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Abstract

IMPORTANCE Mobile phone applications (apps) and activity trackers allow researchers to remotely
deliver an intervention and monitor physical activity but have not been rigorously evaluated for
longer periods.

OBJECTIVE To determine whether a mobile phone-based physical activity education app, in
conjunction with brief in-person counseling, increases and then maintains levels of physical activity.
DESIGN, SETTING, AND PARTICIPANTS In this parallel randomized clinical trial, community-
dwelling physically inactive women recruited between May 2011 and April 2014 were randomized in
equal proportions into the control (n = 69), regular (n = 71), and plus (n = 70) groups. Data were
analyzed using intention to treat from September 16, 2016, through June 30, 2018.
INTERVENTIONS The regular and plus groups were instructed to use the app on their mobile phone
and an accelerometer every day for 3 months and attend brief in-person counseling. During the
6-month maintenance period, the plus group continued to use the app and accelerometer, while the
regular group stopped using the app but continued using the accelerometer. The control group used
the accelerometer throughout.

MAIN OUTCOMES AND MEASURES The primary and secondary outcomes were daily
accelerometer-measured total steps and time spent in moderate to vigorous physical

activity (MVPA).

RESULTS The 210 participants had a mean (SD) age of 52.4 (11.0) years. At baseline, the mean (SD)
daily total steps by accelerometer in the control, regular, and plus groups were 5384 (2920), 5063
(2526), and 5837 (3235), respectively. During the 3-month intervention period, daily steps and MVPA
increased in the combined regular and plus groups compared with the control group (between-
group differences, 2060 steps per day; 95% Cl, 1296-2825 steps per day; P < .001and 18.2 min/d
MVPA; 95% Cl, 10.9-25.4 min/d MVPA; P < .001). During the subsequent 6-month maintenance
period, mean activity level remained higher in the combined plus and regular groups than among
controls (between-group difference, 1360 steps per day; 95% Cl, 694-2026 steps per day; P <. 001),
but trends in total daily steps and MVPA were similar in the plus and regular groups.

CONCLUSIONS AND RELEVANCE In this trial, the intervention groups substantially increased their
physical activity. However, use of both the app and accelerometer for an additional 6 months after
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Key Points

Question Does use of a mobile phone-

based physical activity education
application (app) in conjunction with
brief in-person counseling result in an
increase of accelerometer-measured
physical activity for 3 months and
maintaining activity for an additional
6 months?

Findings In this randomized clinical trial

of 210 community-dwelling physically
inactive women, the intervention
achieved a statistically and clinically
significant increase in total steps and
time spent performing moderate to
vigorous physical activity compared
with the control group in the first 3
months. However, the group who
continued use of the app, as compared
with the group who discontinued app
use, experienced no statistically
significant effect on maintaining the
increased activity in the following

6 months.

Meaning The combination of a mobile
phone app and brief in-person
counseling increased objectively
measured physical activity over 3
months, but use of the app for an
additional 6 months did not help to

maintain increased activity.
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Abstract (continued)

the initial 3-month intervention did not help to maintain increases in physical activity compared with
continued use of the accelerometer alone.

TRIAL REGISTRATION ClinicalTrials.gov identifier: NCTO1280812
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Introduction

Despite the many health benefits of physical activity, most American adults do not meet the current
physical activity recommendations when objective measures are used to assess physical activity.>
In addition, women are less likely to be physically active than men across all age groups."* Mobile
phone applications (apps) and physical activity trackers designed to increase and maintain physical
activity have rapidly gained popularity and may be cost-effective for promotion of physical activity.

