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Abstract

Background: Smartphone apps and mobile health devices offer innovative ways to collect longitudinal cardiovascular data.
Randomized evidence regarding effective strategies to maintain longitudinal engagement is limited.

Objective: This study aimed to evaluate smartphone messaging interventions on remote transmission of blood pressure (BP)
and heart rate (HR) data.

Methods: We conducted a2 x 2 x 2 factoria blinded randomized trial with randomization implemented centrally to ensure
allocation concealment. We invited participants from the Electronic Framingham Heart Study (eFHS), an e-cohort embedded in
the FHS, and asked participants to measure their BP (Withings digital cuff) weekly and wear their smartwatch daily. We assessed
3 weekly notification strategies to promote adherence: personalized versus standard; weekend versus weekday; and morning
versus evening. Personalized notifications included the participant’s name and were tailored to whether or not data from the prior
week weretransmitted to the research team. Intervention notification messages were delivered weekly automatically viathe eFHS
app. We assessed if participants transmitted at least one BP or HR measurement within 7 days of each notification after
randomization. Outcomes were adherence to BP and HR transmission at 3 months (primary) and 6 months (secondary).
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Results: Of the 791 FHS participants, 655 (82.8%) were eligible and randomized (mean age 53, SD 9 years; 392/655, 59.8%
women; 596/655, 91% White). For the personalized versus standard notifications, 38.9% (126/324) versus 28.8% (94/327)
participants sent BP data at 3 months (difference=10.1%, 95% Cl 2.9%-17.4%; P=.006), but no significant differences were
observed for HR data transmission (212/324, 65.4% vs 209/327, 63.9%; P=.69). Personalized notifications were associated with
increased BP and HR data transmission versus standard at 6 months (BP: 107/291, 36.8% vs 66/295, 22.4%; difference=14.4%,
95% CI 7.1- 21.7%; P<.001; HR: 186/281, 66.2% vs 158/281, 56.2%; difference=10%, 95% Cl 2%-18%; P=.02). For BP and
HR primary or secondary outcomes, there was no evidence of differencesin data transmission for notifications sent on weekend
versus weekday or morning versus evening.

Conclusions. Personalized notifications increased longitudinal adherence to BP and HR transmission from mobile and digital
devices among eFHS participants. Our results suggest that personalized messaging is a powerful tool to promote adherence to

mobile health systems in cardiovascular research.
Trial Registration:

(J Med Internet Res 2023;25:e40784) doi: 10.2196/40784

Clinical Trials.gov NCT03516019; https://clinicaltrials.gov/ct2/show/NCT03516019
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Introduction

Digital technologies offer new opportunities to collect
epidemiologic data and real-world evidence. Smartphones,
smartwatches, and wearables have increasing penetration and
use[1,2], enabling researchersto remotely collect self-reported
data as well as objective measures of biometrics (eg, heart rate
[HR]) or physical activity. One of the main advantages is the
ability to assess participants’ behaviors outside of the clinic or
research center, at repeated time points, and without recall bias.

However, participant retention and engagement is a major
challenge in epidemiological and clinical trials deploying
surveys or interventions with digital technologies. In the
MyHeart Counts Cardiovascular Health Study, therewas arapid
drop-off observed in user engagement with app use after
approximately 4 days [3], and only about 10% of participants
who consented to be in the study transmitted physical activity
datafor 7 days[4]. Similar patterns of user disengagement have
been observed in other large mobile health studies [5,6]. In a
large diverse data set, more than half of the participants stopped
participating within the first week, and discontinuation varied
by age, disease status, clinical referral, and financial incentive
[7]. Although daily messaging prompts can change behavior
and device use in the short term [8], robust evidence from
clinical trials regarding which strategies are associated with
long-term participation and use of digital technologiesrequires
further investigation [9]. It isessential to identify interventions
that can improve participant engagement in remote digital
studies [7] and mitigate any concern of attrition bias to harness
the potential health impacts technology can provide.

We conducted arandomized controlled trial to test the effect of
smartphone app notification messaging strategies on improving
participants’ long-term (3 months) use and return of HR and
blood pressure (BP) data. The trial was embedded in the
electronic Framingham Health Study (eFHS), an e-cohort of
participants from the FHS, using a smartphone app and digital
devices [10]. We hypothesized that personalized messaging

https://www.jmir.org/2023/1/e40784

compared to standard messaging would improve device use.
We also tested the effect of time of day of message delivery
(morning vs evening) and day of the week (weekday vs
weekend) on device use. We further hypothesized that
participants who are more engaged with the devices would be
more likely to return the 3-month smartphone app survey.

