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Abstract

Background: Long-term self-monitoring (SM) of weight, diet, and exercise is commonly recommended by behavioral weight
loss (BWL) treatments. However, sustained SM engagement is notoriously challenging; therefore, more must be learned about
patterns of engagement with digital SM tools during weight loss maintenance (WLM). In addition, insight into characteristics
that may influence SM engagement could inform tailored approaches for participants at risk for poor adherence.

Objective: This study explored patterns of digital SM of weight, diet, and exercise during WLM (aim 1) and examined timing,
patterns, and rates of disengagement and reengagement (aim 2). This study also assessed relationships between individual-level
factors (weight-related information avoidance and weight bias internalization) and SM engagement (aim 3).

Methods: Participants were 72 adults enrolled in a BWL program consisting of a 3-month period of weekly treatment designed
to induce weight loss (phase I), followed by a 9-month period of less frequent contact to promote WLM (phase II). Participants
were prescribed daily digital SM of weight, diet, and exercise. At baseline, self-report measures assessed weight-related information
avoidance and weight bias internalization. SM adherence was objectively measured with the days per month that participants
tracked weight, diet, and exercise. Repeated-measures ANOVA examined differences in adherence across SM targets. Multilevel
modeling examined changes in adherence across phase II. Relationships between individual-level variables and SM adherence
were assessed with Pearson correlations, 2-tailed independent samples t tests, and multilevel modeling.

Results: During WLM, consistently high rates of SM (≥50% of the days in each month) were observed for 61% (44/72) of the
participants for exercise, 40% (29/72) of the participants for weight, and 21% (15/72) of the participants for diet. Adherence for
SM of exercise was higher than that for weight or diet (P<.001). Adherence decreased over time for all SM targets throughout
phase II (P<.001), but SM of exercise dropped off later in WLM (mean 10.07, SD 2.83 months) than SM of weight (mean 7.92,
SD 3.23 months) or diet (mean 7.58, SD 2.92 months; P<.001). Among participants with a period of low SM adherence (ie, <50%
of the days in a month), only 33% (17/51 for weight, 19/57 for diet) to 46% (13/28 for exercise) subsequently had ≥1 months
with high adherence. High weight-related information avoidance predicted a faster rate of decrease in dietary SM (P<.001).
Participants with high weight bias internalization had the highest rates of weight SM (P=.03).

Conclusions: Participants in BWL programs have low adherence to the recommendation to sustain daily SM during WLM,
particularly for SM of diet and weight. Weight-related information avoidance and weight bias internalization may be relevant
indicators for SM engagement. Interventions may benefit from innovative strategies that target participants at key moments of
risk for disengagement.

(JMIR Mhealth Uhealth 2023;11:e45057) doi: 10.2196/45057
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Introduction

Background
Self-monitoring (SM) of weight, diet, and exercise is a
cornerstone of behavioral weight loss (BWL) treatment [1], and
daily SM of these key weight control behaviors is associated
with better weight loss and maintenance [2-4]. Nevertheless,
despite its importance, rates of engagement with SM are modest
and tend to decrease over time, particularly during weight loss
maintenance (WLM) [5,6]. With the rise of digital devices for
SM (eg, food tracking apps, digital scales, and Fitbit activity
trackers), technology is routinely being incorporated into BWL
programs [7,8]. Digital devices may facilitate SM adherence
by decreasing burden via time-saving features (eg, nutrition
databases and saving frequent foods), portability for real-time
monitoring, and passive recording of behavior (ie, Fitbit
wristwatch for active minutes) [7]. Research shows that
adherence to SM via digital format is higher than that via
traditional methods [9], likely for these reasons, and that digital
SM facilitates calorie reduction and weight loss [10].

There is a growing body of literature examining rates of
engagement with digital SM formats to understand how
participants in BWL programs use these tools. A recent
systematic review analyzed randomized controlled trials of
BWL interventions that incorporated digital SM (at least 12
weeks of treatment and 6-month outcome assessments) and
found that 48% (23/48) of studies prescribed daily SM of weight,
69% (37/54) prescribed daily SM of diet, and 71% (39/55)
prescribed daily SM of exercise. Across the intervention periods
(median 6, range 3-24 months), 58% of studies achieved rates
of ≥50% for SM engagement, and only 9% reached ≥75%
engagement [7]. SM rates decreased over time, with only 45%
of the studies showing SM rates of ≥50% by 6 months (n=33),
and 38% had rates of ≥50% by ≥12 months (n=8). Engagement
was the highest for SM of weight, followed by SM of diet and
exercise. Synthesis of these results suggests that, although higher
than rates of engagement for traditional SM methods, rates of
engagement with digital SM tools are modest, and difficulties
with sustaining adherence over time remain prevalent. Within
this body of work, however, few prior studies have included
assessment beyond 6 months; therefore, the dynamics of digital
SM during the WLM phase are still unclear. Further work is
needed to conceptualize digital SM engagement during this
critical period (eg, 6 months and beyond when SM rates
decline).

To explore this question, this project is focused on SM behavior
during the WLM phase of a previously published clinical trial
that assessed whether providing weight loss coaches with access
to participants’ digital SM data enhances outcomes during
lifestyle modification (LM) [11]. A previous publication from
this parent study found that participants enrolled in a WLM
intervention were more likely to self-monitor weight and eating
behavior when coaches remotely monitored their data and used
the data to drive treatment contacts (SMS text messages and

telephone calls) versus when coaches did not have access to
their data. Data sharing was also associated with less weight
regain over time (although total weight loss did not differ by
condition), and the frequency of dietary SM mediated the effect
of treatment condition on weight loss [11]. This prior report
supports the central role of SM for weight loss and maintenance
and suggests that providing coaches with access to data via
digital SM tools may maximize the efficacy of these tools for
long-term weight control. Nevertheless, no previous analyses
have been conducted to understand the nuanced patterns of SM
behavior during the WLM phase when participant adherence
becomes more variable owing to the difficulty of sustaining
behavior change over long periods.

Furthermore, the majority of prior work on digital SM tools
attempts to understand their use through the lens of percentage
of adherence based on prescribed frequency, with most studies
reporting the mean percentage of days that participants
successfully self-monitor or the percentage of participants who
maintained a certain level of SM [7]. A more nuanced
exploration of SM would be helpful, including the timing of
disengagement and rates of complete disengagement (ie, 0 days
tracked) as well as how patterns of engagement vary across
participants; for example, Robertson et al [12] used profile
analyses to assess different patterns of SM engagement. The
results showed 4 distinct profiles of use for digital SM tools
among participants enrolled in a 6-month workplace weight
loss intervention: minimal users (29% of the sample), activity
trackers (55%), dedicated all-around users (11%), and dedicated
all-around users with exceptional food logging (5%) [12].
Weight outcomes were only substantially better among the
dedicated all-around users with exceptional food logging,
aligning with other work that highlights the importance of
dietary SM for weight loss [9,13]. Another study focused on
self-weighing behavior during a 12-month BWL treatment and
found 3 profiles: high/consistent (75% of the sample; SM of
weight >6 days per week regularly), moderate/declined (16.2%;
SM of weight 4-5 days per week, then declined to 2 days
gradually) and minimal/declined (8.8%; SM of weight 5-6 days
per week, then declined to 0 days suddenly), with the
high/consistent group losing more weight at 6 and 12 months
[14]. These findings show intriguing preliminary evidence for
between-persons variation in patterns of engagement with digital
SM tools, which has implications for weight loss success and
needs further research, particularly during the WLM period.

Another gap in the literature on digital SM tools for weight
control surrounds predictors and moderators of engagement.
Little is known about what individual-level variables relate to
strong adherence to SM prescriptions in BWL programs. Some
previous work has found that higher initial weight loss [15],
enhanced social support [16,17], and heightened binge eating
severity [18] were associated with higher rates of SM during
BWL programs (uncontrolled eating and emotional eating were
explored as predictors of SM engagement but were not
substantially related) [18]. There is also theoretical support for
the idea that previous SM behavior is likely a strong predictor
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of consistent long-term use of SM, given that past behavior is
a strong indicator of future behavior [14,19]. To our knowledge,
no studies have explored individual-level predictors of long-term
use of digital SM tools during WLM.