However, a number of factors have limited the assessment of digital technology-based physical
activity interventions.® First, studies are frequently short, and only a few have examined
maintenance of physical activity after the initial intervention. Second, sample sizes have been small,
and only self-reported measures of physical activity have been used in some studies.®” Third,
although app use is associated with behavior change, app use statistics or user engagement
information are seldom reported.® To address these limitations, we designed a 9-month, 3-group,
randomized clinical trial to assess a mobile phone-based physical activity education (mPED)
program. Physical activity was objectively measured using an accelerometer in all 3 groups. For the
first 3 months, the regular and plus groups received an identical intervention, including the mPED
app and brief in-person counseling. In the following 6 months, the plus group continued to use both
the app and accelerometer, while the regular group used the accelerometer only.

Methods

Study Design and Participants

The mPED study was an unblinded, parallel randomized clinical trial conducted with 3 groups
(control, regular, and plus). The trial consisted of a 3-week run-in period, a 3-month intervention
period using the app and counseling to increase physical activity, and a 6-month maintenance period
using the app to maintain activity. Detailed methods are published elsewhere.>#° This study
followed the Consolidated Standards of Reporting Trials (CONSORT) reporting guideline. The trial
protocol is available in Supplement 1and was approved by the institutional review board at the
University of California, San Francisco, and by the safety monitoring board appointed by the research
team. Written informed consent was obtained from all participants. Participants were recruited between
May 2011 and April 2014 using media advertising, mass mailing to residents who met age and sex
inclusion criteria, and flyer posting at medical clinics, churches, universities, and community centers
in the San Francisco Bay Area. In brief, eligibility criteria for inclusion in the study were female sex, age
from 25 to 65 years, body mass index (BMI; calculated as weight in kilograms divided by height in meters
squared) of 18.5 to 43.0, physically inactive at work and/or during leisure time based on the Stanford
Brief Activity Survey,"intent to be physically active, access to a home telephone or mobile phone, ability
to speak and read English, no medical conditions or physical problems that required special attention
in an exercise program, no current participation in other lifestyle modification programs, and no mild
cognitive impairment as determined by the Mini-Cog test.'?

Run-in Period and Randomization
The run-in period was used to determine the baseline average daily steps, other accelerometer-
measured physical activity, and whether the participant was able to comply with requirements of the
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study, as defined by at least 80% response rates to daily messaging, 80% use of the daily activity
diary, and wearing the accelerometer for at least 8 hours per day. During the run-in period, the
Omron Active Style Pro HJA-350IT accelerometer was set to record and store physical activity but
did not display physical activity information (eg, steps). At the end of the run-in period, participants
meeting the compliance requirements were randomly assigned in equal proportions to the control,
regular, and plus groups using randomly permuted blocks of randomly selected block sizes of 3, 6,
and 9.

Control vs Interventions

Control group members were asked to use an accelerometer for the entire study period but did not
receive any physical activity intervention. In the 3-month intervention period, the regular and plus
groups received the identical physical activity intervention, consisting of brief in-person counseling
sessions at randomization, 6 weeks, and 3 months and the mPED app. A detailed description of both
components was published previously.® The in-person counseling sessions included 7 domains: (1)
overview of the physical activity program and tailored short- and long-term goal setting based on
each participant's baseline physical activity data, (2) education about duration and intensity of brisk
walking and the health benefits of physical activity, (3) identification of barriers to increasing physical
activity and development of strategies to overcome these barriers, (4) value and identification of
social support while increasing physical activity, (5) relapse prevention, (6) education about healthy
diet and weight maintenance, and (7) physical activity safety. A written individualized physical
activity plan was developed during the initial in-person counseling session immediately after
randomization and then reevaluated at the 6-week and 3-month visits. The mPED app developed by
the research team has 2 main functions: (1) a daily message or video clip and (2) a daily diary. The
daily messages and video clips reinforced the 7 domains addressed in the brief in-person
intervention. A preprogrammed daily message or video clip was sent once per day at a
predetermined time between 11 AM and 3 pPm. The daily physical activity diary was accessible between
7 pm and midnight. If no diary entry was made by 8:30 PM, an automated text message was sent to
remind the participant to record her total daily steps and the type and duration of physical activities
performed. An automated text message was also sent if a participant did not use the app for 3

