
Received: 28 August 2019 Revised: 13 November 2019 Accepted: 14 November 2019

DOI: 10.1002/osp4.391
OR I G I N A L A R T I C L E
Digital self‐monitoring: Does adherence or association with
outcomes differ by self‐monitoring target?
Meghan L. Butryn | Kathryn M. Godfrey | Mary K. Martinelli | Savannah R. Roberts |

Evan M. Forman | Fengqing Zhang
Department of Psychology, Drexel University,

Philadelphia, PA, USA

Correspondence

Meghan Butryn, Department of Psychology,

Drexel University, 3141Chestnut Street,

Stratton Hall 119, Philadelphia, PA 19104,

USA.

Email: mlb34@drexel.edu

Funding information

National Institute of Diabetes and Digestive

and Kidney Diseases, Grant/Award Number:

NIH R21DK112741; NIH, Grant/Award Num-

ber: R21DK112741
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

This is an open access article under the terms of the

the original work is properly cited.

© 2019 The Authors. Obesity Science & Practice p

126 wileyonlinelibrary.com/journal/osp4
Summary

Objective: Digital self‐monitoring of eating, physical activity, and weight is increas-

ingly prescribed in behavioural weight loss programmes. This study determined if

adherence rates or associations with outcomes differed according to self‐monitoring

target (ie, self‐monitoring of eating versus physical activity versus weight).

Methods: Participants in a 3‐month, group‐based weight loss programme were

instructed to use an app to record food intake, wear a physical activity sensor, and

use a wireless body weight scale. At post‐treatment, weight loss was measured in

clinic and moderate‐to‐vigorous physical activity (MVPA) was measured by

research‐grade accelerometer.

Results: Adherence to self‐monitoring decreased significantly over time for eating

and weight but not physical activity. Overall, adherence to self‐monitoring of weight

was lower than that of eating or physical activity. Greater adherence to self‐

monitoring of eating, physical activity, and weight each predicted greater weight loss.

Only greater adherence to self‐monitoring of eating was associated with greater

bouted minutes of MVPA.

Conclusions: Findings from this study suggest that self‐monitoring should be con-

sidered a target‐specific behaviour rather than a unitary construct when conceptual-

izing adherence and association with treatment outcomes.
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1 | INTRODUCTION

Self‐monitoring is a cornerstone of the behavioural approach to

weight loss.1 Participants in behavioural weight loss programmes

are generally instructed to track eating behaviour, physical activity,

and weight. Self‐monitoring is thought to promote behaviour change
- - - - - - - - - - - - - - - - - - - - - - - - - -
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(and ultimately weight loss) by helping participants to regularly

assess progress towards goals and compliance with programme rec-

ommendations, increase awareness of key behavioural patterns, alert

participants to areas of concern, and provide a sense of accomplish-

ment for successes.2 Traditionally, self‐monitoring has been con-

ducted in analogue forms, by using a paper diary to record food
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intake and minutes of physical activity and weighing oneself with a

conventional bathroom scale. Increasingly, behavioural weight loss

participants have access to digital tools: a smartphone app to record

food intake, a wearable physical activity sensor, and a wireless body

weight scale that syncs to an app.

Although research on digital self‐monitoring is growing quickly,

more clarity is needed regarding the extent to which self‐monitoring

should be treated as a unitary construct or if there are important differ-

ences in self‐monitoring process and outcomes depending on the self‐

monitoring target (ie, eating versus physical activity versus weight).

The amount of effort or time required to enter and review the data,

the extent to which the information provided may be perceived as

threatening or upsetting, or the perceived value of the data may differ

depending on the self‐monitoring target. Research is needed that com-

pares digital self‐monitoring of eating, physical activity, and weight to

determine if they differ in adherence rates, changes in adherence over

time, or associations with objectively measured treatment outcomes

(namely, weight loss and adoption of physical activity).

The present study is one of few that prescribed and evaluated use of

a comprehensive suite of digital self‐monitoring tools in an in‐person,

group‐based behavioural weight loss programme and compared self‐

monitoring of eating, physical activity, and weight. Aim 1 was to test

the hypothesis that adherence rates would differ by target of self‐

monitoring. Specifically, self‐monitoring of physical activity was

hypothesized to be higher than that of weight and eating, given that

the method for physical activity self‐monitoring in this study required

minimal effort and that information about physical activity may be per-

ceived as less threatening to participants than information aboutweight

or calorie intake. Similarly, Aim 2 was designed to evaluate the hypoth-

esis that decline in self‐monitoring adherence over time would be low-

est for physical activity compared with eating and weight self‐

monitoring. Aim 3 was to test the hypothesis that greater adherence

to each type of self‐monitoring would be associated with better weight

and physical activity outcomes. Monitoring progress towards goals

(whether successful in meeting those goals or not) could be expected

to increase motivation or self‐efficacy for multiple weight control

behaviours (eg, tracking weight loss progress and being pleased with

progress could promote physical activity adherence, if a participant

believes that physical activity is contributing to success; tracking calorie

intake and being disappointed with progress could also promote physi-

cal activity adherence, if a participant believes adherence to physical

activity may be necessary to compensate for high calorie intake).
2 | METHODS

2.1 | Participants

This study was part of a larger parent project (Clinical Trials Identifier:

