to
become pregnant, currently undergoing treatment for substance abuse, or planning to move
out of the area. Individuals were also excluded if, within the past 6 months, they participated
in a structured weight-loss program or lost and kept off at least 10 Ibs. of their body weight.
Recruitment

Participants were recruited via 1) an advertisement on a university listserv, 2) flyers
posted around UNC Chapel Hill, and 3) flyers posted in medical offices in the Chapel Hill,
NC area. Those who were eligible and interested were invited to an orientation session
where they were provided with more details about the study and informed consent was
obtained. Baseline measures were obtained prior to randomization being revealed to
participants by blinded evaluation staff. Data were collected between February 2011 and
November 2011 in Chapel Hill, NC. The University of North Carolina at Chapel Hill
Institutional Review Board approved and monitored the study (clinicaltrials.gov Identifier:

NCTO01369004). Participants received $25 as an incentive for completion of follow-up
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assessments at 3 and 6 months.
Study Design and Intervention Description

Participants were randomized to one of two treatment groups (Figure 1): A daily self-
weighing intervention group or a delayed intervention control group. The 6-month
intervention consisted of 4 main components: (1) cellular-connected “smart” scales for daily
weighing; (2) web-based graph of weight trends overtime; (3) weekly tailored feedback via
email on self-weighing frequency and weight loss progress; and (4) 22 weekly lessons on
behavioral weight control via email. Intervention participants were instructed to weigh daily
at the same time each day using the smart scales. The smart scale displayed current weight

and sent it directly to a website (www.bodytrace.com) via the wireless cellular network. The

scales did not rely on an individual’s cell service, but rather were connected to the Body
Trace website via a separate cell service embedded in the scales. This allowed participants to
use the scales in any location that had cell service. Participants were able to view on the
website a graph of weight trends overtime.

Weight and weighing data were accessible for each participant using a separate
researcher interface. Each week a research assistant collected data on how often the
participant weighed and their average and weekly weight loss. An algorithm was used to
provide tailored feedback to each participant with the expected rate of weight loss at 0.5 Ibs.
per week and the expected self-weighing frequency at 6-7 days per week. The feedback was
not individually written, but rather participants were placed in one of four groups each week
based on their weight loss and self-weighing frequency over the past week, as well as
average weight loss per week, and they received the message and recommended strategies

appropriate for that category. They received messages reinforcing their current behaviors if
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they were weighing daily and losing at least 0.5 lbs. per week. Conversely, the feedback for
those that were not losing weight included more specific strategies for making changes to
diet and physical activity behaviors.

Initially, participants attended a face-to-face group session that included measurement
of baseline weight, procurement of smart scales, and a 30-minute discussion about calorie
balance. The weekly emailed lessons on behavioral weight control provided further skills
training strategies for making changes to diet and physical activity behaviors. The lessons
were initially derived from the Diabetes Prevention Program’” and adapted from other

Internet-based and face-to-face weight loss interventions™

to be tailored to the goals of
this study. Lessons were both informational and behavioral, and included topics such as
portion control, restaurant eating, structured exercise, problem solving, stimulus control, and
relapse prevention. Participants were not encouraged to self-monitor diet and exercise, but
were provided with recommendations to achieve a caloric intake of 1200-1500 calories per
day and 150-200 minutes of moderate intensity exercise per week. Examples of calorie-
controlled meal plans were also provided to help guide food choices. After the study was
complete, intervention group participants were followed up at 9 months to assess weight loss
maintenance. During this maintenance period, intervention participants retained the smart
scales but were provided with no further feedback or lessons.

The delayed intervention control group was also provided with the scales at baseline
for evaluation purposes only and instructed to maintain their current self-weighing habits.
Control group participants received no intervention during the study period and were

provided with a modified version of the program after 6 months. They were blinded to the

focus of daily weighing during the 6-month period.
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Measures

Demographics

At baseline, a variety of demographic variables were collected to help characterize
the sample including age, gender, race/ethnicity, education, marital status, occupation status,
and co-morbidities.

Anthropometrics

Height was collected at baseline using a wall-mounted stadiometer. Weight was
measured to the nearest 0.2 1bs. using a digital scale wearing light clothes and no shoes at
baseline, 3, and 6 months in the study center clinic. At 9 months, in order to assess
maintenance effects within the intervention group, smart scale data were used to obtain an
objective measure of weight after a 3-month period of no intervention.

Frequency of weighing

Self-weighing frequency was measured objectively in both groups via the smart
scales throughout the study period. There were some technical problems with the scales that
arose because of the reliance on cellular service to provide an objective measure of self-
weighing frequency. However, such problems occurred in a small number of participants
(n=4), and they were able find alternative places to weigh (e.g., work) to provide an objective
measure of self-weighing frequency.

Diet.

Caloric intake was measured via two, 24-hour recalls on one weekday and one

weekend day using the Automated Self-Administered 24-Hour Dietary Recall (ASA-24)

from the National Cancer Institute (NCI) at baseline, 3 and 6 months.”” Interviewer-
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administered 24-hour recalls have been shown to be a good estimate of changes in caloric
intake using the automated multiple-pass method.”

Physical Activity

Exercise habits were assessed using the Paffenbarger Exercise Habits Questionnaire,
which captures leisure time physical activity. Data were analyzed as energy expenditure
from leisure time physical activity per week.® Evidence indicates that this questionnaire has
moderate to high reliability,* and has been used in previous weight loss interventions to
assess changes in physical activity.**

Daily Self-weighng Perceptions

Within the intervention group, perceptions about daily self-weighing were assessed
via a questionnaire that was used in a previous daily self-weighing intervention for weight
gain prevention.”” Using an 8-point scale, where 8 was most favorable and 1 most
unfavorable, participants were asked whether they found daily self-weighing to be easy to do,
easy to remember, helpful, positive, and whether they were likely to continue doing it after
completion of the study. Additionally, using a reverse-scored 8-point scale, participants were
asked whether they found this behavior to be frustrating, anxiety provoking, or made them
feel self-conscious. Average scores at 6 months were calculated.

Self-monitoring of diet and physical activity behaviors

Two self-report measures were used to assess self-monitoring of diet and physical
activity behaviors at baseline, 3 and 6 months. The question asked was, “Over the past 3
months, how often have you used the following strategies to try to manage your weight?
Recorded or graphed your physical activity? Recorded or wrote down the type and quantity

of food eaten?” There were 5 response options that include never/hardly ever, some of the
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time, about half of the time, much of the time, and always or almost always with values of 1-5
attached to those responses. Average scores for each time period were calculated and
dichotomized to examine group differences in those that reported self-monitoring half the
time or more versus less than half of the time.
Statistical Analysis

Chi-square tests and one-way ANOV As were conducted to compare differences in
baseline characteristics. Intent-to-treat analyses using linear mixed models with random
intercept and maximum likelihood estimates were conducted to examine the effect of
treatment on weight loss and behavioral outcomes between groups over time. Separate
models for the different outcomes were conducted looking at the effects of time within each
group, group effects, and group by time interactions. All participants were included in the
analyses with the assumption that any missing values were missing at random. Bonferroni
corrections were included to account for multiple time point comparisons. Percent weight
loss was used as the primary outcome variable to account for baseline weight. ANOV A was
used to look at other continuous outcomes and chi-square tests were used to look at
differences in dichotomous measures. Transformations were conducted for variables that did
not meet the assumptions of normality. Caloric expenditure from physical activity was the
only variable that required a natural log transformation. Raw means are presented with
statistical tests performed using the transformed data. Analyses were conducted using SPSS
for Mac (Version 19, Chicago, IL). A cut-off value of alpha <0.05 was used to assess

statistical significance.
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V.D. Results
Enrollment and Retention

Figure 7 outlines the study enrollment and retention. A total of 326 potential
participants were screened online and by phone and 135 were invited to an orientation
session. Of those, 91 participants were randomized to either the daily self-weighing
intervention group (n=47) or a delayed intervention control group (n=44). Participant
retention for the primary dependent variable of percent weight loss was 98% at 3 months and
96% at 6 months with no differences between groups (3 months: p=.50; 6 months: p=1.00).
Retention at 9 months was 96% for weight loss using smart scale data (intervention group
only).
Baseline Characteristics

Table 3 highlights the baseline characteristics across study groups. On average,
participants were 44+11 years old, obese (BMI: 32.15+ 3.8kg/m’) with an average weight of
90.5+15.2kg, female (75%), White (74%), college-educated (78%), and married (60%).
About half the sample (46%) reported weighing less than weekly, 35% reported weighing
weekly and 18% reported weighing daily over the past 3 months. About half of the sample
reported self-monitoring diet less than half the time, and 83% reported self-monitoring
physical activity less than half the time over the past 3 months. Baseline characteristics did
not differ between groups on any variable with the exception of baseline weight (p=.008) and
baseline BMI (p=.006), with the intervention group having higher average baseline weight
and BMI. This difference was accounted for in the analysis by using percent weight loss as

the main outcome variable.
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Self-weighing Frequency

Figure 8 shows the average self-weighing frequency over time by study group using
data derived from the smart scales. Over the 6-month study period, the intervention group
self-weighed on average more days per week compared to the control group (6.1£1.1 vs.
1.1£1.5; p<.0001).
Weight Change

Weight loss over the study period was significantly different between groups (Figure
9). The intervention group lost on average more weight compared to the delayed control
group at both 3 and 6 months [3 months: Mean (95%CI): -4.41%(-5.5, -3.3) vs. -0.37%(-1.5,
.76); 6 months: Mean (95%CI): -6.55%(-7.7, -5.4) vs. -0.35%(-1.5, .79); group X time
interaction: p<.001 at both time points]. Furthermore, a greater percentage of the intervention
group achieved 5% (42.6% vs. 6.8%; p<.0001) and 10% (27.7% vs. 0%; p<.0001) weight
loss at 6 months.