Weight-related information avoidance, which is the tendency
to prevent or delay acquisition of potentially unwanted
weight-related information [20], has strong theoretical support
for a relationship with digital SM use. Digital SM tools provide
BWL program participants immediate detailed information on
progress and goal attainment, which should increase awareness
of current eating or exercise patterns [16,21]. This may be
differentially helpful (vs distressing) for SM engagement based
on an individual’s level of weight-related information avoidance.
Those with low weight-related information avoidance may be
eager to engage with digital SM data and find value in reflecting
on patterns of behavior [22]. However, for those with high
weight-related information avoidance, viewing SM data may
be distressing and reduce willingness to engage in future SM
[23]. Research on health information avoidance suggests that
people avoid health information for three reasons as follows:
(1) it may cause unpleasant emotions (ie, guilt and shame), (2)
it may dictate undesired action (ie, seeing weight gain on the
scale dictates a reduction in calories and change in eating habits),
and (3) it may dictate a change in beliefs (ie, seeing the calories
associated with one’s favorite menu item at a restaurant may
dictate changing beliefs about the feasibility of incorporating
it into a weight loss diet) [20]. For all these reasons, the data
provided via digital SM tools have the potential to be highly
upsetting for those with high health information avoidance. This
can have long-term implications for SM engagement because
avoidance is likely to continue owing to negative reinforcement
(ie, avoidance decreases distress associated with confronting
weight-related information). Previous work from the initial
BWL phase of the parent study for this analysis shows a
relationship between higher weight-related information
avoidance and poorer SM of exercise and weight but not diet
[24]. Other studies have found that confronting information that
can be perceived as a failure (eg, high calorie intake and weight
gain) is associated with a higher likelihood of avoiding
subsequent SM (eg, self-weighing) [25,26], supporting a
relationship between health information avoidance and SM
engagement. Further work is needed to replicate these results
and explore the relationships during WLM to see whether health
information avoidance continues to predict decreased SM
engagement as time progresses.

There is also a theoretical and empirical rationale for a
relationship between weight bias internalization and digital SM
engagement during WLM. Weight bias internalization happens
when individuals are aware of negative stereotypes associated
with weight, apply these stereotypes to themselves, and engage
in self-critical dialogue because of their body size [27]. This
negative self-concept (eg, being lazy and lacking willpower)
can be associated with lower confidence and self-efficacy [28],
which is a consistent predictor of poorer engagement in weight
control behaviors during LM [29] and lower weight loss success
[30,31]. As participants view data from their digital SM tools
and reflect on progress, the lack of goal attainment may
contribute to feelings of failure or frustration. For those with

high internalized weight bias, these perceived failures may be
associated with more intense experiences of shame, guilt, and
self-blame than for those with low internalized weight bias,
further worsening their confidence and self-efficacy and leading
to decreased engagement in SM [28,32]. In addition, in some
cases (including the parent study), digital SM information is
addressed by BWL coaches who monitor participant progress
and provide personalized feedback (eg, SMS text messages)
based on data [11]. Although this is meant to enhance supportive
accountability, allow coaches to provide more tailored feedback,
and increase motivation, this type of surveillance may deter
those with high weight bias internalization from engaging in
digital SM because they may have heightened sensitivity to the
shame surrounding potential negative evaluations that may
occur while others are monitoring their data [33,34]. A small
body of prior work shows a relationship between high
internalized weight bias and lower rates of SM engagement
among those attempting weight loss [27,35], but this has not
been examined in WLM.

Objectives
In line with precision medicine initiatives [36], insight into
individual characteristics (weight-related information avoidance
and weight bias internalization) that influence SM engagement
will help to drive more tailored intervention approaches for
those who may be at risk for poor adherence to this key weight
control behavior. This study aimed to address current gaps in
the literature by exploring patterns of adherence to daily SM of
weight, diet, and exercise via digital tools during the WLM
phase of a BWL program (aim 1). Among BWL program
participants with low SM adherence, this study also examined
timing and patterns of disengagement and explored the extent
to which participants reengaged with SM after low rates of
earlier engagement (aim 2). Finally, this study also sought to
determine how individual-level factors (weight-related
information avoidance and weight bias internalization) were
associated with SM of weight, exercise, and diet during WLM
(aim 3).

Methods

Overview
This study is a secondary analysis of data from a completed
randomized controlled trial (ClinicalTrials.gov NCT03337139)
[11] assessing whether coach contact with access to digital SM
data enhanced WLM outcomes compared with coach contact
without access to digital SM data. Participants (N=77) were
adults (aged 18-70 years) with overweight or obesity (BMI

25-45 kg/m2) who had access to a smartphone and internet and
could safely engage in exercise. The exclusion criteria of the
parent study included a medical or psychiatric condition that
posed a risk for program adherence or safety; pregnancy or plan
to become pregnant or move from study area; the use of
pacemaker; a history of bariatric surgery; recent start of, or
change to, a medication that can affect weight; and weight loss
of ≥10% in the past 3 months.
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Ethics Approval and Informed Consent
The parent study was approved by the Drexel University
Institutional Review Board (institutional review board protocol
number: 1611004954), and all participants provided written
informed consent before participation.

Study Flow and Description of BWL Treatment
For a summary of the flow of the study, refer to Figure 1. During
months 0 to 3 (phase I), all participants received 12 weeks of
standard weekly group BWL treatment, which included tailored
calorie goals, traditional behavioral skills adapted from the Look

AHEAD (Action for Health in Diabetes) and Diabetes
Prevention programs [37,38] (eg, goal setting and
problem-solving), and progressive exercise goals of up to 250
minutes per week. Coaches had training in BWL treatment and
degrees in psychology or a related field. All participants were
provided with digital tools to track weight, exercise, and diet:
Yunmai smart scale (weight), Fitbit Flex (exercise; Fitbit Inc),
and Fitbit app (diet). Participants were instructed to (1) weigh
themselves weekly during weeks 1 to 10 and then weigh daily,
(2) wear their Fitbit Flex daily to monitor active minutes, and
(3) log all food and drink intake daily. Coaches did not have
access to device data during phase I.

Figure 1. Summary of study flow, including data collection and treatment details. BWL: behavioral weight loss; LM: lifestyle modification; LM+SHARE:
lifestyle modification plus device data sharing; SM: self-monitoring.

At the end of phase I, participants were randomly assigned
(matched for phase I weight loss) to 1 of 2 remote WLM
treatment conditions for months 4 to 11. Both conditions
included weekly SMS text messages with a coach and monthly
one-on-one coach telephone calls (15 minutes) that reviewed
≥1 core behavioral skills taught during group sessions. All
participants were prescribed continued daily SM of weight, diet,
and exercise throughout phase II. Monthly coach calls were
focused on positive reinforcement and self-reflection when
participants were succeeding with behavior changes and weight
loss goals and focused on problem-solving barriers or fostering
motivation when participants were struggling with goal
attainment. The conditions differed in terms of coaches’ access
to participants’ digital SM data. In the standard LM condition,
coaches did not have access to SM device data. Instead,

participants self-reported goal progress during monthly calls,
and coaches used that self-report to drive discussion of
behavioral skills. In the LM condition, weekly SMS text
messages were standardized across participants and were not
personalized by a coach. In the LM plus device data sharing
(LM+SHARE) condition, coaches viewed participants’ SM
outcomes on a web-based portal and used these data to
personalize telephone calls and SMS text messages. Coaches
were trained in how to use data to enhance a sense of supportive
accountability and to use data to drive more tailored personalized
feedback and goal setting. SM adherence was a key discussion
point during monthly coach telephone calls, given the critical
role of SM behavior for WLM. Whether coaches were viewing
participants’ SM data themselves (LM+SHARE condition) or
reacting to participants’ self-reported SM adherence (LM
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condition), they were trained to identify barriers to success,
facilitate effective problem-solving and tailored goal setting,
and engage in motivational enhancement when adherence was
poor. Coaches handled the lack of goal achievement and lack
of weight loss progress in similar ways. The results from the
parent study indicated that participants in the LM+SHARE
condition had higher rates of weight and dietary SM [11];
therefore, treatment condition will be controlled for in analyses.

Measures

Data Collection
Assessments were completed at baseline, month 3 (the end of
phase I and beginning of phase II), month 6, and month 12 (the
end of phase II). This study used self-report questionnaire data
from baseline assessments as well as continuous SM data
collected daily from participants’ devices throughout phase II
(months 4-11). The participants’ SM devices (Fitbit Flex,
wireless scale, and Fitbit dietary SM app) automatically
uploaded data remotely to a research portal. Thus, once SM
data were recorded by the participants’ SM devices, there was
no additional burden on participants to transfer these data to the
research team.

Weight-Related Information Avoidance
An adapted version of the Information Avoidance Scale (IAS)
[39] was created for the parent study to assess the level of
weight-related information avoidance surrounding key weight
control behaviors. The 10 items on this self-report measure
include statements about attitudes or tendencies to seek out
versus avoid information about calorie intake, physical activity,
and weight. At baseline, participants responded to each
statement on a 7-point Likert scale (ranging from 1=strongly
disagree to 7=strongly agree). Total scores were calculated as
the average across the 10 items. The measure created showed
strong internal consistency (Cronbach α=.85) [24].

Weight Bias Internalization
The Weight Bias Internalization Scale (WBIS) [40] is an 11-item
self-report measure that assesses the extent to which the
respondent believes that negative stereotypes or self-statements
about weight apply to them. At baseline only, participants were
presented with certain statements (eg, “As an overweight person,
I feel that I am just as competent as anyone”) and asked to rate
their agreement on a 7-point Likert scale (ranging from
1=strongly disagree to 7=strongly agree). Total scores are
calculated as the average rating across the 11 items. The
questionnaire has high internal consistency and construct validity
[40].

