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Abstract

Introduction: Potent lifestyle interventions to increase moderate-to-vigorous physical activity
(MVPA) are urgently needed for population-level chronic disease prevention. This trial tested the
independent and joint effects of a mobile health system automating adaptive goal setting and
immediate financial reinforcement for increasing daily walking among insufficiently active adults.

Study design: Participants were randomized into a 2 (adaptive versus static goal setting) x 2
(immediate versus delayed financial incentive timing) condition factorial trial to increase walking.
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Intervention: Principles of reinforcement and behavioral economics directed intervention
design.

Main outcome measures: Participants wore accelerometers daily that remotely measured
MVPA bout-minutes of =3 minutes/day for 1 year. Primary outcomes were between-condition
differences in: (1) engaging =1 bout of MVPA on each day and (2) on days with =1 bout, daily
total MVVPA minutes.

Results: Participants (N=512 adults, 133,876 day-level observations) were recruited between
2016 and 2018 and were 64.5% female, aged 18-60 years, 18.8% Hispanic, 6.1% African
American, and 83% White. Mixed effects hurdle models tested treatment group x phase (time)
interactions using an intent-to-treat approach in 2021. Engaging in any ambulatory MVPA was
greater for Adaptive versus Static Goal groups (OR=2.34, 95% CI1=2.10, 2.60 vs OR=1.66, 95%
ClI=1.50, 1.84; p<0.001) and for Immediate versus Static Reinforcement groups (OR=2.16 95%
Cl=1.94, 2.40 vs OR=1.77, 95% CI=1.59, 1.97; p<0.01). The Immediate Reinforcement group
increased by 16.54 MVPA minutes/day whereas the Delayed Reinforcement group increased by
9.91 minutes/day (p<0.001). The combined Adaptive Goals + Immediate Reinforcement group
increased by 16.52 MVPA minutes/day, significantly more than either Delayed Reinforcement

group.

Conclusions: This study offers automated and scalable behavior change strategies for increasing
walking among adults most at risk for chronic diseases attributed to sedentary lifestyles.

Trial registration: This study is registered at www.clinicaltrials.gov NCT02717663.

INTRODUCTION

Physical activity (PA), and especially moderate-to-vigorous PA (MVPA), are potent chronic
disease risk—lowering behaviors.1 Despite technological leaps in wearable activity monitors
and growing awareness of numerous benefits of MVPA, the proportion of the U.S.
population meeting PA guidelines has not improved substantially over the last decade.?3

A meta-analysis of individual-level PA interventions demonstrated an intervention effect of
only 2.1 minutes/day,* an improvement unlikely to have a meaningful population impact

on meeting guidelines. Disease risk reduction demands potent and scalable interventions to
increase MVPA.

Adaptive goal setting is a relatively new approach, where PA goals increase, decrease, or
stay the same during a PA intervention in response to day-to-day experience (e.g., illness/
injury, schedule changes, travel, motivation).>-8 Typically, scaled goal-setting approaches
use either static (e.g., 150 minutes/week of PA) or linearly increasing goals (e.g., increase
PA by 50 minutes/week each week) to encourage PA.910 These goals typically do not
adjust and are insensitive to person-specific change, which is rarely linear. Lack of
adaptation may result in lack of attainment. Mobile health (mHealth) technologies enable
automated adaptive systems to use frequent assessments of PA (and potentially other
inputs) to adjust goals. Short-term studies with daily adaptive goal setting found greater
improvements in steps/day over 4-6 months.611-14 Riley et al.1516 posit that intensively
adapting interventions delivered in response to dynamic inputs should be more effective than
non-adapting interventions, but empirical support has yet to confirm this outcome. Previous
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adaptive goal-setting studies also targeted steps/day as a measure of PA volume, but are

limited by omitting the assessment of PA intensity, which has a stronger relationship to
fitness,6:11,13,14,17

Meta-analyses indicate that modest financial incentives with various types, delays, and
probabilities were more effective than no-incentive controls at increasing and maintaining
PA levels,18 even after incentives were removed.1® mHealth technologies (e.g., texting)
provide the capability of reinforcing PA goal attainment with precisely delivered micro-
incentives (e.g., $1/goal) in near real time to free-living individuals. Positive reinforcement
is most effective when delivered immediately.29-23 None of the interventions included in
extant meta-analyses delivered reinforcement in near real time.