help,
options. The summary option included the material provided in the brief in-person counseling

consecutive days. The app also included "summary, talk to us,” and "weekly goals" menu
session; the help option listed the research office contact information; and the talk to us option
allowed the participant to directly send a text message to researchers from the application. Activity
goals, displayed in the weekly goals option, were automatically increased by 20% each week, relative
to the participant’s run-in average, until a goal of 10 000 steps per day, 7 days per week, was
reached. At 3 months, the mPED app was removed from the mobile phones of the regular group,
while the plus group kept the mPED app and was encouraged to continue using the physical activity
diary; both groups continued to use the accelerometer to measure activity. The rationale for testing
2 different maintenance interventions (regular vs plus) was to understand maintenance strategies in
terms of a dose response to self-monitoring and feedback, which are important components of
physical activity maintenance.

Fidelity of the Intervention

The principal investigator trained nonmedical research staff and observed at least the first 2
in-person interventions. All in-person sessions were digitally recorded and downloaded to a
password-protected research computer to check fidelity of the intervention. The length of the
in-person session and the number and type of questions participants asked were recorded by
research staff; these data were periodically analyzed by the data specialist throughout the

trial period.
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Measurements

All baseline measures were collected at a screening/baseline visit or during the run-in period prior to
randomization. The primary and secondary outcomes were total daily steps and duration of
moderate to vigorous physical activity (MVPA), measured every day for 9 months using the Omron
Active Style Pro HJA-350IT triaxial accelerometer. This accelerometer has been validated before, and
a detailed description was published previously."™ This accelerometer was programed to collect
daily steps and physical activity intensity (metabolic equivalent values [METs]). The mean intensity
value of a 1-minute epoch was calculated as the average value of six 10-second epochs. The METs
determined by this accelerometer are closely correlated with METs calculated using energy
expenditure measured by indirect calorimetry. Using the Compendium of Physical Activities,
moderate physical activity was defined as greater than or equal to 3 but fewer than 6 METs and
vigorous activity was defined as 6 METs or greater. The accelerometer automatically reset the count
each day at midnight and allowed participants to view their counts for the past 7 days. Participants
were instructed to place the accelerometer on the waist in line with the middle of the thigh of their
dominant leg and wear it from the time they got up in the morning until they went to bed at night
every day except when showering, bathing, swimming, or sleeping at night. Activity data from the

1516

most recent 150 days were automatically stored and directly downloaded to a computer in our
research office. The criterion for acceptable accelerometer data was that the downloaded data must
show that the participant wore it at least 8 hours per day 4 or more days per week. In addition, self-
reported physical activity was assessed at baseline, 3 months, and 9 months using the interviewer-
administered 7-Day Physical Activity Recall questionnaire.” Other study measures assessed during
study visits included the modified Self-Efficacy for Physical Activity Survey,'® Social Support and
Exercise Survey,’ 12-ltem Short-Form Health Survey,2° Barriers to Being Active Quiz,?' and the
Center for Epidemiological Studies Depression Scale.?? Sociodemographic characteristics, including
self-identified race/ethnicity, were collected at baseline.

Statistical Analysis

The planned overall sample size of 192 participants, randomized in equal proportions to the control,
regular, and plus groups, was determined to provide 90% power in 2-sided tests with a type | error
rate of 5% to detect a difference between the regular and plus groups of 1100 steps per day in the
average change from 3 to 9 months, after accounting for 12% loss to follow-up by 3 months and an
additional loss of 13% during the 6-month maintenance period. In comparisons of the regular and
plus with the control group of changes in steps during the first 3 months, the overall sample of 192
was estimated to provide 90% power to detect between-group differences of approximately 1000
steps per day, and greater than 99% power to detect the hypothesized difference of 2200 steps per
day. Sample size calculations accounted for the intraclass correlations of the repeated outcomes as
well as loss to follow-up.