NCT03337139) that was designed to evaluate the feasibility and effi-

cacy of an experimental weight loss maintenance intervention. In the

parent study, all participants received the same behavioural, face‐to‐

face, group‐based treatment during the weight loss phase of the study
(weeks 1‐12). At the end of that phase, participants were randomized

to two different weight loss maintenance conditions (weeks 13‐52).

During the weight loss maintenance phase, all intervention contact

occurred via weekly text messages and monthly phone calls, and the

two conditions varied according to the access that coaches had to par-

ticipant self‐monitoring device data. The current substudy was

focused on outcomes for all participants enrolled in the uniform

weight loss phase of treatment (weeks 1‐12).

Participants were 18 to 70 years old, had a BMI of 25 to 45 kg/m2,

had a smartphone and home wireless access, and had no contraindica-

tions to physical activity. Participants were ineligible if they had med-

ical or psychiatric conditions that may have posed a risk during

lifestyle modification, had recently began or changed the dose of a

medication that may affect weight loss, or had a weight loss of greater

than or equal to 5% in the previous 3 months. Women who were cur-

rently nursing, pregnant, or planning to become pregnant over the

course of the study were also ineligible. All participants provided writ-

ten informed consent upon enrolment. Participants were not compen-

sated for assessments within the 12 weeks of weight loss treatment.

All study procedures were approved by the Institutional Review Board

of Drexel University.
2.2 | Intervention

Participants were provided with one treatment orientation session

(week 0) followed by 12 weekly behavioural weight loss group ses-

sions, delivered face‐to‐face in groups of approximately 12 partici-

pants. The treatment protocol was adapted from Look AHEAD and

the Diabetes Prevention Program.3,4 It included strategies for stimulus

control, problem solving, and goal setting. A physical activity progres-

sion was prescribed for increasing days and minutes of moderate‐to‐

vigorous physical activity, ultimately reaching a goal of 250 bouted

minutes per week by 12 weeks.

Participants were provided with digital self‐monitoring tools for

eating, physical activity, and weight and instructed to use them for

the duration of treatment. Participants installed the Fitbit app on their

smartphones and were asked to record all food and beverage intake.

The app allowed participants to look up items in a comprehensive

database, add custom foods and meals to their food logs, and add

foods by scanning barcodes. The importance of recording intake as

soon as possible after eating was emphasized. Participants were

instructed to use their logs to gauge progress for meeting calorie

goals.

Participants also were provided with the Fitbit Flex, a physical

activity sensor worn on the wrist that has established reliability and

validity.5,6 Participants could view physical activity data in the Fitbit

app and were instructed to track “active minutes” (ie, bouts of

moderate‐to‐vigorous physical activity) in order to track progress in

meeting physical activity goals. Participants were told that they could

remove the device at night, but should wear it at all other times.

A Yunmai Smart Scale was provided for self‐monitoring of weight,

which also synced with the Fitbit app. Participants were instructed to
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weigh themselves weekly in weeks 1 to 10 and daily in weeks 11 and

12. (Participants were told that programme advised against self‐

monitoring weight more frequently than daily; otherwise, weighing

more frequently than weekly during weeks 1 to 10 was neither

encouraged nor discouraged.) This prescription was designed to align

with the traditional approach of self‐monitoring weight weekly during

active weight loss and daily during weight loss maintenance7; partici-

pants were expected to be preparing for weight loss maintenance as

the end of in‐person treatment approached. Participants were told

that daily weighing after 10 weeks was advised because (a) it would

provide accountability that otherwise would be decreasing when the

initial phase of weight loss treatment ended at 12 weeks and (2) dur-

ing the weight loss maintenance phase of treatment, risk for relapse

would heighten, and daily weighing could reduce that risk by identify-

ing small weight gains early.
2.3 | Measures

2.3.1 | Demographics

A self‐report questionnaire was used to record participant's age, gen-

der, race, and ethnicity at baseline.