This randomized 2 x 2 factorial trial tested for main effects and interactions among goal
setting (adaptive versus static) and financial reinforcement (immediate versus delayed
non-contingent) on changes in adults’ accelerometer-measured MVPA over 12 months.
The study hypothesized independent main effects of goal setting and reinforcement
timing for increasing MVPA, such that adaptive goals would outperform static goals and
immediate reinforcement would outperform delayed reinforcement for increasing MVPA.
Also hypothesized was an interaction between components such that the adaptive goals
plus immediate reinforcement would show greater change in MVPA than the other 3
combinations.

METHODS

Study Population

Methodological details of the WalkIT Arizona trial have been published.?* Briefly,

512 inactive adults from Maricopa County, Arizona were enrolled into a 2-year study
between 2016 and 2018 with 1 year of intervention and a second year of follow-up.

Four neighborhood types were targeted for recruitment: “higher walkable/higher SES,”
“higher walkable/lower SES,” “lower walkable/higher SES,” and “lower walkable/lower
SES.” As described?4 and following Frank and colleagues,?® to arrive at neighborhood
classifications, prior to the start of recruitment Maricopa County block groups were ranked
and categorized into “lower walkable” (1st-4th deciles) and “higher walkable” (7th-10th
deciles) based on GIS-measured walkability components, with the 5th and 6th deciles
omitted to minimize the possibility of misclassifying participants near the classification
boundaries. Similarly, block groups were ranked from low to high using median household
income from the Census’ American Community Survey and then categorized as “lower
SES” (1st-5th deciles) or “higher SES” (7th-10th deciles). The 6th decile was excluded

to minimize miscategorization. Participants were stratified by neighborhood type and block
randomized (block size of 4) by computer into 1 of 4 interventions in the 2 x 2 factorial
design: (1) Adaptive Goals + Immediate Reinforcement, (2) Adaptive Goals + Delayed
Reinforcement, (3) Static Goals + Immediate Reinforcement, or (4) Static Goals + Delayed
Reinforcement. Thus, the treatment factorial design was embedded within an observational
study of neighborhood type to efficiently examine multiple research questions related to
neighborhood factors on PA maintenance. To control for extreme summer temperatures

in the region (i.e., >100 days with temperatures of =38° Celsius from June through
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September), a similar number of participants were randomized across each calendar month.
Participants and investigators were blinded during the baseline phase, but not blinded during
intervention in this “open label” trial. Participants provided written informed consent and
were compensated for completing baseline and 12-month questionnaire measures ($20 and
$40, respectively). The protocol was approved by Arizona State University’s IRB and
prospectively registered with wwuwv.clinicaltrials.gov (NCT02717663).

Participants (aged 18-60 years) were insufficiently active adult men and women who lived
in one of the eligible neighborhood quadrants in Maricopa County, Arizona. Facebook
marketing ads targeted adults geographically and demographically from eligible block
groups. The International Physical Activity Questionnaire short form was used to screen
potential participants and activity status was further confirmed by baseline accelerometer
measures (i.e.,<150 minutes/week). Adults were excluded with a history of heart failure,
type 2 diabetes, myocardial infarction, contraindications to exercise testing, currently or
planning to become pregnant in the next 2 years, or currently participating in PA, diet,

or weight loss programs. The study required daily access to a mobile phone with text
messaging capabilities or iOS or Android smartphone, and willingness to send and receive
up to 3 text messages/day and to wear a small accelerometer daily for 1 year. Adults
planning trips outside of region for >30 days consecutively or planning to move from their
home in the next 2 years were also excluded. Inclusion of participants was not based on race
or gender.