SM Adherence (Phase I and Phase II)
For all months 1 to 11, the percentage of days per month that
participants successfully self-monitored weight, diet, and
exercise was calculated to create an average monthly adherence
score for each month. For each participant, average overall
phase I (months 1-3) and phase II (months 4-11) adherence
scores were also calculated for each SM target (separate
variables for phase I vs phase II). A valid day of exercise SM
was defined as logging ≥500 steps, and a valid day of dietary

SM was defined as logging ≥5 foods, both of which have
precedent in the literature [24,41,42].

Patterns of SM Engagement and Adherence
Several metrics were calculated to understand patterns of SM
engagement throughout phase II (calculated separately for SM
of exercise, weight, and diet). A cutoff of 50% of days was
chosen as a threshold to define low versus high adherence to
SM and was selected for several reasons. First, previous work
has used 50% as a cutoff for defining SM adherence versus
nonadherence [43], and moderate adherence has been defined
as 12 to 16 days per month (approximately 50%) [14]. In
addition, the systematic review of digital SM within BWL
interventions showed that, by months 6 to 12 of the intervention
period, engagement rates of ≥50% were achieved in only a
minority of studies (38%-45%) [7], suggesting that adherence
of >50% is relatively difficult to achieve. Finally, within this
sample, exploratory analyses were conducted to ensure that a
50% cutoff indicated a meaningful shift in adherence rates rather
than adherence hovering right around 50% (eg, changing from
52% to 48%), which would not necessarily be clinically relevant.
For each participant, the first month in which average adherence
dropped to <50% (separate for each SM target) was identified
as their drop-off month. For SM of weight, diet, and exercise,
2-tailed paired sample t tests confirmed that average monthly
adherence in the month before drop-off was significantly higher
than adherence during the drop-off month, and average monthly
adherence in the month after drop-off was significantly lower.
This further supports the use of 50% as a clinically relevant
metric for high versus low adherence because adherence
meaningfully shifts before and after reaching this cutoff.

The percentage of participants who maintained high adherence
(≥50%) throughout all of phase II was calculated, as well as the
typical time during phase II where low adherence first occurs
(ie, early in WLM during months 4-7 or late in WLM during
months 8-11). For those participants whose adherence dropped
to <50%, rates of reengagement were also calculated by
establishing the number of participants who successfully
rebounded to adherence rates of ≥50% at some point during the
rest of phase II. The total number of months that participants
exhibited complete disengagement (0% adherence) and the
number of consecutive months that participants completely
disengaged during phase II were also calculated for each SM
target. Adherence to SM during phase II was also compared
with participants’ phase I SM adherence. The month in which
adherence for each SM target dropped by ≥10% compared with
average adherence during phase I was identified, as well as the
number of months that participants maintained adherence equal
to the average of phase I. In addition, we investigated whether
participants’ adherence successfully rebounded back to phase
I levels once it dropped in phase II.

Data Analysis
All data analyses were conducted in SPSS (version 28; IBM
Corp) and SAS (version 9.4; SAS Institute Inc) software, and
α was set to .05. All data were screened before statistical testing
to assess for outliers and normality. The distributions for
weight-related information avoidance scores and for SM
adherence during phase II were nonnormally distributed.
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Although most parametric tests are robust to skewness [44],
nonparametric tests and bootstrapping were conducted for
analyses using these variables as sensitivity analyses. Given the
results from the parent study showing differences in weight and
dietary SM between the LM and LM+SHARE conditions [11],
our results are reported separately by condition where
appropriate to help illustrate any differences between the groups.

For aim 1, descriptive statistics for adherence to SM of weight,
diet, and exercise throughout phase II were calculated, within
each month and across all of phase II (months 4-11). The
percentages of participants who maintained high adherence and
those who maintained low adherence were also calculated.
Repeated-measures ANOVA (robust to assumptions of
nonnormality [45]) assessed for differences in average phase II
adherence rates across SM of diet versus weight versus exercise.
Multilevel modeling was used to examine changes in adherence
rates for each type of SM time in phase II (ie, month in study;
level 1) while accounting for between-person variance (level
2). Analyses also controlled for study condition (level 2), and
the time × condition interaction was explored too. Chi-square
likelihood tests examined whether the inclusion of random
participant slope effects improved model fit. The results of the
best-fitting model are presented.

For aim 2, all aforementioned SM engagement variables (eg,
month adherence dropped to <50% and month adherence
dropped to <phase I average adherence) were calculated for
each SM target, and descriptive statistics were calculated.
Repeated-measures ANOVA assessed for differences in average
month where adherence dropped to <50% and <phase I average
across SM of diet, weight, and exercise (separate models).

For aim 3, Pearson correlations were used to assess relationships
between phase II SM adherence for weight, diet, and exercise
and weight-related information avoidance and weight bias
internalization (bootstrapping with 1000 samples was conducted
as sensitivity analysis to confirm results in nonnormally

distributed variables). Two-tailed independent samples t tests
(Mann-Whitney U tests for nonnormally distributed variables)
were used to assess group differences in weight-related
information avoidance and weight bias internalization between
participants with low phase II adherence and those with high
phase II adherence on each SM target. Using iterative multilevel
model building procedures, we also tested cross-level
interactions between the hypothesized person-level predictors
(ie, weight bias internalization and weight-related information
avoidance; level 2) and time (ie, month in study; level 1) for
each type of SM adherence. Between-person variables were
grand-mean centered. Cross-level interactions were compared
with random slope models for fit. For significant cross-level
interactions, simple slopes were calculated and graphed to depict
SM adherence across time at the mean of, as well as 1 SD above
and 1 SD below, the between-person predictor, which allows
for better visualization of interaction effects and in a way that
is more interpretable and clinically meaningful [44].

Results

Descriptive Statistics
Of the 77 participants, 72 (94%) provided phase II data and
were included in these analyses. Participants were on average
aged 51.27 (SD 13.47) years, predominantly female (58/72,
81%), and non-Hispanic/Latino (69/72, 96%). Approximately
half of the participants (37/72, 51%) identified as White, 38%
(27/72) as Black/African American, 7% (5/72) as other or >1
race, 3% (2/72) as Asian, and 1% (1/72) as American
Indian/Alaska Native. On average, participants lost 5.89% (SD
4.31%) of their body weight during phase I. Higher percentage
of weight loss during phase I was correlated with higher
engagement in SM of weight (r=−0.28; P=.02), diet (r=−0.41;
P<.001), and exercise (r=−0.26; P=.03) in phase I. The
relationships between previous SM behavior (during phase I)
and SM engagement during phase II can be seen in Table 1.
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Table 1. The correlation matrix of individual-level variables and phase II adherence for each self-monitoring (SM) target.

Average adher-
ence to SM of
exercise in
phase I

Average adher-
ence to SM of
diet in phase I

Average adher-
ence to SM of
weight in phase
I

Baseline

WBISb

Score

Baseline

IASa Score

Average adher-
ence to SM of
exercise in
phase II

Average adher-
ence to SM of
diet in phase II

Average adher-
ence to SM of
weight in phase
II

Variable,
mean (SD)

Average adherence to SM of weight in phase II, 53.2% (3%)

————————cr

————————P value

Average adherence to SM of diet in phase II, 49.34% (2.9%)

———————0.638 dr

———————<.001P value

Average adherence to SM of exercise in phase II, 80.01% (2.3%)

——————0.6040.581r

——————<.001<.001P value

Baseline IAS Score, 2.13 (0.96)

—————−0.067−0.1080.048r

—————.57.36.68P value

Baseline WBIS Score, 3.58 (1.09)

————0.2280.073−0.0850.001r

————.06.55.48.99P value

Average adherence to SM of weight in phase I, 88.25% (1.5%)

———0.094−0.2400.3810.2570.443r

———.44.04<.001.03<.001P value

Average adherence to SM of diet in phase I, 86.63% (1.5%)

——−0.5370.103−0.2030.5920.5430.337r

——<.001.40.09<.001<.001.004P value

Average adherence to SM of exercise in phase I, 94.13% (1.4%)

—−0.587−0.765−0.026−0.3160.4210.2130.320r

—<.001<.001.83.007<.001.07.006P value

aIAS: Information Avoidance Scale.
bWBIS: Weight Bias Internalization Scale.
cNot applicable.
dItalics denotes significance (meeting threshold of P<.05).