2.3.2 | Height and weight

Project staff used a Tanita model WB‐3000 digital scale to weigh par-

ticipants (weighed in street clothes without shoes) at baseline and at

week 12. Height was measured at baseline using a mechanical height

rod equipped on the scale.

2.3.3 | Physical activity

ActiGraph GT3X tri‐axial, solid‐state accelerometers were used to

measure minutes of moderate‐to‐vigorous physical activity (MVPA)

at the end of treatment. Actigraph data were not collected at baseline

in order to minimize participant burden and because randomization for

the parent study did not occur until 12 weeks (ie, the beginning of the

weight loss maintenance phase). A minimum of four days of valid

accelerometer data was required for inclusion in analyses. ActiLife

software was used to calculate participant's MVPA using established

cut‐points.8 Bouted and unbouted MVPA were each examined. This

programme's prescription for physical activity was given in bouted

minutes (ie, exercise completed in episodes of at least 10 min each),

which is also what Fitbit measured for active minute calculations,

but the newest guidance indicates unbouted physical activity is a more

appropriate intervention target.9

2.3.4 | Self‐monitoring adherence

Adherence to self‐monitoring was assessed with a research portal that

remotely and automatically captured data from participants' devices.

Participants consented to sharing these data with the research team.

The intervention team did not have access to the data during weight
loss treatment. (Participants printed their food records in order to

receive feedback on their dietary intake.) For dietary self‐monitoring,

percent adherence was determined by the days in which there was

at least one item logged (consistent with the approach used in other

studies).10 For physical activity self‐monitoring, percent adherence

was determined by the number days in which participants had at least

500 steps tracked on the Fitbit.11-13 Percent adherence to weight self‐

monitoring was calculated based on adherence to the varied self‐

weighing prescription: once per week from weeks 1 to 10 and once

per day for weeks 11 to 12. When weight self‐monitoring was exam-

ined as a predictor of 12‐week outcomes, only adherence during

weeks 1 to 10 was included, so that the greater number of data points

closest in time to outcomes measurement would not bias the predictor

variable.
2.4 | Data analysis

Repeated measures analysis of variance (ANOVA) analyses were used

to examine change in self‐monitoring over time and compare self‐

monitoring adherence across targets. For distributions that violated

the assumption of normality, non‐parametric statistical tests

(avoperm)14 were run to produce permutation‐based t and P values.

Multiple regressions were used to examine associations between

self‐monitoring adherence and outcomes including weight loss and

unbouted MVPA. As the distribution of bouted MVPA was zero‐

inflated, compound Poisson linear regression models (cplm)15 were

used. All analyses were conducted in R.16
3 | RESULTS

3.1 | Preliminary analyses

There were 87 participants enrolled in the parent study (Mage = 50.0 ±

13.1 y, MBMI = 34.9 ± 4.9 kg/m2). The sample was composed primarily

of participants identifying as White (51.7%) or Black/African American

(35.6%), and 82.8% of participants were female. Complete demo-

graphic information is available in Table 1. Participants attended an

average of 82% of group sessions. Data were missing for 10 partici-

pants who discontinued their participation during the 12‐week treat-

ment (88.5% of the sample retained), and thus, analyses for the

current study are based on 77 participants.
3.2 | Self‐monitoring adherence by target

Mean self‐monitoring adherence was 91.5% (SD = 12.6%) for eating,

93.6% (SD = 13.9%) for physical activity, and 85.6% (SD = 18.7%)

for weight. Physical activity and dietary self‐monitoring adherence

were not significantly different across the 12 weeks ( F 1,76 = 3.15, P

= .08). Weight self‐monitoring adherence was less than physical activ-

ity ( F 1,76 = 28.21, P < .001) and dietary ( F 1,76 = 17.5, P < .001) self‐

monitoring adherence.



TABLE 1 Baseline characteristics

Mean (SD) or

frequency (%)

Age (years), M (SD) 50.02 (13.14)

Ethnicity, n %

Hispanic/Latino 5 (5.7%)

Non‐Hispanic 82 (94.3%)

Race, n %

American Indian/Alaskan Native 1 (1.1%)

Asian 3 (3.4%)

Native Hawaiian or other Pacific Islander 0 (0%)

Black or African American 31 (35.6%)

White 45 (51.7%)

Other or more than once race 7 (8.0%)

Education, n %

High school or lower 6 (6.9%)

Associate's degree 16 (18.4%)

Bachelor's degree 27 (31.0%)

Graduate or professional degree 38 (43.7%)

Household income, n %

$0‐$25 000 7 (8.1%)

$25 000‐$50 000 14 (16.3%)

$50 000‐$75 000 18 (20.9%)

$75 000‐$100 000 20 (23.3%)

$100 000‐$125 000 7 (8.1%)

$125 000 or higher 20 (24.3%)

Marital status, n %

Married 39 (44.8%)

Widowed 2 (2.3%)

Divorced 15 (17.2%)

Separated 3 (3.4%)

Never married 28 (32.2%)

BMI, M (SD) 34.9 (4.9)

Weight (kg), M (SD) 94.5 (14.5)

FIGURE 1 Self‐monitoring adherence by device and month
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3.3 | Change over time

Change over time in self‐monitoring adherence is shown in Figure 1.