Interventions

Participants were informed they would receive a PA intervention that included one-time
education materials, daily MVPA goals, feedback on performance, and financial incentives
throughout the 12-month intervention phase.

Participants received goals via text messages when they synced their accelerometers with the
WalKIT server. Static Goal participants were prescribed 30 minutes of MVVPA on =5 days/
week (e.g., “Goal for 1/15/19 is 30 min.”), aligning with current federal PA guidelines.26:27
Adaptive goal participants goals could increase, decrease, or stay the same. Based on a
9-valid-observation moving window capturing each participant’s recent performance, goals
were calculated using a 60th percentile-rank algorithm tested in preliminary studies with
overweight adults.®11:12 If a participant’s MVPA duration on each of the previous 9
observations (ranked from lowest to highest) was 5, 5, 6, 9, 11, 12, 15, 15, and 17 minutes/
day, the 60th rank-percentile would yield a goal of 12 minutes/day for the current day (e.g.,
“Goal for 1/15 is 12 min.”). Adaptive goals ranged from a low of 3 to a high of 60 minutes/
day. Static and adaptive goals could be accomplished by accumulating multiple bouts of 3
minutes or longer over a day.

All participants who meet daily goals received positive text messages drawn from a pool of
messages (e.g., “Well done, Pat! Goal met! 63 min. Goal for 1/16 is 18 min”). When a daily
goal was not met, a simple confirmation of the device sync was sent, avoiding discouraging
messages (e.g., “Sync Received. 3 min. Goal for 1/16 is 18 min”).
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Participants in both the Immediate and Delayed Reinforcement groups were informed

that they could earn $265 during the intervention phase at the onset of the study. Upon
syncing their accelerometers, Immediate Reinforcement participants also received notice

of points earned for meeting a goal and a running point balance (e.g., “Well done, Pat!

Goal met! 63 min. Reward points=100! Balance=300 points. Goal for 1/16 is 18 min”).
Participants assigned to receive Immediate Reinforcement (irrespective of goal setting
condition) earned points (100 points=$1.00 USD) daily for meeting MVPA goals during
the 1-year intervention phase, comprising a sequence of 6 financial reinforcement stages
informed by research on reinforcement schedules (details in Adams et al.2%). Based on
previous research with goals,®11 most participants would achieve as few as 40% and much
as 73% of their static or adaptive goals on average (40%-73% x 365 possible days =
146-265 goals met in total) over 1 year, which was about $146-$265 in incentives. To plan
for the possibility that a participant could achieve 100% of their goals over the year, the
maximum amount (regardless of goal group) an Immediate Reinforcement participant could
earn was $365 over the intervention phase (only 1 did). To encourage engagement, Delayed
Reinforcement participants earned up to $265 in financial incentives paid every 60 days on
an escalating schedule (i.e., $15 in Month 2, $30 in Month 4, $50 in Month 6, $75 in Month
8, and $95 in Month 10) for wearing and syncing the accelerometer, approximately matching
the planned amount of incentives earned by participants in the Immediate Reinforcement
condition. Once participants met their reward thresholds—either accumulating 500 points
(for $5) in the Immediate Reinforcement group, or syncing at the end of a 60-day interval in
the Delayed Reinforcement group—an e-gift card for the participant’s choice from a list of
12 popular retailers was e-mailed immediately using WalkIT’s automated mHealth system.
The minimum e-gift card denomination is $5 at most retailers.