Aim 1
At the end of phase I (month 3), 86% (62/72) of the participants
had high adherence (≥50%) to SM of weight, 88% (63/72) had
high adherence to SM of diet, and 97% (70/72) had high
adherence to SM of exercise, indicating that most of the
participants were still actively engaged with SM at the end of
month 3 and presumably entered phase II with goals to maintain
that behavior. During the WLM phase, consistently high rates
(≥50% for every month) of SM were observed for 61% (44/72)
of the participants for exercise, 40% (29/72) of the participants
for weight, and 21% (15/72) of the participants for diet.
Throughout phase II, the average percentage of adherence for
SM of exercise (mean 80.01%, SD 2.3%) was significantly
higher than the percentage of adherence to self-weighing (mean
53.2%, SD 3%) or food logging (mean 49.34%, SD 2.9%;

F2,142=64.95; P<.001; η2
p=0.48). Adherence to SM of weight

and diet were not significantly different (P=.63). Only 13%
(9/72) of the participants consistently exhibited ≥50% adherence
on all 3 SM targets. The best-fitting multilevel models
examining the effect of time on all types of SM adherence
retained a random slope. The average rates of SM adherence
for weight (b=−0.05, SE 0.01; t71=−8.75; P<.001), diet (b=−0.06,
SE 0.00; t71=−12.30; P<.001), and exercise (b=−0.03, SE 0.00;
t71=−6.53; P<.001) significantly decreased over time throughout
phase II (months 4-11) when controlling for study condition.
Refer to Figure 2 for a depiction of monthly adherence for each
type of SM across time for the LM versus LM+SHARE
conditions. The models tested a significant time × condition
interaction, but none of the interactions were significant (weight
SM: P=.16; dietary SM: P=.13; and exercise SM: P=.71).
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Figure 2. Average percentage adherence by month for self-monitoring (SM) of weight, diet, and exercise separated by condition (lifestyle modification
[LM] vs LM plus device data sharing [LM+SHARE]); this includes SM adherence at the end of phase I (month 3) and throughout phase II (months
4-11).

Aim 2

Average Time to <50% Adherence by SM Type
Average adherence dropped to <50% at 10.07 (SD 2.83) months
for SM of exercise, at 7.92 (SD 3.23) months for SM of weight,
and at 7.58 (SD 2.92) months for SM of diet. The average month
of drop-off for adherence to SM of exercise was significantly
later in WLM than drop-off for adherence to SM of weight or

diet (F2,142=33.22; P<.001; η2
p=0.32), but they did not differ

from each other (P=.97). In the LM condition, average
adherence dropped to <50% at 9.86 (SD 2.92) months for SM
of exercise, at 7.03 (SD 2.95) months for SM of weight, and at
6.31 (SD 2.36) months for SM of diet. In the LM+SHARE
condition, average adherence dropped to <50% at 10.27 (SD
2.76) months for SM of exercise, at 8.76 (SD 3.30) months for
SM of weight, and at 8.78 (SD 2.92) months for SM of diet.
Among those with low engagement at some point during phase
II, the majority disengaged with SM early (months 4-7) rather
than late (42/57, 74%, disengaged early for SM of diet; 35/51,
69%, disengaged early for SM of weight; and 16/28, 57%,
disengaged early for SM of exercise).

Average Time to Drop of ≥10% From Original
Adherence by SM Type
When comparing participants’ SM adherence during phase II
to their phase I average adherence, adherence dropped by ≥10%
compared with phase I adherence at 7.97 (SD 3.16) months for
SM of exercise, at 5.88 (SD 2.63) months for SM of weight,
and at 5.82 (SD 2.52) months for SM of diet. This occurred
significantly later for SM of exercise than for SM of diet or

weight (F2,142=19.53; P<.001; η2
p=0.22). Throughout WLM,

participants achieved rates of adherence that were at, or above,
their phase I average during more months for SM of exercise
(mean 5.35, SD 2.49 months) than for SM of weight (mean
2.42, SD 2.69 months) and diet (mean 2.35, SD 2.56 months;

F2,142=56.73; P<.001; η2
p=0.44).

Reengagement
Analyses examined the likelihood of participants returning to
high adherence (ie, ≥50% of the days in any month) after a
period of low adherence (ie, <50% of the days in a month). For
SM of exercise, 46% (13/28) of the participants rebounded back
to high adherence, whereas only one-third of the participants
rebounded for SM of weight or diet (17/51, 33%, for weight
and 19/57, 33%, for diet). Among those who successfully
reengaged with SM of weight, the first month of rebounded
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rates of ≥50% tended to be month 7.94 (SD 2.05) compared
with month 8.16 (SD 1.80) for SM of diet and month 7.15 (SD
2.19) for SM of exercise. When rates of adherence fell by ≥10%
below the phase I average, only 30% (19/64) of the participants
went on to achieve weight SM adherence rates at or above phase
I levels compared with 29% (19/65) of the participants for
dietary SM and 69% (36/52) of the participants for exercise
SM. When rates dropped below the phase I average, those who
reengaged tended to do so at 7.53 (SD 1.84) months for weight
SM, at 6.53 (SD 1.65) months for dietary SM, and at 7.56 (SD
1.86) months for exercise SM.

Patterns of Complete Disengagement (0% Adherence)
When looking at complete disengagement (0% monthly
adherence), 43% (31/72) of the participants had at least 1 full
month of complete disengagement from SM of diet, and 32%
(23/72) had at least 1 full month with complete disengagement
from SM of weight, whereas only 19% (14/72) totally
disengaged from SM of exercise for a full month. Participants
who completely disengaged from self-weighing did so for an
average of 2.96 (SD 1.52) months. Those who completely
disengaged from SM of diet did so for an average of 3.42 (SD
2.08) months, and those who disengaged from SM of exercise
did so for an average of 3.00 (SD 1.66) months. For all 3 SM
targets, the months of total disengagement tended to occur
consecutively for most of the participants (15/31, 48% to 9/14,

64%), rather than as a pattern where adherence increased and
then decreased back down to zero.

Aim 3

Weight SM
The patterns of the Pearson correlation analyses with
bootstrapping and those without bootstrapping remained the
same; therefore, for ease of interpretation, the results of Pearson
correlations without bootstrapping are reported (Table 1). Phase
II SM of weight was significantly correlated with past SM
behavior during phase I (weight: r=0.44; P<.001; diet: r=0.34;
P=.004; and exercise: r=0.32; P=.006) such that participants
who had higher engagement on any of the SM targets throughout
phase I engaged in more self-weighing in phase II. The average
adherence to SM of weight throughout phase II was not
correlated with baseline weight-related information avoidance
or weight bias internalization.

When dichotomizing the sample into 2 groups based on
self-weighing adherence (those who maintained high adherence
to weight SM throughout all of months 4-11 and those who did
not; Table 2), individuals who maintained consistently high
self-weighing adherence in months 4 to 11 had higher baseline
weight bias internalization scores than those who did not
maintain high adherence to self-weighing (U=700.50; P=.03).

Table 2. Results of group comparisons (high vs low self-monitoring [SM] adherence) on baseline levels of weight-related information avoidance and
weight bias internalization.

Exercise SMDietary SMWeight SM

Low adherenceHigh adherenceLow adherenceHigh adherenceLow adherence,
median

High adherencea,

medianb

Mean
(SD)

MedianMean
(SD)

MedianMean
(SD)

MedianMean

(SD)c
Median

N/A1.80N/A2.10N/A2.10N/Ae1.801.802.11Baseline

IASd score

3.30
(0.89)

N/A3.75
(1.18)

N/A3.62
(1.07)

N/A3.42
(1.21)

N/A3.364.27 gBaseline

WBISf

score

aThe high-adherence group maintained rates of ≥50% throughout all of months 4 to 11.
bMann-Whitney U tests were used for nonnormally distributed variables, and medians are reported (due to skewness).
c Two-tailed independent samples t tests were used for normally distributed variables and mean (SD) values are reported.
dIAS: Information Avoidance Scale.
eN/A: not applicable.
fWBIS: Weight Bias Internalization Scale.
gP=.03 (significant difference from low-adherence group).

Cross-level interaction models examined whether baseline
weight-related information avoidance and weight bias
internalization moderated the influence of time on weight SM.
Cross-level interaction models were not significant (P=.16 and
P=.29, respectively) and did not improve model fit compared
with the random slope models examining the influence of time
on weight SM tested in aim 1.

Dietary SM
As seen in Table 1, average phase II adherence for SM of diet
was unrelated to baseline weight-related information avoidance
and weight bias internalization scores. Phase II dietary SM was
significantly correlated with phase I SM of weight (r=0.26;
P=.03) and diet (r=0.54; P<.001) but not exercise (r=0.21;
P=.07). Participants who had higher engagement with dietary
and weight SM previously tended to engage in more food
logging during phase II. Group comparisons between those who
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maintained high adherence to dietary SM during months 4 to
11 and those who did not can be seen in Table 2. The groups
did not differ on baseline weight-related information avoidance
or weight bias internalization (none of the P values met the
threshold for statistical significance).

Cross-level interaction models examined whether baseline
weight-related information avoidance and weight bias
internalization moderated the influence of time on dietary SM.
There was a significant interaction between weight-related
information avoidance and time on dietary SM (b=−0.01, SE
0.01; t73.7=−2.13; P=.04). The cross-level interaction model fit

was significantly improved from the random slope model of
time on dietary SM tested in aim 1. Simple slope analyses found
that participants with high (b=−0.07, SE 0.01; t74.4=−8.61;
P<.001) and moderate weight-related information avoidance
(b=−0.06, SE 0.01; t69.8=−10.38; P<.001) had a steeper decline
in dietary SM over time than those with low weight-related
information avoidance (b=−0.05, SE 0.01; t69.0=−5.38; P<.001).
Refer to Figure 3 for a depiction of this interaction. The
cross-level interaction between weight bias internalization and
time on dietary SM was not significant and did not improve
model fit P=.08).

Figure 3. Visualization of the cross-level interaction between weight-related information avoidance and time on dietary self-monitoring adherence
(weight-related information avoidance was centered within person; more positive scores indicate more avoidance).