Results of non‐parametric repeated measures ANOVA indicated that

adherence to self‐monitoring of eating changed significantly over time

(Month 1 = 92.7%, Month 2 = 94.9%, Month 3 = 86.7%, F 2,152 = 7.49,

permutation‐based P < .001). Self‐monitoring adherence did not

change significantly over time for physical activity (Month 1 =

94.5%, Month 2 = 94.0%, Month 3 = 92.4%, F 2,152 = 0.75,

permutation‐based P = .48).

Participants were instructed to self‐monitor their weight weekly

until the final 2 weeks of treatment, at which time daily self‐

monitoring of weight was to begin. An average of 89.6% (SD =

21.6%) and 87.3% (SD = 22.1%) of participants each week engaged
in weight self‐monitoring during Months 1 and 2, respectively. The

average frequency of weight self‐monitoring was 2.0 days per week

during Month 1 and 2.0 days per week during Month 2. Adherence

did not significantly differ from Month 1 to Month 2 ( F 1,76 = 0.85,

permutation‐based P = .37). During the final 2 weeks of treatment,

when weight self‐monitoring was to be conducted daily, this behav-

iour was observed on an average of 72.8% of days (SD = 30.3%).

Adherence during the final 2 weeks was significantly lower than that

during Month 1 ( F 1,76 = 26.79, P < .001) and Month 2 ( F 1,76 =

17.75, permutation‐based P < .001).

Given that changes in adherence were observed over time, adher-

ence by target of self‐monitoring was compared separately during

each of the 3 months of treatment. Physical activity self‐monitoring

adherence was higher than dietary self‐monitoring adherence during

Month 1 ( F 1,76 = 5.03, P = .03) and Month 3 ( F 1,76 = 5.15, P =

.03). There was no significant difference during Month 2 ( F 1,76 =

0.91, P = .34).

Physical activity self‐monitoring adherence was higher than weight

self‐monitoring adherence during Month 1 ( F 1,76 = 6.31, P = .01) and

Month 2 ( F 1,76 = 12.27, P < .001) and during the period in Month 3

when daily self‐monitoring of weight was prescribed ( F 1,76 = 38.71,

P < .001).

Dietary and weight self‐monitoring adherence were not signifi-

cantly different during Month 1 ( F 1,76 = 2.81, P = .10). Dietary self‐

monitoring adherence was greater than weight self‐monitoring adher-

ence during Month 2 ( F 1,76 = 13.64, P < .001) and during the period in

Month 3 when daily self‐monitoring of weight was prescribed ( F 1,76 =

25.03, P < .001).
3.4 | Association with outcomes

At 12 weeks, participants had lost an average of 6.1% of initial weight

and were engaging in 152.0 minutes per week of bouted MVPA and

334.4 minutes per week of unbouted MVPA (as measured by

Actigraph accelerometers). Self‐monitoring adherence was examined

as a predictor of 12‐week outcomes controlling for race, age, gender,

and baseline BMI. Greater adherence to self‐monitoring of eating

(t57 = 4.47, P < .001), physical activity (t57 = 3.23, P = .002), and weight

(t57 = 3.60, P < .001) each predicted greater weight loss. Only greater

adherence to self‐monitoring of eating was associated with greater

bouted minutes of MVPA (t52 = 2.12, P = .04). Greater adherence to
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self‐monitoring of eating (t52 = 3.88, P < .001) and physical activity (t52

= 2.82, P = .007) was each associated with greater unbouted minutes

of MVPA.

To illustrate the clinical significance of these relationships, partici-

pants were divided into tertiles of self‐monitoring adherence.

Figure 2 shows the relationship between weight loss and self‐

monitoring adherence in each target. Figure 3 shows the relationship

between unbouted physical activity minutes and self‐monitoring

adherence in each target.
4 | DISCUSSION

In the current study, participants were provided with a 12‐week,

group‐based, behavioural weight loss intervention and instructed to

engage in digital self‐monitoring of eating, physical activity, and

weight. There were meaningful differences in total adherence, change

in adherence over time, and association with outcomes depending on

the target of self‐monitoring, which suggests that in clinical work and

future research, self‐monitoring should be considered as a target‐

specific behaviour, rather than a unitary construct.