Methods

Design
We conducted a2 x 2 x 2 factorial randomized trial embedded

in the eFHS. The tria was registered at ClinicaTrials.gov
(NCT03516019).

Ethics Approval

This study was approved by the Boston University Medical
Campus Ingtitutional Review Board (H-36586).

Study Setting and Eligibility Criteria

FHS Third Generation (Gen 3; n=4095), Omni Group 2 (n=410),
and New Offspring Spouse (n=103) cohortswere enrolled from
2002 to 2005 and have been examined every 6 to 8 years at the
FHS research center. Participants in the eFHS were enrolled
from the Gen 3, Omni Group 2, and New Offspring Spouse
cohorts during the in-person examination 3 (2016-2019) at the
FHS Research Center in Framingham, Massachusetts, United
States [10]. eFHS dligibility criteria were as follows:
English-speaking individualswho owned an iPhone (Apple Inc)
with compatible iOS (version 9 or higher) or Android phone;
residence in the United States; provision of permissions for
notifications and data sharing with the research center; and
provision of signed and dated informed consent (2-step consent
as part of the research examination and within the eFHS mobile
app). eFHS participants using an Android phone or who did not
choose to use both devices were not eligible for the messaging
trial.

At the time of the research exam, the study technician invited
participants to download the eFHS app. The eFHS app alows
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communication with participants through notifications,
permitting us to send the messaging intervention notifications
defined bel ow. Participants were asked to answer health surveys
administered through the app at baseline and every 3 months.
In addition, participants with iPhones were provided with
choices to pair the eFHS app with a Withings-Nokia BP cuff
and an Apple Watch (series 0; Apple Inc). Participants were
trained in the use of the devices and asked to wear the watch
daily and send a BP measurement once per week. Participants
were provided with written instructionsif they preferred remote
enrollment. The app automatically transmits data, such as HR
or BP measurements, to the FHS research center if participants
have paired their devices with their iPhone.

We enrolled participants in the messaging trial between April
13, 2018, and February 8, 2019, and completed the follow-up

Trinquart et al

of al enrolled participants by March 23, 2019, for the primary
outcome. We invited al new eFHS enrollees to participate in
the messaging trial during their in-person examination 3 at the
FHS research center. In addition, we contacted eligible
participants who had been enrolled in the eFHS prior to the
onset of the messaging trial (n=586) by email and phone to
invite them to participate (Figure 1 and Multimedia Appendix
1). A consent form for participation in the trial was sent via
smartphone app 1 month beforetrial initiation. Participantswho
did not return the consent survey received up to 3 reminder
notifications. Participants no longer participating in the eFHS
did not receive requests to consent for the messaging trial. The
current trial enrolled 205 participants when they attended their
in-person examination as part of the parent study and 450
participants who were previously enrolled in the eFHS.

Figure 1. Participant flow diagram. eFHS: electronic Framingham Health Study; FHS: Framingham Health Study; Gen 3: Third Generation.

FHS Gen 3, Omni 2, New Offspring Spouse participants attending examination 3 who enrolled in eFHS

v
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Enrolled in eFHS between
June 2016 to April 12, 2018, and
sentinformed consent via
smartphone to participate in the trial
(n=586)

Excluded those who did not
retum informed consent
(n=136)

ke ——

Retumned consentbetween April 30,
2018, and February 8, 2019
(n=450)

Randomized and sentweekly
smartphone app notification messaging
tailored to prior week's device use
(n=450)

Included in the analyses of the
primary and secondary outcomes
(n=450)

Interventions

Notifications

Prior to the current messaging trial, all eFHS participants
received the following types of standard notifications through
the eFHS app: (1) “Welcome to eFHS,” (2) “New surveys are
avalable” (3) “Reminder to complete surveys,” (4) “Surveys
due,” and (5) “Thank you for completing surveys.” In addition,
standard notificationswere sent if no device datawere received
in the previous 2 weeks (Multimedia Appendix 2). Based upon
our prior experience and literature review, we designed the
notification messaging interventions to improve both the use
of the mobile devices and response rate to surveys. Although
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digital interventions delivered via smartphone may be more
likely to produce better engagement [11], there is limited
evidence available on the characteristics influencing the
effectiveness of theintervention including the timing, duration,
frequency, and type of behavior change techniques[12-15]. We
designed our notification messages and comparisonsto address
intervention characteristics that could be easily implemented
and thus widely used.