Exercise SM
Average phase II adherence for exercise SM was not correlated
with baseline weight-related information avoidance or baseline
weight bias internalization scores (Table 1). Average phase II
adherence for exercise SM was significantly correlated with
phase I SM engagement for weight (r=0.38; P<.001), diet
(r=0.59; P<.001), and exercise (r=0.42; P<.001) such that
participants who had higher engagement on any of the SM
targets throughout phase I engaged in more consistent exercise
tracking during phase II. As seen in Table 2, participants who
achieved consistently high adherence to exercise SM in phase
II did not differ from those with low adherence on weight bias
internalization or health information avoidance.

Cross-level interaction models examined whether
between-person factors moderated the effect of time on exercise
SM. The cross-level interaction between weight bias
internalization and time (and health information avoidance and
time) on exercise SM were not significant and did not improve
model fit P=.87 and P=.56, respectively).

Discussion

Overview of Study Objective
Daily SM of weight, diet, and physical activity is a common
prescription in BWL programs [1] because this practice is highly
predictive of participant success [2-4]. However, adherence to
SM tends to wane over time, especially during the WLM phase
[5,6]. Very few studies have examined patterns of adherence to
different SM tools over long periods of time, and almost none
have examined how individual differences predict different
types of SM adherence. This study explored changes in SM of
different tools across time, the unique timing and patterns of
disengagement and reengagement, and whether theory-based
individual-level factors could predict SM adherence among
participants in a year-long BWL program. The findings can
inform attempts to prevent disengagement with SM tools and
ultimately lead to greater weight control success.

Rates of SM Adherence
For all 3 SM targets, the rates of adherence declined across
months 4 to 11. These data mirror results from previous analyses
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with these data during phase I (months 0-3), in which adherence
to SM of weight and diet but not exercise decreased over 12
weeks [41]. SM adherence during phase II was strongly related
to previous SM engagement during phase I, an expected
association owing to the consistently strong association between
past and current behavior [19]. Throughout phase II, the rates
of SM of weight (53%, of the days) and diet (49%, of the days)
were significantly lower than those of exercise (80%, of the
days). These rates of SM of diet and weight are comparable
with the median rates seen in past interventions, whereas the
rates of SM of exercise were higher than usual [7]. Of the 72
participants, only 9 (13%) of the participants had strong (ie,
≥50%) adherence for all 3 SM targets throughout phase II, and
total disengagement was common: almost half of the participants
(31/72, 43%) had at least 1 month with no dietary SM, and
almost one-third (23/72, 32%) had at least 1 month with no
weight SM. SM engagement was modest in both conditions;
however, the rates of participants achieving high SM adherence
tended to be higher in the LM+SHARE condition, and more
LM+SHARE participants achieved strong adherence across all
3 targets than those in the LM condition. These results parallel
findings from the parent study on the potential benefit of coach
surveillance of SM data [11]. The results suggest that
nonadherence to SM, particularly of diet and weight, is a major
problem in BWL treatment, although coach monitoring of SM
data may provide 1 avenue for improvements.

The comparatively low rates of dietary SM are unsurprising
because calorie tracking is a high-burden behavior that requires
ample time and patience. Participants continually struggle with
this behavior during BWL trials [46], and past research shows
that this type of active SM (ie, calorie tracking) has lower
engagement than passive SM (eg, wearing a Fitbit band) [7].
Efforts should be made to help participants track their food
more easily, either by creating more user-friendly food tracking
technology or by identifying tracking strategies that reduce
participant burden without sacrificing effectiveness (eg, tracking
only dietary lapses [47]). However, the low rates of
self-weighing compared with the higher rates of exercise SM
are notable, given that self-weighing, much like exercise
tracking, is a low-burden behavior (ie, participants simply need
to step on a scale). Therefore, the discrepancy between exercise
SM and weight SM may be due to deliberate health information
avoidance [48]. Weighing can be highly distressing for
participants in BWL programs, and many people with
overweight or obesity report avoiding the scale in fear of
experiencing the negative feelings it may evoke [49]. Past
studies show that people are less likely to weigh themselves
when they have recently gained weight [50] or eaten more
calories than usual [24], suggesting that the declining adherence
for self-weighing may be a result of avoidance of the scale as
eating and exercise behavior become less stringent than they
were at the start of the program. The results of this study too
suggest that efforts to enhance participant engagement with
self-weighing may require addressing participant reactions to
weight information (eg, with self-compassion training) rather
than logistical efforts related to decreasing burden of the SM
behavior.

Patterns of Disengagement and Reengagement
Average adherence for diet and weight SM fell to <50% around
7 months into the program, whereas average adherence for
exercise SM fell off later, 10 months into the program. Among
those who did have low engagement, most dropped off fairly
early (ie, months 4-7) in phase II. Among participants who had
a meaningful decrease in adherence (ie, >10%) compared with
their phase I frequency of SM, the drop-off tended to occur just
before month 6 (ie, 2 months into phase II) for diet and weight
and around month 8 for SM of exercise. These results suggest
that participants are at risk for SM disengagement, particularly
with diet and weight, around the 6-month mark of BWL
programs; thus, this may be an optimal time for a potential
intervention.

Only approximately one-third of the participants whose weight
and dietary SM adherence dropped to <50% ever reengaged (ie,
restored levels of SM to ≥50% by the end of the program;17/51,
33% for weight SM and 19/57, 33% for dietary SM). However,
almost half of the participants (13/28, 46%) whose exercise SM
adherence dropped to <50% were able to reinstate those levels
later during WLM. Therefore, when participants disengage with
SM of weight and diet in particular, they are highly unlikely to
reengage. It seems to be more likely that participants will pick
back up with SM of exercise even if they have had low levels
of adherence previously, suggesting that this behavior is more
resilient against prior difficulties. Both rates of disengagement
and reengagement were more promising when data were shared
with coaches (LM+SHARE), suggesting that remote coach
monitoring may be 1 way to help protect participants against
dropping the key weight control behavior of SM.

Explaining SM Adherence and Adherence Trajectories
Although nonadherence to weight SM may be evidence of
deliberate avoidance, self-reported weight-related information
avoidance at baseline was not predictive of SM of weight or
exercise. It is possible that the preference to deliberately avoid
weight-related information predicts SM less strongly than
expected because avoidance is a dynamic factor that changes
owing to situational factors; for example, 1 study found that the
preference to avoid weight-related information was associated
with state variables (such as shame and negative mood) among
adult women with overweight or obesity but not with trait
variables (such as BMI, age, or past stigma regarding weight)
[51]. Nevertheless, higher baseline weight-related information
avoidance was associated with a steeper decline in dietary SM
over time. Participants with a stronger tendency to avoid
negative weight-related information may find it difficult to
confront their calorie intake when they expect that the numbers
will elicit shame [49]. As time progresses in WLM, and more
participants drift from their calorie goals, recording that
information seems to be more challenging for those who enter
BWL treatment with higher weight-related information
avoidance tendencies. Future work should confirm the dynamics
of this relationship with more frequent assessment of
weight-related information avoidance throughout WLM.

Contrary to expectations, in this study, baseline weight bias
internalization was associated with higher adherence to weight
SM. This finding is surprising because past research shows that
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weight bias internalization is associated with body image
avoidance [52] and the avoidance of health care entirely [27].
It is possible that weight bias internalization could lead to
greater motivation for weight loss to reduce weight-related guilt
and shame; however, research consistently shows that such
internalization is ultimately maladaptive [27]. Further work is
needed to clarify these conflicting results and elucidate the
underlying mechanism by which weight bias internalization
predicts higher levels of weight SM. Research is also needed
to determine whether the value of self-weighing is different
between those with high weight bias internalization and those
with low weight bias internalization.

Implications for BWL Treatment
Overall, the results emphasize the fact that SM of diet and
weight is a challenge during BWL treatment (even when using
digital tools) and should be prioritized as intervention targets.
Long-term SM adherence was associated with higher
engagement at earlier points of the BWL program (phase I),
suggesting that individuals who can establish a consistent,
regular SM routine early in treatment will find it easier to
maintain it during WLM. Deliberate weight-related information
avoidance may occur, as evidenced by the low rates of SM of
weight despite its being a low-burden behavior in comparison
with SM of diet. Thus, strategies to increase rates of
self-weighing among participants in BWL programs may be
best designed to target participants’ reaction to SM (eg,
self-compassion training) versus logistical problem-solving to
decrease burden. This study is the first to identify potential
individual-level factors related to use of digital SM tools during
WLM. The findings suggest that participants in BWL programs
entering treatment with higher rates of weight-related
information avoidance and lower rates of weight bias
internalization may be at higher risk for low long-term
engagement with dietary and weight SM, respectively. This has
clinical utility because these individuals can then be identified
at baseline and targeted throughout treatment with specific
strategies to facilitate sustaining SM as a key weight control
behavior. The findings point to the utility of just-in-time
adaptive interventions (JITAIs) to promote reengagement with
SM tools among participants whose SM starts to decline. JITAIs
are dynamic, identifying critical moments for intervention and
providing tailored support [53]. Such interventions may be
especially effective 6 to 8 months into treatment because, in
this study, this was a critical period with high rates of
disengagement from SM. Without this intervention, participants
may have a difficult time resuming adherence to these crucial
behaviors because the current data suggest that few participants
who disengage will ever reengage. Future research should
identify what psychological or practical support participants
need at these times to inspire them to reengage.