Change in weight from baseline to the 9-month follow-up (using smart scale data) in
the intervention group was -7.10% + 8.55%, and was -0.92% =+ 3.32% between 6 and 9
months (during which time, the intervention group received no feedback or lessons).
Diet and Physical Activity Behaviors

Table 4 shows the differences in diet and physical activity behaviors over time
between groups. At both 3 and 6 months, intervention participants consumed on average
fewer calories per day compared to control participants [3 months: Mean (95%CI): 1719
(1510, 1929) vs. 2101 (1885, 2318); group x time interaction: p=.003; 6 months: Mean
(95%CI): 1509 (1291, 1728) vs. 1856 (1637, 2074); group x time interaction: p=.006]. There

were no differences between groups with regard to calories expended per week from physical
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activity, although there was a trend towards greater physical activity over time among the
intervention group, with the difference almost reaching statistical significance at 3 months
(p=.052). At 6 months, the majority of participants across both groups reported self-
monitoring diet and physical activity behaviors less than half of the time with no significant
differences across groups, although there was a trend towards a greater proportion of the
control group reporting that they self-monitored diet less than half the time [(Diet:
Intervention (65%) vs. Control (83%); p=.055) (PA: Intervention (75%) vs. Control (81%);
p=-54)].
Perceptions of Daily Self-weighing

At 6 months, daily self-weighing was perceived positively within the intervention
group. On average, participants felt that daily self-weighing was easy to do (6.9£1.5), easy
to remember (7.2+1.2), helpful (6.9£1.6), and positive (6.3+£1.9) and they were likely to
continue doing it after completion of the study (6.6+2.1). On average, they reported low
scores for whether they found this behavior to be frustrating (2.4+1.6), anxiety provoking
(3.1£1.8), or made them feel self-conscious (3.2+2.0).
V.E. Discussion

We found that a lower intensity intervention that included daily self-weighing,
emailed tailored feedback and skills training with no regular face-to face-contact produced
clinically significant weight losses of 13.6 lbs. on average, as well as reductions in caloric
intake. Including an objective measure of self-weighing allowed for a robust assessment of
self-weighing frequency and a greater understanding of the feasibility of daily self-weighing.
Participants adhered to the daily self-weighing prescription and reported positive responses,

indicating that daily weighing is a behavior that will likely continue to be used for self-
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monitoring. Other studies that included daily weighing for weight control have found similar
positive responses.””'

Previous weight loss trials that included daily self-weighing have found similar
effects as this study. Gokee-LaRose and colleagues examined the impact of an intensive
behavioral self-regulation program that included daily self-weighing, weekly group sessions
with a trained weight loss counselor, and instruction to self-monitor diet and physical activity
behaviors. This group lost on average 14.4+12.1 Ibs. after 20 weeks.” However, the intensive
nature of this intervention may have overshadowed the effect of daily weighing, given that it
included detailed self-monitoring of diet and physical activity behaviors and frequent face-to-
face interactions. Our study found similar weight losses but included a less intensive
approach that focused on daily weighing.

The ‘Weight By Day’ trial examined the impact of a weight loss intervention that
included telephone-based counseling with a home-based weight tele-monitoring system that
was used to provide individualized feedback regarding progress during counseling calls
compared to a delayed start control group. Participants were encouraged to weigh daily, as
well as self-monitor diet and physical activity behaviors. They found that intervention
participants lost on average 7.5+1.3 lbs. after 6 months. Although similar to our study with
its focus on daily weighing, they found smaller weight losses and had poorer adherence to
daily self-weighing. Participants self-weighed only 50% of possible days over the 6-month
period, which equates to each participant weighing approximately 3 days per week on
average. We consistently reinforced daily weighing for self-regulation of behaviors, which
resulted in 80% of participants in our study weighing at least 6 days per week and 96%

weighing at least 5 days per week. Given this strong adherence, our findings provide a better
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evaluation of the efficacy of a daily self-weighing intervention on weight loss.

Despite the low-intensive nature of this program, almost half of the participants in the
intervention group achieved the 5% weight loss threshold that is associated with positive
changes in risk factors for chronic disease. The percent that achieved 5% is comparable to

38,43

larger gold-standard clinical trials, and the average weight losses achieved are similar to

more intensive interventions that included online counseling and detailed self-monitoring.”’’
However, the main difference is that our study was able to achieve these levels with no
regular face-to-face interaction, only group tailored feedback via email, and no requirement
for detailed self-monitoring of diet and physical activity behaviors. This approach, with its
focus on self-regulation via daily weighing, may be more sustainable outside the research
setting and more easily disseminated than higher intensity interventions.

Because the study did not isolate the effect of daily weighing, it is not possible to
determine the direct impact of this behavior on weight loss. Previous studies found little or
no effects for daily weighing in the absence of feedback or skills trailing on how to utilize the

scale as a tool for self-regulation.®*'*

These findings suggest that feedback around daily
weighing is necessary for this strategy to be most effective and the results achieved in this
study are likely a result of daily weighing in combination with the other components. Future
studies using dismantling designs are warranted to obtain a better understanding of the
isolated effect of daily weighing and whether individuals can benefit from daily self-
weighing alone, independent of feedback or skills training.

Strengths and Limitations

The use of a randomized-controlled design allowed us to examine the impact on

weight loss among individuals who were instructed to daily weigh, while previous post hoc
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analyses examined the impact of this behavior among those that chose to daily self-weigh.
The strong retention rate, inclusion of blinded evaluation staff, and use of intent-to-treat
analyses strengthens our understanding of the effectiveness and feasibility of the
intervention. Our study sample was highly educated and included only 25% minority and
males, which limits generalizability of the results to other populations. Additional studies are
necessary looking at more diverse samples, including those in various socioeconomic
positions. Although we assessed weight loss maintenance at 3-months post intervention and
found promising results for continued weight loss, future studies should examine whether
these effects would be maintained over the long term.
V.F. Conclusions

Given the large percentage of Americans that are overweight or obese, there is a need
to test the efficacy of weight loss interventions with high potential for sustainability and
dissemination. This is important as a recent report from the U.S. Preventive Services Task
Force indicates that lower-intensity interventions with limited face-to-face contact are not as
effective as more intensive interventions.'®' In contrast to those findings, we found that an
approach that included daily weighing along with tailored feedback and skills training can be
effective for producing clinically meaningful weight loss. Our results further establish that

daily self-weighing is an effective behavioral weight control strategy
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Assessed for eligibility (n=326)
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34 medical issues

2 planning to be o
1 age >60

55 BMI >40 or <25
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5 participated in other related studies
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64 eligible, but did not respond, were no longer
interested. or were unable to participate
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l

A 4
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(n=47)

A 4
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Figure 7: Study enrollment and retention diagram (CONSORT)
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Table 3: WEIGH Study baseline characteristics by study group (n=91)

Control Intervention P-
value

i = I _
Age 144.7 (= 10.6) 143.0 (£ 11.4) 0.45 |
‘Gender H H H0.31 ‘
| Male 9 1) 14 30) | |
| Female 135 (80) 133 (70) | |
‘Race/ethnicity H H H0.76 ‘
| Black 18 (18) 6 (13) | |
| White 131 (71) 136 (77) | |
| Other 5 (11) 5 (10) ]
‘Marital status ‘ ‘ H ‘ ‘ ‘
| Not married 117 39) 119 40) 0.86 |
| Married 127 (61) 28 (60) | |
‘Education H H H ‘
High School, Vocational Training, |9 (21) 11 (23) 0.73

or Partial College

College Graduate or Greater 35 (80) 36 (77)

Weight (kg) 86.1 (+ 13.4) 94.5 (£ 15.8) .008
BMI (kg/m’) 31.05 (+3.13) 33.18 (+4.03) .006
‘Self-weighing Frequency H H HO 12 ‘
Daily 11 (25) 5 (10.6)
| Several Times/Week 112 27) 19 20) | |
| One time/week 13 I8 (17) ]
| Less than one time/week |18 (41) 24 (52) | |
Self-monitoring Frequency of

Diet and Physical Activity

Behaviors
[Die H | .
| Less than Half the Time 21 48) 28 (60) 257 |
‘Physical Activity H H H ‘
| Less than Half the Time 137 (84) 139 (83) .886 |
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Table 4: Average caloric intake and expenditure by study group

P-value
Assessment Period Time Group x Time
Interaction

Outcome BL (n=91) 3mo (n=82) 6mo (n=88) 3mo vs. 6mo vs. Group BL BL to
Variable and BL BL to 3mo 6mo
Group
Caloric Intake

Intervention 2014 (1808, 2220) 1719 (1510, 1929) 1509 (1293, 1725) .018 <.001 .086 .003 .006

Control 1931 (1718, 2145) 2101 (1885, 2318) 1856 (1639, 2072) .369 1.00
Caloric
Expenditure

Intervention 832 (536, 1128) 1070 (769, 1371) 1068 (768, 1369)  .052 523 702 155 178

Control 759 (453, 1065) 933 (627, 1239) 737 (427, 1048) 1.00 1.00

1 Intention-to-treat, linear mixed models analysis with maximum likelihood estimation. Statistically significant p-values are shown in bold.
2 All values are means, 95% Cls in parentheses.
3 P-values for Caloric Expenditure are based on the natural log transformed variable. Raw means are presented.

4 Abbreviations: BL = baseline; 3mo = 3 months; 6mo = 6 months




CHAPTER VI

DAILY SELF-WEIGHING DOES NOT CAUSE ADVERSE PSYCHOLOGICAL
OUTCOMES AMONG OVERWEIGHT ADULTS LOOKING TO LOSE WEIGHT:
RESULTS FROM A RANDOMIZED CONTROLLED TRIAL

VIL.A. Overview

Despite evidence that daily weighing is effective for weight control, concerns remain
regarding the potential for negative psychological consequences. The purpose of this analysis
was to examine the impact of a 6-month daily self-weighing weight loss intervention on
relevant psychological constructs. Ninety-one overweight and obese adults were randomly
assigned to a daily self-weighing intervention group or a delayed intervention control group.
Psychological outcomes were assessed at baseline, 3, and 6 months.

There were no significant differences between groups in depressive symptoms,
anorectic cognitions, disinhibition, susceptibility to hunger, and binge eating. At 6 months,
there was a significant group by time interaction for both body dissatisfaction (p=.007) and
dietary restraint (p<.001) with the intervention group reporting lower body dissatisfaction
and greater dietary restraint compared to the control group. Results indicate that a daily self-
weighing weight loss intervention does not cause adverse psychological outcomes. This
confirms that daily weighing is an effective and safe weight control strategy among

overweight adults.



VIL.B. Introduction

The high prevalence of overweight or obesity' indicates the need for effective and
sustainable weight control strategies. One such strategy that has been shown to be associated
with weight loss success is self-monitoring of body weight.” Based on self-regulation theory,
self-weighing provides feedback on how eating and exercise behaviors are affecting weight
and allows for adjustments to these behaviors to regulate body weight.'> More frequent
weighing may allow for better attributions between changes in body weight and specific
behaviors because of the proximal nature of the feedback.” Accordingly, evidence indicates
that daily weighing is more effective for weight loss compared to less frequent weighing.**
Despite this effectiveness, there remains concern regarding potential adverse psychological
outcomes as a result of this behavior.® A small study found, among normal weight, non-
treatment seeking college females who were instructed to weigh daily for two weeks, poorer
outcomes on mood and self-esteem compared to a control group who did not self-weigh.®’
However, these results are not necessarily applicable to a population of overweight and obese
adults looking to lose weight, who would use daily weighing as a self-monitoring tool for
long-term weight management.

