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Summary

Objective

Early weight loss is a strong predictor of longer-term and clinically meaningful weight loss
but has not been studied in the context of mobile health (‘mHealth’) interventions.

Methods

GoalTracker was a randomized trial among adults (21–65 years) with overweight or obe-
sity comparing three 12-week standalone mHealth interventions for weight loss. All arms
received a free commercial mobile app (MyFitnessPal) for daily self-monitoring of diet
and/or weight and a goal to lose 5% of weight by 3 months. Collapsing across arms, this
analysis examined participants with a 1-month weight (n = 84), categorizing them as
either early responders (≥2% weight loss at 1 month) or early non-responders (<2%
weight loss at 1 month).

Results

Early responders – 36% of participants – had greater per cent weight change at 3 months
(�5.93% [95% confidence interval: �6.82%, �5.03%]) than early non-responders
(�1.45% [�2.15%, �0.75%]), which was sustained at 6 months (�5.91% [�7.33%,
�4.48%] vs. �1.28% [�2.37%, �0.19%]; ps < 0.0001). Over half (57%) of early
responders achieved ≥5% weight loss at 3 months vs. 11% of early non-responders.
At 4 weeks, self-monitoring frequency (weight/diet) was significantly greater among early
responders, which continued across 12 weeks.

Conclusion

Responding early to an mHealth treatment is associated with higher engagement and
greater likelihood of achieving clinically meaningful weight loss.
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Introduction

Behavioural weight loss treatment delivered via mobile
technology is efficacious (1,2), with roughly 25–44% of
participants achieving clinically significant weight loss of
5% in interventions that are standalone (i.e. those without
a counselling component) (3–5). Early weight loss is a ro-
bust predictor of clinically meaningful weight loss (6–8)
and has been used as a trigger in stepped-care behav-
ioural interventions to implement rescue efforts for
individuals not responding early to obesity treatment
(6,9–11). A 12-week internet-based weight loss study

found a strong positive relation of early weight loss at
1 month predicting weight loss at 3, 6 and 12 months
(12). However, no studies of mobile health (‘mHealth’)
interventions – i.e. behavioural treatments delivered via
modalities such as smartphone applications (‘apps’) or
text messaging – have examined the ability of early
weight loss success to predict longer-term weight loss.
Given the increasing evidence base for obesity treatment
delivered via mHealth strategies (1,2), research is needed
that examines whether early weight loss success in
mHealth interventions predicts future weight loss and in-
tervention engagement.
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Standalone mHealth interventions offer a unique treat-
ment experience as their high portability enables self-
monitoring to occur at the time of actual food and bever-
age consumption, which can prompt real-time tailored
feedback, and they have high dissemination potential
given that 77% of US adults own a smartphone (13). Fur-
ther, mHealth interventions have unparalleled reach,
providing treatment to those who are currently without
care. The predictive utility of early weight loss is espe-
cially important in mHealth interventions: patients who
successfully lose weight in these remotely delivered inter-
ventions can do so with lower healthcare costs, while
those who need additional support can quickly be
diverted to higher levels of care.

The GoalTracker trial compared self-monitoring strate-
gies for weight loss in a 12-week commercial app-based
intervention that was remotely delivered (14). In intent-
to-treat analyses, there were no differences between
treatment arms in weight change at 1 (range: �0.80 to
�1.76 kg), 3 (range: �2.43 to �2.75 kg) or 6 months
(range: �1.88 to �3.05 kg).

The current study examines early weight loss and its
predictive ability in a mobile app-based intervention that
emphasized self-monitoring for weight loss (the
GoalTracker trial). Hypotheses included that early weight
loss (at 1 month) would predict greater weight loss at 3
and 6months, as well as greater intervention engagement.

Methods

GoalTracker was a randomized controlled trial designed
to promote weight loss via a 12-week standalone inter-
vention delivered via a smartphone app (14). Devised
from self-regulation theories, all three treatment arms re-
ceived the following core intervention components:
MyFitnessPal (a free commercial app) for self-monitoring,
a goal to lose 5% of initial weight by 12 weeks, a tailored
daily calorie goal and weekly weight loss goal, and in-app
daily push reminders that would be automatically sent if
tracking had not occurred by the evening. These re-
minders were programmed by the study staff in the
MyFitnessPal app during the baseline visit.