Participants were instructed to wear an accelerometer for at least 10 hours daily for a year.
The wrist-worn ActiGraph GT9X Link is a small, water-resistant device, with long battery
life and calibration, reliability, and validity data for adults.28-31 \Vector magnitude (VM)
counts of movements in vertical, antero-posterior, and medio-lateral planes were calculated
for 1-minute epochs yielding up to 1,440 VM count values/day. Following the individual
calibration method of Barnett et al.,32 all participants in the current study completed

a baseline protocol for developing participant-specific accelerometer VM cut points for
moderate-intensity or greater walking using indirect calorimetry. Non-wear was defined
by the Choi algorithm for adults as =90 consecutive minutes with zero VM counts, with
an allowance of <2 minutes of non-zeros on the vertical axis.33-34 Valid wear days were
days when either a PA goal was met or with =6 hours of wear. These criteria determined
wear adherence and allowed acknowledgement of a participant’s efforts to earn rewards
even if the device was worn for a workout only. Participants synced the device through the
ActiGraph smartphone app.

Minutes of MVPA were further scored to estimate bout minutes during the intervention
in real time.3® The onset of a MVPA bout occurred when 3 non-contiguous minutes of 5
minutes met the criteria. The offset of a bout occurred when 3 consecutive minutes fell
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below the MVPA threshold. This approach allowed for detection of a minimum MVPA bout
of 3 minutes.

At baseline participants reported their gender, age, race/ethnicity, marital status, smoking
status, children in household, and educational attainment. BMI was calculated from height
and weight measured by stadiometer and digital scale, respectively.

At Month 12, participants were asked: How likely are you to recommend the WalklT
Arizona program to your friends/family? Options ranged from very unlikely (1) to highly
likely (10).

Statistical Analysis

To estimate the required sample size, investigators assumed intervention effects (i.e.,
adaptive versus static goals and immediate versus delayed reinforcement) on baseline versus
intervention phase change (i.e., average intervention phase value versus average baseline
phase value) in MVPA of 2.1 minutes/day (derived from Conn and colleagues®) and an a

of 0.05. In simulations conducted using SAS PROC IML and PROC MIXED36 in SAS,
version 9.4, the estimated required complete-case sample size to achieve power >0.80

was N=320 participants. This represented a conservative estimate—owing to computational
limitations, simulations were based on only 100 repeated observations of MVPA (10
baseline + 90 intervention) per participant, as opposed the 375 observations (10 baseline

+ 365 intervention) expected by 12 months post-randomization in this study. Assuming a
block group—level intraclass correlation for MVVPA minutes/day of 0.01, 5 participants per
block group, and a projected 30% rate of participant loss, the estimated required baseline
sample size was N=471 participants. Because the goal was to have balanced cell sizes
across sampling and randomization stages, the target baseline sample size was N=480.

This sample size also afforded 0.80 power to detect interaction effects corresponding to

a 4.2-minutes/day “difference in differences” in MVPA—for example, a 4.2-minutes/day
difference in changes between the Adaptive Goals + Immediate Reinforcement group versus
other groups.

Because preliminary analyses revealed that the distribution of daily MVPA values was
characterized by a relatively high proportion of zero-minute values and a discontinuity
between zero and the lower non-zero value (3 bout-minutes/day), intervention effects

on MVPA were tested using intent-to-treat with mixed effects hurdle models (using the
GLMMadaptive package in R, version 4.0.2), which simultaneously estimated: (1) the
probability of engaging in at least 1 bout of MVVPA/day (versus none), via a random-
intercept logit model component; and (2) the number of MVPA bout minutes/day, via a
random-intercept negative binomial model component. Models drew on all (133,876) daily
observations from all (N=512) randomized participants. The authors first examined fixed
effect terms for Component (Goal Setting or Reinforcement Timing) x Phase (baseline
versus intervention) interactions (Model 1), which captured group differences in the change
in the average daily probability of engaging in any MVPA (or average daily number of
MVPA minutes), from across the entire 10-day baseline phase, to the average probability of
MVPA (or number of MVPA minutes) from across the entirety of the intervention phase.
Next (Model 2), interaction terms were introduced to capture group differences in the linear
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rate of change and differences in the quadratic rate of change during the intervention phase.
Missingness in the outcome variables was addressed using maximum likelihood estimation
for all models. Significant interactions were probed to obtain level-specific effects (i.e.,
simple slopes) and SEs.37