Baseline characteristics of the 3 groups were compared using parametric and nonparametric
tests, as appropriate. We used linear mixed models (LMMs) to assess effects of the interventions on
trends in daily measurements of step counts, steps per hour, moderate physical activity, vigorous
physical activity, and MVPA. In the LMMs for intervention effects in the first 3 months, we used a
linear spline in days since randomization to allow for an immediate increase in each group followed
by accumulating differences over the remainder of this period. Treatment effects were captured by
the fitted between-group difference at 3 months, net of any baseline difference, calculated using a
linear combination of the LMM coefficients. To account for within-participant correlation of the
repeated outcomes, random intercepts and linear spline components were included in the LMM.
Moderation of the primary intervention effects by age greater than or equal to 55 years and BMI
greater than or equal to 30 was assessed by adding interactions to the LMM as appropriate. We also
used LMMs to assess the effects of the intervention during the 6-month maintenance period from
3 to 9 months, in this case assuming simpler linear trends in the regular and plus groups; a first LMM
was used to assess the mean difference between groups over the 6 months, and a second to assess
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the between-group difference in mean change per month. Two-sided P values less than .05 were
considered statistically significant. Analyses were implemented using SAS statistical software version
9.4 (SAS Institute) and Stata statistical software version 15.1 (StataCorp LLC). Data collected between
September 16, 2016, and June 30, 2018, were analyzed.

Results

Participants and Baseline Characteristics

We initially screened 1063 individuals via telephone, of whom 318 completed a screening/baseline
visit (Figure 1). After the run-in period, a total of 210 physically inactive community-dwelling women
were randomized as follows: 69 to the control group, 71to the regular group, and 70 to the plus
group. All participants in the regular and plus groups received initial brief in-person counseling and
the mPED app immediately after randomization. The 9-month retention rates were 98.6% (68 of
69) for the control group, 97.1% (69 of 71) for the regular group, and 97.1% (68 of 70) for the plus
group. The overall retention rate was 97.6%. Table 1shows baseline characteristics and physical
activity of the participants. The mean (SD) age was 52.4 (11.0) years, 56.7% (119 of 210) self-identified
as non-Hispanic white, 75.3% (158 of 210) had at least a college education, 74.3% (158 of 210) had a
paid job, and the mean (SD) BMI was 29.9 (6.2). No significant differences in baseline characteristics
were observed among the 3 groups (Table 1).

Intervention Adherence

Regular and plus group participants received brief in-person counseling sessions at the
randomization visit (141 of 141 [100%]), 6-week visit (133 of 141[94.3%]), and 3-month visit (136 of
141[96.5%)]) in addition to the mPED app. The mean (SD) duration of the initial in-person counseling
time and the mean (SD) number of questions from the participants did not differ between the regular
and plus groups (counseling time, 29.0 [7.1] minutes vs 28.6 [6.1] minutes and number of questions,
2.6 [3.6] vs 2.2 [2.0]). Furthermore, the mean (SD) adherence to daily messages or video clips and
daily physical activity diary via the study app during the initial 3 months did not differ between the
regular and plus groups (85.5% [15.2%] vs 85.7% [15.4%]). From 3 to 9 months, only participants in
the plus group were asked to use the daily physical activity diary via the mPED app and the mean
(SD) adherence was 68.4% (28.2%). Adherence rates were penalized for malfunctions of the mPED
app and/or study server.

