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Abstract

Background Although regular physical activity (PA) mitigates the risk for cardiovascular disease (CVD) during midlife, existing PA interventions
are minimally effective. Harnessing social influences in daily life shows promise: digital micro-interventions could effectively engage these influ-
ences on PA and require testing.

Purpose This feasibility study employed ecological momentary assessment with embedded micro-randomization to activate two types of social
influences (i.e., comparison, support; NCT04711512).

Methods Midlife adults (N = 30, MAQe =51, M, = 31.5 kg/m? 43% racial/ethnic minority) with >1 CVD risk conditions completed four

mobile surveys per day for 7 days while wearing PA monitors. After 3 days of observation, participants were randomized at each survey to
receive 1 of 3 comparison micro-interventions (days 4-5) or 1 of 3 support micro-interventions (days 6-7). Outcomes were indicators of
feasibility (e.g., completion rate), acceptability (e.g., narrative feedback), and potential micro-intervention effects (on motivation and steps
within-person).

Results Feasibility and acceptability targets were met (e.g., 93% completion); ratings of micro-intervention helpfulness varied by intervention
type and predicted PA motivation and behavior within-person (srs=0.16, 0.27). Participants liked the approach and were open to ongoing micro-
intervention exposure. Within-person, PA motivation and behavior increased from baseline in response to specific micro-interventions (srs=0.23,
0.13), though responses were variable.

Conclusions Experimental manipulation of social influences in daily life is feasible and acceptable to midlife adults and shows potential effects
on PA motivation and behavior. Findings support largerscale testing of this approach to inform a digital, socially focused PA intervention for
midlife adults.

Lay Summary

Insufficiently active adults at risk for heart disease can lower their risk with physical activity. These adults respond positively to short, digital
messages that offer social information, though responses differ by person and context.

Keywords Mobile health - Midlife - Ecological momentary assessment - Physical activity - Social influence - Cardiovascular risk

Introduction during menopause [4]. These changes are simultaneous with

Cardiovascular disease (CVD) is consistently the leading cause p,SYC,hOSOClal Stressors sugh as balancing .multlple responsi-
of death in the USA [1], and during midlife (ages 40-60 [2]), bilities (g.g., caring for children apd/or aging parents; work;
risk for CVD increases sharply. Both women and men experi- community group s) and rqle transitions ((?.g.,.leadelﬁshlp post-
ence biological aging processes that increase CVD risk [3]and ~ 1ODS5 lgunchmg adult children [5]), .w}.nch intensify dl_mng
women’s risk is exacerbated by sex-specific hormonal changes this period [6]. As a result, many midlife adults experience
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high stress, depression, and anxiety [7], all of which further
heighten CVD risk and the development of risk conditions
such as hypertension and type 2 diabetes [8].

In contrast, regular physical activity (PA) has powerful
health benefits for midlife adults [9], including improvement
in clinical indicators among those with CVD risk conditions
[10, 11], and is a primary target for improving cardiovas-
cular health for these individuals. Although many PA inter-
ventions exist for this population, many require considerable
time and energy, including in-person meetings or delivery of
predetermined content at set times [12]. For PA promotion
to be effective in this overburdened population, however, it
needs to be flexible and accessible in daily life [13]. Emerging
evidence shows that digital PA tools that provide flexible,
in-the-moment support are acceptable to midlife adults [14],
revealing a critical opportunity to develop innovative, tailored
methods for improving PA interventions for this at-risk group.

Digital micro-interventions offer a promising approach.
These involve short, highly focused intervention prompts that
are delivered in daily life, often through text messages or mo-
bile applications (apps) [15]. Micro-interventions can activate
a range of effective behavior change techniques (BCTs) in
the behavior change intervention ontology (BCIO [16]; e.g.,
goal setting). The BCIO is a comprehensive framework for
behavior change interventions and their evaluation; it identi-
fies several social processes shown to impact PA that can be
targeted through digital micro-interventions, including social
comparison and social support. These are among the most
influential and desirable social influences for midlife adults
[14], and thus hold particular promise as novel intervention
targets.

Social comparison involves any BCT that draws attention
to other people’s behavior, thoughts, or feelings, and prompts
self-evaluations relative to others in these domains [17],
including the amount of PA achieved. Comparisons can be
made to others who are perceived as doing better than the self
(upward comparison targets), worse than the self (downward
comparison targets), or similar to the self (lateral comparison
targets) [18]. Social support is a group of BCTs that involve
securing or delivering the aid of another person [16]. This in-
cludes informational support (e.g., offering tips for increasing
PA), emotional support (e.g., offering encouragement to en-
gage in PA), and supportive accountability (i.e., an approach
that blends support with a sense of accountability to help in-
dividuals reach their goals) [19].

Both theory and evidence indicate that each type of com-
parison and support could be useful for increasing PA mo-
tivation and behavior. Social cognitive theory suggests that
positive (e.g., supportive) interactions can boost motivation
for healthy behavior [20, 21]; social comparison theory and
its extensions (as well as social cognitive theory) highlight
that comparison targets can serve as role models or behav-
ioral models to emulate or avoid, and that relevant peers help
to establish and enforce behavioral norms [22]. As a result,
many behavioral PA interventions purport to activate these
social processes (e.g., through PA leaderboards or community
message forums) [12, 23], though often do not leverage these
processes effectively. Simply providing opportunities for com-
parisons to or interactions with others (as in existing inter-
ventions) is not always beneficial, as it may not be powerful
enough to engage the intended process and people differ
widely in their preferences for and responses to these pro-
cesses [24, 25]. This is true both between-person (i.e., stable
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differences between individuals) and within-person (i.e., dif-
ferences in preferences for a given individual day-to-day or
moment-to-moment, depending on the specific context) [26,
27).