We sent weekly notifications through the app focusing on the
following three comparisons: (1) personalized motivational
reminder messaging versus standard messaging, (2) messaging
sent on a weekend versus weekday, and (3) messaging sent in
the morning versusthe evening. We eval uated the 3 comparisons
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simultaneously according to a 2 x 2 x 2 factoria design.
Accordingly, we randomly allocated participants to 1 of the

Trinquart et al

resulting 8 groups (Figure 2). All weekly notifications were
delivered automatically viathe eFHS app by CareEvolution.

Figure2. Intervention groupsinthe2 x 2 x 2 factorial design of the electronic Framingham Health Study messaging trial and the number of participants.
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Personalization of Messaging Content

The standard notification invited participantsto wear the watch
daily and measure their BP weekly and was sent as a single
message as follows. “We appreciate your involvement in the
eFHS. Please wear your watch daily and measure your blood
pressure weekly.” To personalize notifications, we included the
participant’s name and customized the messaging content to
whether or not the participant’s data were received in the prior
week. For example, if data had not been received from the
watch, the following message type was sent: “Mr X [FHS last
name], we haven't received data from your apple watch since
[mm/dd/yy]. If you need help to reconnect, will you please call
508-935-xxxx or email xxxxx@bu.edu?' If data had already
been received, the message was as follows: “Mr X [FHS last
name] we have been receiving data from your apple watch.
Keep up the good work!” One set of personalized messages
targeted the use of the watch, and the other targeted the use of
the BP cuff. The 2 messages (one for the watch and onefor BP)
were sent each week, with the message order alternating each
week. Finaly, to reduce notification fatigue, the specific
messages were drawn at random from alibrary of personalized
notification templates we developed with alternative
motivational content (Multimedia Appendix 2). Messaging
content for this trial did not address smartphone app survey
return.

Days and Timing of Messaging

We chose specific days and times for the messaging strategies
based on descriptive data collected in the eFHS between June
2016 and July 2017, reflecting the use of the devices asthe day

https://www.jmir.org/2023/1/e40784
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of week and time of day of digital interventions varied across
published studieswithout aclear consensus[15-19]. We decided
to test messaging sent on Wednesday (weekday) versus Saturday
(weekend) and messaging sent at 7 AM (morning) versus 7 PM
(evening).

Outcomes

For the primary outcomes, we assessed if participants
transmitted at least one BP or HR measurement within 7 days
of each notification 3 months after randomization (after 12
notifications). In secondary analyses, we examined the
transmission of BP and HR measurements at 1 month and 6
months after random allocation (after 4 and 24 notifications,
respectively). We also performed alongitudinal analysis of the
repeated weekly transmissions.

Exploratory Analysis

Although the notifications did not directly encourage adherence
of survey responses (they only referred to HR and BP data
transmission), we hypothesized that participants who are more
engaged with the devices are more likely to return the 3-month
survey. As a consequence, we also examined the effect of the
messaging i nterventions on survey completion at 3 months. We
conducted this exploratory analysis only among the newly
enrolled eFHS individualsin thistrial, because these participants
were dligible to receive the first 3-month smartphone survey.
Randomization was stratified according to enrollment status
(new to eFHS vs previoudly enrolled).

Sample Size
Based on preliminary data from June 2016 to July 2017, the
proportion of participants transmitting data at 3 months from
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the watch and the cuff was about 50% [10]. With a 2-sided test
with an a of .05 and anticipated proportions of 50% and 70%
of participants transmitting datain the groups without and with
any intervention, respectively, 650 participants would give
>99% power for the main effect of each intervention
(Multimedia Appendix 3). This sample size assumed no
interaction effect between intervention groups. We powered the
trial for the three main comparisons: (1) using personalized
motivational reminder messaging versus standard messaging;
(2) messaging sent on a weekend versus weekday; and (3)
messaging sent in the morning versus the evening, when no
interaction is present. We did not adjust for multiplicity because
the factorial analysis “at the margins’ addresses distinct
hypotheses, and statistical simulations support that no
adjustment isneeded in thissituation [20]. If interactions existed,
650 participants also provided 77% power to detect a 2-way
interaction odds ratio of 2.33 or more with a 2-sided test and
an a of .05. Power to detect a 3-way interaction was limited
(Multimedia Appendix 3).