Intervention Effects

At baseline, mean (SD) daily total steps by accelerometer in the control, regular, and plus groups were
5384 (2920), 5063 (2526), and 5837 (3235), respectively (Table 2). Although there was no
difference in the average baseline hourly steps between control and combined regular and plus
groups, the number of hourly steps in the plus group was slightly greater than the regular group.
Figure 2 shows the trends of total daily steps and MVPA over the 9-month study period. Compared
with controls, regular and plus groups had an increase in daily total steps (mean difference, 2060
steps per day; 95% Cl, 1296-2825 steps per day; P < .001) and MVPA (mean difference, 18.2 min/d;
95% Cl, 10.9-25.4 min/d; P < .001) (Table 3). During the subsequent 6-month maintenance period,
average activity level remained higher in the combined plus and regular groups than among controls
(between-group difference, 1360 steps per day; 95% Cl, 694-2026 steps per day; P < .001). During
the 6-month maintenance period, trends in daily steps and MVPA in the regular and plus groups were
similar. Results for total daily steps were similar in a per-protocol analysis restricted to observations
with valid accelerometer data. Subgroup analyses gave no evidence that age (age =55 or <55 years)
and baseline BMI (=30 or <30) moderated the effects of the intervention (eTable 1in Supplement 2).
Secondary outcomes, including the Barriers to Being Active Quiz, Center for Epidemiological Studies
Depression Scale, modified Self-efficacy for Physical Activity Survey, Social Support and Exercise
Survey, and 12-Item Short-Form Health Survey physical component scores, significantly improved
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from baseline to 3 months in the combined regular and plus groups compared with the control group
(eTable 2 in Supplement 2) but did not differ between the regular and plus groups at 9 months. There
was no evidence for intervention effects on the 12-Item Short-Form Health Survey mental
component scores. There were no missing values for baseline measurements. Physical activity
outcomes measured using the accelerometer, including daily step counts and MVPA, were missing
for approximately 12% of follow-up days during the 9-month trial period. Self-reported physical
activity outcome was missing at less than 1% of completed visits.

Figure 1. Study Flow Diagram

1063 Women assessed for eligibility
via telephone screenings

745 Excluded
438 Did not meet inclusion criteria
307 Declined to participate or did
not continue screening

318 Completed screening baseline
visits

108 Excluded
67 Did not follow study protocol,
did not meet run-in criteria, or
decided not to continue
14 Too physically active
12 Medical reason
8 Time commitment
4 Unable to understand study
procedure
3 Lost equipment

(/ 210 Randomized \>

69 Assigned to control?
69 Received intervention as assigned
0 Did not receive assigned

71 Assigned to intervention: regular®
71 Received intervention as assigned
0 Did not receive assigned

70 Assigned to intervention: plus®
70 Received intervention as assigned
0 Did not receive assigned

intervention intervention intervention
69 Completed 1.5 mo follow-up 68 Completed 1.5 mo follow-up 66 Completed 1.5 mo follow-up
68 Completed 3 mo follow-up 2 Missed visits 3 Missed visits

1 Missed visit 1 Withdrew but followedd 1 Withdrew but followedd
66 Completed 5 mo follow-up 69 Completed 3 mo follow-up 67 Completed 3 mo follow-up

3 Missed visits 2 Missed visits 2 Withdrew but followedd
66 Completed 7 mo follow-up 66 Completed 5 mo follow-up 1 Withdrew from study

3 Missed visits 5 Missed visits 64 Completed 5 mo follow-up
68 Completed 9 mo follow-up 70 Completed 7 mo follow-up 4 Missed visits

1 Missed visit 1 Missed visit

2 Withdrew from study
64 Completed 7 mo follow-up

4 Missed visits

2 Withdrew from study
68 Completed 9 mo follow-up

2 Withdrew from study

)

70 Included in analysis

69 Completed 9 mo follow-up
2 Missed visits

69 Included in analysis ‘ ‘ 71 Included in analysis ‘ ‘

2 The control group used the accelerometer only for 9 months with no intervention. 9 Participants were counted as "withdrew but followed" on the day they withdrew. Each

b The regular group completed the 3-month physical activity intervention and 6-month follow-up visit after the date of withdrawal, they are included as "completed.’

accelerometer maintenance intervention.