Overall, adherence to self‐monitoring was high, and engagement

remained impressive throughout the treatment period. On over 90%

of days during the 12‐week treatment period, participants recorded

at least one item of food/beverage consumed in their app and wore

their physical activity sensor. However, a significant reduction in

adherence to self‐monitoring of eating was observed over time, which

is consistent with previous research.17,18 Logging food and beverage

intake in an app can be effortful and time consuming, taking an
FIGURE 2 Percent weight loss from baseline to 12 weeks by self‐
monitoring adherence

FIGURE 3 MVPA (unbouted) minutes by self‐monitoring adherence
average of 15 to 20 minutes per day,19 and behavioural fatigue may

result. It is possible that the perceived value of dietary self‐monitoring

decreased as treatment progressed because participants had already

learned a substantial amount about nutrition or about their eating pat-

terns. There is some evidence that adherence to dietary prescriptions

is greatest in the early weeks of weight loss treatment20; if partici-

pants began having more dietary lapses later in treatment, they may

have been more likely to avoid self‐monitoring of eating as a result.

No change over time in adherence was observed for physical activ-

ity self‐monitoring, suggesting that this form of self‐monitoring may

be easiest to maintain (in terms of effort or time required), most val-

ued by participants, or more positive in terms of the affective

response to the data collected. Adherence was greater for physical

activity self‐monitoring than eating self‐monitoring during Months 1

and 3 (there was no difference during Month 2), which further sug-

gests that the user experience for these two forms of self‐monitoring

may differ in important ways that should be studied further. Two pre-

vious studies found that self‐monitoring of physical activity signifi-

cantly decreased over time,21,22 but both of those studies used

analogue forms of self‐monitoring, rather than a digital sensor. Self‐

monitoring with a digital sensor presumably requires less effort than

recording bouts of physical activity in a paper log and thus that may

lead to greater maintenance of physical activity self‐monitoring than

has been observed in previous studies. When weekly self‐monitoring

of weight was prescribed, close to 90% adherence was observed. In

fact, on average, participants weighed themselves twice per week dur-

ing this period. The lowest rates of adherence were observed for daily

self‐monitoring of weight (prescribed during weeks 11 and 12 of treat-

ment), which occurred on 73% of days during the prescribed period.

Overall, adherence to self‐monitoring of weight was lower than that

of eating or physical activity. There may be unique challenges for

self‐monitoring of weight that need to be addressed clinically, such

as a sense of shame regarding one's weight (regardless of recent prog-

ress) or avoidance that results when one fears that recent weight

change will be disappointing.23 However, it is difficult to interpret

the decline in adherence to weight self‐monitoring because the pre-

scription for frequency of weight self‐monitoring changed from

weekly to daily during the final weeks of the programme, and thus,

the change in frequency prescribed is confounded with the timing of

the initial weight loss phase of treatment coming to an end.

Each type of self‐monitoring (eating, physical activity, and weight)

was associated with weight loss. Previous research has also docu-

mented a link between weight loss and self‐monitoring of

diet,10,18,19,24 self‐monitoring of weight,24-26 and self‐monitoring of

physical activity.21,27 It remains unclear for each type of self‐

monitoring how much the link between adherence and weight loss

can be explained by underlying level of motivation or self‐regulation

ability. Experimental research that has manipulated the provision or

prescription of digital self‐monitoring tools and examined the resulting

effect on weight loss has yielded mixed results.28-33 Additional exper-

imental research is needed to determine the extent to which each type

of digital self‐monitoring directly improves weight loss and, if there is a

causal relationship, identify the specific mechanism of action.
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Participants who had the greatest adherence to dietary self‐

monitoring also had the highest levels of bouted and unbouted phys-

ical activity at 12 weeks. Adherence to physical activity self‐

monitoring was associated with unbouted, but not bouted, physical

activity outcomes. Adherence to weight self‐monitoring was not asso-

ciated with physical activity at 12 weeks. Few studies have examined

the relationship between dietary self‐monitoring and physical activity

outcomes. Reed and colleagues34 compared participants with high

versus low adherence to dietary self‐monitoring on a mobile tracking

app and found that the two groups did not significantly differ on

self‐reported physical activity outcomes following a 12‐week commu-

nity weight loss programme. One explanation for the differences in

findings between the current study and prior research is that Reed

et al34 relied on a self‐report, retrospective measure of physical activ-

ity outcome, whereas the current study used objective, real‐time mea-

surement of physical activity. The current study found that greater

adherence to dietary self‐monitoring is associated with greater

unbouted and bouted physical activity at 12 weeks. Previous research

has demonstrated a “spill‐over” effect whereby general treatment

motivation and exercise‐specific motivation contribute to improved

eating self‐regulation.35 Thus, participants with higher adherence to

dietary self‐monitoring in this study may have been more motivated

regarding general and/or exercise‐specific adherence.