Procedures

Participants (N = 105) were randomized equally to one of
three treatment arms: (i) a Simultaneous self-monitoring
arm in which participants simultaneously tracked body
weight and dietary intake daily and received lessons on
nutrition/behaviour modification, corresponding action
plans, visual tips on using the app and tailored feedback
on goal progress – all sent weekly via email; (ii) a Sequen-
tial self-monitoring arm that included all of the same

components but that delayed diet tracking until week 5
in order to promote mastery and self-efficacy (rooted in
Carver’s control theory (15) and Bandura’s social cogni-
tive theory (16)); or (iii) an App-Only arm in which partici-
pants tracked diet daily but did not receive additional
behaviour change techniques. The action plans were
accessed via a Qualtrics survey link and guided partici-
pants in identifying current behaviours related to that
week’s lesson (e.g. reducing sugar and managing emo-
tional eating), assessing reasons for making changes
and confidence levels, detailing the specifics of making
a change and brainstorming potential barriers and ways
to avoid or handle them; principles of motivational
interviewing (17) and problem solving (18) were used.

In-person evaluation visits occurred at baseline,
1 month and 3 months, and self-reported weight was col-
lected via email or text message at 6 months. Recruitment
occurred between April and September 2017 in central
North Carolina, and data collection ended in March
2018. No intervention content was delivered between 3
and 6 months. In order to easily access participants’
MyFitnessPal self-monitoring data, a Duke-developed
software engine (Prompt) was used. Study staff created
both MyFitnessPal and Fitbit accounts for all participants
at the baseline visit and linked these accounts. Fitbit is a
free, commercially available platform for self-monitoring.
Prompt used Fitbit’s application programming interface
to retrieve the MyFitnessPal data. Participants were not
given a Fitbit device nor were they instructed to use this
account. Duke University Institutional Review Board
approved the study procedures.

Participants

Five participants became ineligible during the 12-week in-
tervention due to pregnancy (n = 3), cancer diagnosis
(n = 1) or previously undisclosed eating disorder (n = 1).
Among the remaining eligible participants, 84 had a
1-month weight (28 per arm) and were included in this
secondary analysis – an approach used previously (12).
One additional participant became ineligible between 3
and 6 months due to pregnancy and was excluded from
the 6-month analyses. Of those, 73 and 71 participants
provided weight data at 3 and 6 months, respectively.
Eligibility included ages 21–65 years, body mass index
25.0–45.0 kg/m2, interest in losing weight through dietary
changes, iPhone or Android smartphone ownership, will-
ingness to download a mobile app on their phone and
not track diet or body weight using any other modality
(e.g. other health apps, websites and paper diaries) for
the duration of the intervention, access to a bathroom
scale, English fluency, no current enrolment in another
weight loss intervention, no use of the MyFitnessPal app
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in the past 6 months, no use of a weight loss medication
or weight loss ≥10 lb in the past 6 months and no medical
or psychiatric contraindications that may necessitate
more intensive treatment (e.g. cancer, uncontrolled hy-
pertension, eating disorder, pregnancy or <12 months
postpartum).

Measures

All self-report measures were administered in English via
a Qualtrics survey via a desktop computer. At baseline,
sociodemographic and clinical characteristics were col-
lected, and health literacy was assessed with the Newest
Vital Sign, which depicts a nutrition label. Scores on this
measure range from 0 to 6 with limited health literacy
defined as scores of 0–3 while adequate health literacy
defined as scores of 4–6 (19,20). Also assessed was
whether the MyFitnessPal app was downloaded on the
phone prior to the study.

Anthropometric data

At baseline, 1 month and 3 months (our primary outcome),
study staff measured participants’ body weight using a
calibrated electronic scale (SECA 876); shoes and heavy
clothing were removed. At 6 months, study staff collected
self-reported body weight, asking participants to send a
photo with their feet on the scale. Height was measured
at baseline to the nearest 0.1 cm using a calibrated, wall-
mounted stadiometer (SECA 222). Also assessed was
the proportion of participants at 3 and 6 months who
achieved weight loss of ≥3% (21) and ≥5%, (22) thresh-
olds used to define clinically meaningful weight loss.