For example, some people find information about others’
PA motivating (and increase their own PA), while others
find this information discouraging (and disengage; between-
person effect). Similarly, response to social information often
depends on immediate context and relative standing with re-
spect to PA (within-person effect) [28]. Encouragement from
others may similarly drive, hinder, or have minimal effect
on behavior change, depending on the person and situation.
Also, different types of social stimuli under these categories
of social influence may not be equal. For instance, the ef-
fect of seeing information about just one other person’s PA
may differ from that of seeing one’s own PA ranked against
multiple others on a leaderboard, and not all types of sup-
port may be equally effective—overall, between individuals,
or within individuals at different times. Thus, a tailored ap-
proach to leveraging social influences in daily life holds tre-
mendous promise for promoting PA. To date, however, few
interventions have attempted to leverage social influences in
this way, in part because there is little existing evidence to dir-
ectly inform such tailoring (i.e., what types of social prompts
are most effective when). Additional information about re-
sponses to micro-interventions, in the target population and
in their natural environment, is a critical step toward opti-
mizing this promising approach to PA promotion.

In line with this goal, the present study was an initial
short-term, proof-of-concept test of digital, social micro-
interventions in the natural environment among midlife
adults with elevated risk for CVD (i.e., NIH Stage 1 [29];
ORBIT Phase 2 [30]). We used an ecological momentary as-
sessment design with embedded momentary randomization
to evaluate proximal outcomes such as perceived helpfulness
of each micro-intervention and changes in device-measured
PA in the hours following each intervention. We also inter-
viewed participants about their experience to inform future
tailoring and refinements. Our first aim was to evaluate
feasibility, using recruitment and retention rates, compli-
ance with the study protocol, successful randomization at
the moment level, and detection of within-person variability
in predictors and outcomes of interest. Our second aim was
to evaluate acceptability, via perceived helpfulness of social
micro-interventions (in the moment, assessed quantitatively),
participants’ overall experiences, and their willingness to con-
tinue receiving micro-interventions after participation ended
(both assessed qualitatively). Our third aim was to evaluate
indicators of manipulation effects in the natural environment:
differences in PA motivation and behavior between baseline
and intervention phases and in response to randomly assigned
intervention prompts. Consistent with the early phase nature
of this study, the purpose of the last aim was to inform a
larger, longer-term trial, rather than to evaluate efficacy.

Methods

Recruitment and Participants

Adults age 40-60 (inclusive) were eligible if they endorsed
>1 of the following: (a) a physician diagnosis of (pre)hyper-
tension, prediabetes, type 2 diabetes, metabolic syndrome,
or high cholesterol and (b) current tobacco smoking or
quitting in the past 3 months. Eligibility also required access
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to a personal mobile device (for receiving momentary sur-
veys with embedded micro-interventions), no active illness
or injury that could impede PA behavior, and insufficient PA
engagement (i.e., self-reports of <75 min of structured exer-
cise per week or <7,000 steps per day in the past 4 weeks).
Our goal was to target an at-risk population for whom ef-
fective, low-intensity interventions are not yet available.
Although adults who exceed these PA criteria could experi-
ence health improvements from increasing PA, they already
exceed the amount of PA that is associated with clinical
benefit [31, 32]. To ensure that we reached a population
that is in particular need of effective PA resources, we estab-
lished eligibility criteria to target those who do not already
reach the amount of PA necessary for clinically relevant
health benefits.

Participants were recruited via electronic announcements
at supporting institutions, social media posts, and flyers
posted in local community centers. The study was advertised
as seeking those interested in becoming more physically ac-
tive and as an opportunity to test (and help researchers learn
about responses to) PA messages. Of the 52 people who ex-
pressed interest, 33 completed an initial survey and 30 en-
rolled in the study. The average participant was 51 years old
with a BMI of 31.5 kg/m?; 33% identified as men (10/30)
and 43 % identified with a racial/ethnic minority background
(13/30). The largest subset reported a diagnosis of high chol-
esterol (62%, 19/30). Additional demographic information
can be found in Table 1 and a CONSORT flowchart can be
found in Fig. 1.