Previous research has documented a relationship between physical

activity self‐monitoring and physical activity outcomes,21,27 however,

these studies relied on self‐report measures of physical activity out-

comes and did not distinguish between bouted and unbouted physical

activity. Previous studies also relied on manual forms of self‐

monitoring (ie, by asking participants to record minutes of activity into

paper or digital diaries), whereas the present study defined self‐

monitoring of physical activity by the number of days participants

wore their Fitbit. It is unclear why self‐monitoring of physical activity

was associated with unbouted, but not bouted, physical activity. One

possible explanation is that, despite being told to track progress using

number of active minutes on their Fitbit, participants may have used

other Fitbit® metrics such as daily steps to track progress, which

may correspond more to unbouted, rather than bouted, activity levels.

Alternatively, given findings from Carels,27 which showed that greater

self‐monitoring of physical activity via paper diaries was associated

with higher weekly self‐reported minutes of planned exercise but

not self‐report leisure time activity, it is possible that analogue forms

of self‐monitoring influence changes in bouted physical activity

whereas passive activity sensors influence change in lifestyle activity.

Future research should assess whether using an activity tracker is

more likely to influence changes in lifestyle activities, bouted exercise,

and/or overall levels of physical activity. Adherence to weight self‐

monitoring was not associated with physical activity at 12 weeks in

the current study. This finding is consistent with prior cross‐sectional

research in normal weight and overweight young adults, which found

that frequency of self‐weighing was not associated with objectively

measured physical activity.36 The findings from the current study are

not consistent with previous research, which demonstrated a signifi-

cant relationship between self‐weighing and daily steps, measured
objectively using a accelerometry,37,38 or activity measured via self‐

report.37 Of note, these studies differed in their prescriptions for

self‐monitoring of weight, instructing participants to weigh daily38 or

every other day,37 whereas the current study relied on weekly self‐

weighing for weeks 1 to 10 and daily weighing for weeks 11 to 12.

Future research is needed to clarify the relationship between self‐

weighing frequency and self‐monitoring adherence with physical

activity outcomes.

The key strengths of this study are the objective measurement of

self‐monitoring adherence and weight change and use of research‐

grade accelerometer to measure physical activity. Both unbouted

and bouted measures of physical activity were evaluated, allowing

for interpretation of results based on the current recommendations

for physical activity.9 The sample was racially diverse and retention

at 12 weeks was good. Examining adherence and outcomes for each

of three types of digital self‐monitoring that are increasingly pre-

scribed in behavioural weight loss allows this study to make a unique

contribution to the literature.

The study also had notable limitations. The sample was composed

primarily of female participants. There is not yet a standard method of

operationalizing self‐monitoring adherence, and the results may have

differed if different criteria had been used. The weight loss interven-

tion was only 12 weeks in duration, and lower adherence rates may

have been observed over time if the programme was longer. This

study was conducted using a self‐selected sample of adults who were

aware of that treatment would involve self‐monitoring and use of dig-

ital tools, which may not generalize to participants with other types of

sampling or methods of self‐monitoring. The results also may not gen-

eralize to self‐help or remote treatment. Finally, the prescribed fre-

quency for weight self‐monitoring increased from weekly to daily in

the final 2 weeks of the programme. This makes it difficult to interpret

how adherence to weight self‐monitoring changed over time, and

comparing Month 3 adherence across types of self‐monitoring also

was complicated by this change in prescription.

The key finding from this study is confirmation that self‐monitoring

should be considered a target‐specific behaviour rather than a unitary

construct when evaluating total adherence, adherence over time, and

association with weight loss and physical activity outcomes. As digital

self‐monitoring tools become more commonly used among individuals

attempting lifestyle modification, it is important that clinical work and

research in this area consider these tools independently.

ACKNOWLEDGEMENTS

The authors would like to thank all the study participants and study

staff for their essential contributions to this work.

CONFLICT OF INTEREST

The authors declared no conflict of interest.

DATA SHARING AGREEMENT

The authors support data sharing. Data reported in this publication

may be available in a deidentified format to other investigators for



132 BUTRYN ET AL.
research purposes with the approval of the first author and the Insti-

tutional Review Board after all parent study analyses have been com-

pleted and results disseminated.