Intervention engagement

Objective self-monitoring data from MyFitnessPal were
collected using Fitbit’s application programming interface,
retrieved via the Prompt software engine. Data were sepa-
rated into the percentage of days that self-monitoring en-
tries were recorded during weeks 1–4, weeks 5–12 and
the entire 12-week intervention. Diet entries were consid-
ered complete if they contained ≥800 kcal day�1 (23).
Through objective online survey data, the percentage of
action plans completed during the intervention was
assessed, ranging from 0% to 100% completion (the lat-
ter of which indicates 11 of 11 action plans completed).

Statistical analysis

Because weight change did not differ between treat-
ment arms at 1 or 3 months in the parent study (14),
data were collapsed across arms in the current analysis.

Consistent with previous behavioural weight loss re-
search (6,12), participants were categorized into early re-
sponders (i.e. ≥2% weight loss at 1 month) and early non-
responders (i.e. <2% weight loss at 1 month). Chi-
squared tests and analysis of variance were used to ex-
amine differences in baseline characteristics by early
weight loss status. Fisher’s exact tests were used with
small cell counts.

Linear regression and Pearson correlation were used to
examine the association between per cent weight loss at
1 month and either 3 or 6 months, controlling for baseline
weight. Six-month self-reported weight values were ad-
justed; for weight values sent via photo, 0.172 kg (0.4 lb)
was subtracted to account for participants holding a de-
vice on the scale to take the photo. To account for under-
estimation of self-reported weights when no photo was
sent, a regression model from Jain (24) was used to ad-
just for age, gender and race/ethnicity.

Linear mixed models with random intercepts and
slopes and restricted maximum likelihood estimates were
used to examine changes in per cent weight over time, by
early weight loss status. Logistic regression with firth cor-
rection was used to examine the odds of achieving clini-
cally significant weight loss (i.e. ≥3% or ≥5%) at 3 or
6 months by early weight loss status.

Given non-normal distributions of intervention engage-
ment data, medians and interquartile ranges were re-
ported, and the Wilcoxon Mann–Whitney U-test was
used to examine differences by early weight loss status.
For each time interval, only participants who were
instructed to self-monitor an item during that period were
included; for instance, App-Only participants were ex-
cluded from weight tracking data analyses because they
were never instructed to track weight. p < 0.05 was con-
sidered statistically significant. Analyses were conducted
using SAS 9.4 (SAS Institute, Cary, NC).

Results

The 84 participants in the current analysis were predomi-
nantly female (81%) and college educated (85%), with a
mean (SD) age of 43.7 years (11.6). A majority of the sam-
ple had obesity (58%). Roughly one-third (36%; n = 30) of
participants were categorized as early responders (i.e.
achieving ≥2% weight loss at 1 month), while 64%
(n = 54) were early non-responders. Baseline characteris-
tics did not differ by early weight loss status (Table 1).

Weight change

Per cent weight change at 1 month was positively associ-
ated with per cent weight change at 3 (r = 0.77) and
6 months (r = 0.51), with 58% and 25% of the variance
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accounted for by 1-month per cent weight change, re-
spectively. For every 1% weight loss at 1 month, there
was a 1.50% and 1.38% increase in weight loss at 3
and 6 months, respectively.

Early responders had significantly greater per cent
weight loss at 1, 3 and 6 months, compared with early
non-responders (ps < 0.0001; Table 2). The odds of
achieving ≥3% and ≥5% weight loss at 3 months were
21.86 (95% confidence interval [CI]: 5.83, 81.99) and
9.72 (95% CI: 3.02, 31.34) times higher, respectively,
among early responders, compared with early non-
responders. Similarly, at 6 months, the odds of achieving
clinically significant weight loss were significantly greater
among early responders than early non-responders (for
≥3% weight loss: odds ratio, 6.26; 95% CI: 2.14,

18.28; for ≥5% weight loss: odds ratio, 6.93; 95% CI:
2.33, 20.62).

Most (89.3%) early responders went on to achieve
≥3% weight loss at 3 months, compared with 24.4% of
early non-responders. In terms of ≥5% weight loss at
3 months, 57.1% of early responders and 11.1% of early
non-responders achieved this threshold. Similar patterns
were observed at 6 months (see Figure 1).