Measures

Participants completed a survey at baseline to report their
demographic and health information (see Table 1). As in
prior proof-of-concept PA studies [33-35], feasibility was
evaluated based on (a) participant recruitment, retention,

Table 1 | Demographic Information for Participants (N = 30)

compliance, and randomization at the moment level, and
(b) ability to detect within-person variability. To evaluate
success with recruitment, research staff tracked the number
of initial contacts who proceeded with enrollment and con-
tacts’ reasons for not participating. Retention and compli-
ance were evaluated based on the number of contacts who
completed 7 days of participation and percent completion
of momentary surveys, respectively. Effective randomiza-
tion was assessed with respect to the rates of deployment
for each micro-intervention type, relative to expected. As
described below, detection of within-person variability in
predictors and outcomes was determined with intraclass
correlation coefficients (ICCs). Acceptability was assessed
using participants’ perceptions of the helpfulness of social
micro-interventions were measured immediately following
exposure to social comparison prompts and social support
messages during momentary surveys. Participants rated
micro-interventions on a scale from 0 (not at all belpful) to
3 (very helpful). Acceptability was also captured via narra-
tive perceptions during exit interviews (see below), including
their overall impressions, what they liked and disliked about
micro-interventions, and their interest in continuing to par-
ticipate in a similar study involving digital PA support for
a longer period (e.g., 3 weeks). Similar methods have been
used to assess acceptability in other PA intervention proof-
of-concept studies. For example, one recent study among
women aged 50 and older used post-intervention qualita-
tive feedback to assess general intervention perceptions and,
similar to asking about one’s own interest in continuing to
use the intervention, asked participants whether they would
recommend the program to a friend [34].

Finally, indicators of experimental manipulation effects
(micro-randomization) were self-reported PA motivation
and device-assessed PA behavior in response to intervention
prompts. Following exposure to micro-interventions, par-
ticipants reported their motivation for PA in the next few

Demographics M (SD) n (%)
Age 50.83 (6.68) Gender identification (Man) 10 (33)
BMI 31.50 (6.11) Hispanic ethnicity 1(3)
Starting level of PA (steps/day) 5,273 (1,073)

Education n (%) Household income n (%)
High School/GED 2(7) Under $25,000 2(7)
Associate’s degree/technical degree 7 (23) $25,001-$50,000 1(3)

Bachelor’s degree 10 (33) $50,000-$75,000 9 (30)
Graduate degree 17 (57) Over $75,000 22 (73)

Racial identification n (%) Marital status n (%)
White 17 (57) Married 24 (80)
Black/African American 10 (33) Widowed 3(10)
American Indian 2(7) Divorced 3 (10)
Asian American 1(3) Separated 1(3)

CVD risk conditions 1 (%)

Hypercholesterolemia or hyperlipidemia 17 (57)
Hypertension or prehypertension 15 (50)
Type 2 diabetes or prediabetes 5(17)
Metabolic syndrome 3(10)
Smoker (or quit in previous 3 months) 3(10)
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Contacted study to express interest (#=52)

Excluded (#=19)
e Declined to participate/not
interested (n=5)
e Ineligible (n=1)
e Lost to follow-up (n=13)

Scheduled orientation session (n=33)

Excluded (n=3)
e Cancelled, too busy (#=2)
¢ No show, lost to follow-up
(n=1)

Enrolled (n=30)

Completed 7 days of data collection,
included in analyses (n=30)

Fig. 1. CONSORT flowchart.

hours (first 3 surveys each day) or the following day (final
survey of each day) on a scale from 0 (not motivated at all)
to 3 (very motivated). Effects on PA behavior were based
on a participant’s steps per day and during the subsequent
3.5-hour observation period. Steps in these windows and per
day were assessed using Accusplit AX2720MV pedometers
(sent to them for use during the study; 7 = 16, 53%) or the
participant’s own PA monitoring device (Fitbit, Apple Watch;
n =14,47%). The device used was consistent for each person
across days of participation, in line with our within-person
approach to evaluation, and sensitivity analyses showed no
differences in response between those who used their own
versus a study-issued device.

Procedures

Micro-intervention content was pre-tested with the popula-
tion of interest and refined with their input [36]. Data col-
lection was fully remote and took place from April 2021 to
January 2022, with a break in recruitment and enrollment
June-September 2021. All procedures were remote and ap-
proved by the Institutional Review Boards at the supporting
institutions, and the protocol was registered with clinicaltrials.
gov (NCT04711512). Adults interested in participating com-
pleted a brief telephone screening with research staff and a
30-min orientation via Zoom. Those who did not have their
own PA monitor (#z = 16) were sent a pedometer via mail.
Baseline surveys were completed prior to orientations with
electronic acknowledgment of consent. At orientations, par-
ticipants provided documentation of consent via Adobe
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electronic signature and received an overview of the study
from trained research staff. Staff also tested the distribution
of momentary surveys with embedded micro-interventions to
participants’ mobile devices and scheduled their exit inter-
views. After each session, staff programmed distributions:
4 per day, separated by approximately 3.5 hours, aligned
with participants’ sleep/wake schedules. Semi-random survey
timing was anchored to early riser (before 7:00 am), standard
riser (7:00-9:00 Am), and late riser (9:00 AM or later) sched-
ules. Participants were randomly assigned to one of three
schedules with unique survey timings each day, based on their
wake time.