Random Allocation of | nterventions

We randomly alocated each participant to 1 of 8 groups.
Randomization was stratified according to sex, age (<55 years
vs>55 years), and enrollment in the eFHS prior to the beginning
of the current messaging trial. A statistician (LT) generated
blocked randomization lists for each stratum. Randomization
wasimplemented centrally by CareEvolution through the eFHS
app, ensuring allocation concealment. Research staff enrolled
participantsin the FHS research center before random allocation
to one of the intervention groups, which occurred afterward.
eFHS researchers, statistician, research assistant, and research
center staff were masked to group assignment. As part of the
eFHS, support staff helped participants complete their remote
monitoring and data transmission. The support staff used
standardized scriptsto interact with participants over the phone.
To limit the possibility of encouraging participants to use the
device, wetrained the support staff not to ask partici pants about
the notification messaging content.

Statistical M ethods

Baseline characteristics of participants are presented as mean
(SD) for continuous variables or percentage for categorical
variables. Characteristicswere obtained using standard protocols
and definitions from examination 3 (Multimedia Appendix 4).
We performed analyses “at the margins’ to assess the main
effect of each intervention, meaning that, for example, we
determined the effect of personalized versus standard
notifications by comparing outcomes among all participants
randomly allocated to personalized notifications (regardless of

https://www.jmir.org/2023/1/e40784
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days and times of messaging) with those of all participants
randomly allocated to standard notifications [21]. We also
evaluated 3-way and 2-way interactions between the 3
interventions (messaging content, day, and time) on the
transmission of BP and HR data. For the analyses at any specific
time point (1 month, 3 months, and 6 months), we used logistic
regression models. We estimated the absolute difference in the
proportion of participants adequately transmitting data as well
as the odds ratio. For the longitudinal analysis of the repeated
weekly transmissions, we used alogistic regression model with
random intercept. For the analysis of 3-month survey
completion, we defined complete, partial, and missing response
as all, some, or no survey questions answered. We performed
this analysis in the subgroup of individuals who had not been
enrolled in the eFHS prior to the beginning of the messaging
trial. We used chi-square tests to compare the proportion of
complete, partial, and missing response between intervention
groups “at the margins.” Two-sided tests were performed for
all analyses with a significance level of .05.

Results

Participant Characteristics

Of the 791 eligible FHS parti cipants, we received consent from
and randomly alocated 655 (82.8%) participants (Figure 1).
Table 1 summarizes participant characteristics. Participants
were, on average, aged 53 (SD 9) years, and 59.8% (392/655)
werewomen. In all, 450 participants had aready been enrolled
inthe eFHS prior to the beginning of the randomi zed messaging
trial, including 232 participants aged >55 years, and 205
participants were new eFHS participants, including 69
participants aged >55 years. Characteristics of participants in
thetrial were similar to the eFHS parti cipants who chose to use
BP cuffs or smartwatches but were not part of the tria
(Multimedia Appendix 5). Overall, the proportion of participants
transmitting BP and HR measurements decreased over time.
HR transmission via the smartwatch was higher than BP
transmission. Participants aged >55 years were more likely to
transmit BP and HR measurements (M ultimedia Appendices 6
and 7). At 1, 3, and 6 months after randomization, 130/300
(43.3%), 129/298 (43.3%), and 110/270 (40.7%) of participants
aged >55 years transmitted BP data compared to 119/353
(33.7%), 91/353 (25.8%), and 63/316 (19.9%) of participants
<55 years, respectively (longitudinal model P value <.001);
205/300 (68.3%), 205/298 (68.8%), 170/258 (65.9%) of
participants aged >55 years transmitted HR data compared to
237/363 (65.3%), 216/353 (61.2%), and 174/304 (57.2%) of
participants <55 years, respectively (longitudinal model P value
<.001).
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Table 1. Characteristics of the 655 participants® enrolled in the electronic Framingham Health Study (eFHS) messaging trial 2018-2019.

Variable

Value (N=655)

Age (years), mean (SD)

Age, >55 years, n (%)

Women, n (%)
Multiethnic/multiracial Omni group 2 participants, n (%)
Body mass index (kg/mz), mean (SD)
Systolic BP (mmHg), mean (SD)
Diastolic BP (mmHg), mean (SD)
Physica activity index, mean (SD)
Current smoking, n (%)

Diabetes, n (%)

Hypertension, n (%)

Prior cardiovascular disease, n (%)

53 (9)
301 (46)
392 (59.8)
59 (9)

28 (5)
119 (14)
76 (8)
33(5)
32(4.9)
40 (6.1)
185 (28.2)
27 (4.1)

4 nall, 450 participants had already been enrolled in the eFHS prior to the beginning of the randomized messaging trial, and 205 participants were new
eFHS participants. Physical activity was assessed using the FHS physical activity index, acomposite score based on the number of hours spent sleeping
or in sedentary, slight, moderate, and heavy activities during a24-hour period. Weightsof 1, 1.1, 1.5, 2.4, and 5 were assigned to sleep, sedentary, slight,

moderate, and heavy activity, respectively.