O’Neil and Brown conducted a review of the evidence behind the claims that frequent
self-weighing can lead to negative outcomes and found that there is limited evidence
indicating, among obese and overweight individuals looking to lose weight, that self-
weighing causes negative mood or body dissatisfaction.”* Furthermore, there is limited
evidence, that negative psychological states lead to poorer weight loss outcomes.”” Despite
showing no adverse outcomes, there are several limitations to the existing literature

examining daily self-weighing and psychological outcomes within weight control
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. . . 60,74
interventions. Most studies were conducted post hoc™

and, therefore, prone to selection
biases that make it difficult to test causal hypotheses. Because there might be differences in
individuals who choose to weigh daily compared to those who choose to self-weigh less
often, conclusions about the absence of negative outcomes from daily self-weighing are
compromised. Furthermore, there are limitations to conclusions from the few experimental
studies for weight control that included daily weighing as an intervention component,
because most were intensive, face-to-face, multi-component interventions that might mitigate
any negative effects of daily weighing on psychological outcomes.>”

The purpose of this study was to utilize an experimental design to examine the impact
on relevant psychological outcomes of a 6-month, low-intently weight loss intervention
delivered via email that instructed overweight and obese adults to daily weigh using an e-
scale that transmitted weights via the cellular network. The intervention focused on utilizing
daily weighing for self-regulation of diet and physical activity behaviors, and, as reported
elsewhere,'** was found to be effective for weight loss. Our current analysis adds to the
literature by providing a multidimensional view of the potential psychological costs of daily
weighing using a randomized controlled design. We hypothesized that, at both 3 and 6
months, individuals in the daily self-weighing intervention group would report no differences
in psychological outcomes compared to a delayed-intervention control group. We further
hypothesized a positive relation between weight loss and psychological outcomes among

intervention participants.
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VI.C. Methods
Participant enrollment and retention

All participants were required to have access to the Internet in order to allow for
weight tracking, be without any medical conditions that might affect participation, with no
recent weight loss or plans to move out of the area. Regarding mental health, participants
were excluded if they had been hospitalized for depression within the past year, had been
diagnosed with bipolar disease or schizophrenia, or had a history of, or were currently
receiving treatment for an eating disorder.

Participants were recruited predominantly through an advertisement on a university
listserv and were screened for eligibility via online and telephone screeners. Participants
(n=91) were then randomized to one of two treatment groups: a daily self-weighing
intervention group (n=47) or a delayed intervention control group (n=44). All self-report
measures were administered at baseline, 3, and 6 months via the Internet. One questionnaire
(CESD) was administered in- person to reduce the potential for reactivity. Data were
collected between February 2011 and August 2011 in Chapel Hill, NC. The University of
North Carolina at Chapel Hill Institutional Review Board approved and monitored the study.
Study design and intervention description

The intervention consisted of daily weighing using a cellular-connected smart scale,
weekly tailored feedback on self-weighing frequency and weight loss, and weekly emailed
lessons on behavioral weight control. Participants were instructed to weigh daily and use the
information from the scale to make adjustments to diet and physical activity behaviors to
produce weight loss. All intervention materials reinforced daily self-weighing and

encouraged participants to make connections between their diet and physical activity
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behaviors and the number on the scale. The smart scale sent participant weights to a website
for individualized weight graphs and provided self-weighing and weight loss data on each
participant in a separate researcher interface that was used to provide tailored feedback. This
feedback was delivered weekly to participants via email along with strategies for making
changes to diet and physical activity behaviors.

The delayed intervention control group was also provided with smart scales for
evaluation purposes only and instructed to maintain their current self-weighing habits.
Control group participants received no intervention during the study period and were blinded
to the focus on daily weighing.

Measures

The following variables were selected to assess both cognitive and behavioral
outcomes: depressive symptoms, body satisfaction, anorectic cognitions, binge eating,
dietary restraint, disinhibition, and susceptibility to hunger.

Body Satisfaction

Body satisfaction was measured using the 16-item Body Shape Questionnaire (BSQ-
16). The BSQ-16 is a measure of attitudes regarding causes and consequences of body shape
concern and body dissatisfaction, and has been shown to have high internal consistency
(0=.93-.96) and be correlated with other measures of disordered eating attitudes.'”
Participants were asked a variety of questions regarding feelings about their appearance over
the past 4 weeks with 6 response options ranging from always to never (e.g., Have you been
so worried about your shape that you have been feeling you ought to diet?). Total scores
were calculated and participants missing greater than 1 item were excluded (3 months: n=9; 6

months: n=3).

70



Depressive Symptoms

Depressive symptoms were measured using the 20-item Center for Epidemiologic
Studies Depression Scale (CESD). This questionnaire has been shown to be a reliable (0=.85)

and valid measure of depressive symptoms in the general population.'®*'%’

Participants were
asked how often they felt a certain way over the past week with 4 response options ranging
from rarely to all the time (e.g., I was bothered by things that usually don’t bother me). Total
scores ranged from O to 60. Higher scores indicate greater propensity towards depressive
symptoms and scores >16 tend to be indicative of depression.'® Participants missing one or

more items were excluded from the analysis (3 months: n=2; 6 months: n=4).

Disordered Eating Cognitions and Behaviors

Disordered eating cognitions, patterns, and behaviors were assessed using the
following measures. A 12-item, brief version of the Mizes Anorectic Cognitions
Questionnaire (BMAC-Q) was used to assess dysfunctional cognitions related to fear of
weight gain, self-control as the basis of self-esteem, and weight and eating behavior as the
basis of approval. These cognitions have been shown to be associated with the onset of

eating disorders and disordered eating.'”’

Participants were asked to rate their beliefs and
attitudes about eating and weight with 5 responses options ranging from strongly agree to
strongly disagree (e.g., If my weight goes up, my self-esteem goes down). The BMAC-Q has
been shown to be a reliable measure of eating disorder cognitions among non-clinical
populations (a=.81) and higher scores are associated with more dysfunctional cognitions.'”®
Total scores were calculated participants missing more than one item were excluded (3

months: n=9; 6 months: n=3).

The Questionnaire for Eating and Weight Patterns Revised (QEWP-R) was
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administered to collect data about binge eating behaviors. This questionnaire has been shown
to be a moderately reliable diagnostic tool (k =.58) for binge eating disorder and can
differentiate between clinical and non-clinical symptomatology.'®''° The QEWP-R also
assessed compensatory behaviors associated with binge eating, including vomiting, use of
laxative, fasting, and excessive exercise; we were unable, however, to assess impact on these
behaviors because only a small number of participants (n=7) reporting engaging in any of the
behaviors at any time throughout the study. Therefore, we examined differences between
groups on the likelihood of reporting any binge eating behavior within the past 6 months
(e.g., During the past six months, did you often eat within any two-hour period what most
people would regard as an unusually large amount of food?). Participants missing a response
to this question were excluded from the analysis (3 months: n=9; 6 months: n=3).

Dietary Restraint, Disinhibition, and Hunger

The 51-item Three-Factor Eating Questionnaire (TFE-Q) was used to measure
cognitive dietary restraint (the degree to which individuals restrain from eating in order to
lose or maintain weight), disinhibition (the degree to which individuals feel loss of control
with eating) and susceptibility to hunger.''! Participants were asked whether they agreed or
not with a variety of statements assessing these constructs (e.g., When I smell a sizzling steak
or see a juicy piece of meat, I find it difficult to keep from eating, even if I have just finished a
meal). The TFE-Q has been shown to be a reliable measure among dieters (0=.79-.84) and all
three dimensions have been shown to be associated with weight changes, such that higher
restraint, lower disinhibition, and lower susceptibility to hunger are associated with greater
weight loss.''! Total scores for each of the constructs were calculated and greater scores are

associated with higher levels of that specific construct. Participants missing more than one
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item were excluded from analysis (3 months: n=9; 6 months: n=3).
Statistical Analysis

Chi-square tests and one-way ANOV As were conducted to compare differences in
baseline characteristics. Intent-to-treat analyses using linear mixed models with random
intercept and maximum likelihood estimates were conducted to examine the effect of
treatment on continuous outcomes between and within groups over time. Separate models for
each of the outcomes examined the effects of group, time, and the group by time interaction
for both time points. All participants were included in the analyses with the assumption that
any missing values were missing at random. Bonferroni corrections were included to account
for multiple time point comparisons. Any differences in baseline characteristics were
controlled for by inclusion as a covariate in the model. Transformations were conducted for
variables that did not meet the assumptions of normality. CESD score was the only variable
that required a transformation. Raw means are presented with statistical tests performed
using the transformed data. Generalized estimating equations were used to look at differences
by treatment group over time in dichotomous outcomes and Fisher’s exact chi-square tests
were used to examine differences between groups in attrition. Analyses were conducted
using SPSS for Mac (Version 19, Chicago, IL). A cut-off value of alpha <0.05 was used to
assess statistical significance.
VL.D. Results

Table 5 highlights the baseline characteristics across study groups. Participants were
on average 44+11 years old, obese (BMI: 32.15+ 3.8kg/m®), predominantly female (75%),
White (74%), and college-educated (78%) with no history of depression/anxiety (88%) or

tobacco use (90%). Baseline characteristics did not differ between groups on any variable
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with the exception of baseline body mass index (BMI), with the intervention group having
higher average baseline BMI.

Ninety-eight percent of participants completed the data collection visits that included
in-clinic weights and completion of one paper questionnaire (CESD). Web-based
questionnaires were completed by 90% of participants at 3 months and 97% at 6 months with
no statistically significant differences between groups (3 months: p=.49; 6 months: p=.24).
Main results have been published elsewhere,'** but briefly, 80 % of intervention participants
weighed on average at least 6 days per week and 96% weighed at least 5 days per week. At 6
months, the intervention group lost significantly more weight [Mean (95%CI): -14.06 Ibs. (-
17.3,-10.8) vs. -0.62 1bs. (-4.0, 2.8); group x time interaction: p<.001] and saw a greater
reduction in BMI [Mean (95%CI): -2.16 kg/m* (-2.65, -1.67) vs. -0.09 kg/m® (-0.6, 0.4);
group x time interaction: p<.001] compared to the control group.

Table 6 presents the means and standard errors for each of the measures for both
groups over time, examining changes within each group and across groups over time using a
group x time interaction. There were no significant group by time interactions at either time
point for measures of depressive symptoms (3 months: p=.79; 6 months: p=.51), anorectic
cognitions (3 months: p=.29; 6 months: p=.41), disinhibition (3 months: p=.23; 6 months:
p=-12, and susceptibility to hunger (3 months: p=.07; 6 months: p=.19). For body
dissatisfaction, there was a significant group by time interaction at 6 months (p=.007) and a
marginally significant interaction at 3 months (p=.052) with the intervention group reporting
lower scores at both time points. Similarly, at both 3 and 6 months, the intervention group
reported significantly greater restraint compared to the control group (group by time

interaction; p<.001 at both time points). At 3 months, there was a marginally significant
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group x time interaction for susceptibility to hunger (p=.07) with the intervention group

reporting lower susceptibility. Also observed was a significant decrease in disinhibition
among intervention group participants at 6 months compared to baseline (p=.001). There
were no significant changes within the control group.

Figure 10 shows the differences over time between groups with regard to the
percentage of participants who reported any binge eating within the past 6 months. Overall,
there was no significant group by time interaction (p=.15), although there was a trend
towards a greater proportion of the control group reporting any binge eating within the past 6
months compared to the intervention group, with the difference almost reaching statistical
significance between baseline and 6 months. (p=.07).