FUNDING

National Institute of Diabetes and Digestive and Kidney Diseases

R21DK112741

TRIAL REGISTRATION

ClinicalTrials.gov identifier NCT03337139, https://www.clinicaltrials.

gov

ORCID

Mary K. Martinelli https://orcid.org/0000-0002-5586-0118

Savannah R. Roberts https://orcid.org/0000-0001-7980-7824

REFERENCES

1. Butryn ML, Webb V, Wadden TA. Behavioral treatment of obesity.

Psychiatr Clin North Am. 2011;34:841‐859.

2. Kanfer FH. Self‐monitoring: methodological limitations and clinical

applications. J Consult Clin Psychol. 1970;35:148‐152.

3. Wadden TA, West DS, Delahanty L, et al. The Look AHEAD study: a

description of the lifestyle intervention and the evidence supporting

it. Obesity (Silver Spring, Md). 2006;14:737‐752.

4. Diabetes Prevention Program (DPP) Research Group. The Diabetes

Prevention Program (DPP): description of lifestyle intervention. Diabe-

tes Care. 2002;25:2165‐2171.

5. Alharbi M, Bauman A, Neubeck L, Gallagher R. Validation of Fitbit‐Flex
as a measure of free‐living physical activity in a community‐based
phase III cardiac rehabilitation population. Eur J Prev Cardiol.

2016;23:1476‐1485.

6. Sushames A, Edwards A, Thompson F, McDermott R, Gebel K. Validity

and Reliability of Fitbit Flex for Step Count, Moderate to Vigorous

Physical Activity and Activity Energy Expenditure. PLoS ONE.

2016;11:e0161224‐e0161224.

7. Burke LE, Wang J, Sevick MA. Self‐monitoring in weight loss: a

systematic review of the literature. J Am Diet Assoc. 2011;111:92‐102.

8. Troiano RP, Berrigan D, Dodd KW, Masse LC, Tilert T, McDowell M.

Physical activity in the United States measured by accelerometer.

Med Sci Sports Exerc. 2008;40:181‐188.

9. Piercy KL, Troiano RP, Ballard RM, et al. The Physical Activity

Guidelines for AmericansPhysical Activity Guidelines for

AmericansPhysical Activity Guidelines for Americans. JAMA. 2018;

320:2020‐2028.

10. Turner‐McGrievy GM, Wilcox S, Boutté A, et al. The Dietary Interven-

tion to Enhance Tracking with Mobile Devices (DIET Mobile) Study: A

6‐Month Randomized Weight Loss Trial. Obesity (Silver Spring, Md).

2017;25:1336‐1342.

11. Meyer J, Schnauber J, Heuten W, et al. Exploring Longitudinal Use of

Activity Trackers. 2016:198‐206.

12. Meyer J, Wasmann M, Heuten W, Ali AE, Boll SCJ. Identification and

Classification of Usage Patterns in Long‐Term Activity Tracking. Pro-

ceedings of the 2017 CHI Conference on Human Factors in

Computing Systems; 2017; Denver, Colorado, USA.

13. Korinek EV, Phatak SS, Martin CA, et al. Adaptive step goals

and rewards: a longitudinal growth model of daily steps for a
smartphone‐based walking intervention. J Behav Med. 2018;41:

74‐86.

14. Kherad‐Pajouh S, Renaud O. A general permutation approach for ana-

lyzing repeated measures ANOVA and mixed‐model designs. Stat

Paper. 2015;56:947‐967.

15. Zhang Y. Likelihood‐based and Bayesian methods for Tweedie com-

pound Poisson linear mixed models. Stat Comput. 2013;23:743‐757.

16. Team RC. R: A language and environment for statistical computing. R

Foundation for Statistical Computing. 2013.

17. Eysenbach G. The law of attrition. J Med Internet Res. 2005;7:109‐117,
e11.

18. Krukowski RA, Harvey‐Berino J, Bursac Z, Ashikaga T, West DS. Pat-

terns of success: online self‐monitoring in a web‐based behavioral

weight control program. Health Psychol. 2013;32:164‐170.

19. Harvey J, Krukowski R, Priest J, West D. Log often, lose more: elec-

tronic dietary self‐monitoring for weight loss. Obesity.

2019;27:380‐384.

20. Pellegrini CA, Conroy DE, Phillips SM, Pfammatter AF, McFadden HG,

Spring B. Daily and seasonal influences on dietary self‐monitoring

using a smartphone application. J Nutr Educ Behav. 2018;50:56‐61.
e51

21. Conroy MB, Yang K, Elci OU, et al. Physical activity self‐monitoring and

weight loss: 6‐month results of the SMART trial. Med Sci Sports Exerc.

2011;43:1568‐1574.