€ The plus group completed the 3-month physical activity intervention and 6-month
mobile phone diary maintenance intervention with accelerometer.
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Table 1. Baseline Information by Treatment Group for 210 Participants

No. (%)
Characteristic Control (n = 69) Regular (n = 71) Plus (n = 70)
Sociodemographic factors
Age, mean (SD), y 51.7 (10.1) 53.5(11.7) 52.0(11.2)
Age group
<40y 9(13.0) 11 (15.5) 10 (14.3)
40-49y 19 (27.5) 9(12.7) 15(21.4)
50-59y 23(33.3) 25(35.2) 26 (37.1)
260y 18(26.1) 26 (36.6) 19(27.1)
Race/ethnicity
African American 9(13.0) 4(5.6) 4(5.7)
Hispanic/Latino 3(4.3) 4 (5.6) 6 (8.6)
Asian 13 (18.8) 14 (19.7) 14 (20.0)
White (non-Hispanic) 35(50.7) 42 (59.2) 42 (60.0)
>1 race 9(13.0) 7(9.9) 4(5.7)
Education
Completed high school or some college 24 (34.8) 13 (18.3) 15(21.4)
Completed 4-y college 23(33.3) 33 (46.5) 30(42.9)
Completed graduate school 22 (31.9) 25(35.2) 25(35.7)
Annual household income before tax, $
<20000 5(7.2) 3(4.2) 4(5.7)
20001-40 000 8(11.6) 4(5.6) 8(11.4)
40001-75000 13 (18.8) 19 (26.8) 18 (25.7)
>75000 36(52.2) 38(53.5) 37 (52.9)
Decline to state 7 (10.1) 5(7.0) 2(2.9)
Unknown 0 2(2.8) 1(1.4)
Marital status
Never married 21(30.4) 18 (25.4) 25(35.7)
Currently married or cohabitating 40 (58.0) 36 (50.7) 31 (44.3)
Divorced or widowed 8(11.6) 17 (23.9) 14 (20.0)
Employed for pay full or part time 47 (68.1) 58 (81.7) 51(72.9)
Previous pedometer use 34 (49.3) 35(49.3) 40 (57.1)
Drives a car 21 time/wk 60 (87.0) 61 (85.9) 55 (78.6)
Has a dog 18 (40.9) 13 (18.3) 13 (18.6)
Participated in a diet or weight loss plan 44 (63.8) 45 (63.4) 43 (61.4)
Has a gym membership 18 (26.1) 20(28.2) 21(30.0)
Self-reported cardiovascular risk factors
Body mass index? 30.2 (5.8) 29.6 (6.3) 29.8(6.3)
Body mass index category?®
<25 16 (23.2) 21(29.6) 18.0(25.7)
25-30 18 (26.1) 15.0 (21.1) 22(31.43)
>30 35(50.7) 35(49.3) 30(42.9)
Current smoker 2(2.9) 0 2(2.9)
Reached menopause 39 (56.5) 45 (63.4) 40 (57.1)
High blood pressure 17 (24.6) 15(21.1) 23(32.9)
High total cholesterol 22 (31.9) 24 (33.8) 25(35.7)
High glucose or diabetes 4(5.8) 4(5.6) 8(11.4)
Center for Epidemiologic Studies Depression 22 (31.9) 24 (33.8) 26 (37.1)
Scale score >16 or taking antidepressant
Computer use, h/wk 26.4(20.6) 27.9(18.7) 28.2(16.2)
Television use, h/wk 13.6(11.3) 14.7(9.4) 13.6 (10.5) ’ iarlﬁzltztidsgigiidghti" kilograms divided by height
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Table 2. Baseline Accelerometer-Measured and Self-Reported Physical Activity for 210 Participants