Sensitivity analyses were conducted within the intervention group to examine
differences in psychological outcomes between intervention participants who lost weight
compared to those who did not. Meaningful weight loss was defined as at least 3% of initial
body weight, as previous papers have suggested that weight changes below 3% are indicative

12 Intervention

of weight maintenance and may represent normal fluctuations in weight.
participants who lost at least 3% of their body weight (n=27) at 6 months had significantly
lower body dissatisfaction (p=.019) and depressive symptoms (p=.01), and higher levels of
dietary restraint (p=.003) compared to those who did not (n=20). Intervention participants
who did not lose at least 3% reported no significant changes in body satisfaction or
depressive symptoms over the 6-month period, suggesting that they were no worse off
because of daily weighing despite showing no or low weight loss. Despite small or no

weight change, intervention participants who did not lose 3% still reported a significant

increase in dietary restraint between baseline and 6 months (p=.036).
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VIL.E. Discussion

These results indicate that a weight loss intervention that focused on daily self-
weighing did not cause adverse psychological outcomes among overweight and obese adults.
There were no significant differences between the intervention and control groups with
regard to depressive symptoms, anorectic cognitions, disinhibition, and perceived
susceptibility to hunger. However, intervention participants demonstrated greater
improvements in body satisfaction and cognitions related to eating behaviors as compared to
control participants. Moreover, there was a trend towards less binge eating among
intervention participants as compared to control participants. These results add to the
evidence base indicating that a self-regulation program that focuses on daily weighing can be
effective for weight loss without concern for negative psychological consequences. The
contribution of the findings is enhanced by the experimental study design.

Our findings of adverse psychological effects are consistent with previous research
examining daily self-weighing and psychological outcomes. Using a cross-sectional design,
Linde and colleagues found no association between depression and self-weighing, suggesting
the effect of depression status does not vary by self-weighing frequency.”* Similarly, Welsh
and colleagues found no association between self-weighing frequency and body
dissatisfaction.®” The results of a self-regulation program that included daily weighing for
weight loss among young adults indicated no increased risk for development of eating
disorders, negative body image, or mood disorders.” Among participants enrolled in a self-
regulation program for weight loss maintenance that focused on daily weighing, those who
weighed daily were less likely to report binge-eating episodes compared to those who

weighed less often.”
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There are three important distinctions to note between our study and previous evidence
concerning adverse outcomes associated with self-weighing. First, our intervention focused
on daily self-weighing as an on-going self-monitoring tool to help self-regulate behaviors for
weight loss. The intervention emphasized resisting the tendency to place judgment on the
self as a reaction to the number on the scale. Rather, we emphasized the utility of the scale
for simply providing information that could be useful to gauge progress in regulating eating
and exercise behaviors when trying to lose weight. Participants were instructed to become
aware of fluctuations in weight and attribute changes to specific eating and exercise
behaviors.

Second, in contrast to previous studies, participants were instructed to weigh
themselves daily. This minimizes potential selection biases, as previous post hoc analyses
relied on recall of self-weighing frequency and examined effects among those who chose to
weigh daily compared to those who chose to weigh less frequently. Lastly, given that almost
all of the intervention participants weighed at least five days per week, this study provided
the opportunity to examine whether more frequent self-weighing is associated with adverse
outcomes. We found no negative consequences and some improvements, indicating that daily
self-weighing is not harmful, but rather can be helpful for weight loss when used as a part of
an intervention.

Refuting previous claims that self-weighing may lead to poorer body image,® we found
that body satisfaction improved as a result of the intervention. Given that previous evidence

links weight loss and body satisfaction,'"?

the likely mechanism explaining this finding is that
self-regulation via daily weighing led to greater weight loss, which improved body

satisfaction. Indeed, we found that intervention participants who lost weight saw
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improvement in body satisfaction compared to those who did not lose weight, further
supporting this proposed mechanism. Importantly, among those who did not lose weight,
daily weighing did not lead to increased body dissatisfaction.*’

With regard to dietary cognitions, we found that cognitive restraint increased as a
result of the intervention, with a trend towards a decrease in disinhibition and susceptibility
to hunger over time. Similar results were found within a weight loss maintenance trial,””
suggesting that weight loss and weight loss maintenance interventions that focus on daily
weighing via greater self-regulation can produce positive changes in these constructs.
Previous evidence indicates that increases in restraint and decreases in disinhibition and
susceptibility to hunger are associated with weight loss success.''* These results are expected
given that most treatments for obesity are designed to produce such changes.'"” Our program
was no exception as we provided skills training on topics such as stimulus control, problem
solving, and portion control, and the intervention also encouraged participants to find
individualized ways to decrease caloric intake using the scale to gauge whether any
behavioral changes were effective for weight loss. Lastly, we found that there was a trend
toward the intervention group reporting less binge eating. This finding is consistent with the
weight loss maintenance evidence looking at this association’ and suggests that a daily self-
weighing intervention for weight loss does not promote binge eating.

Because daily self-weighing was not isolated in our intervention design, we cannot
determine whether the effects seen were related to daily self-weighing or the other
components within the intervention. However, daily weighing was the main focus of the
intervention and all feedback and lessons reinforced this behavior for self-regulation. Future

studies should examine the impact of this behavior alone on psychological outcomes. All
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psychological outcomes were measured via self-report, which may introduce recall bias.
Furthermore, this study examined whether this behavior is potentially harmful among a
healthy overweight population with low levels of depression at baseline and no history of
eating disorders. Therefore, the results we found are not generalizable to other populations
that might be more predisposed to reporting adverse psychological outcomes.
VLF. Conclusions

We found that an intervention that focused on daily self-weighing was effective for
weight loss among overweight and obese adults and did not lead to negative psychological
outcomes. Rather, this program was associated with improvements in body satisfaction and
cognitions related to eating behavior. This indicates that daily self-weighing can be
recommended as part of weight loss program without concerns for increases in depressive

symptoms and disordered eating and cognitions.
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Table 5: Baseline characteristics by study group for aim 3 (n=91)

Control Intervention P-

(n=44) (n=47) value
Age 44.7 (£ 10.6) 43.0 (£ 11.4) 0.45
Gender 0.31
Male 9(21) 14 (30)
Female 35 (80) 33 (70)
Race/ethnicity 0.76
Black 8 (18) 6 (13)
White 31 (71) 36 (77)
Other 5(1) 5(10)
College Degree 35 (80) 36 (77) 0.73
BMI (kg/m?) 31.05 (x 3.13) 33.18 (£ 4.03) 0.006
Self-weighing Frequency 0.12
Daily 11 (25) 5 (10.6)
Several Times/Week 12 (27) 9 (20)
One time/week 3(7) 8 (17)
Less than one time/week 18 (41) 24 (52)
History of Depression or 4 (9) 7 (15) 0.53
Anxiety
Any Tobacco Use 7 (16) 2(4) 0.08

? Data are M (£SD) or n (%) unless otherwise indicated
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Table 6: Average scores on psychological measures by study group and across time using linear mixed modeling

P-value
Assessment Period Time Group x Time
Interaction
Outcome Variable and Group  Baseline (BL) 3 months 6 months 3mo 6mo Group BL BL to
(N=91) (N=82) (N=88) vs. BL vs. BL to 3mo 6mo
Depressive Symptoms
Intervention 7.9 (1.3) 8.0(1.3) 8.5(1.3) 1.00 1.00 .359 .859 228
Control 8.6 (1.3) 9.1(1.3) 10.2 (1.3) 1.00 .561
Anorectic Cognitions
Intervention 32.9(1.0) 32.5(1.0) 31.7 (1.0) 1.00 .249 794 293 406
Control 31.9(1.0) 32.6 (1.1) 31.5(1.0) 1.00 1.00
Body Dissatisfaction
Intervention 109.7 (4.7) 100.5 (4.8) 98.9 (4.8) 036 .008 490 .052 007
Control 106.2 (4.9) 107.1 (4.9) 109.1 (4.9) 1.00 1.00
Dietary Restraint
Intervention 9.3 (0.59) 12.9 (0.60) 13.4 (0.60) <.001 <.001 004 <.001 <.001
Control 9.3 (0.60) 9.9 (0.62) 9.6 (0.61) 400 1.00
Disinhibition
Intervention 8.3 (0.44) 7.5 (0.45) 7.0 (0.45) .108 001 .966 225 119
Control 7.8 (0.45) 7.7 (0.46) 7.3 (0.46) 1.00 .503
Susceptibility to Hunger
Intervention 5.7(0.43) 5.2(0.45) 4.9 (0.44) .528 134 011 .065 192
Control 6.5 (0.44) 7.0 (0.45) 6.4 (0.45) .619 1.00

AA11 values are Means (SE).

bStatistically significant P-values are shown in bold.

¢ Depressive Symptoms: N=89 at 3 months and 87 at 6 months. P-values derived from the transformed variable with raw means and standard errors presented.
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CHAPTER VII

SUMMARY OF FINDINGS AND RECOMMENDATIONS FOR FUTURE
RESEARCH

VIL.A. Summary of Findings

Overall, the results of this dissertation indicate that daily self-weighing is an effective
and safe weight loss strategy among overweight and obese adults looking to lose weight.
This research further contributes to the literature by showing that a 6-month low-intensity
intervention that focuses on daily self-weighing without encouragement for detailed self-
monitoring of diet and physical activity behaviors can produce weight losses that are
comparable to that of more intensive interventions. Daily self-weighing is a simple, low-cost
and potentially more sustainable self-monitoring behavior that has high potential for
dissemination.

The information presented in this dissertation contributes to our understanding of the
effect of daily self-weighing on weight loss in 3 ways: (1) by examining the mechanisms
through which daily self-weighing leads to greater weight, (2) by comparing a low-intensity,
daily self-weighing intervention among overweight and obese adults to a delayed
intervention control group, and (3) by assessing the impact of the above intervention on
psychological outcomes. The following sections summarize results and provide comparisons
to the literature by specific aim, and discuss implications and future research

recommendations.