Effect of I nterventions on the Transmission of BP
M easurements

At 3 months after randomization, the proportion of participants
who transmitted BP measurementswaslarger in the personalized
messaging group compared to the standard messaging group
(126/324, 38.9% vs 94/327, 28.8%), for an absolute difference
of 10.1% (95% Cl 2.9%-17.4%; P=.006; Table 2). There was
no evidence of a difference in the proportions of participants
transmitting BP measurements between messaging sent on a
weekend versus weekday (111/324, 34.3% vs 109/327, 33.3%;
P=.80) or between messaging sent in themorning (7 AM) versus
the evening (7 PM; 114/326, 35% vs 106/325, 32.6%; P=.53)
at 3 months. Similar results were observed at 1 month and 6
months (Table 2).

There was no evidence of interaction between the 3 types of
messaging i nterventions (personalized vs standard, weekend vs

https://www.jmir.org/2023/1/e40784

RenderX

weekday, and morning vs evening; Multimedia Appendices 8
and 9). We observed an odds ratio of 2.03 (95% CI 1.27-3.24)
versus 1.24 (95% Cl 0.78-1.96) for personalized versus standard
notification when notifications were sent during the week as
opposed to the weekend, which was not statistically significant
(interaction P=.14; Multimedia Appendix 9).

In the longitudinal analysis of weekly transmission, there was
also evidencethat the proportion of participantswho transmitted
BP measurements was larger in the personalized messaging
group compared to the standard messaging group over 24 weeks
(P=.04; Figure 3 and Multimedia Appendix 10). Notifications
sent in the morning were associated with slightly increased BP
transmission over 24 weeks as compared to evening notifications
(P=.03; Multimedia Appendix 11). There was no evidence of
a difference over time for weekend versus weekday (P=.80;
Multimedia Appendix 12).
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Table 2. Comparisons of proportions of participants transmitting blood pressure measurements according to messaging trial assignment.

Comparison, time after random allocation  Proportion transmitting, n/N (%)

Oddsratio (95% Cl) Differencein proportions P value
(%; 95% ClI)

Intervention group  Nonintervention group

Per sonalized messaging (n=326) vs standar d neutral messaging (n=329)

1 month 148/326 (45.4) 101/327 (30.9) 1.86(1.35t02.56)  14.5(7.1t0 21.9) <.001
3 months 126/324 (38.9) 94/327 (28.8) 158(1.14102.19) 10.1(2.9t017.4) .006
6 months 107/291 (36.8) 66/295 (22.4) 2.02(140t02.90) 14.4(7.1t021.7) <.001
M essaging sent in the morning (n=328) vs the evening (n=327)
1 month 130/326 (39.9) 119/327 (36.4) 1.16 (0.85t01.59) 3.5 (-4.0t0 10.9) 36
3 months 114/326 (35) 106/325 (32.6) 1.11(0.80t0154) 2.4 (-4.9109.6) 53
6 months 93/293 (31.7) 80/293 (27.3) 1.24(0.87t01.77) 4.4(-29t0118) 24
M essaging sent on a weekend (n=326) vs weekday (n=329)
1 month 125/325 (38.5) 124/328 (37.8) 1.03(0.75t01.41) 0.7(-6.8t08.1) .86
3 months 111/324 (34.3) 109/327 (33.3) 1.04(0.75t01.44) 0.9(-6.3108.2) .80
6 months 92/289 (31.8) 81/297 (27.3) 1.25(0.87t01.78) 4.6(-2.8t011.9) 23

Figure 3. Proportion of participants transmitting at least one blood pressure measurement within 7 days of each weekly notification in the personalized

versus standard messaging groups.

10
09
0.8
0.7
0.6
05
04 \/\/\,____’\/\,\/\’
0.3 N’\/\_/\/’\’
02
0.1
0.0
1 4 8 12 16 20 24
Notification Standard Personalized
Standard 329 327 327 327 324 311 295
Personalized 326 326 325 324 322 305 291

Effect of I nterventionson the Transmission of HR
M easurements

At 3 months after randomization, there was no evidence of a
difference in the proportions of participants transmitting HR
measurements for any of the intervention: personalized versus
standard notification (212/324, 65.4% vs 209/327, 63.9%;
P=.69), morning versus evening notifications (212/326, 65%
vs 209/325, 64.3%; P=.85), and weekend versus weekday
notifications (210/324, 64.8% vs 211/327, 64.5%; P=.94).
Results at 1 month and 6 months are shown in Table 3. The

https://www.jmir.org/2023/1/e40784

RenderX

proportions of participants transmitting HR was higher in the
personalized versus standard notification (186/281, 66.2% vs
158/281, 56.2%; absolute difference=10%, 95% CI 2%-18%;
P=.02).