Strengths and Limitations
This study had several strengths. It included long-term
assessment of the use of digital SM tools after the intensive
phase of a BWL program, which was a noted gap in the
literature. SM data were collected objectively from wireless
scales and passive Fitbit sensors, which is a particularly valid
method of data collection. Given the design of the parent study,
these analyses also provided a chance to look at SM patterns
with remote coach monitoring of participant SM data and those
without. Data sharing with coaches is a new development within
BWL treatment innovation that is not included in most
interventions. Thus, it is helpful to clarify what long-term digital
SM behavior looks like with coach data surveillance and
without. A limitation of the study is its sample size of 77
participants, limiting power to detect small effects. Additional
research in a larger, more diverse (specifically, sex diverse)
sample would increase the generalizability of, and confidence
in, the findings. There was also attrition throughout phase I,
where 10 (11%) of the 87 participants dropped out before
randomization into phase II and 5 (6%) of the 77 enrolled in
phase II did not provide data for this analysis. It is possible that
these individuals were more likely to have disengaged from SM
and thus would have exhibited poor rates of adherence. Thus,
phase II SM adherence rates may have been lower (and the
results may have differed) if these analyses were conducted
using a data set that included all participants. Furthermore,
definitions of SM adherence (eg, high adherence: ≥50% and
valid days of calorie tracking: logging ≥5 foods) were based on
past literature but are still somewhat arbitrary; for example, it
is unclear whether using a threshold of 800 calories per day or
at least 2 eating episodes per day is a better determinant of valid
calorie days [43].

Conclusions
This study found that weight, diet, and exercise SM declined
over time during the maintenance phase of a BWL intervention.
Adherence to dietary SM was the poorest, followed by
adherence to weight SM, whereas adherence to exercise SM
was comparatively higher. Few participants maintained high
levels of SM across the full study, and total disengagement from
SM was common, with low rates of reengagement. These rates
of adherence are particularly troubling, given the trial’s strong
emphasis on SM. Higher baseline health information avoidance
and lower baseline weight bias internalization were associated
with poorer SM. The findings suggest that future BWL
interventions may benefit from JITAIs that identify when
participants are at risk for disengagement and provide adaptive
support to promote better SM adherence.

Acknowledgments
The authors would like to thank the study participants and study staff for their contributions to this study. This work was supported
by the National Institutes of Health (R21DK112741).

JMIR Mhealth Uhealth 2023 | vol. 11 | e45057 | p. 12https://mhealth.jmir.org/2023/1/e45057
(page number not for citation purposes)

Crane et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Authors' Contributions
NC and MB conceptualized the study aims. NC completed data preparation. NC and CH completed data analyses. NC, OH, and
CH wrote the initial draft of the manuscript. All authors contributed to revisions and approved the final manuscript.

Conflicts of Interest
None declared.

References

1. Wadden TA, Tronieri JS, Butryn ML. Lifestyle modification approaches for the treatment of obesity in adults. Am Psychol
2020;75(2):235-251 [FREE Full text] [doi: 10.1037/amp0000517] [Medline: 32052997]

2. Burke LE, Wang J, Sevick MA. Self-monitoring in weight loss: a systematic review of the literature. J Am Diet Assoc 2011
Jan;111(1):92-102 [FREE Full text] [doi: 10.1016/j.jada.2010.10.008] [Medline: 21185970]

3. Laitner MH, Minski SA, Perri MG. The role of self-monitoring in the maintenance of weight loss success. Eat Behav 2016
Apr;21:193-197 [FREE Full text] [doi: 10.1016/j.eatbeh.2016.03.005] [Medline: 26974582]

4. Zheng Y, Klem ML, Sereika SM, Danford CA, Ewing LJ, Burke LE. Self-weighing in weight management: a systematic
literature review. Obesity (Silver Spring) 2015 Feb;23(2):256-265 [FREE Full text] [doi: 10.1002/oby.20946] [Medline:
25521523]

5. Wolin KY, Steinberg DM, Lane IB, Askew S, Greaney ML, Colditz GA, et al. Engagement with eHealth self-monitoring
in a primary care-based weight management intervention. PLoS One 2015;10(10):e0140455 [FREE Full text] [doi:
10.1371/journal.pone.0140455] [Medline: 26469065]

6. Acharya SD, Elci OU, Sereika SM, Music E, Styn MA, Turk MW, et al. Adherence to a behavioral weight loss treatment
program enhances weight loss and improvements in biomarkers. Patient Prefer Adherence 2009 Nov 03;3:151-160 [FREE
Full text] [doi: 10.2147/ppa.s5802] [Medline: 19936157]

7. Patel ML, Wakayama LN, Bennett GG. Self-monitoring via digital health in weight loss interventions: a systematic review
among adults with overweight or obesity. Obesity (Silver Spring) 2021 Mar;29(3):478-499 [doi: 10.1002/oby.23088]
[Medline: 33624440]

8. Cavero-Redondo I, Martinez-Vizcaino V, Fernandez-Rodriguez R, Saz-Lara A, Pascual-Morena C, Álvarez-Bueno C.
Effect of behavioral weight management interventions using lifestyle mHealth self-monitoring on weight loss: a systematic
review and meta-analysis. Nutrients 2020 Jul 03;12(7):1977 [FREE Full text] [doi: 10.3390/nu12071977] [Medline:
32635174]

9. Ross KM, Wing RR. Impact of newer self-monitoring technology and brief phone-based intervention on weight loss: a
randomized pilot study. Obesity (Silver Spring) 2016 Aug;24(8):1653-1659 [FREE Full text] [doi: 10.1002/oby.21536]
[Medline: 27367614]

10. Berry R, Kassavou A, Sutton S. Does self-monitoring diet and physical activity behaviors using digital technology support
adults with obesity or overweight to lose weight? A systematic literature review with meta-analysis. Obes Rev 2021
Oct;22(10):e13306 [doi: 10.1111/obr.13306] [Medline: 34192411]

11. Butryn ML, Martinelli MK, Crane NT, Godfrey K, Roberts SR, Zhang F, et al. Counselor surveillance of digital
self-monitoring data: a pilot randomized controlled trial. Obesity (Silver Spring) 2020 Dec;28(12):2339-2346 [FREE Full
text] [doi: 10.1002/oby.23015] [Medline: 33098278]

12. Robertson MC, Raber M, Liao Y, Wu I, Parker N, Gatus L, et al. Patterns of self-monitoring technology use and weight
loss in people with overweight or obesity. Transl Behav Med 2021 Aug 13;11(8):1537-1547 [FREE Full text] [doi:
10.1093/tbm/ibab015] [Medline: 33837792]

13. Harvey J, Krukowski R, Priest J, West D. Log often, lose more: electronic dietary self-monitoring for weight loss. Obesity
(Silver Spring) 2019 Mar;27(3):380-384 [FREE Full text] [doi: 10.1002/oby.22382] [Medline: 30801989]

14. Zheng Y, Burke LE, Danford CA, Ewing LJ, Terry MA, Sereika SM. Patterns of self-weighing behavior and weight change
in a weight loss trial. Int J Obes (Lond) 2016 Sep;40(9):1392-1396 [doi: 10.1038/ijo.2016.68] [Medline: 27113642]

15. Tronieri JS, Wadden TA, Walsh O, Berkowitz RI, Alamuddin N, Chao AM. Measures of adherence as predictors of early
and total weight loss with intensive behavioral therapy for obesity combined with liraglutide 3.0 mg. Behav Res Ther 2020
Aug;131:103639 [FREE Full text] [doi: 10.1016/j.brat.2020.103639] [Medline: 32450367]

16. Burke LE, Swigart V, Warziski Turk M, Derro N, Ewing LJ. Experiences of self-monitoring: successes and struggles during
treatment for weight loss. Qual Health Res 2009 Jun;19(6):815-828 [FREE Full text] [doi: 10.1177/1049732309335395]
[Medline: 19365099]

17. Verheijden MW, Bakx JC, van Weel C, Koelen MA, van Staveren WA. Role of social support in lifestyle-focused weight
management interventions. Eur J Clin Nutr 2005 Aug;59 Suppl 1:S179-S186 [doi: 10.1038/sj.ejcn.1602194] [Medline:
16052189]

18. Martinelli MK, D'Adamo L, Butryn ML. Binge eating predicts adherence to digital self-monitoring during behavioral
weight loss. Eat Behav 2020 Dec;39:101448 [FREE Full text] [doi: 10.1016/j.eatbeh.2020.101448] [Medline: 33157520]

JMIR Mhealth Uhealth 2023 | vol. 11 | e45057 | p. 13https://mhealth.jmir.org/2023/1/e45057
(page number not for citation purposes)