Aim One

The primary purpose of aim one, found in chapter four, was to investigate the
mechanisms linking daily self-weighing and weight loss. Previous evidence indicates an
association between daily weighing and weight loss™®’, however, few studies have examined

. . . . 63-65
its impact on eating and exercise behaviors

and to our knowledge, no studies have used
mediation analyses to examine the mechanisms through which daily weighing leads to
weight loss. Previous analyses examined the association between daily self-weighing and
weight and behavioral outcomes cross-sectionally, which makes it difficult to infer whether
daily weighing preceded behavioral changes for weight loss or if greater weight loss led to
more frequent weighing. This study used longitudinal data and mediation analysis to
examine this relationship, which allowed for more control over temporality and provided an
understanding of the causal pathway through which this daily weighing leads to weight loss.
Results from aim one, consistent with previous observational analyses,*® indicate
that daily weighing is associated with greater weight loss compared to less frequent
weighing. When exploring the mechanisms further, mediation analysis showed that daily
weighing led to greater engagement in eating and exercise behaviors, which in turn led to
greater weight loss at 6 months. At 12 months, only eating behaviors explained that
relationship. This suggests that daily weighing may allow for greater self-regulation with
regard to eating behaviors, such that individuals are able to make dietary changes each day
based on reinforcement from the scale to produce weight loss. Daily weighers may be more
consistent with adopting the strategies taught in weight loss interventions to change eating
behaviors known to produce a caloric deficit (e.g., snacking after dinner). It is not known,
however, whether adoption and consistent engagement in daily weighing precedes or is

occurring concurrently with other behaviors, specifically the eating and exercise behaviors

84



measured in this analysis

These findings have implications for future research regarding recommendations for
self-weighing frequency and the use of mediation analysis. Previous studies that examined
the association between self-weighing frequency and weight loss found that a dose-response
pattern was present with daily weighing being associated with greater weight loss compared
to weekly weighing or monthly weighing.**° Given the measure of self-weighing that was
used in the analysis, it is not known whether those who reported less frequent weighing were
weighing three times per week, weekly, monthly, or less often. The findings do indicate,
however, that more consistent adoption of behavioral weight control strategies and greater
weight losses were seen among those who reported doing this behavior more consistently.

Similar to the previous evidence, this aim examined the association between self-
weighing and weight loss post hoc. There may be differences in those who choose to daily
weigh compared to those that weigh less frequently that cannot be controlled for in this type
of analysis. Although mediation analysis was used, the certainty of the temporality would be
best understood if daily weighing was tested using an experimental design, as was conducted
in aim 2 of this dissertation. Mediation analysis within intervention research provides a
unique opportunity to examine causal pathways given the longitudinal nature of the data.
However, it is not utilized often enough, particularly when examining both theoretical and
behavioral processes.''® This type of analysis will help better explain the mechanism through
which the treatment or intervention components impact outcomes. Constructs from the
theoretical frameworks guiding this dissertation were not examined in this analysis, but
future research should examine the additional contributions of self-efficacy and motivation as

potential mediators between daily weighing and weight loss.
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Aim Two

Main Findings

The second aim, found in chapter five, examined the impact of a low-intensity, daily
self-weighing intervention compared to a delayed intervention control group on weight loss
at 6 months. The purpose of aim two was to investigate the effect of daily weighing using an
experimental design, and to test a low-intensity intervention that focused on daily weighing,
but did not encourage self-monitoring of diet and physical activity behaviors or include any
face-to-face contact.

The intervention was effective for weight loss among overweight and obese adults
looking to lose weight, with the intervention group losing on average 6.5% of initial body
weight after 6 months. Similarly, almost half of the intervention participants achieved a
weight loss threshold (>5%) that is associated with beneficial changes to risk factors for
chronic disease. The control group saw no appreciable changes in weight (-0.35%) after 6
months. On average, the intervention group weighed 6 days per week, while the control
group only weighed 1 day per week, indicating strong adherence to daily weighing within the
intervention group. Interestingly, the control group, with no instruction for a specific self-
weighing frequency, weighed on average weekly. In addition to changes in weight, the
intervention group also consumed significantly fewer calories compared to the control group,
and there was a trend towards an increase in physical activity at 3 months among intervention
participants, although this did not reach statistical significance. These results are consistent
with our findings in aim 1, which indicate that daily weighing is associated with greater
weight loss likely via greater caloric deficits through changes to eating behaviors compared
to less frequent weighing. The weight losses seen in this intervention are comparable to the

results from more intensive interventions that did not focus on daily self-weighing, but
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included greater feedback and detailed self-monitoring and were either delivered face-to-face
or over the Internet.”®**"° This indicates that this type of approach may be just as effective,
but maintains a higher potential for dissemination.
Potential Mechanisms

The possible mechanisms explaining these results are worth exploring. The focus on
daily weighing for self-regulation likely contributed to the strong weight losses, as
intervention participants were taught to become aware of typical day-to-day fluctuations in
weight, and make attributions between changes in weight and eating and exercise behaviors,
which was then used to make changes for weight loss. For example, participants may have
observed that consumption of foods high in sodium leads to weight gain. This habituation to
fluctuations may have limited reactivity to the scale and increased self-regulation, as
participants became more aware of how behaviors impacted weight. Based on the theoretical
frameworks informing this intervention, the scale provided reinforcement as to whether
behavioral changes led to the expected weight loss. Participants received positive
reinforcement for behaviors that were associated with weight loss and a lack of
reinforcement for behaviors that led to weight gain. Such reinforcement might not be as
apparent with detailed self-monitoring of diet and physical activity behaviors as these
measures are less objective and underreporting is common, particularly among overweight
and obese adults.'"” Similar effectiveness of daily weighing was found within a weight loss
maintenance intervention that was informed by self-regulation theory and included feedback
and skills training.®* These findings, in conjunction with those of the WEIGH study, indicate
that daily weighing is an effective self-regulation tool for both weight loss and weight loss

maintenance. However, future research will be required to disentangle the benefits of daily
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weighing alone without any companion skills training and feedback.

Previous experimental trials examining daily self-weighing for weight loss were
conducted under intensive conditions, which included additional self-monitoring components
and face-to-face contact or telephone counseling. These interventions were shown to be
effective,”® but that effectiveness may have been a result of self-monitoring of diet and
physical activity behaviors. It is not known whether these interventions emphasized daily
weighing for self-regulation as was conducted in this dissertation. Although our results are
compelling regarding the efficacy of daily weighing in a lower intensity intervention focused
on self-regulation, the benefit of daily weighing independent of other components has not
been thoroughly examined.

A study by Linde and Jeffery examined the effectiveness of a fully self-directed
approach that included daily weighing, self-monitoring of concrete goals (e.g., pedometer
use, exercise bouts, dietary activities), and limited skills training on behavioral weight
control. They found that participants weighed on average 5.3 days per week, indicating
moderately high adherence to daily weighing. Daily weighing was also well received, but no
significant or appreciable weight loss was achieved as a result of this intervention. '
Furthermore, adherence to self-monitoring of other behaviors was poor (50% adherence
rate), which further indicates that self-monitoring of diet and physical activity, even in a
limited form, is not sustainable. Given the inclusion of daily weighing and the results
achieved in this dissertation, as well as previous evidence suggesting that a self-directed
approach can be effective,*® some weight loss would have been expected. In contrast to the
findings from this dissertation, potential explanations for the lack of findings may be due to

less focus on daily weighing for self-regulation or not enough feedback or accountability.
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The effect of accountability from the smart scales in the WEIGH study was not
measured, but nonetheless, remained a part of the intervention. It is likely, however, that the
accountability the smart scales provided had a greater impact than we anticipated. It is not
known whether provision of simple bathroom scales would have produced similar results.
This type of accountability may be all that is required to achieve clinically meaningful weight
loss results, which is promising because typical face-to-face accountability can be costly and
burdensome for participants.

The smart scale also provided individualized feedback for each participant in the form
of a web-based weight loss graph. It was anticipated that the weight loss graph would provide
participants with feedback regarding weight loss progress over time, which would reinforce
helpful behaviors. As expected, within the intervention group, there was a significant
correlation between logins to the website and weight loss (r=-.59; p<.0001), however,
participants logged in weekly on average 8 out of the possible 24 weeks, indicating that this
feature was not frequently utilized. The smart scale also provided the data for the tailored
feedback via email on objective self-weighing and weight loss statistics. Specifically,
participants received feedback on their self-weighing frequency over the past week, weight
losses to date, and average weight loss over time. Although we cannot tease out the effect of
the tailored feedback in how the intervention was designed, previous studies that included
tailored feedback via email have shown to be effective for weight loss,” indicating that this
is an important feature.

A recent review of self-monitoring evidence for weight loss called for more
information about self-monitoring in general, specifically asking “for objective measures of

adherence to self-monitoring, and for studies that establish the required dose of self-
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. . 26
monitoring for successful outcomes.”

This dissertation responded to this by including
smart scales in both study groups, thereby obtaining an objective measurement of self-
weighing frequency. The scales used the cellular network to send weights to a researcher
interface. This feature provided a better understanding of adherence to daily weighing and
builds on previous evidence that relied on self-report measures. Self-report measures, in
general, may introduce recall bias and may not accurately reflect consistent behavior over a
given period of time. In contrast, the smart scales provided an accurate assessment of self-
weighing frequency that does not rely on recall and was collected in real-time.

The “Weigh by Day” study utilized an objective measure of self-weighing via a scale
that sent weights through a telephone line. The scale provided instant feedback to participants
on current, previous, and target weights and was used for customized feedback on weight
loss progress during biweekly telephone counseling calls.® However, results indicate poor
adherence to daily weighing (50% of possible days), and smaller weight losses than what was
found in this dissertation. Given that both the Weigh By Day and WEIGH studies provided
objective feedback, accountability, and skills training, the differences in both adherence and
weight loss are unclear. Potential explanations could be the strong focus on self-regulation
and the consistent reinforcement of daily weighing or the weekly email contact that was
included in this dissertation.

The objective assessment of self-weighing frequency in the WEIGH study showed
that 80% of participants weighed on average at least 6 days per week. This finding is
important because it indicates that participants were able to consistently adopt daily self-
weighing. Furthermore, adherence did not decline towards the end of an intervention, as has

been shown with self-monitoring of diet and physical activity behaviors. Burke and
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colleagues conducted an intervention that compared the use of personalized digital assistants
to paper diaries for self-monitoring and found a significant decline in self-monitoring
regardless of modality, with only one-third of participants continuing to use paper diaries at
the end of 6 months.”* Regarding perceptions about daily weighing, we found that daily
weighing was perceived as a positive and helpful behavior that was easy to remember and
easy to do. Participants did not report that they felt daily self-weighing was particularly
frustrating, anxiety provoking or negatively impacting their self-esteem. Other studies have
found similar positive responses to daily weighing, even in the absence of weight loss.””'?°
These positive responses are in contrast to previous evidence examining traditional self-
monitoring where participants report that it is difficult and labor intensive.”

Despite not encouraging self-monitoring of other behaviors, approximately one-third
of intervention participants reported keeping a diet record more than half the time at 6
months as compared to 17% in the control group. The amount of detail and consistency of
this self-monitoring is not known, as the measure to assess self-monitoring behaviors
included two items asking how often participants recorded or graphed their physical activity
or wrote down the type and quantity of food eaten. For the 30% that reported self-monitoring
other behaviors more than half the time, it is not known if the weight losses achieved are
attributed to daily weighing or other self-monitoring. Given the intervention design, it is not
possible to separate out the effects of self-monitoring of other behaviors and daily weighing.
This is worth further exploration in future research.