There was no evidence of interaction between interventions
(Multimedia Appendices 13 and 14). Inthelongitudinal analysis
leveraging 24 weeks of weekly messages, the proportion of
participants who transmitted HR measurements was larger in
the personalized messaging group compared to the standard
messaging group over 24 weeks (P=.02; Figure 4 and
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Multimedia Appendix 15). There was no evidence of a (P=.54; MultimediaAppendix 16) and weekend versusweekday

difference over time for morning versus evening notifications

Table 3. Comparisons of proportions of participants transmitting heart rate measurements according to messaging trial assignment.

notifications (P=.90; Multimedia Appendix 17).

Comparison, time after random allocation  Proportion transmitting, n (%)

Intervention group  Nonintervention group

Oddsratio (95% Cl) Differencein proportions P value

(%; 95% Cl)

Per sonalized messaging (n=326) vs standard neutral messaging (n=329)

1 month 230326 (70.6)  212/327 (64.9)
3 months 212/324 (65.4)  209/327 (63.9)
6 months 186/281 (66.2) 158/281 (56.2)

M essaging sent in the morning (n=328) vs the evening (n=327)

1 month 231/326 (70.9) 212/327 (64.8)

3 months 212/326 (65) 209/325 (64.3)
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Figure 4. Proportion of participants transmitting at least one heart rate measurement within 7 days of each weekly notification in the personalized

versus standard messaging groups.
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Effects of Interventionson Survey Completion

Among 205 participantswho had not been enrolled intheeFHS
prior to the beginning of the messaging trial, there was no
evidence of a difference between intervention groups in terms
of survey completion. In the personalized notification group,
58.8% (60/102) and 41.2% (42/102) of participants had complete
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and missing survey response at 3 months, respectively, as
opposed to 57.3% (59/103) and 42.7% (44/103) in the standard
notification group (P=.83; Multimedia Appendix 18).
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Discussion

We evaluated 3 smartphone app notification intervention
strategies sent to eFHS participantsin arandomized trial aimed
at improving the use of a smartwatch and a digital BP cuff for
the remote monitoring of HR and BP. We observed evidence
that personalized motivational notificationsincreased adherence
over 3 months for BP data transmission and over 6 months for
BP and HR transmission. Personalization included the
participant’s name, and the message content was contextualized
to the individual’s device use for each week of the trial. The
use of the smartwatch and the BP cuff decreased over time, but
the proportions of participants transmitting BP and HR data
were about 10% higher in the personalized versus standard
notification groups. Therewaslittle or no evidence that morning
versus evening notifications or weekend versus weekday
notifications were associated with adherence. In an exploratory
aim, we did not observe a difference in smartphone app survey
completion between intervention groups, but the analysis may
have been underpowered. Thistrial provides evidencethat short
personalized motivational messaging offers an easy, scalable
strategy to increase adherence with device use that potentially
can be used in other large digital intervention studies.

The investigation of a diverse set of digita health studies,
including arange of diseasesin morethan 100,000 participants,
reveal ed early user disengagement with amedian study retention
across all studies of fewer than 6 days|[7]. Despite this finding,
few studies have explored digital messaging interventions to
improve adherence to digital device use in large samples [9].
Increasing evidence supports the benefit brief messaging such
as SM Stext messaging to enhance self-care in the management
of cardiovascular disease risk factors including hypertension
[15,22]. The use of SMS text messaging can be effective in
promoting accelerometer use, with wear hours observed to be
longer in participants receiving messaging versus those not
receiving messaging [23]. However, in many prior studies,
messaging content has largely not been personalized. Our trial
provides evidence of the effectiveness of personalized
notification strategies on enhancing device use, addressing a
critical knowledge gap given the limited evidence available on
the effectiveness of digital strategies to enhance the retention
and engagement of participants in e-cohorts and clinical trials
[24].