Next, the 4 intervention groups were compared on both MVPA outcomes using a parallel
modeling approach, with the focal effects instead being interactions of (Model 1) and
Linear Time, and Quadratic Time (Model 2) with each of 3 indicator (dummy) vectors
coding for group membership, with the Adaptive Goals + Immediate Reinforcement group
serving as the reference category. Daily accelerometer wear time and calendar month
(dummy coded) were included as covariates in all models. Appendix Tables 1 and 2 provide
regression models by group. Appendix Tables 3 and 4 display model-estimated condition-
and group-specific predictions of likelihood of any MVPA and mean MVPA minutes, and
associated model-estimated Cls, at baseline and at 1, 60, 120, 180, 240, 300, and 360

days post-randomization. Appendix Tables 5 and 6 offer results from zero-inflated negative
binomial models, which showed trivial differences compared to hurdle models.

Table 1 displays demographic aspects of the study sample. Figure 1 shows the CONSORT
diagram and participant flow. Participants wore the accelerometer on 69.7% (133,876 of
192,000) of planned daily observations and wear time averaged 15.2 and 15.9 hours/day
during baseline and intervention phases.

As shown in Model 1 and Figure 2 (top left), there was a significant Goal Setting x Phase
interaction such that the difference between the average daily likelihood of any MVPA
during the intervention phase and the average daily likelihood of any MVPA during baseline
phase (i.e., the increase in average daily likelihood of any MVPA) was larger for the
Adaptive Goals condition (OR=2.34, 95% CI1=2.10, 2.60) than for the Static Goals condition
(OR=1.66, 95% CI=1.50, 1.84; between-condition p<0.001). The likelihood of any MVPA
(versus none) decreased over the course of the intervention phase (Model 2), but as indicated
by significant interaction terms, the rate of linear change and patterns of quadratic change
differed across conditions. The Adaptive condition showed a pronounced quadratic pattern
of change with a relatively steep decline through roughly the first 8 months, followed by

a slight increase through the remainder of the intervention, whereas the Static condition
showed a monotonically decreasing pattern across the intervention. Both groups sustained
MVPA levels higher than baseline levels by end of the year.

The average daily MVVPA minutes/day during the intervention phase was higher than the
average daily MVPA minutes/day during the baseline phase (Model 1 and Figure 2, bottom
left panel), but the magnitude of this increase did not differ significantly across Goal Setting
conditions (increases of 12.68 vs 13.50 minutes/day and group-specific incidence rate ratio
[IRRs]=1.43 and 1.48 in the Static and Adaptive conditions, respectively). However, as
indicated by significant Goal Setting x Days post-randomization and Goal Setting x Days
post-randomization? interaction terms (Model 2), rates of linear change and patterns of
quadratic change in MVPA minutes/day during the intervention phase did differ across
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Goal Setting conditions, paralleling the patterns seen for likelihood of any MVPA. MVPA
minutes/day in both conditions remained significantly higher than baseline levels by Day
365.

The Reinforcement Timing x Phase interaction (Model 1) was significant such that the
difference between the average likelihood of any MVPA during the intervention phase and
the average likelihood during the baseline phase (i.e., increase in likelihood) was larger in
the Immediate Reinforcement condition (OR=2.16, 95% CI=1.94, 2.40) than in the Delayed
Reinforcement condition (OR=1.77, 95% CI=1.59, 1.97; between-condition p<0.01) (Figure
2, top right panel).

There was a significant Reinforcement Timing x Phase interaction. The Immediate
Reinforcement condition’s observed increase of 16.54 minutes/day (Model 1: IRR=1.57,
95% CI=1.51, 1.63 for intervention versus baseline difference) was significantly larger

than the Delayed condition’s increase of 9.91 minutes/day (IRR=1.34, 95% CI=1.29, 1.39)
(Figure 2, bottom left panel). Rates and patterns of change in daily MVVPA minutes/day over
the intervention phase did not differ across Reinforcement conditions (Model 2).