Participants then completed 7 consecutive days of survey
completion. A 7-day period was selected to provide adequate
opportunity to test the embedded micro-randomization
(given that there were 4 surveys per day), and to gauge par-
ticipants’ experiences with and responses to the interven-
tion content, while limiting participant burden in this early
proof-of-concept trial. During Phase 1 (Days 1-3, observa-
tion only), they completed 4 surveys per day with no em-
bedded micro-interventions. Phase 2 (Days 4-5) involved 4
surveys per day, each with randomization to 1 of 2 types of
social comparison micro-interventions. The first survey each
day showed a leaderboard of yesterday’s steps per day that
included 4 users, with the participant’s ranking highlighted.
Others on the leaderboard were described as other study
participants, who were similar in age, starting level of phys-
ical activity, and physical health (i.e., with similar CVD risk
factors). Leaderboards showed the participant’s steps rela-
tive to 3 other users; ranking was randomized at each ex-
posure using the survey software’s randomization function.
Subsequent surveys showed the specific step total of 1 other
participant, described as “(their) steps so far today.” Surveys
displayed a step total designed to represent an upward, lat-
eral, or downward comparison target (i.e., high, moderate,
and low steps for that time of day, respectively, relative to U.S.
PA guidelines) [37]. During Phase 3 (Days 6-7), comparison
prompts were withdrawn and survey software randomization
presented 1 of 3 types of social support messages [16, 19]:
tips for being more active, encouragement to be more active,
and supportive accountability to PA goals [38].

Examples of micro-interventions can be found in
Supplementary Materials. After viewing each randomized
micro-intervention, participants rated how helpful they
found it for increasing their PA and how motivated they felt
to be active in the next few hours (Surveys 1-3) or tomorrow
(Survey 4). At the end of 7 days, participants returned for a
brief, semi-structured exit interview with research staff to as-
sess their experience of the protocol, willingness to continue
receiving social micro-interventions, and feedback for future
work. Trained research staff with backgrounds in qualita-
tive interviewing and notetaking served as interviewers and
followed a pre-specified interview guide. These interviewers
took detailed notes on participants’ responses, including
direct quotations (cf [36, 39]). Of note, participants began
and ended the study on different days of the week, based on
their availability, and sensitivity analyses showed no change
in results or conclusions when controlling for day of week.

Data Analysis

To evaluate feasibility, rates of recruitment, retention, compli-
ance, and successful momentary randomization were assessed
descriptively. Variability in each construct was assessed using
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multilevel mixed models, as described below. We examined
two indicators of acceptability. First, we used numeric ratings
of micro-intervention helpfulness, completed immediately
after exposure to each intervention. We used 2-level multi-
level models (moments nested in participants) in SAS PROC
MIXED with restricted maximum likelihood to address
missing data, which was minimal (<7%). We constructed
empty mixed models to determine the immediate perceived
helpfulness of micro-interventions overall and the extent of
stability versus variability in helpfulness ratings (based on
intraclass correlation coefficients [ICCs]). We also compared
average helpfulness ratings between intervention phases (so-
cial comparison vs. support) and specific intervention types,
and person-centered helpfulness ratings to test for within-
person associations between helpfulness ratings and subse-
quent PA motivation and steps [40]. Second was participants’
qualitative perceptions of the study, which were reviewed by
the research team and categorized with consensus (i.e., posi-
tive, mixed, or negative). The first author also extracted data
from these interviews that highlighted noteworthy concepts
(e.g., retrospective or global perceptions of response social
comparisons).

Other indicators of manipulation effects in the natural en-
vironment were PA motivation (at and across moments), steps
per day, and steps per ~3.5-hour observation window. We
also examined differences in average PA motivation and steps
(a) between study phases (observation only vs. social com-
parison vs. social support) and (b) between moments with
distinct types of social micro-interventions (within and across
phases). Study phase and type of social micro-intervention
were coded as categorical predictors; type of comparison
intervention (leaderboard vs. 1 other participant), direction
of comparison intervention (upward, lateral, downward),
and type of social support intervention (tips, encouragement,
accountability) were also coded as categorical predictors. As
sensitivity analyses showed that controlling for time of day
did not meaningfully affect conclusions, results are presented
without this covariate.

Given the modest sample size for this feasibility study,
p-values are reported but not interpreted; interpretation of
results from multilevel models relies on effect sizes, presented
as semipartial correlation coefficients (s7) and as differences
in steps per day (which has real-world value). We considered
s7s20.10 as potentially clinically meaningful, as they corres-
pond to small but interpretable differences (i.e., Cohen’s d =
0.20) [41]. We also used our judgment in two ways. With re-
spect to quantitative data, we selected individual participants’
responses to visualize based on their illustration of note-
worthy patterns (e.g., more positive responses to comparison
than support prompts). With respect to qualitative data, we
identified quotations from interviewer notes that aligned
with, diverged from, or provided useful context for quantita-
tive findings. Interpretation of findings did not use these visu-
alizations or quotations in isolation; they are presented here
to provide additional information to contextualize the main
findings.

Results

With respect to feasibility, it took 7 months to recruit 30
participants and enrollment completion was achieved at
58% of total contacts (30/52; see Fig. 1). Reasons for in-
eligibility or otherwise not enrolling included already

achieving high levels of PA, poor timing due to travel or
caregiving burden, and loss to follow-up. All 30 participants
who arrived for an orientation elected to enroll and com-
pleted all study activities, for 100% retention through exit
interviews. Compliance was high: of the 840 surveys dis-
tributed, 93% were completed (person M=93%, SD=.12,
range 36%-100%). This resulted in deployment of 89% of
the expected social comparison and 92% of social support
micro-interventions. Less than half of the overall variability
in ratings of perceived helpfulness of micro-interventions
was attributable to between-person stability across mo-
ments (ICC=0.48). Similarly, less than 30% of the variability
in momentary PA motivation (ICC = 0.27) and steps in each
reporting window (ICC = 0.15) was attributable to between-
person stability, suggesting that the present study procedures
allowed for detecting expected within-person differences in
each experience.