Mean (SD) P Value
Intervention
Control Regular Plus (Intervention (Regular vs
Physical Activity (n=69) (n=70) (n=71) vs Control)  Plus)
Accelerometer
Steps/d 5384 (2920) 5063 (2526) 5837 (3235) .40 .08
Steps/h 403 (214) 375 (180) 431(226) 46 .04
Moderate physical activity, min/d ~ 45.6 (33.3) 37.6(23.9) 42.8(28.5) .56 .30
Vigorous physical activity, min/d 0.14 (0.82) 0.44 (2.4) 0.70(3.31) .03 .70
Moderate to vigorous physical 45.7 (33.4) 38.0 (24.4) 43.5(29.6) .62 .30
activity, min/d
Self-reported 2 The interviewer-administered 7-Day Physical Activity
7-d physical activity recall, 32.9(1.4) 32.9(1.1) 33.1(1.1) .43 89 Recall questionnaire was used to obtain self-

kcal/kg/d®

reported activity.

Figure 2. Changes in Mean Daily Steps and Mean Daily Moderate to Vigorous Physical Activity (MVPA)

by Treatment Group and Week
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Adverse Events

No differences in hospital admissions, emergency department or urgent care facility visits, or other
adverse events were observed between the control, and regular, and plus groups during the 3-month
intervention period and among the 3 groups during the 6-month maintenance period (eTable 3 in
Supplement 2).

Discussion

In this trial, a 3-month intervention using an app and brief in-person counseling resulted in a net
increase of approximately 2000 steps per day (equivalent to approximately 1 mile or 20 minutes
walking per day) and 18 minutes of MVPA per day. These increases helped participants toward
meeting the current physical activity recommendation.?® During the maintenance period from3to0 9
months, mean daily steps and MVPA remained higher in the intervention groups than among
controls, but declined in the regular and plus groups at similar rates, thus demonstrating that
continued use of the mPED app in the plus group did not improve maintenance of the initial increase
in physical activity.

To our knowledge, this trial is one of the first studies to examine the effect of an app-based
intervention on increasing and maintaining objectively measured daily physical activity, with
excellent retention of participants and collection of accelerometer data. According to recent
systematic reviews, up to one-half of all app-based physical activity interventions for adults were
ineffective®’; among trials using an objective measurement of physical activity, the proportion of
ineffective interventions is even greater. These negative findings may, in part, reflect relatively brief
interventions, with an average duration of 10 weeks.®

There are several potential explanations for the initial effectiveness of the mPED intervention.
First, it is known that tailoring an intervention to a targeted population is critical for behavioral
changes.* In this trial, the mPED app included daily messages and video clips and in-person
counseling sessions specifically designed for physically inactive women based on our literature
review and pilot studies.?>2 In particular, it is important for women to be able to engage in the
intervention at home, as they tend to have other competing responsibilities. Second, behavioral
change strategies known to be effective, including individualized short-term goal setting and

Table 3. Intervention Effects on Accelerometer-Measured and Self-Reported Physical Activity Outcomes

Baseline to Month 3 Month 3 to Month 9
Net Effect, Difference in Trends, Difference in Level, Difference in Level,
Intervention vs Plus vs Regular Plus vs Regular Intervention vs
Physical Activity Outcome  Control (95% CI) P Value (95% CI)? PValue (95%Cl)? P Value Control (95% CI)? P Value
Intention-to-Treat
Accelerometer
Steps/d, No. 2060 (1296 to 2825) <.001 -245(-907 to 417) A7 900 (94 to 1707) .03 1360 (694 to 2026) <.001
Steps/h, No. 139 (86.4 t0 191.0) <.001 -20.8 (-68.1t026.4) .39 62.2(8.2t0116.1) .02 83.7(38.7t0128.8)  <.001
Moderate physical 16.3(9.41023.2) <.001 -49(-11.2t0 1.4) 13 4.6(-2.6t011.7) 21 7.3(1.2t013.5) .02
activity, min/d
Vigorous physical 1.8 (0.7 to 3.0) .002 -0.3(-1.4t00.9) .68 0.3(-0.7to 1.4) .55 1.1(0.4t01.9) .004
activity, min/d
Moderate to vigorous 18.2 (10.9t0 25.4) <.001 -5.2(-11.9t0 1.4) 13 49 (-2.7t012.5) 21 8.4(2.0t0 14.9) .01

physical activity, min/d
Self-report

7-d physical activity 0.84 (0.34to 1.33) .001 0.64 (-0.04 to 1.32) .07 0.06 (-0.52 to 0.64) .84 0.45 (-0.06 to 0.96) .08
recall, kcal/kg/d®