22. Shay LE, Seibert D, Watts D, Sbrocco T, Pagliara C. Adherence and

weight loss outcomes associated with food‐exercise diary preference

in a military weight management program. Eat Behav.

2009;10:220‐227.

23. Hartmann‐Boyce J, Boylan A‐M, Jebb SA, Aveyard P. Experiences of

self‐monitoring in self‐directed weight loss and weight loss mainte-

nance: systematic review of qualitative studies. Qual Health Res.

2019;29:124‐134.

24. Ross KM, Wing RR. Impact of newer self‐monitoring technology and

brief phone‐based intervention on weight loss: a randomized pilot

study. Obesity. 2016;24:1653‐1659.

25. Madigan CD, Daley AJ, Lewis AL, Aveyard P, Jolly K. Is self‐weighing

an effective tool for weight loss: a systematic literature review and

meta‐analysis. Int J Behav Nutr Phys Act. 2015;12:104‐115.

26. Zheng Y, Klem ML, Sereika SM, Danford CA, Ewing LJ, Burke LE. Self‐
weighing in weight management: a systematic literature review. Obe-

sity. 2015;23:256‐265.

27. Carels RA, Darby LA, Rydin S, Douglass OM, Cacciapaglia HM, O'Brien

WH. The relationship between self‐monitoring, outcome expectancies,

difficulties with eating and exercise, and physical activity and weight

loss treatment outcomes. Ann Behav Med. 2005;30:182‐190.

28. Thomas JG, Raynor HA, Bond DS, et al. Weight loss in Weight

Watchers Online with and without an activity tracking device com-

pared to control: a randomized trial. Obesity. 2017;25:1014‐1021.

29. Jakicic JM, Davis KK, Rogers RJ, et al. Effect of wearable technology

combined with a lifestyle intervention on long‐term weight loss: the

IDEA randomized clinical trial. JAMA. 2016;316:1161‐1171.

30. Carter MC, Burley VJ, Nykjaer C, Cade JE. Adherence to a smartphone

application for weight loss compared to website and paper diary: pilot

randomized controlled trial. J Med Internet Res. 2013;15:45‐61, e32.

31. Patel ML, Hopkins CM, Brooks TL, Bennett GG. Comparing self‐
monitoring strategies for weight loss in a smartphone app: randomized

controlled trial. JMIR Mhealth Uhealth. 2019;7:372‐390, e12209.

http://creativecommons.org/licenses/by/4.0/
https://www.clinicaltrials.gov
https://www.clinicaltrials.gov
https://orcid.org/0000-0002-5586-0118
https://orcid.org/0000-0001-7980-7824


BUTRYN ET AL. 133
32. Shuger SL, Barry VW, Sui X, et al. Electronic feedback in a diet‐ and
physical activity‐based lifestyle intervention for weight loss: a random-

ized controlled trial. Int J Behav Nutr Phys Act. 2011;8:41‐49.

33. Spring B, Pellegrini CA, Pfammatter A, et al. Effects of an abbreviated

obesity intervention supported by mobile technology: the ENGAGED

randomized clinical trial. Obesity (Silver Spring, Md). 2017;

25:1191‐1198.

34. Reed JR, Struwe L, Bice MR, Yates BC. The impact of self‐monitoring

food intake on motivation, physical activity and weight loss in rural

adults. Appl Nurs Res. 2017;35:36‐41.

35. Mata J, SilvaMN, Vieira PN, et al.Motivational "spill‐over" during weight

control: increased self‐determination and exercise intrinsic motivation

predict eating self‐regulation. Health Psychol. 2009;28:709‐716.

36. Wing RR, Tate D, LaRose JG, et al. Frequent self‐weighing as part of a

constellation of healthy weight control practices in young adults. Obe-

sity (Silver Spring, Md). 2015;23:943‐949.
37. Zheng Y, Sereika SM, Ewing LJ, Danford CA, Terry MA, Burke LE.

Association between self‐weighing and percent weight change: media-

tion effects of adherence to energy intake and expenditure goals. J

Acad Nutr Diet. 2016;116:660‐666.

38. Zheng Y, Burke LE, Danford CA, Ewing LJ, Terry MA, Sereika SM. Pat-

terns of self‐weighing behavior and weight change in a weight loss

trial. Int J Obes (Lond). 2016;40:1392‐1396.

How to cite this article: Butryn ML, Godfrey K, 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;6:126–133. https://

doi.org/10.1002/osp4.391

https://doi.org/10.1002/osp4.391
https://doi.org/10.1002/osp4.391


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier (FOGRA1)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <>
    /CHT <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /JPN <>
    /KOR <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG (Modified PDFX1a settings for Blackwell publications)
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