Concerning acceptability, across all moments and types,
micro-interventions were perceived as somewhat helpful (B
= 1.50 out of 3, SE = 0.15). Helpfulness ratings spanned
the full range from 0 (not at all; 26% of ratings) to 3 (very;
27% of ratings) and showed <50% stability between-person
(ICC = 0.48). Controlling for type, micro-interventions were
perceived as most helpful at the beginning of the day, with
ratings decreasing as the day progressed (F[3.85] = 6.72, p
=.0004, sr = 0.31). Ratings also differed based on the type
of micro-intervention. In the moment, support messages were
perceived as more helpful than comparison prompts (contrast
F[1,29] = 25.35, p < .0001, sr = 0.41), though helpfulness
did not differ based on the specific type of support provided
(F[2,53] = 0.32, p = .73). Of the types of comparison micro-
interventions, leaderboards were rated as more helpful than
information about 1 other person’s PA (contrast F[1,27] =
8.77,p = .006, sr = 0.31).

During exit interviews, all participants expressed positive
impressions of the intervention and 29/30 indicated that they
would like to continue to receive micro-intervention prompts.
For example, participants offered:

- “I liked that it was very simple and it didn’t feel inva-
sive. A few short messages a day, something to think
about as I do what I normally do.” (Black woman, age
55)

- “I really liked encouragement messages, I found those
motivating. I’d like to have them posted on my mirror
at home so I can see them more often.” (White woman,
age 44)

- “I liked seeing information about other people. I saw it
as a reference for how I was doing compared to others in
the same age group.” (Black man, age 50)

- “Iliked being able to make comparisons. It made me feel
a little competitive, which was motivating.” (White man,
age 40)

The remaining participant expressed enthusiasm about the
approach, but indicated that they would only be willing to
continue to receive prompts if they came fewer times per day:

- “It felt great seeing what others were doing and the
messages about my attitude toward activity were very
helpful. But it was way harder to [pay attention to the
prompts| 4 times a day than I expected. I would keep
going if there were 2-3 per day.” (White woman, age 45)
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Of note, multiple participants reported skepticism about the
benefits of comparison information:

“I try to avoid making comparisons.... Leaderboards and
those kinds of things just motivate cheating and make
people obsessive about their steps.” (White woman, age
43)

- “Idon’t really compare myself. I don’t think it would af-
fect my physical activity.” (Black woman, age 55)

- “I'’know my schedule and what I am capable of doing, so
it does not help to compare.... [But] I liked being able to
reflect on my own patterns. That made me sure ’'m doing
the best I can right now.” (White woman, age 60)

There were no similar comments made for support, either
generally or with respect to specific types. None of the parti-
cipants reported noticing repeated micro-intervention content
across exposures.

As noted, less than 30% of the variability in momentary
PA motivation and steps in each observation window was
attributable to between-person stability, leaving room for
evaluating potential predictors of differences in each PA ex-
perience (i.e., indicators of manipulation effects). Although
between-person stability in steps at the day level was ~50%
(ICC=0.51), we detected ~50% variability within-person, al-
lowing for both moment- and day-level comparisons between
study phases. Both motivation to be active (F[2,58] = 1.46,
sr = 0.20) and steps per day (F[2,55] = 0.37, sr = 0.14) dif-
fered between study phases, though steps in the subsequent
reporting window did not (F[2,57] = 0.07, sr = 0.09; ps 0.24-
0.65). Unfortunately, both motivation to be active (contrast
F[1,58] = 1.24,p = .22, sr = 0.20) and steps per day (contrast
F[1,55] = 0.75, p = .46, sr = 0.16 or -364 steps) decreased
from the initial observation period to the intervention phases.
During the intervention phases (and controlling for the type
of micro-intervention), however, at times when participants
perceived the intervention prompt as more (vs. less) helpful
than usual, they reported greater motivation to be active
(F[1,393] = 5.00, p = .03, sr = 0.27) and took more steps in
the following ~3.5 hours (F[1,340] = 0.57, p = .45, sr = 0.16
or 107 steps).

Response to social comparison prompts.