Regarding the most optimal dose of self-weighing for weight loss, it is interesting that
the study resulted in a natural daily vs. weekly comparison between groups, with greater

weight losses seen in the daily weighing group. This is consistent with previous observational

91



evidence indicating a dose response relationship between self-weighing frequency and
weight loss.*® Tt is not possible, however, to make any causal inferences regarding the
differences in daily vs. weekly weighing because of how the intervention was the designed,
as the control group did not receive the feedback or lessons. One study tested at an
experimental manipulation of self-weighing frequency to compare daily vs. weekly weighing
and found no significant differences between groups in weight loss after 10 weeks. The lack
of an effect by self-weighing frequency was likely because this was tested within a study that
included a standard behavioral weight control intervention in both groups. The intervention,
regardless of self-weighing frequency, may have been enough to produce weight loss and
therefore, any effect differences as a result of self-weighing would not be detected. This
intervention also included detailed self-monitoring of diet and physical activity behaviors,
which is already known to be effective.

In general, these proposed mechanisms are speculative, as we did not isolate daily
weighing from the other potential competing components. We did find that participants
continued to lose weight for 3 months after the intervention period was over (-0.92% +
3.32% between 6-9 months); during which time, the intervention group weighed on average
4-5 days per week, but received no feedback or lessons. This indicates that perhaps daily
weighing in the absence of other intervention components can be effective for weight loss.
More research examining this long-term is needed.

Regardless, the WEIGH study was found to be efficacious for producing clinically
significant weight loss at 6 months. What is promising about these results is that this type of
approach is potentially more sustainable and has greater potential for dissemination. The

sustainability of daily weighing long-term is not known, however, data indicate that daily
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weighing is associated with successful weight loss maintenance. The comparative

sustainability of daily weighing to other forms of monitoring is not known empirically,

99,100 while detailed self-

however, research does show positive responses to daily weighing,
monitoring is considered to be difficult and labor intensive.”> Examining differences in these
two self-monitoring behaviors is a top priority, as it will provide information as to whether

daily weighing is more or less effective compared to other forms of self-monitoring for

weight loss and weight loss maintenance.

Aim Three

Main Findings

The third aim, found in chapter six, sought to examine the effect of the daily self-
weighing intervention in aim two compared to controls on relevant psychological outcomes.
This is important as some skepticism remains regarding the potential negative consequences
of self-weighing in general.® The outcomes selected included depressive symptoms, anorectic
cognitions, body satisfaction, binge eating and other disordered eating behaviors, as well as
changes in cognitive dietary restraint, disinhibition, and perceived susceptibility to hunger.

Results from these analyses indicate that there were no differences between groups on
most of these outcomes. The exceptions included body satisfaction and dietary restraint; with
the intervention group reporting significantly lower body dissatisfaction, and greater
cognitive restraint with regard to dietary behaviors compared to the control group. There
was also a trend toward fewer binge eaters among the intervention group compared to the
control group, with this difference almost reaching statistical significance. Other positive
changes noted within the intervention group were related to disinhibition and susceptibility to

hunger at various time points within the intervention. No significant improvements over time
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were found within the control group.
Potential Mechanisms

Further exploration into these outcomes is necessary. Regarding the positive changes
in body satisfaction and dietary restraint seen within the intervention, additional analyses
showed that these outcomes were correlated with weight loss. These results were expected as
lower body dissatisfaction and higher restraint are consistently found with greater weight

113,114
loss.

The likely mechanism is that the intervention, which focused on daily weighing,
increased dietary restraint, which then led to weight loss. This weight loss, in turn, led to
greater body satisfaction. Standard behavioral weight loss interventions seek to produce
greater dietary restraint because is a known predictor of reducing caloric intake, which in
turn leads to greater weight loss.'”” Consistent with the strong weight losses seen in this
study, the intervention group reported lower caloric intake compared to controls.

While there were no group differences in the remaining psychological constructs and
average scores did not indicate any negative effects, it was possible that daily weighing
among those who lost weight was positive, but that daily weighing might be adverse among
those who did not lose weight. To explore this further, sensitivity analyses were conducted
within the intervention group to examine differences between those who lost at least 3% of
their initial body weight and those who did not. Results show, as expected, that body
satisfaction and restraint were higher among those who lost weight, however, what is
interesting is that improvements in depressive symptoms were also seen among intervention
participants that lost at least 3% of their body weight. Similar improvements in depressive

symptoms were seen in another weight loss intervention that included daily weighing.” What

is important is that there were no adverse changes in any of the psychological outcomes
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among intervention participants who weighed daily but did not lose weight. This indicates
that daily weighing in the absence of weight loss does not lead to poorer psychological
outcomes.

When examining daily weighing compared to less frequent weighing, previous
analyses showed no effect of self-weighing frequency on body dissatisfaction® or depressive

74,75
symptoms,

and no increased risk for development of eating disorders, negative body
image, or mood disorders.” Similarly, daily weighing was associated with decreases in
disinhibition and a reduced risk for binge eating.”” These findings are consistent with our
results; however, we were able to make these inferences using an experimental design where
individuals were instructed to daily weigh and examine whether daily weighing, in the
absence of weight loss, leads to adverse outcomes.

What is not known from this dissertation and previous research is the effect of daily
weighing on these psychological outcomes independent of other intervention components,
especially without on-going support or reinforcement. This intervention sought to habituate
participants to the scale and increase awareness about fluctuations and attributions between
behaviors and weight changes. This may contribute to the lack of adverse findings that we
found among daily weighers who did not lose weight. Future research examining the impact
of daily weighing alone on the potential for negative psychological outcomes is important.
Participants in the WEIGH study were overweight and obese adults seeking weight loss
treatment, so the impact of daily weighing cannot be generalized to normal weight adults
trying to prevent weight gain.

VILB. Implications of Findings

Based on self-regulation theory and social cognitive theory, self-monitoring is
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important for weight control, but sustainability of current self-monitoring strategies remains
difficult. What this research project sought to assess was whether daily weighing as a
simple, and potentially more sustainable, self-monitoring behavior could be effective for
weight loss. Research on daily weighing is timely as a recent review of the self-weighing
literature concluded that, “the evidence base does not support endorsement of a precise self-
weighing frequency and duration that has the most benefit for the most people.”” This
dissertation sought to help fill that gap by examining the impact of daily self-weighing with a
strong study design.

The results of aim one are compelling as they indicate that those who reported daily
weighing had greater changes in diet and physical activity behaviors compared those who
weighed less frequently. Our use of mediation analysis provided insight into the causal
relationship, which adds to the evidence base with stronger, more robust methods. Given the
results, future research should continue to examine the mechanisms linking self-regulation
behaviors and weight loss outcomes using this type of analysis. Aim 2 showed, using an
experimental design, that a low-intensity intervention that focused on daily weighing can be
effective for producing clinically meaningful weight loss. Giving varying recommendations
on self-weighing from researchers and practitioners’®, this study was important for further
solidifying the efficacy of daily self-weighing. More research is necessary to build on these
findings by examining the benefit of daily weighing alone, testing the differential effects of
daily vs. weekly weighing, and whether there is any additional benefit of daily weighing
compared to self-monitoring of diet and physical activity behaviors. Aim 3 found that
instructing participants to daily weigh did not lead to adverse psychological outcomes; rather

it improved body satisfaction and dietary restraint. These outcomes are important, as some
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have claimed that this behavior may be detrimental to psychological health.*® Given these
findings, practitioners and researchers can recommend daily weighing for weight loss among
overweight and obese adults without concern for psychological harm.

Given the high recidivism of weight gain post treatment,** it is important to test the
efficacy of weight loss interventions that are sustainable and have high potential for
dissemination. These results from this dissertation indicate that daily weighing is an effective
behavioral strategy for weight loss among overweight and obese adults that also leads to
improvements in behavioral outcomes and does not appear to cause psychological harm.
Daily self-weighing is a self-monitoring behavior that simply requires access to a scale and
is, therefore, a low-cost strategy that could have broad reach. Particularly at a population
level, the effect of daily self-weighing could have a beneficial impact on the prevalence of
obesity. This dissertation is just a starting point for future research looking at the impact of
this daily behavior on weight loss.

VII.C. Recommendations for Future Research

Although this dissertation sought to add to the literature by investigating the impact
of daily weighing using mediation analyses and an experimental study design, more research
is necessary to further understand the benefits of this simple self-monitoring behavior.
Future recommendations and research needs are outlined below.

Conducting mediation analysis in aim 1 improved on previous research that examined
the association between self-weighing and behavioral outcomes and allowed for an
understanding of the path through which daily weighing leads to greater weight loss as
compared to less frequent weighing. Future studies utilizing this analysis approach in

intervention research are necessary to examine the causal relationships between variables,
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and provide an understanding regarding behaviors that are most effective for weight control.
Additionally, future research examining theoretical mediators (e.g., self-efficacy, motivation)
is important to further explain the mechanisms between daily self-weighing and self-
regulation. The WEIGH study collected data on theoretical constructs, however, examining
the impact of daily weighing on psychological outcomes was deemed more important for this
dissertation to further indicate that this behavior is not harmful for overweight and obese
adults looking to lose weight. Future analyses will be conducted to examine the impact of
the intervention on self-efficacy for both eating and exercise behaviors and whether these
constructs act as potential mediators between treatment group and weight loss.

The strong weight losses found in both aims 1 and 2 were likely attributed to daily
self-weighing as a self-regulation tool. From this research and previous studies, however, the
effects of daily weighing cannot be separated from other intervention components. Future
research should utilize dismantling designs to isolate daily weighing in order to gain an
understanding of the benefits of daily weighing in the absence of other components. A
potential 3-group study design could include a group receiving the intervention, as described
in aim two, a group provided with the smart scale and instructed to daily weigh (with no
feedback or lessons) and a group provided with a standard bathroom scale and instructed to
daily weigh, which would control for the effects of the accountability that the smart scale
provides.

Based on self-regulation theory, seeing day-to-day changes in body weight may allow
for greater attribution between behaviors and weight, while weighing less frequently makes it
more difficult to connect behaviors and weight changes. As the theory indicates, this

dissertation found that daily weighing was effective for weight control compared to less
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frequent weighing. However, currently most practitioners and commercial weight control
programs (e.g., Weight Watchers) recommend no more than weekly weighing''® because
physiologically it should take a week to produce a true loss of one pound of body weight.
Given this, future studies should examine whether there is additional benefit to daily
weighing compared to weekly weighing by isolating that one variable and holding all other
components constant. Evaluating the effect of varying self-weighing frequencies would be
best understood if tested under low-intensity conditions, as to not overshadow the effect of
self-weighing frequency.

One of the arguments supporting this research project was that detailed self-
monitoring of diet and physical activity behaviors, although effective for weight loss, is not
sustainable. Daily monitoring has always been recommend for better self-awareness of how
behaviors impact weight.''"” This dissertation sought to provide insight into the impact of
daily weighing as an alternative to traditional self-monitoring strategies by testing a weight
loss intervention that focused solely on daily self-weighing and did not encourage self-
monitoring of diet and physical activity behaviors. Although there was a trend towards
greater self-monitoring among the intervention group compared to the control group, the
majority of participants in both groups reported self-monitoring these behaviors less than half
the time. This suggests that this intervention produced clinically significant weight loss in the
absence of intensive self-monitoring. This was not experimentally tested, however, and
future studies should examine the differential impact of varying levels of self-monitoring
intensity. A potential study design might include a group receiving the WEIGH intervention
compared to a group receiving the WEIGH intervention plus detailed self-monitoring of diet

and physical activity behaviors. This design would isolate the impact of self-monitoring and
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indicate whether there is any additional benefit for weight loss to including this behavior.