As shown in Model 1 and Figure 3 (top), the increase in average daily likelihood of any
MVPA from the baseline phase to the intervention phase was strongest in the Adaptive
Goals + Immediate Reinforcement group (OR=2.55, 95% CI=2.20, 2.97 for intervention
versus baseline difference) and significantly different from that observed for the Static Goals
+ Immediate Reinforcement group (OR=1.89, 95% CI1=1.35, 2.62) and for the Static Goals
+ Delayed Reinforcement group (OR=1.49, 95% CI1=1.08, 2.07), but not for that seen in the
Adaptive Goals + Delayed Reinforcement group (OR=2.17, 95% CI=1.57, 3.01). Patterns
of quadratic change during the intervention phase differed across groups (Model 2), with
the Adaptive Goals + Immediate Reinforcement group showing a relatively steep decline
over approximately the first 8 months, followed by a slight increase at the end of the
intervention. This pattern differed significantly from that observed in the Static Goals +
Immediate Reinforcement group, which showed a monotonic decrease over the intervention
phase.

Model 1 and Figure 3 (bottom) show that the increase in average daily MVPA minutes/day
from the baseline to the intervention phase differed significantly across groups. The increase
of 16.52 minutes/day (IRR=1.54, 95% CI=1.46, 1.62 for intervention versus baseline
difference) observed in the Adaptive Goals + Immediate Reinforcement group was not
significantly different from the increase of 16.55 minutes/day seen for the Static Goals

+ Immediate Reinforcement group (IRR=1.64, 95% C1=1.46, 1.83), but was significantly
larger than that seen in either of the Delayed Reinforcement groups (10.84 minutes/day in
Adaptive + Delayed and 8.87 minutes/day in Static + Delayed; IRR=1.35, 95% Cl=1.21,
1.52 and IRR=1.35, 95% CI=1.20, 1.51, respectively).

Participants rated the interventions highly (overall mean=8.2 [SD=2.3] points of 10). No
significant differences were observed between the 4 arms (means ranged from 7.97 to 8.29).
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DISCUSSION

This study examined independent and joint effects of adaptive goal setting and immediate
financial reinforcement on MVPA over 1 year with healthy, inactive adults.6:11.13.17
Investigators tested whether novel intervention components could help participants increase
daily initiation and duration of MVPA. Results show that adaptive goal setting and
immediate financial reinforcement components independently increased both measures of
health-enhancing MVPA over 1 year.

Adaptive goals increased the probability of initiating any MVPA each day by 50% more
than static goals, independent of reinforcement timing. Both goal groups showed increased
mean MVPA/minutes, but contrary to the hypothesis, the degree of increase did not differ
significantly between goal groups. A significant between-group difference in non-linear
MVPA trajectories was observed throughout the intervention year. The Adaptive Goal
group’s change from a negative to a positive trajectory near Month 8 for both MVPA
outcomes, compared with the Static Goal group’s consistent declines, suggests that adaptive
goals may combat intervention fatigue.

Static goals entailed a fixed response cost, whereas adaptive goals, which could stay

the same, adjust up, or adjust down for each participant, ranged from 3 to 60 minutes/

day, depending on daily performance and the adaptive algorithm. This adaptive process
approximates an experienced coach adjusting thresholds for success depending on the
starting point, motivation, or abilities of a mentee, and dynamically adjusting requirements
to shape stronger performance as the mentee improves or struggles. This study and others
also suggest that adaptive goals and intervention components may yield more potent
behavioral interventions and help maintain improvements.1316:38.39 Changes reported here
were accomplished using an automated approach demonstrating potential for scalability
required to address population health.

The Immediate Reinforcement groups also showed an increased likelihood of initiating
any MVPA throughout the intervention relative to baseline and mean MVPA minutes/day
change throughout the intervention phase was greater by 6.6 minutes/day relative to the
Delayed Reinforcement condition. Notably, the between-condition difference in MVPA
duration between 2 active interventions represents a 3-fold improvement over meta-analytic
findings by Conn et al.# that compared interventions using a multitude of individual-level
behavior change techniques to control groups for increasing PA among healthy adults.