Relative to 1 other comparison target, participants per-
ceived themselves as more active when exposed to intended
downward targets 80% of the time and less active when ex-
posed to intended upward targets 62% of the time. Thus, in
general, participants perceived their progress relative to the
comparison target as intended the majority (though not all)
of the time. As noted, social comparison micro-interventions
were perceived as less helpful in the moment than social
support messages (F[1,29] = 25.35, p < .0001, sr = 0.41).
Between the two types of comparison interventions, how-
ever, leaderboards were perceived as more helpful than in-
formation about just one other person (F[1,27] = 8.77, p =
.006, sr = 0.31). Further, motivation to be active (F[1,27] =
0.34,p =.56,sr =0.11) and steps in the following ~3.5 hours
(F[1,26] = 0.37,s7 = 0.14 or 199 steps) were also higher after
exposure to leaderboards than to information about just 1
other person. Relative to the baseline period, motivation in-
creased after participants viewed their rank as 3rd or 4th
on the leaderboard (contrast F[1,204] = 1.63, p = .11, s7 =
0.23) and decreased after they viewed their rank as 1st or
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2nd (contrast F[1,204] = 1.90, p = .17, sr = 0.21; Fig. 2).
Steps in the following ~3.5 hours showed a different pattern:
relative to baseline, steps increased after participants viewed
their rank as 1st or 4th on the leaderboard (contrast F[1,193]
=0.29,p =.59, sr = 0.13 or 214 steps) and decreased after
they viewed their rank as 3rd (contrast F[1,193] = 0.08, p =
.78, s = 0.10 or 190 steps; Fig. 2). With respect to compari-
sons to 1 other person, steps decreased relative to baseline
after viewing someone’s steps that were moderate for that
time of day (lateral comparison; contrast F[1,193] = 1.11, p
=.27,sr = 0.19 or 354 steps).

Responses to social support prompts.

Participants rated encouragement messages as the most
helpful of the 3 support types and more helpful than tips or
accountability messages (contrast F[1,53] = 0.59, p = .44, sr
= 0.16). Motivation to be active and steps in the following
~3.5 hours also were lowest after exposure to accountability
messages, and both were lower after this type of message than
after tips or encouragement messages (motivation: contrast
F[1,53] = 2.72, p = .11, sr = 0.23; steps: contrast F[1,49] =
0.22,p = .64, sr = 0.13 or 106 steps in the following window).
Relative to the baseline period, motivation decreased in re-
sponse to tips (contrast F[1,204] = 1.04, p = .31, sr = 0.18)
and accountability messages (contrast F[1,204] = 4.93, p =
.03, sr = 0.27), but did not differ in response to encourage-
ment messages (contrast F[1,204] = 0.008,p = .93, sr = 0.05).
Steps in the following ~3.5 hours decreased in response to all
types of support, relative to baseline, with the largest decrease
in response to accountability messages (contrast F[1,204] =
1.00, p = .32, sr = 0.18 or 272 steps; tips: contrast F[1,193] =
0.11,p = .74, sr = 0.10 or 92 steps; encouragement: contrast
F[1,193] = 0.08, p = .29, sr = 0.10 or 83 steps).

Fig. 3 offers visual examples of within-person variability in
motivation and steps in each reporting window for individual
participants during each intervention phase. These figures il-
lustrate variability in responses to micro-intervention type
(comparison vs. support) both between- and within-person.
For example, panel A shows positive responses to comparison
interventions but less so to support, whereas panel B shows
the reverse. Panels C and D show that the same participants
had different responses to distinct types of comparison and
support interventions.

Discussion

CVD remains the leading cause of preventable death in the
USA and risk escalates during midlife. PA is key to secondary
prevention of CVD among midlife adults, and there is a crit-
ical need for theory-driven PA promotion methods that can
(a) effectively harness social influences such as comparison
and support and (b) provide easily accessible intervention
with low intensity and low burden. The present study dem-
onstrates feasibility and acceptability of digital, social micro-
interventions to address this need. Although this study was
not designed to evaluate efficacy, we evaluated proximal
outcomes of interest (e.g., immediate post-intervention mo-
tivation, steps in the following hours), with mixed findings.
Overall, this study highlights the promise of this approach
for tailoring micro-interventions to people and contexts,
and points to specific next steps for advancing the science of
activating social behavior change techniques in real-world
settings.
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Fig. 2. Motivation to be physically active (Panel A) and steps in the following 3.5 hours during baseline observation (Days 1-3) and after distinct types of

micro-intervention prompts (Days 4-7).

We were able to recruit the target number of participants
in a reasonable time frame, and retention and compliance
with the protocol were excellent. The observed feasibility
metrics were also aligned with those of other PA intervention
proof-of-concept studies. For example, the observed >50%
enrollment rate exceeded the rate observed in a similar recent
trial among insufficiently active adults with obesity (~25%
of total contacts enrolled) [35], Our 7-month timeline to re-
cruit 30 participants mirrors the goal timeline for a planned
PA intervention among individuals at elevated risk for heart
disease (target # = 30 in 6 months) [33], and the observed
100% retention rate is commensurate to that achieved or
planned in several trials among similar populations (rates
of 80%-100%) [33-35]. Overall, deployment of micro-
interventions occurred as planned across people and days and
findings showed little indication of repeated exposure (i.e., to

content categories or specific content). Importantly, partici-
pants highlighted the simplicity, accessibility, and ease of the
approach and expressed positivity about many of the micro-
interventions. Many commercial products exist that can
provide similar resources (e.g., Fitbit). However, in this and
prior studies [39, 42], midlife adults indicated a preference
for quick, simple, easy-to-use tools over the complexity of
options available with commercial products. This may stem
from the need to manage PA and interventions in the midst
of unique and often unpredictable demands and stressors of
midlife [6].