We observed that compared to younger participants, older
participants were more likely to transmit BP and HR data. This
finding appearsto be consi stent with another study that reported
older age was associated with retention time [ 7]. Although this
observation may be at odds with overall lower technology use
and digital literacy among older adults [25], in our study,
smartphone ownership was an eligibility criterion, raising the
possihility that older participantsenrolled in thistrial were more
comfortable with technology. In addition, having the condition
under study may enhance retention [7]. Although participants
in the eFHS were not enrolled for any particular medical
condition, hypertension and cardiovascular risk factors and
disease increase in prevalence with advancing age. Therefore,
it is possible older adults were more interested in monitoring
BP and HR.
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Our trial used weekly notificationsto enhance the use of digital
devices over 6 months to monitor BP and HR. We chose a
weekly delivery to limit participant burden and associated
notification fatigue observed in other trials. However, future
investigations are needed to examine theintensity of notification
delivery to determinewhether more frequent notificationswould
result in higher observed device use.

Our trial did not find any clear evidence for an effect of the day
of the week or time of day on device use. In contrast, atrial of
the effect of notification messaging on engagement with a
wellness app showed that the effect was greatest when delivered
on the weekend at midday [26]. Whether providing participants
the opportunity to choose a naotification delivery day and time
that they perceive as convenient enhances engagement and user
perception that the notifications are hel pful remainsto be studied

[27].

Notification content that includes multiple behavior change
strategies[28] and novel adaptive designsthat are dynamic and
customized to theindividual have the potential to be even more
effective in changing behaviors and thus enhancing engagement
[29]. Morerecently, reinforcement learning, amachinelearning
technique, has been used to optimize personalized approaches
to messaging [30]. Further examination of how these strategies
can be applied to decrease attrition and increase adherence to
digital study protocolsis needed.

We embedded this trial in the eFHS, which provides severa
strengths. FHS participants have been enrolled in the parent
study for over a decade (first examination from 2002-2005),
demonstrate loyalty to the parent study; the participants have
developed trust in parent study investigators and staff that may
have facilitated higher levels of retention and engagement than
seen in other e-cohorts [4]. eFHS participants are well
characterized with directly measured BP and cardiovascular
risk factors at in-person research center examinations.

Our study aso has some limitations that merit comment. We
did not adjust for multiplicity related to coprimary BP and HR
outcomes. We could have considered a multiplicity testing
procedure, such the Holm procedure, to preserve the family-wise
error rate and cal culated the required sample sizefor thesimple
digunctive power [31]. In retrospect, our conclusionswould be
similar. Participants were generally healthier than the full FHS
cohorts and not recruited for any specific health condition.
Personalized notifications may have resulted in greater observed
differences in HR and BP transmission in persons with
underlying hypertension and cardiovascul ar disease. Our sample
participants were primarily White, well educated, and residing
in New England. Thus, our results may not be generalizable to
persons of diverse racial or ethnic backgrounds, other regions,
or those with different measures of social determinants of health
or levels of digital literacy. Our trial was conducted prior to the
COVID-19 pandemic. Many clinical trials replaced in-person
visitswith remote data collection, and personalized notifications
may help reducing drop-out in decentralized trials[32]. Finally,
we could not confirm that the notification messages were
actually read by participants.

Brief nonobtrusive personalized motivational smartphone app
notifications delivered once per week significantly increased
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the use of asmartwatch and wirelessBP devicein middle-aged  promote long-term engagement. Larger studies of more diverse
to older adultsfor monitoring cardiovascular measures(HRand  participants are needed, as well as further study of the impact
BP) over 6 months. These simple prompts can be easily of notification strategiesfor digital and mobile health monitoring
incorporated and scaled by other digital health studies to on health outcomes.

Acknowledgments
This study was presented as an abstract at the American Heart Association Scientific Sessions 2019 [33].

This study was supported by an award from the Robert Wood Johnson Foundation (74624) and a grant from the National Heart,
Lung, and Blood Institute (NHLBI; RO1HL 141434). The Framingham Heart Study is supported by a contract from NHLBI (PI
VSR 75N92019D00031). Investigator time was supported from the following grants: NHLBI RO1HL126911 (EJB), NHLBI
2R01 HL092577 (EJB), National Instituteon Aging (NIA) 1R01AG066010 (EJB), American Heart Association 18SFRN34110082
(EJB), NHLBI RO1HL 126911 (DDM), NHLBI RO1HL 137734 (DDM), NHLBI RO1HL 137794 (DDM), NHLBI RO1HL 13660
(DDM), NHLBI U54-HL 143541 (DDM), and NIA 1U01AG068221 (HL). The Apple Watcheswere provided to Boston University
by the Apple Inc at no cost to the studly.

Data Availability

Electronic Framingham Health Study (eFHS) data are available from the FHS and will be deposited in the National Heart, Lung,
and Blood Institute (NHLBI) Biologic Specimen and Data Repository Information Coordinating Center (BioLINCC) for data
sharing.