The comparative evaluation of active interventions to each other (rather than to passive or
measurement only controls) is important for the development of increasingly more potent
behavior change interventions. Though other studies have found magnitudes of <$1.00
can increase PA,19 even in comparison to delayed incentives,311 those studies exclusively
set step goals, thus targeting movement volume, rather than activity intensity. The current
study shows that small financial rewards can help individuals with goals that have an
intensity dimension (i.e., moderate or greater intensity). Results also align to principles of
behavior change that emphasize reinforcement immediacy and specificity over magnitude
as important considerations with the use of rewards (e.g., smaller, sooner),20-2340 and that
appears to extend to helping inactive adults initiate any and increase MVPA duration.
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A commonly asked question is which intervention components produce change in

an outcome, or which combination of components produce optimal change,38:41:42

but confounding thwarts post hoc attempts to disentangle unique and joint effects

of multicomponent interventions.#344 The current study was designed to address this
question, and the results provide convincing evidence that Adaptive Goals + Immediate
Reinforcement produced the strongest joint effect on initiating daily MVVPA. Results suggest
that a combination with adaptive goals could be used when the purpose of the intervention
is to help a subgroup of sedentary adults initiate any activity, while combinations with
immediate reinforcement could help increase both any MVPA initiation and MVPA duration
among a subgroup who is somewhat, but insufficiently, active daily. The results also suggest
new directions such as testing adaptive goals to initiate MVVPA among sedentary individuals,
followed by immediate reinforcement to increase the duration of MVPA once it occurs
reliably.

These results may have important public health implications. Accumulating =150 minutes/
week (>7.5 MET hours/week) is associated with 6%-32% reductions in the prevalence of
myriad chronic diseases* and can attenuate cardiovascular disease risk in the presence

of overweight and obesity by approximately 50%.45-47 In this study, most participants
exceeded 7.5 MET hours/week on average at the 1-year timepoint. Finally, these
interventions were socially acceptable to participants and well tolerated with no significant
adverse events.

This study, the first adaptive intervention to target MVPA via actigraphy, observed an
immediate effect that persisted throughout the 365-day intervention and achieved 70%
average wear compliance, exceeding levels seen with commercial wearables*8 and in
other RCTs.3949 Limitations included a sample from a single U.S. region of mainly
overweight/obese adults, limiting broader generalizability. However, the sample was
purposefully recruited across higher and lower socioeconomic and walkable neighborhood
strata with treatment groups balanced on average on confounding via stratified blocked
randomization.24 Participants were unaware of the hypotheses and blinded during the
baseline, but participants and investigators were not blinded during the intervention.
Randomization, passive MVPA measurement at baseline and throughout intervention
phases, and intervention component delivery were entirely automated, minimizing potential
participant and investigator biases. The impact of varied combinations of incentive design
features could be explored in future research among free-living adults.

CONCLUSIONS

This trial found that adaptive goals outperformed static goals for initiating any MVPA, and
immediate reinforcement outperformed delayed non-contingent reinforcement for increasing
any MVPA and MVPA duration once initiated. Consistent with theoretical expectations,
adaptive goals combined with immediate reinforcement produced the strongest change for
initiating any and increasing total MVVPA minutes over 1 year and mitigated intervention
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fatigue. These scalable behavior change techniques have implications for chronic disease
risk reduction among at-risk adults.1:47:50

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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CONSORT diagram of participant flow.
DQ, disqualified.
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Figure 2.
Effects of goal setting (left panels) and reinforcement timing (right panels) on changes to

engaging in any MVPA minutes/day (top panels) and on mean MVPA bout minutes/day
(bottom panels).&:0.¢

@Data represent 10-day baseline and 365-day intervention phases.

b\ertical dashed lines denote transition between baseline and intervention phases.
“Baseline phase (Days Post Randomization <0) and intervention phase (Days Post
Randomization =0).