Intervention engagement

As shown in Table 2, early responders completed more
action plans than did early non-responders (p = 0.02)
and self-monitored body weight and dietary intake more
frequently at all time intervals (ps < 0.01). For instance,

Table 1 Baseline characteristics by 1-month weight loss

Total
(N = 84)

Early responders
≥ 2% at 1 month (n = 30)

Early non-responders
< 2% at 1 month (n = 54) P value

Age, mean (SD), years 43.7 (11.6) 43.0 (12.3) 44.1 (11.4) 0.66
Gender, no. (%) 0.78

Male 16 (19.1) 5 (16.7) 11 (20.4)
Female 68 (81.0) 25 (83.3) 43 (79.6)

Marital status, no. (%) 0.42
Married or living with partner 57 (67.9) 22 (73.3) 35 (64.8)
Not married or living with partner 27 (32.1) 8 (26.7) 19 (35.2)

Race/ethnicity, no. (%) 0.46
Non-Hispanic White 60 (71.4) 22 (73.3) 38 (70.4)
Non-Hispanic Black 16 (19.1) 4 (13.3) 12 (22.2)
Hispanic (all races) 1 (1.2) 0 (0.0) 1 (1.9)
Non-Hispanic other 7 (8.3) 4 (13.3) 3 (5.6)

Education, no. (%) 0.40
Less than college graduate 13 (15.5) 6 (20.0) 7 (13.0)
College graduate or above 71 (84.5) 24 (80.0) 47 (87.0)

Employment status, no. (%) 0.07
Employed, full time 55 (65.5) 15 (50.0) 40 (74.1)
Employed, part time 11 (13.1) 6 (20.0) 5 (9.3)
Not employed 18 (21.4) 9 (30.0) 9 (16.7)

Annual household income, no. (%) 0.32
$0–$49,999 19 (23.5) 7 (24.1) 12 (23.1)
$50,000–$99,999 30 (37.0) 7 (24.1) 23 (44.2)
$100,000 or greater 32 (39.5) 15 (51.7) 17 (32.7)

Weight, mean (SD), kg 89.8 (16.8) 88.4 (14.5) 90.5 (18.0) 0.58
BMI, mean (SD), kg/m2 31.7 (4.5) 31.7 (4.3) 31.8 (4.7) 0.94
BMI category, no. (%) 0.50

Overweight, 25–29.9 kg/m2 35 (41.7) 13 (43.3) 22 (40.7)
Class I obesity, 30–34.9 kg/m2 32 (38.1) 11 (36.7) 21 (38.9)
Class II obesity, 35–39.9 kg/m2 13 (15.5) 6 (20.0) 7 (13.0)
Class III obesity, 40+ kg/m2 4 (4.8) 0 (0.0) 4 (7.4)

Prediabetes, no. (%) 7 (8.3) 4 (13.3) 3 (5.6) 0.24
Limited health literacy, no. (%)† 4 (4.8) 1 (3.3) 3 (5.6) 1.00
MyFitnessPal app already on phone
prior to study, no. (%)

17 (20.2) 4 (13.3) 13 (24.1) 0.27

†Limited health literacy, measured at baseline using the 6-item Newest Vital Sign, was defined as scores of 0–3, while adequate health literacy
was defined as scores of 4–6.(19)
BMI, body mass index; SD, standard deviation.
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over the course of the 12-week intervention, early re-
sponders tracked weight 90% of days, while early non-
responders tracked it 74% of days.

Discussion

In a standalone app-based intervention focused on self-
monitoring, over half of early responders met their goal
of losing 5% of initial weight by 3 months and maintained
this clinically significant weight loss at 6 months. In

contrast, over 8 in 10 participants who did not respond
early to treatment were unsuccessful in achieving 5%
weight loss at 3 or 6 months. These findings illustrate
the importance of early weight loss, which is consistent
with past studies of behavioural interventions for weight
loss (6–8). The GoalTracker trial is the first study to dem-
onstrate this relation in the context of a standalone
mHealth intervention, which holds promise as a less
resource-intensive and more scalable initial intervention
strategy in stepped-care approaches.

No gold standard exists for when to intervene with non-
responders in behavioural weight loss interventions. While
later time points of assessing early weight loss (e.g. in
months 2 and 3) are also predictive of overall weight loss
(7,25), past trials have found that intervening with non-
responders at 3 months post-randomization does not
translate to improved outcomes (9,26), perhaps reflecting
that waiting longer to intervene may be ineffective among
those who feel discouraged about their poor early treat-
ment response. Our findings support previous research
that suggests 1 month may be an advantageous point
at which to intervene (12) and that engagement likely
drives early weight loss success (12,25,27). Future stud-
ies are needed that experimentally test the impact of in-
tervening with non-responders at this early time point.