Although participants expressed favorable attitudes toward
the overall approach and were willing to continue receiving
micro-interventions, in-the-moment ratings of helpfulness
were variable. We wanted an indication of immediate sub-
jective response, though it is possible that an immediate rating
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Fig. 3. Patterns of change from person means in motivation to be physically active and steps in the following 3.5 hours during baseline observation
(Days 1-3) and after distinct types of micro-intervention prompts (Days 4-7), displayed for 4 individual participants.

of helpfulness is not particularly informative. Users may need
time to process the intervention content, consider whether or
how to put it into action, and whether it resulted in the de-
sired (or any) behavior change. Thus, useful assessments of
helpfulness may only emerge later, though this retrospective
approach opens the door to known report biases (that differ
from those of immediate responses) [43]. As discussed below,
we also detected patterns in the types of micro-interventions
that were perceived as most helpful on average, and there
was <50% between-person stability in helpfulness ratings.
Such differences across micro-intervention types and con-
texts could be more important from a tailoring perspective
than a cumulative measure, especially given that both PA mo-
tivation and behavior were higher than usual at times when
participants found the intervention more helpful than usual
(within-person).

With respect to micro-intervention type, several partici-
pants expressed preferences for social support messages over
comparison prompts and interest in content that is positive,
encouraging, and validating over content focused on account-
ability. They also appeared to respond more favorably to the
former with respect to short-term PA outcomes. This prefer-
ence for encouragement instead of accountability contrasts
with the initial desire for accountability that often brings

people to behavior change interventions [44-46]. Although
people recognize the benefits of accountability, providing
this type of support in short messages may not be beneficial
(relative to other approaches). Yet, the present study adds to
evidence indicating that emotional support (encouragement)
alone may not be enough to promote success [47]. Although
participants’ motivation and step counts were most favorable
after exposure to encouragement messages (vs. accountability
or tip messages), these more “favorable” outcomes were not
the expected increases in PA motivation and steps. Rather,
these outcomes were stability in motivation and less steep de-
creases in PA behavior.

Our approach to accountability introduced ways to hold
oneself accountable (e.g., scheduling PA as an “appoint-
ment”), whereas encouragement promoted a positive atti-
tude toward PA (e.g., remembering why it is important and
that small changes add up). We kept stark distinctions be-
tween types of support messages to better understand how
activating different types of support could prompt different
responses. Refinements could present accountability using
a positive tone and embedding encouragement (e.g., to try
out the technique suggested or expressing confidence in one’s
ability to execute it). Ultimately, these messages may be more
acceptable and/or more effective if combined with human
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support (e.g., from a coach) or otherwise integrated a human
perspective more explicitly (e.g., “I” statements) [19]. The
former requires more of participants’ time and can be more
costly than the latter, but may be more powerful. As such, on-
going efforts to optimize mobile interventions by maximizing
efficacy while minimizing burden on both ends will be critical
to this line of work [48].

The importance of balancing what participants want, like,
or find helpful with what works to change behavior is also
relevant to social comparison. In this study, participants’ only
increases in motivation or steps from baseline were after social
comparison micro-interventions—specifically, leaderboards.
However, several (women) indicated that they “don’t make
comparisons” or “don’t find comparisons helpful,” and this
is not unique among midlife adults (or more broadly) [49].
Comparisons have a bad reputation: they are often cited as
“odious” and a “thief of joy,” and midlife women in particular
believe they reflect negative qualities such as judging other
people [50]. The majority of participants to identify com-
parison components as desirable in the present study were
men, and gender may be a useful tailoring variable for per-
sonalization. Though caution is needed when using a static,
high-level construct such as gender, as there is variability in
both preferences for and responses to the prompts within-
gender. Thus, comparisons may be helpful for many individ-
uals under the right circumstances.

Further, leaderboards may be preferable to information
about 1 other person because they offer a range of compari-
sons, with respect to distance between one’s own and others’
behavior if not also with respect to direction (which is limited
if the viewer is ranked first or last). This allows for making the
comparison that is most helpful in the moment or for making
multiple comparisons (e.g., to mitigate any negative effects of
an initial comparison). Yet, evidence shows that people do not
always choose to focus on health comparisons with positive
outcomes, even when they have a range of options [51] such
as on a PA leaderboard [26]. Their outcomes are also not uni-
versally positive even when they receive their preferred direc-
tion of comparison [24].

The number of participants and observations in this study
does not support fine-grained tests of individuals’ responses
to different comparison opportunities. However, visual evi-
dence aligns with and extends prior work showing the vari-
able nature of comparison responses both between- and
within-person (see Fig. 3). This variability could be used to
tailor PA micro-interventions more effectively; at present,
the optimal contextual determinants for tailoring are not yet
clear. Theory and emerging evidence suggest that the extent to
which one identifies with or contrasts against a comparison
target may be useful for this purpose [22, 52, 53] Future work
to test these hypotheses will be most informative if it com-
bines the strengths of intensive ambulatory assessment and
experimental methods.

In the present study, participants took more steps in the
hours immediately following an intervention prompt when
they perceived that intervention as more helpful than usual.
These data provide initial support for the potential impact
of micro-interventions on PA behavior. However, total steps
per day decreased over only 7 days, raising questions about
this approach as a stand-alone intervention. This may re-
flect short-term measurement reactivity, rather than iatro-
genic effects. A recent systematic review and meta-analysis
[54] revealed that measurement reactivity frequently occurs

in response to digital, in-the-moment PA measurement and
that this reactivity is most pronounced in the first hours to
days of participation. In the present study, novel use of the PA
monitor (for some participants) and the introduction of the
study context (including researcher observation and expect-
ation of comparison of their PA against that of others) may
have led to artificially inflated PA patterns during the baseline
period (Days 1-3) [535, 56].