MVPA, moderate-to-vigorous physical activity; Rf, reinforcement.
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Figure 3.

Differences between intervention groups in likelihood of any MVPA (top panel) and mean
MVPA bout minutes/day (bottom panel).2.b.c

@Data represent 10-day baseline and 365-day intervention phases.

b\ertical dashed line denotes transition between baseline and intervention phases.
Baseline phase (Days Post Randomization <0) and intervention phase (Days Post
Randomization =0).

MVPA, moderate-to-vigorous physical activity; Rf, reinforcement.
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Table 1.

Participant Characteristics by Intervention Condition in 2 x 2 Factorial Randomized Design
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Characteristic Total Adaptive goals Static goals Adaptive goals Static goals
(N=512) + immediate + immediate + delayed + delayed
reinforcement reinforcement reinforcement reinforcement
(n=128) (n=128) (n=128) (n=128)
Female, n (%) 330 (64.5) 82 (64.1) 80 (62.5) 81 (63.3) 87 (68.0)
Age, mean (SD) 455 (9.1) 45.6 (9.5) 46.0 (8.9) 46.7 (8.6) 43.5(9.3)
Race?
Caucasian or White, n (%) 425 (83.0) 108 (84.3) 106 (82.8) 105 (82.0) 106 (82.8)
African American or Black, 31(6.1) 5(3.9) 9 (7.0 9 (7.0 8(6.3)
n (%)
American Indian or 14 (2.7) 43.1) 3(2.3) 2(1.6) 5(3.9)
Alaskan Native, n (%)
Asian, n (%) 12 (2.3) 4(3.1) 3(2.3) 3(2.3) 2(1.6)
Native Hawaiian or other 7(1.4) 3(2.3) 1(0.8) 2(1.6) 1(0.8)
Pacific Islander, n (%)
Prefer not to answer, n (%) 32(6.3) 5(3.9) 8(6.3) 10 (7.8) 9(7.0)
Ethnicitya
Hispanic or Latino, n (%) 96 (18.8) 22 (17.2) 26 (20.3) 24 (18.8) 24 (18.8)
Married or living with partner, 346 (67.6) 82 (64.0) 85 (66.4) 93 (72.7) 86 (67.2)
n (%)
BMI, mean (SD) 33.9(7.3) 33.7(7.3) 33.8(7.3) 33.6 (7.0) 34.5(7.5)
Current tobacco or e-smoker, 36 (7.0) 5(3.9) 13 (10.2) 6(4.6) 12 (9.4)
n (%)
Number of children in 0.97 (1.2) 0.97 (1.3) 0.98 (1.3) 1.05(1.3) 0.88 (1.1)
household, mean (SD)
Household income, median $60,000- $60,000-$79,999 $60,000-$79,999 $60,000-$79,999 $60,000-$79,999
$79,999
Education, median College College graduate College graduate College graduate College graduate
graduate
Neighborhood type
High walkable/High 136 (26.6) 34 (25.0) 34 (25.0) 34 (25.0) 34 (25.0)
income, n (%)
High walkable/Low 132 (25.8) 33(25.0) 33(25.0) 33(25.0) 33(25.0)
income, n (%)
Low walkable/High 136 (26.6) 34 (25.0) 34 (25.0) 34 (25.0) 34 (25.0)
income, n (%)
Low walkable/Low income, 108 (21.1) 27 (25.0) 27 (25.0) 27 (25.0) 27 (25.0)
n (%)
Mean accelerometer wear
time (hours/day)
Baseline phase, mean (SD) 159 (4.2) 16.1 (4.2) 16.0 (4.3) 15.6 (4.0) 15.9 (4.3)
Intervention phase, mean 15.2 (4.9) 15.1 (5.0) 15.3(5.2) 15.3(4.7) 15.1 (4.9)

(SD)

aRace/Ethnicity cumulative is >100%. Participants were allowed to select a// that apply.
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