Crane et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

https://europepmc.org/abstract/MED/32052997
http://dx.doi.org/10.1037/amp0000517
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32052997&dopt=Abstract
https://europepmc.org/abstract/MED/21185970
http://dx.doi.org/10.1016/j.jada.2010.10.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21185970&dopt=Abstract
https://europepmc.org/abstract/MED/26974582
http://dx.doi.org/10.1016/j.eatbeh.2016.03.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26974582&dopt=Abstract
https://onlinelibrary.wiley.com/doi/10.1002/oby.20946
http://dx.doi.org/10.1002/oby.20946
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25521523&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0140455
http://dx.doi.org/10.1371/journal.pone.0140455
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26469065&dopt=Abstract
https://europepmc.org/abstract/MED/19936157
https://europepmc.org/abstract/MED/19936157
http://dx.doi.org/10.2147/ppa.s5802
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19936157&dopt=Abstract
http://dx.doi.org/10.1002/oby.23088
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33624440&dopt=Abstract
https://www.mdpi.com/resolver?pii=nu12071977
http://dx.doi.org/10.3390/nu12071977
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32635174&dopt=Abstract
https://europepmc.org/abstract/MED/27367614
http://dx.doi.org/10.1002/oby.21536
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27367614&dopt=Abstract
http://dx.doi.org/10.1111/obr.13306
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34192411&dopt=Abstract
https://europepmc.org/abstract/MED/33098278
https://europepmc.org/abstract/MED/33098278
http://dx.doi.org/10.1002/oby.23015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33098278&dopt=Abstract
https://europepmc.org/abstract/MED/33837792
http://dx.doi.org/10.1093/tbm/ibab015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33837792&dopt=Abstract
https://europepmc.org/abstract/MED/30801989
http://dx.doi.org/10.1002/oby.22382
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30801989&dopt=Abstract
http://dx.doi.org/10.1038/ijo.2016.68
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27113642&dopt=Abstract
https://europepmc.org/abstract/MED/32450367
http://dx.doi.org/10.1016/j.brat.2020.103639
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32450367&dopt=Abstract
https://europepmc.org/abstract/MED/19365099
http://dx.doi.org/10.1177/1049732309335395
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19365099&dopt=Abstract
http://dx.doi.org/10.1038/sj.ejcn.1602194
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16052189&dopt=Abstract
https://europepmc.org/abstract/MED/33157520
http://dx.doi.org/10.1016/j.eatbeh.2020.101448
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33157520&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


19. Conner M, Armitage CJ. Extending the theory of planned behavior: a review and avenues for further research. J Appl Social
Pyschol 1998 Aug;28(15):1429-1464 [doi: 10.1111/j.1559-1816.1998.tb01685.x]

20. Sweeny K, Melnyk D, Miller W, Shepperd JA. Information avoidance: who, what, when, and why. Rev General Psychol
2010 Dec 01;14(4):340-353 [doi: 10.1037/a0021288]

21. Carver C, Scheier M. On the Self-Regulation of Behavior. Cambridge, United Kingdom: Cambridge University Press;
2001.

22. Orji R, Lomotey R, Oyibo K, Orji F, Blustein J, Shahid S. Tracking feels oppressive and 'punishy': exploring the costs and
benefits of self-monitoring for health and wellness. Digit Health 2018;4:2055207618797554 [FREE Full text] [doi:
10.1177/2055207618797554] [Medline: 30202544]

23. Webb TL, Chang BP, Benn Y. ‘The ostrich problem’: motivated avoidance or rejection of information about goal progress.
Soc Personality Psychol Compass 2013 Nov 04;7(11):794-807 [doi: 10.1111/spc3.12071]

24. Schumacher LM, Martinelli MK, Convertino AD, Forman EM, Butryn ML. Weight-related information avoidance
prospectively predicts poorer self-monitoring and engagement in a behavioral weight loss intervention. Ann Behav Med
2021 Mar 16;55(2):103-111 [FREE Full text] [doi: 10.1093/abm/kaaa034] [Medline: 32491152]

25. Reyes NR, Oliver TL, Klotz AA, Lagrotte CA, Vander Veur SS, Virus A, et al. Similarities and differences between weight
loss maintainers and regainers: a qualitative analysis. J Acad Nutr Diet 2012 Apr;112(4):499-505 [doi:
10.1016/j.jand.2011.11.014] [Medline: 22709701]

26. Tanenbaum ML, Ross KM, Wing RR. Overeat today, skip the scale tomorrow: an examination of caloric intake predicting
nonadherence to daily self-weighing. Obesity (Silver Spring) 2016 Nov;24(11):2341-2343 [FREE Full text] [doi:
10.1002/oby.21650] [Medline: 27619935]

27. Pearl RL, Puhl RM. Weight bias internalization and health: a systematic review. Obes Rev 2018 Aug;19(8):1141-1163
[FREE Full text] [doi: 10.1111/obr.12701] [Medline: 29788533]

28. Pearl RL, Puhl RM, Dovidio JF. Differential effects of weight bias experiences and internalization on exercise among
women with overweight and obesity. J Health Psychol 2015 Dec;20(12):1626-1632 [doi: 10.1177/1359105313520338]
[Medline: 24505060]

29. Linde JA, Rothman AJ, Baldwin AS, Jeffery RW. The impact of self-efficacy on behavior change and weight change among
overweight participants in a weight loss trial. Health Psychol 2006 May;25(3):282-291 [doi: 10.1037/0278-6133.25.3.282]
[Medline: 16719599]

30. Burke LE, Ewing LJ, Ye L, Styn M, Zheng Y, Music E, et al. The SELF trial: a self-efficacy-based behavioral intervention
trial for weight loss maintenance. Obesity (Silver Spring) 2015 Nov;23(11):2175-2182 [FREE Full text] [doi:
10.1002/oby.21238] [Medline: 26381151]

31. Warziski MT, Sereika SM, Styn MA, Music E, Burke LE. Changes in self-efficacy and dietary adherence: the impact on
weight loss in the PREFER study. J Behav Med 2008 Feb;31(1):81-92 [doi: 10.1007/s10865-007-9135-2] [Medline:
17963038]

32. Corrigan PW, Larson JE, Rüsch N. Self-stigma and the "why try" effect: impact on life goals and evidence-based practices.
World Psychiatry 2009 Jun;8(2):75-81 [FREE Full text] [doi: 10.1002/j.2051-5545.2009.tb00218.x] [Medline: 19516923]

33. Kahan S, Puhl RM. The damaging effects of weight bias internalization. Obesity (Silver Spring) 2017 Feb;25(2):280-281
[doi: 10.1002/oby.21772] [Medline: 28124505]

34. Hain B, Langer L, Hünnemeyer K, Rudofsky G, Zech U, Wild B. Translation and validation of the German version of the
weight self-stigma questionnaire (WSSQ). Obes Surg 2015 Apr;25(4):750-753 [doi: 10.1007/s11695-015-1598-6] [Medline:
25663147]

35. Pearl RL, Puhl RM, Himmelstein MS, Pinto AM, Foster GD. Weight stigma and weight-related health: associations of
self-report measures among adults in weight management. Ann Behav Med 2020 Nov 01;54(11):904-914 [FREE Full text]
[doi: 10.1093/abm/kaaa026] [Medline: 32333673]

36. Severin R, Sabbahi A, Mahmoud AM, Arena R, Phillips SA. Precision medicine in weight loss and healthy living. Prog
Cardiovasc Dis 2019 Jan;62(1):15-20 [FREE Full text] [doi: 10.1016/j.pcad.2018.12.012] [Medline: 30610881]

37. Look AHEAD Research Group, Wadden TA, West DS, Delahanty L, Jakicic J, Rejeski J, et al. The Look AHEAD study:
a description of the lifestyle intervention and the evidence supporting it. Obesity (Silver Spring) 2006 May;14(5):737-752
[FREE Full text] [doi: 10.1038/oby.2006.84] [Medline: 16855180]

38. The Diabetes Prevention Program Research Group. The diabetes prevention program. Design and methods for a clinical
trial in the prevention of type 2 diabetes. Diabetes Care 1999 Apr;22(4):623-634 [FREE Full text] [doi:
10.2337/diacare.22.4.623] [Medline: 10189543]

39. Howell JL, Shepperd JA. Establishing an information avoidance scale. Psychol Assess 2016 Dec;28(12):1695-1708 [doi:
10.1037/pas0000315] [Medline: 27099980]

40. Durso LE, Latner JD. Understanding self-directed stigma: development of the weight bias internalization scale. Obesity
(Silver Spring) 2008 Nov;16 Suppl 2:S80-S86 [FREE Full text] [doi: 10.1038/oby.2008.448] [Medline: 18978768]

41. Butryn ML, Godfrey KM, Martinelli MK, Roberts SR, Forman EM, Zhang F. Digital self-monitoring: does adherence or
association with outcomes differ by self-monitoring target? Obes Sci Pract 2020 Apr;6(2):126-133 [FREE Full text] [doi:
10.1002/osp4.391] [Medline: 32313670]

JMIR Mhealth Uhealth 2023 | vol. 11 | e45057 | p. 14https://mhealth.jmir.org/2023/1/e45057
(page number not for citation purposes)