Per-Protocol

Accelerometer
Steps/d, No. 2077 (1310t0 2843) <.001 -224 (-888 to 440) .51 903.0(97.1t01709.3) .03 1366 (700 to 2032) <.001
Steps/h, No. 139 (87 t0 192) <.001 -19.6 (-66.9t0 27.7) 42 62.3(8.5t0116.2) .02 84.0(39.0t0129.0)  <.001
@ Differences on level and trend reflect comparisons of the mean level of the outcome ® The interviewer-administered 7-Day Physical Activity Recall questionnaire was used to
and of the fitted change per month from month 3 to month 9, respectively. obtain self-reported activity.
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feedback, self-monitoring, social support, relapse prevention, and automated reminders, were
incorporated into the app and in-person counseling sessions. According to a systematic review of
studies using pedometers to increase physical activity, having a daily step goal, using a step diary
(self-monitoring), and having an intervention other than in the workplace were significant key
predictors of increased physical activity.?” There are many commercially available physical activity
apps, but few apps have systematically incorporated evidence-based behavior change
strategies.?®2°

In contrast, we found no evidence that continued use of the mPED app in the plus group helped
to maintain the increases in physical activity achieved in the combined plus and regular groups during
the first 3 months of maintenance. One possibility is that individuals are able to master skills during
the initial intervention period so that the app is no longer needed, and the physical activity tracker
[393'in Spain, accelerometer-measured total daily
steps in both the app with in-person counseling intervention group and the counseling-alone group

suffices to maintain activity. In a recent large tria

decreased from baseline to 3 months as well as during the 12-month follow-up period. The mean
changes between the 2 groups did not differ. The findings of this large trial are inconsistent with our
findings, and this could be due to a very large number of total steps at baseline in the Spanish trial.

The findings of our prespecified subgroup analyses suggested that age and BMI did not modify
either the initial or maintenance effects of the intervention, suggesting that our findings may be
broadly applicable. Generally, older adults are less likely to own a smartphone®2 and have lower levels
of technology literacy than younger adults, suggesting that digital technology-based interventions
are more suitable for younger adults. However, the evidence appears to support the concept that
older adults had an equal or greater level of engagement in app use compared with younger
adults.39-3334 Given the rapid adoption of smartphones among older adults,* the findings of the
subgroup analyses also have important implications for developing age-targeted interventions in
the future.

Limitations

This trial has several limitations. First, the mPED sample included only female adults who were
motivated to become physically active, which may limit generalizability of the findings. However, the
mean baseline number of daily steps in this trial was very similar to the US National Health and
Nutrition Examination Survey female adult data.3® Second, the triaxial accelerometer used in this trial
was not able to record water activities (eg, swimming) or might not be able to completely capture
some activities (eg, household chores using upper body movements, yoga), which might result in
underestimation of activity. However, like other studies, the proportion of participants who engaged
in these activities in this trial was relatively small,® and brisk walking, which the accelerometer does
measure, was the target of the intervention. In addition, because the intervention consisted of 2
components (brief in-person sessions and daily app use), the independent effect of daily app use
cannot be determined.

Conclusions

In this trial of 210 community-dwelling physically inactive women, our 3-month app-based and
counseling intervention achieved a significant initial increase in physical activity among the
participants. However, use of the app for an additional 6 months did not help to maintain physical
activity compared with using the accelerometer alone. Methods for maintaining gains achieved by
app-based physical activity interventions require further development.
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