Although the feedback provided in the intervention was tailored, it was not labor
intensive, as it simply required an email to be physically sent by intervention staff. Future
studies could test the use of automated feedback to further streamline the process, thereby
limiting cost and increasing efficiency. Furthermore, although we did investigate
maintenance effects within the intervention by examining any changes in weight after 3-
months of no intervention, it is not known whether these results would be maintained long-
term. The efficacy of daily self-weighing on weight loss maintenance has been
established,*”** but future research should examine maintenance effects after receiving a
weight loss intervention that focused on daily self-weighing.

Lastly, the outcomes of this research show that a low-intensive intervention that
includes daily weighing can be effective for weight loss. Low intensity was defined as
minimal face-to-face contact, and no requirement for detailed self-monitoring. Researchers
should continue to examine this type of approach, as it is low-cost, has greater potential for
dissemination and is more self-directed, potentially increasing sustainability. The
intervention in aim 2 was conducted under controlled conditions in a research setting. Future
studies should examine the effect of this intervention in other settings (e.g., primary care),
which may offer an existing infrastructure for delivery of a self-regulation intervention that
includes daily weighing. Given that the program centered on remote weight monitoring,
Registered Dietitians or other health professionals in the primary care setting could
potentially deliver the emailed feedback, which would decrease the burden and reliance on
face-to-face contact to obtain an objective measure of weight. Evaluating the impact of a

lower-intensity approach in primary care settings could enhance dissemination potential,
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especially given the recent call for such programs by the U.S. Preventive Services Task

101
Force.

Finding ways to integrate this type of approach into this setting also has the
potential for greater reach and would be desirable given already limited resources.
Additionally, future research should test this intervention with more diverse populations;
particularly lower-income, minority populations, where obesity is highly prevalent.’
VII. D. Conclusions

In summary, obesity continues to be a challenging public health problem that is
associated with an increased risk for chronic disease. Testing effective and sustainable
strategies to enhance weight reduction would have strong public health implications. This
dissertation was innovative as it focused primarily on understanding the efficacy of daily
self-weighing, a simple self-monitoring behavior that has been shown to be associated with
better weight loss outcomes, but has never been rigorously tested using an experimental
study design under low-intensity conditions. This research sought to understand the effects of
this behavior with a better, more objective measurement of self-weighing and examine the
impact of daily weighing on psychological health.

Taken together, the results of the three aims within this dissertation suggest that daily
self-weighing is an effective weight loss strategy that leads to greater engagement in diet and
physical activity behaviors, as well clinically meaningful changes in body weight. This
behavior does not cause negative psychological outcomes among overweight and obese
adults looking to lose weight. Given these findings, this simple self-monitoring strategy
should be implemented on a large scale to increase weight loss success, which in turn could
have strong implications for the prevalence of obesity on a population level. This dissertation

presents compelling evidence regarding the efficacy and safety of this behavior among
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overweight and obese adults, and provides a solid foundation for future research to further

examine the benefits of daily self-weighing.
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APPENDIX 1: EATING BEHAVIOR INVENTORY

Directions: Check the number that best describes your behavior during the last 3 months.

Never | Some | About | Much | Always
or of the | half of | of the or
Hardly | time the time | almost
ever time always
A. T carefully watch the quantity of food that I eat. |:|1 ] 5 |:|3 ] n |:|5
B. I eat foods that I believe will aid me in losing weight. |:|1 ] 5 ] 3 ] 4 |:|5
C. Ikeep 1 or 2 raw vegetables available for snacks. |:|1 ] 5 |:|3 ] n |:|5
D. Irecord the type and quantity of food which I eat. |:|1 ] 5 |:|3 ] 4 |:|5
E. I weigh myself daily. |:|1 |:|2 |:|3 |:|4 Ds
F. TIrefuse food offered to me by others. |:|1 |:|2 |:|3 ] 4 |:|5
G. Ieat quickly compared to most other people. |:|1 |:|2 |:|3 O a |:|5
H. I consciously try to slow down my eating rate. |:|1 |:| 5 |:|3 |:| 4 |:|5
I. Teat at only one place in my home. |:|1 |:|2 |:|3 |:| a |:|5
J. T use the same placemat and other utensils for each |:|1 ] 5 ] 3 ] 4 |:|5
meal.
K. Teat and just can't seem to stop. |:|1 |:|2 |:|3 |:| a |:|5
L. Ieat in the middle of the night. O, | O, | O, | O, | O
M. I snack after supper. |:|1 |:|2 |:|3 L] 4 Ds
N. My emotions cause me to eat. |:|1 |:|2 |:|3 |:| 4 D5
O. I buy ready-to-eat snack foods for myself. |:|1 |:|2 |:|3 |:| / |:|5
P. 1 shop when I'm hungry. |:|1 |:|2 |:|3 |:|4 D5
Q. Ishop from a list. |:|1 |:|2 |:|3 |:|4 Ds
R. Ileave food on my plate. |:|1 |:|2 |:|3 |:| 4 D5
S. Iserve food family style (serve from bowls on table). |:|1 |:| 5 |:| 3 |:| 4 |:|5
T. Iwatch TV, read, work, or do other things while I eat. |:|1 |:| 5 |:| 3 |:| 4 |:|5
U. If I'm served too much, I leave food on my plate. |:|1 ] 5 |:|3 ] 4 |:|5
V. Generally, while I'm at home, I leave the table as soon |:|1 ] 5 ] 3 ] 4 ] s
as I finish eating.
W. Tkeep a graph of my weight. |:|1 |:|2 |:|3 |:|4 Ds
X. Teat when I'm not really hungry. |:|1 |:|2 |:|3 |:| 4 |:|5
Y. I st.ore food in containers where it is not readily visible |:|1 ] 5 ] 3 ] 4 |:|5
or in a closed cupboard.
Z. Idecide ahead of time what I will eat for meals and ] ] ] ] ]

snacks.

—_
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APPENDIX 2: QUESTIONNAIRE ON DAILY SELF-WEIGHING PERCEPTIONS

1. Over the past 3 months, how difficult was it to weigh yourself everyday?

1 2 3 4 5 6 7 8
Very easy Very difficult

2. Over the past 3 months, how difficult was it to remember to weigh yourself everyday?

1 2 3 4 5 6 7 8
Very easy Very difficult

3. Over the past 3 months, how helpful did you find daily self-weighing?

1 2 3 4 5 6 7 8

Very helpful Not helpful at all
4. Over the past 3 months, I found weighing myself everyday to be:

1 2 3 4 5 6 7 8

Very positive Very negative

5. Over the past 3 months, how frustrating was it to weigh yourself everyday?
1 2 3 4 5 6 7 8
Very frustrating Not frustrating at all
6. Over the past 3 months, how anxious did you feel because of weighing yourself everyday?
1 2 3 4 5 6 7 8
Very anxious Not anxious at all
7. Over the past 3 months, how self-conscious did you feel because of weighing yourself everyday?
1 2 3 4 5 6 7 8
Very self-conscious Not self-conscious at all

8. Over the past 3 months, I found weighing myself everyday to be:
1 2 3 4 5 6 7 8
Very positive Very negative
9. How likely are you to weigh yourself daily after this program ends?

1 2 3 4 5 6 7 8
Very unlikely Very likely
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APPENDIX 3: CENTER FOR EPIDEMIOLOGIC STUDIES DEPRESSION SCALE

Please indicate how often you have felt this way DURING THE PAST WEEK: (check one for each
statement)

None or
Rarely Some of Most of
(less than the time Occasionally the time
1 day) (1-2 days) (3-4 days) (5-7 days)

I was bothered by things that usually
don’t bother me. 0 1 [ 2 Ll 3 D4

I did not feel like eating; my appetite I:ll Dz D3 I:|4
was poor.

I felt that I could not shake off the blues
even with help from my family or Dl Dz D3 I:|4
friends.

I felt that I was just as good as other I:ll Dz D3 I:|4
people.

I had trouble keeping my mind on what I

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

was doing.

I felt depressed.

I felt that everything I did was an effort.

I felt hopeful about the future.

I thought my life had been a failure.

I felt fearful.

My sleep was restless.

I was happy.

I talked less than usual.

I felt lonely.

People were unfriendly.

I enjoyed life.

I had crying spells.

I felt sad.

I felt that people disliked me.

I could not get going.
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APPENDIX 4: BRIEF MIZES ANORECTIC COGNITIONS QUESTIONNAIRE

Directions: This is an inventory of beliefs and attitudes about eating and weight. There are a number of
statements with which you may tend to agree or disagree. On your answer sheet there is one of five possible
answers for each item. For each statement, you should mark off the box that corresponds with your own
reaction to the item.

Strongly
Disagree

Moderately
Disagree

Neither
Agree or
Disagree

Moderately
Agree

Strongly
Agree

I am proud of myself when I
control my urge to eat

If my weight goes up, my self-
esteem goes down

Having a second serving of a
high calorie food I really like
does not make me feel guilty

I rarely criticize myself if 1
have let my weight go up a few
pounds

My friends will like me
regardless of how much I
weigh

People like you because of your
personality, not whether you
are overweight or not

All members of the opposite
sex want a mate who has a
perfect, thin body

Members of the opposite sex
are more interested in “who”
you are rather than whether or
not you are thin

No matter how much I weigh,
fats, sweets, bread, and cereal
are bad food because they
always turn into fat

10.

If I eat a sweet, it will be
converted instantly into
stomach fat

11.

I can’t enjoy anything because
it will be taken away

12.

If T gain one pound, I'll go on
and gain a hundred pounds, so |
must keep precise control of
my weight, food, and exercise
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APPENDIX 5: BODY SHAPE QUESTIONNAIRE

We should like to know how you have been feeling about your appearance over the PAST FOUR
WEEKS. Please read each question and circle the appropriate number to the right. Please answer
all the questions.

Never
| Rarely
| | Sometimes
| | | Often
l I | | Very
often
OVER THE PAST FOUR WEEKS: [ I | | Always
(R
1. Have you been so worried about your shape that you have been
feeling you ought to 1 2 3 4 5 6
QIBLY. e
2 Have you been afraid that you might become fat (or 1 2 3 4 5 6
fatter)?..................
3 Has feeling full (e.g. after eating a large meal) made you feel 1 2 3 4 5 6
fat?.........
4. Have you noticed the shape of other women and felt that your
own shape compared 1 2 3 4 5 6
unfavourably?........ccoooiiiiiiiiiiie
5. Has thinking about your shape interfered with your ability to
concentrate (e.g. while watching television, reading, listening to
L10) 1\ T2 1 5 16) 113 2SN 1 2 3 4 5 6
6 Has being naked, such as when taking a bath, made you feel 1 2 3 4 5 6
fat?..........
7 Have you imagined cutting off fleshy areas of your 1 2 3 4 5 6
body?.....cccovieennen.
8. Have you not gone out to social occasions (e.g. parties) because
you have felt bad about your 1 2 3 4 5 6
ShapPe?..cceieie e
9 Have you felt excessively large and 1 2 3 4 5 6
rounded?.......coooeeieeiiinnienieeeene
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10.