It is also possible that digital, social micro-interventions
are not especially potent for increasing PA when delivered
on their own and instead are most useful as adjuncts to more
comprehensive behavioral intervention. For example, in all
phases of the study, participants received self-monitoring
feedback via prompts to look at their PA monitor and enter
their steps into each survey. This is known to serve as an ef-
fective intervention in itself [57]. However, they did not receive
broader feedback on progress toward a goal or comment on
their change over time, which could be useful. Social micro-
interventions could be integrated with human coaching or with
(micro-)interventions that activate additional BCTs (e.g., goal
setting, feedback), or be used to support maintenance of PA
after such intervention. These represent important options to
be tested in future work. As noted, the present study was de-
signed to provide proof-of-concept evidence of the potential
for remotely delivered intervention components to affect PA
outcomes, rather than to test efficacy—hence its short time
frame. Evaluation of social micro-intervention effects on PA
over a longer time period and with a larger sample will be crit-
ical for exploring this approach’s efficacy and for determining
how social micro-intervention can best be leveraged to pro-
mote PA behavior change (e.g., how many micro-interventions
per day, over how many days of exposure), which may differ
between people or for the same person over time [58].

This study benefited from the combined strengths of in-
tensive ambulatory assessment and experimental methods,
to reach participants in their daily lives while testing for ef-
fects of interest. As a result, it featured a rare combination
of high ecological validity and high internal validity that can
be achieved with widely available digital tools. As a proof-
of-concept and feasibility study (NIH Stage 1 [29]; ORBIT
Phase 2 [30]), this trial had a modest sample size and many
participants had high levels of educational attainment and in-
come. As 43% of participants identified with a racial/ethnic
minority background, however, this low-intensity and fully
remote approach to PA promotion may be particularly at-
tractive to underrepresented groups, further underscoring
its potential and need for additional testing. The study time
frame was also short, making it unclear whether findings will
generalize to a longer intervention period and follow-up.
Increasing the number of experimental exposures and the
length of the intervention and follow-up, as well as testing
in samples with greater socioeconomic diversity, are critical
to the next phase of intervention testing. These features will
afford ample power for between- and within-person tests
of person-context-intervention matching and to allow for
longer-term efficacy testing in a more representative sample.

In this study, we also chose to minimize cost, participant
burden, and human error by allowing participants who owned
their own PA monitor to use it for assessments, rather than
introducing a new device. As all inferential tests were within-
person and focused on steps only, this mixed approach had
minimal impact on conclusions. To increase the rigor of PA
assessment in future studies, however, consistency in the PA
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monitor used will be optimal. We also did not have the re-
sources to record, transcribe, and formally code exit interviews
or to conduct formal qualitative analysis. Although qualita-
tive data are included here only to provide additional context,
future work that maximizes the rigor of qualitative data col-
lection and analysis will provide useful insight into feasibility,
acceptability, and (potential) effects of micro-interventions.

In addition, we did not take into account limitations on
opportunity for PA behavior in the hours following a micro-
intervention prompt. Although suggestions for steps focused
on small changes that could be made during work or care-
giving hours (i.e., under circumstances with limited oppor-
tunity for large changes), it is possible that responses to
micro-interventions were impeded by lack of opportunity or
other external barriers (e.g., in an unsafe location for PA),
or were delayed until later in the day. In future studies with
larger samples and longer observation periods, opportunity
could be taken into account as a covariate and delayed effects
could be examined with greater power. We also elected not to
randomize the order of intervention components (social com-
parison and social support). Although this approach has many
advantages, our target sample size would not support mean-
ingful comparisons between groups. This is an important next
step for future work, to determine any order effects and/or to
further personalize the intervention (by determining the order
most beneficial to each user).

Finally, micro-interventions that prompt social com-
parison to 1 other user require further consideration. The
step counts of these comparison targets should be close
enough to the comparer’s to be relevant, rather than rep-
resenting a potentially unachievable or irrelevant goal [59].
This rationale guided our selection of comparison target step
counts but did not achieve the intended direction of com-
parison in some cases. To induce the intended comparison,
however, ongoing adaptation to the participant’s own steps
may be necessary [26, 38]. Although this is more techno-
logically challenging and resource-intensive, given the low
overall cost and promise of the present approach, the reduc-
tion in potential mismatch is likely worth the investment.

In sum, findings from the present study indicate that
PA-based digital, social micro-interventions for midlife adults
with elevated risk for CVD warrant expanded testing over
a longer period. This fully remote, low-intensity, and low-
burden approach is feasible and acceptable to the target
group and we detected experimentally induced within-day
changes in PA from baseline. Even small changes in PA can
have powerful benefits for cardiovascular health in this popu-
lation [60]. As such, further testing of this low-burden ap-
proach will help to reveal the precise mechanistic pathway(s)
linking social processes to PA behavior (e.g., PA motivation,
identification/contrast, affect) and thereby, improve our
digital and/or hybrid interventions to promote PA and car-
diovascular health in at-risk groups.

Supplementary Material

Supplementary material is available at Annals of Behavioral
Medicine online.
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