The results of the present study suggest that practi-
tioners consider the following strategies to optimize early
weight loss for their patients who are interested in a

Table 2 Outcomes of early responders vs. early non-responders

N
Early responders ≥ 2%
at 1 month (n = 30) N

Early non-responders < 2%
at 1 month (n = 54)

P value of between-group
difference

% weight change from baseline, mean (95% CI), kg
1 month 30 �3.37 (�3.88%, �2.85%) 54 �0.43 (�0.81%, �0.04%) <0.0001
3 months 28 �5.93 (�6.82%, �5.03%) 45 �1.45 (�2.15%, �0.75%) <0.0001
6 months 26 �5.91 (�7.33%, �4.48%) 45 �1.28 (�2.37%, �0.19%) <0.0001

Intervention engagement, median [IQR]
% action plans completed† 17 72.7 [27.3] 39 45.5 [72.7] 0.02
% of days tracked weight†

Weeks 1–4 17 96.4 [10.7] 39 85.7 [42.9] 0.0018
Weeks 5–12 17 92.7 [29.1] 39 67.3 [76.4] 0.0063
Weeks 1–12 17 90.4 [19.3] 39 73.5 [57.8] 0.0027

% of days tracked diet
Weeks 1–4‡ 24 100.0 [5.4] 32 78.6 [71.4] 0.0006
Weeks 5–12 30 73.6 [50.9] 54 27.3 [78.2] 0.0027
Weeks 1–12§ 24 82.5 [34.3] 32 46.4 [66.9] 0.008

†Among participants in the Simultaneous and Sequential arms only (n = 56), because App-Only arm was not asked to track body weight or com-
plete action plans.

‡Among participants in the Simultaneous and App-Only arms only (n = 56), because Sequential arm was not asked to track dietary intake during
this period.

§Among participants in the Simultaneous and App-Only arms only (n = 56), because Sequential arm was not asked to track dietary intake during
the entire period.
CI, confidence interval; IQR, interquartile range.

Figure 1 Proportion of participants achieving clinically significant
weight loss, by early weight loss status
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standalone intervention: (i) discuss realistic expectations
for weight loss in a standalone mHealth intervention, (ii)
set both an overall weight loss goal (e.g. 3% or 5%weight
loss by 3 months) and a weekly weight loss goal (e.g. 0.5–
2 lb week�1), (iii) decide whether to track diet, body
weight or both in the initial month and commit to tracking
daily, (iv) encourage patients to set reminders, such as
automated in-app push reminders, in order to prompt
oneself to track each day, (v) check weight loss progress
at the 1-month mark and (vi) consider altering treatment if
less than 2% weight loss was achieved by this point,
discussing together other solutions (e.g. refer to a dieti-
tian, use pre-portioned meals, adhere to a ketogenic or
DASH diet, join an in-person weight loss group or meet
with a psychologist to treat maladaptive eating behav-
iours), if needed. Given that the difference between
responding and not responding to treatment in the first
month was just a few extra days of self-monitoring,
clinicians should emphasize that daily tracking in the first
month will likely prove meaningful and maintain
accountability.

Strengths of our study include the collection of objec-
tive self-monitoring data from a commercial mobile app
and objective action plan completion data. A limitation
of the data is that the smaller sample size yielded wide
CIs in the odds of achieving 3% or 5% weight loss by
early response status; future studies with larger sample
sizes and longer follow-up should replicate these analy-
ses. Further, because of logistical constraints, in-person
weights at 6 months were unable to be collected, and in-
stead, self-report was used; relying on self-report may
underestimate weight values. Nevertheless, the response
rate at 6 months was consistent with that at 3 months de-
spite no intervention contact during this period, indicating
that this remote weight collection method holds promise
for use in research with real-world dissemination potential
as it reduces time and effort demands for both partici-
pants and staff.

Conclusion

Overall, early weight loss success in a standalone
smartphone app-based intervention predicted clinically
significant weight loss and intervention engagement
among adults with overweight or obesity. Interventionists
and clinicians should discuss upfront with patients the
importance of early weight loss in mHealth interventions
and emphasize the utility of high levels of engagement
(e.g. self-monitoring daily or almost daily). In clinical set-
tings, measuring patients’ early weight loss response
would allow providers and patients to make informed de-
cisions together about whether to continue, stop or alter
treatment.
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