11.

12.

13.

14.

15.

16.

Have you thought that you are in the shape you are because you
lack self-

Have you worried about other people seeing rolls of fat around
your waist or

When in company have your worried about taking up too much
room (e.g. sitting on a sofa, or a bus

Has seeing your reflection (e.g. in a mirror or shop window)
made you feel bad about your

Have you avoided situations where people could see your body
(e.g. communal changing rooms or swimming

Have you been particularly self-conscious about your shape
when in the company of other
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APPENDIX 6: THREE-FACTOR EATING QUESTIONNAIRE

Directions: Read each of the following 36 statements carefully. If you agree with the

statement, or feel that it is true as applied to you mark the box marked next to “T” (true). If
you disagree with the statement, or feel that it is false as applied to you, mark the box next

to “F” (false). Be certain to answer every question.

1. When I smell a sizzling steak or see a juicy piece of meat, I find it O | O,
difficult to keep from eating, even if I have just finished a meal. .
2. Tusually eat too much at social occasions, like parties and picnics. O | O,
1
3. I amusually so hungry that I eat more than three times a day. O | O,
1
4. When I have eaten my quota of calories, I am usually good about not O | O,
eating any more. .
5. Dieting is so hard for me because I just get too hungry. O | O,
1
6. I deliberately take small helpings as a means of controlling my weight. O | O,
1
7. Sometimes things just taste so good that I keep on eating even whenIam | T[] | g,
no longer hungry. .
8. Since I am often hungry, I sometimes wish that while I am eating, an O | O,
expert would tell me that I have had enough or that I can have something .
more to eat.
9. When I feel anxious, I find myself eating. O | O,
1
10. Life is too short to worry about dieting. O | O,
1
11. Since my weight goes up and down, I have gone on reducing diets more | T[] | p[d,
than once. .
12. T often feel so hungry that I just have to eat something. O | rO,
1
13. When I am with someone who is overeating, I usually overeat too. O | O,
1
14. T have a pretty good idea of the number of calories in common foods. O | O,
1
15. Sometimes when I start eating, I just can’t seem to stop. O | O,
1
16. It is not difficult for me to leave something on my plate. O | O,

1
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17. At certain times of the day, I get hungry because I have gotten used to O | O,
eating then. .

18. While on a diet, if I eat a food that is not allowed, I consciously eat less O | rO,
for a period of time to make up for it. .

19. Being with someone who is eating often makes me hungry enoughtoeat | T[] | p[,
also. 1

20. When I feel blue, I often overeat. O | rO,
1

21. I enjoy eating too much to spoil it by counting calories or watching my O | O,
weight. X

22. When I see a real delicacy, I often get so hungry that I have to eat right O | O,
away. .

23. I often stop eating when I am not really full as a conscious means of O | O,
limiting the amount that I eat. .

24. 1 get so hungry that my stomach often seems like a bottomless pit. O | O,
1

25. My weight has hardly changed at all in the last ten years. O | O,
1

26. I am always hungry so it is hard for me to stop eating before I finish the | T[] | g,
food on my plate. |

27. When I feel lonely, I console myself by eating. O | O,
1

28. I consciously hold back at meals in order not to gain weight. O | O,
1

29. 1 sometimes get very hungry late in the evening or at night. O | O,
1

30. I eat anything I want, any time I want. O | O,
1

31. Without even thinking about it, I take a long time to eat. O | O,
1

32. I count calories as a conscious means of controlling my weight. O | O,
1

33. I do not eat some foods because they make me fat. T | rO,
1

34. 1 am always hungry enough to eat at any time. O | O,
1

35. 1 pay a great deal of attention to changes in my figure. O | O,
1

36. While on a diet, if I eat a food that is not allowed, I often then splurge O | O,

and eat other high calorie foods.
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Directions: Each question in this section is followed by a number of answer options. After
reading each question carefully, choose the one option which most applies to you, and place

an “X” in the box.

37. How often are you dieting in a 01 a2 03 04
conscious effort to control your
weight?
Rarely Sometimes Usually Always
38. Would a weight fluctuation of 5 01 02 03 4
pounds affect the way you live your
life?
Not at all Slightly Moderately Very
Much
39. How often do you feel hungry? 01 a2 03 04
Only at  Sometimes Often Almost
Meal between between Always
times meals meals
40. Do your feelings of guilt about 01 02 03 04
overeating help you to control your
food intake?
Never Rarely Often Always
41. How difficult would it be for you 01 a2 03 04
to stop eating halfway through
dinner and not eat for the next four
hours?
Easy Slightly Moderately Very
Difficult Difficult Difficult
42. How conscious are you of what 01 02 03 04
you are eating?
Not at all Slightly Moderately Very
Much
43. How frequently do you avoid 01 02 03 04
“stocking up” on tempting foods?
Almost Seldom Usually Almost
never Always
44. How likely are you to shop for 01 02 03 04
low calorie foods?
Unlikely Slightly Moderately Very
Likely Likely Likely
45. Do you eat sensibly in front of 01 a2 03 04
others and splurge alone?
Never Rarely Often Always
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46. How likely are you to 01 02 03 04
consciously eat slowly in order to
cut down on how much you eat?
Unlikely Slightly Moderately Very
Likely Likely Likely
47. How often do you skip dessert 01 a2 03 04
because you are no longer hungry?
Almost Seldom At least Almost
never once a week  every day
48. How likely are you to 01 02 03 04
consciously eat less than you want?
Unlikely Slightly Moderately ~ Very likely
likely likely
49. Do you go on eating binges even 01 02 03 04
though you are not hungry?
Never Rarely Sometimes At least
once a week
50. To what extent does this
statement describe your eating
behavior?
“I start dieting in the morning, but
because of any number of things that
happen during the day, by evening I
have given up and eat what I want,
promising to start dieting again 01 2 03 4
tomorrow.”
Not like Little like  Pretty good Describes
me me description  me perfectly
of me

51. On a scale of 1 to 6, where 1
means no restraint in eating (eat
whatever you want, whenever you
want it) and 6 means total restraint
(constantly limiting food intake and
never “giving in”’), what number
would you give yourself?

LI 1. Eat whatever you want, whenever you want it

O 2. Usually eat whatever you want, whenever you want it
O 3. Often eat whatever you want, whenever you want it
0 4. Often limit food intake, but often “give in”

O 5. Usually limit food intake, rarely “give in”

0 6. Constantly limiting food intake, never “giving in”
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APPENDIX 7: EXAMPLE OF SCREEN SHOT (WWW.BODYTRACE.COM)

Michael
%‘ New YOTk: NY G -llg;AoDAVISb .
_-@ 6 days to reach your goal

| am trying to lose a few pounds for my familiy.

Weight Chart
01/10/10-01/24/10

-

stat 167.31bs  corent 155.31bs  goal 150.0:  IEZEN YN

)
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APPENDIX 8: EXAMPLE OF EMAIL WITH TAILORED FEEDBACK

Hello «First_name»,
Congrats on completing your 1* month in the WEIGH Study!

You are doing an excellent job making sure to weigh everyday! By now, you have been
doing it for 4 weeks and it is becoming a daily habit — just like brushing your teeth! Take
a moment to reflect on how adding this daily behavior has changed your diet and physical
activity behaviors. Do you think differently about how your choices are impacting your
weight? Remember to continue to notice if you meet a new low weight — this is a good
indicator of your progress! Keep up the good work!

After 4 weeks in the program, you have made great progress with your weight loss. As of
yesterday, you have lost «wt_lost_todate» lbs., which is an average of «Avg_wkly_loss»
Ibs. per week. These results indicate that you have made some great changes to your
eating and exercise behaviors to help tip the energy balance equation towards weight loss.

Take a moment to reward yourself for your accomplishments — see this week’s lesson on
making SMART goals!

Thinking about last week’s lesson on food labels and liquid calories - Did you find
yourself reading more food labels? Did you discover that you were “drinking your
calories?” These two strategies can be very helpful when trying to determine where extra
calories might be sneaking into your diet.

This week’s lesson (attached) focuses on coming up with small, short-term goals that will
help you achieve your ultimate goal of weight loss. It can be overwhelming to think about
how you will achieve your weight loss, but breaking it down into these small goals will
help. Please take time to review it and work on setting weekly goals to help you achieve
success.

Keep weighing everyday and we’ll check in with you again next week.

-Dori
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APPENDIX 9: LIST OF BEHAVIORAL WEIGHT CONTROL LESSONS

—

N i

[\ I O I (O R e e e e e e e e e
N = O O 0NN N N RN = O

Getting Started

How to be a Calorie Detective - Understanding Portions and Healthy Food Choices
Developing and Implementing your Exercise Program

Using Food Labels and Avoid Liquid Calories

Making SMART Goals

Being Active as a Way of Life

Eating Outside the Home

Role of Thoughts

Stimulus Control — Taking Charge of What’s Around You

. Problem Solving

. Barriers to Exercise

. Slippery Slope of Weight Management

. Preparing Foods at Home and Supermarket Shopping - Plus Recipes
. Dealing with Vacation/Events

. Urge Surfing — Understanding Food Cravings

. Exercise Equivalents

. Stress Management

. Ways to Stay Motivated

. Weight Loss Plateaus

. Social Support

. Factors that Contribute to Long-term Success — How Successful Weight Losers Do It!

. Evaluating Your Progress and Planning for the Future
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APPENDIX 10: EXAMPLE OF BEHAVIORAL WEIGHT CONTROL LESSON

WEIGH mﬁ Lesson 1

‘Weighing to Improve and Gain Health

Getting Started with the WEIGH Study:
Weighing to Improve and Gain Health

Welcome to the WEIGH Study. Over the next few months, you will learn how

to use daily weighing as a tool to guide your eating and exercise choices. By

weighing everyday, you will become more aware of what you are eating and

how much exercise you are doing, and be able to make adjustments to help
you lose weight.

Main Program Components

1. Weigh yourself everyday on your 3. Read the weekly emailed
brand new Smart Scale first thing lessons with information about
in the morning! strategies for losing weight

2. Review your weight graph at 4. Review the weekly emailed
www.bodytrace.com. feedback about your daily

weighing and weight loss
See the MY WEIGH handout for
. progress.
your login and password

Quick Fact:

/ Did you know that daily weighing is one of the secrets of
successful weight losers? In the National Weight Control
Registry (made up of thousands of people who have lost
at least 30 lbs. and kept if off for at least 1 year), over 75%
of individuals weigh themselves regularly. This allows
them to make quick adjustments to maintain weight loss.
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