Crane et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://dx.doi.org/10.1111/j.1559-1816.1998.tb01685.x
http://dx.doi.org/10.1037/a0021288
https://journals.sagepub.com/doi/10.1177/2055207618797554?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/2055207618797554
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30202544&dopt=Abstract
http://dx.doi.org/10.1111/spc3.12071
https://europepmc.org/abstract/MED/32491152
http://dx.doi.org/10.1093/abm/kaaa034
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32491152&dopt=Abstract
http://dx.doi.org/10.1016/j.jand.2011.11.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22709701&dopt=Abstract
https://europepmc.org/abstract/MED/27619935
http://dx.doi.org/10.1002/oby.21650
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27619935&dopt=Abstract
https://europepmc.org/abstract/MED/29788533
http://dx.doi.org/10.1111/obr.12701
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29788533&dopt=Abstract
http://dx.doi.org/10.1177/1359105313520338
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24505060&dopt=Abstract
http://dx.doi.org/10.1037/0278-6133.25.3.282
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16719599&dopt=Abstract
https://europepmc.org/abstract/MED/26381151
http://dx.doi.org/10.1002/oby.21238
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26381151&dopt=Abstract
http://dx.doi.org/10.1007/s10865-007-9135-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17963038&dopt=Abstract
https://europepmc.org/abstract/MED/19516923
http://dx.doi.org/10.1002/j.2051-5545.2009.tb00218.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19516923&dopt=Abstract
http://dx.doi.org/10.1002/oby.21772
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28124505&dopt=Abstract
http://dx.doi.org/10.1007/s11695-015-1598-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25663147&dopt=Abstract
https://europepmc.org/abstract/MED/32333673
http://dx.doi.org/10.1093/abm/kaaa026
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32333673&dopt=Abstract
https://europepmc.org/abstract/MED/30610881
http://dx.doi.org/10.1016/j.pcad.2018.12.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30610881&dopt=Abstract
https://europepmc.org/abstract/MED/16855180
http://dx.doi.org/10.1038/oby.2006.84
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16855180&dopt=Abstract
https://europepmc.org/abstract/MED/10189543
http://dx.doi.org/10.2337/diacare.22.4.623
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10189543&dopt=Abstract
http://dx.doi.org/10.1037/pas0000315
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27099980&dopt=Abstract
https://onlinelibrary.wiley.com/doi/10.1038/oby.2008.448
http://dx.doi.org/10.1038/oby.2008.448
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18978768&dopt=Abstract
https://europepmc.org/abstract/MED/32313670
http://dx.doi.org/10.1002/osp4.391
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32313670&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


42. Korinek EV, Phatak SS, Martin CA, Freigoun MT, Rivera DE, Adams MA, et al. Adaptive step goals and rewards: a
longitudinal growth model of daily steps for a smartphone-based walking intervention. J Behav Med 2018 Feb;41(1):74-86
[doi: 10.1007/s10865-017-9878-3] [Medline: 28918547]

43. Turner-McGrievy GM, Dunn CG, Wilcox S, Boutté AK, Hutto B, Hoover A, et al. Defining adherence to mobile dietary
self-monitoring and assessing tracking over time: tracking at least two eating occasions per day is best marker of adherence
within two different mobile health randomized weight loss interventions. J Acad Nutr Diet 2019 Sep;119(9):1516-1524
[FREE Full text] [doi: 10.1016/j.jand.2019.03.012] [Medline: 31155473]

44. Field A. Discovering Statistics Using IBM SPSS Statistics. Thousand Oaks, California, United states: SAGE Publications;
2013.

45. Berkovits I, Hancock GR, Nevitt J. Bootstrap resampling approaches for repeated measure designs: relative robustness to
sphericity and normality violations. Educational Psychological Measurement 2016 Jul 02;60(6):877-892 [doi:
10.1177/00131640021970961]

46. Yu Z, Sealey-Potts C, Rodriguez J. Dietary self-monitoring in weight management: current evidence on efficacy and
adherence. J Acad Nutr Diet 2015 Dec;115(12):1931-1938 [doi: 10.1016/j.jand.2015.04.005] [Medline: 26028176]

47. Pagoto S, Tulu B, Waring ME, Goetz J, Bibeau J, Divito J, et al. Slip buddy app for weight management: randomized
feasibility trial of a dietary lapse tracking app. JMIR Mhealth Uhealth 2021 Apr 01;9(4):e24249 [FREE Full text] [doi:
10.2196/24249] [Medline: 33792547]

48. Howell J, Lipsey N, Shepperd J. Health information avoidance. In: The Wiley Encyclopedia of Health Psychology. Hoboken,
New Jersey: Wiley; 2020.

49. Hartmann-Boyce J, Boylan A, Jebb SA, Aveyard P. Experiences of self-monitoring in self-directed weight loss and weight
loss maintenance: systematic review of qualitative studies. Qual Health Res 2019 Jan;29(1):124-134 [doi:
10.1177/1049732318784815] [Medline: 29984630]

50. Goldstein SP, Goldstein CM, Bond DS, Raynor HA, Wing RR, Thomas JG. Associations between self-monitoring and
weight change in behavioral weight loss interventions. Health Psychol 2019 Dec;38(12):1128-1136 [FREE Full text] [doi:
10.1037/hea0000800] [Medline: 31556659]

51. Hagerman C. Interrupting the Cycle of Weight Stigma and Unhealthy Behavior: The Potential of Self-affirmation and
Self-compassion Exercises. Washington, D.C: The George Washington University; Aug 31, 2021.

52. Marshall RD, Latner JD, Masuda A. Internalized weight bias and disordered eating: the mediating role of body image
avoidance and drive for thinness. Front Psychol 2019;10:2999 [FREE Full text] [doi: 10.3389/fpsyg.2019.02999] [Medline:
32038383]

53. Nahum-Shani I, Smith SN, Spring BJ, Collins LM, Witkiewitz K, Tewari A, et al. Just-in-time adaptive interventions
(JITAIs) in mobile health: key components and design principles for ongoing health behavior support. Ann Behav Med
2018 May 18;52(6):446-462 [FREE Full text] [doi: 10.1007/s12160-016-9830-8] [Medline: 27663578]

Abbreviations
AHEAD: Action for Health in Diabetes
BWL: behavioral weight loss
IAS: Information Avoidance Scale
JITAI: just-in-time adaptive intervention
LM: lifestyle modification
LM+SHARE: lifestyle modification plus device data sharing
SM: self-monitoring
WBIS: Weight Bias Internalization Scale
WLM: weight loss maintenance

Edited by L Buis; submitted 08.01.23; peer-reviewed by J Bibeau, D West; comments to author 06.03.23; revised version received
17.04.23; accepted 18.05.23; published 18.07.23

Please cite as:
Crane N, Hagerman C, Horgan O, Butryn M
Patterns and Predictors of Engagement With Digital Self-Monitoring During the Maintenance Phase of a Behavioral Weight Loss
Program: Quantitative Study
JMIR Mhealth Uhealth 2023;11:e45057
URL: https://mhealth.jmir.org/2023/1/e45057
doi: 10.2196/45057
PMID:

JMIR Mhealth Uhealth 2023 | vol. 11 | e45057 | p. 15https://mhealth.jmir.org/2023/1/e45057
(page number not for citation purposes)

Crane et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://dx.doi.org/10.1007/s10865-017-9878-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28918547&dopt=Abstract
https://europepmc.org/abstract/MED/31155473
http://dx.doi.org/10.1016/j.jand.2019.03.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31155473&dopt=Abstract
http://dx.doi.org/10.1177/00131640021970961
http://dx.doi.org/10.1016/j.jand.2015.04.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26028176&dopt=Abstract
https://mhealth.jmir.org/2021/4/e24249/
http://dx.doi.org/10.2196/24249
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33792547&dopt=Abstract
http://dx.doi.org/10.1177/1049732318784815
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29984630&dopt=Abstract
https://europepmc.org/abstract/MED/31556659
http://dx.doi.org/10.1037/hea0000800
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31556659&dopt=Abstract
https://europepmc.org/abstract/MED/32038383
http://dx.doi.org/10.3389/fpsyg.2019.02999
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32038383&dopt=Abstract
https://europepmc.org/abstract/MED/27663578
http://dx.doi.org/10.1007/s12160-016-9830-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27663578&dopt=Abstract
https://mhealth.jmir.org/2023/1/e45057
http://dx.doi.org/10.2196/45057
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


©Nicole Crane, Charlotte Hagerman, Olivia Horgan, Meghan Butryn. Originally published in JMIR mHealth and uHealth
(https://mhealth.jmir.org), 18.07.2023. This is an open-access article distributed under the terms of the Creative Commons
Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work, first published in JMIR mHealth and uHealth, is properly cited. The complete
bibliographic information, a link to the original publication on https://mhealth.jmir.org/, as well as this copyright and license
information must be included.

JMIR Mhealth Uhealth 2023 | vol. 11 | e45057 | p. 16https://mhealth.jmir.org/2023/1/e45057
(page number not for citation purposes)

Crane et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/