Conflictsof Interest

DDM has received research support from Apple Inc, Bristol-Myers Squibb, Boehringer-Ingelheim, Pfizer, Flexcon, Samsung,
Philips Healthcare, and Biotronik and has received consultancy fees from Heart Rhythm Society, Bristol-Myers Squibb, Pfizer,
Flexcon, Boston Biomedical Associates, and Rose Consulting. He also declares financial support for serving on the Steering
Committee for the GUARD-AF study (NCT04126486) and Advisory Committee for the Fitbit Heart Study (NCT04176926).
JMM was aguest lecturer/consultant for Merck Research Laboratories unrelated to thiswork. CN isan employee of CareEvolution,
Inc, a health care technology company. Apple Inc was not involved in the study design, analysis, interpretation, or reporting of
study results. Starting 2020, NL S received funding from Novo Nordisk for an investigator-initiated research grant unrelated to
the current study. All other authors declare no other conflicts of interest.

Multimedia Appendix 1

Script for contacting previously enrolled electronic Framingham Health Study participants to join the messaging trial.
[DOCX File, 13 KB-Multimedia Appendix 1]

Multimedia Appendix 2

Library of messagesused in thetrial.
[DOCX File, 15 KB-Multimedia Appendix 2]

Multimedia Appendix 3

Power calculations.
[DOCX File, 15 KB-Multimedia Appendix 3]

Multimedia Appendix 4

Participant characteristic definitions.
[DOCX File, 13 KB-Multimedia Appendix 4]

Multimedia Appendix 5

Characteristics of electronic Framingham Health Study participants using a blood pressure cuff or smartwatch not participating
inthetrial.
[DOCX File, 13 KB-Multimedia Appendix 5]

https://www.jmir.org/2023/1/e40784 JMed Internet Res 2023 | vol. 25 | e40784 | p. 10
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=jmir_v25i1e40784_app1.docx&filename=0e55cbb1a3ab979cc967b7368363d775.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e40784_app1.docx&filename=0e55cbb1a3ab979cc967b7368363d775.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e40784_app2.docx&filename=ed965ce76f3a9c708242536407af488b.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e40784_app2.docx&filename=ed965ce76f3a9c708242536407af488b.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e40784_app3.docx&filename=5f372b8a96a75ad73d8ed3f2a4fd91f3.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e40784_app3.docx&filename=5f372b8a96a75ad73d8ed3f2a4fd91f3.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e40784_app4.docx&filename=b5bdf6b3fc045d3c8adc9dd2949b95f2.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e40784_app4.docx&filename=b5bdf6b3fc045d3c8adc9dd2949b95f2.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e40784_app5.docx&filename=5ab79cbc998af06e02135e2a90a553a2.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e40784_app5.docx&filename=5ab79cbc998af06e02135e2a90a553a2.docx
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Trinquart et &

Multimedia Appendix 6

Proportion of participantstransmitting at least one blood pressure measurement within 7 days of each weekly notification according
to age and electronic Framingham Health Study enrollment status.
[DOCX File, 53 KB-Multimedia Appendix 6]

Multimedia Appendix 7

Proportion of participants transmitting at least one heart rate measurement within 7 days of each weekly notification according
to age and electronic Framingham Health Study enrollment status.
[DOCX File, 49 KB-Multimedia Appendix 7]

Multimedia Appendix 8

Three-way and two-way interaction analysesfor the proportion of participantstransmitting at least one blood pressure measurement
within 7 days of each weekly notification.
[DOCX File, 15 KB-Multimedia Appendix 8]

Multimedia Appendix 9

QOdds ratios from the two-way interaction analyses for the proportion of participants transmitting at least one blood pressure
measurement within 7 days of each weekly notification.
[DOCX File, 13 KB-Multimedia Appendix 9]

Multimedia Appendix 10

Longitudinal analysis of the weekly proportion of participants transmitting at least one blood pressure measurement within 7
days of each weekly notification.
[DOCX File, 14 KB-Multimedia Appendix 10]

Multimedia Appendix 11

Proportion of participants transmitting at least one blood pressure measurement within 7 days of each weekly notification in the
morning and evening notification groups.

[DOCX File, 35 KB-Multimedia Appendix 11]

Multimedia Appendix 12

Proportion of participants transmitting at least one blood pressure measurement within 7 days of each weekly notification in the
weekend and weekday notification groups.
[DOCX File, 37 KB-Multimedia Appendix 12]

Multimedia Appendix 13

Three-way and two-way interaction analyses for the proportion of participants transmitting at least one heart rate measurement
within 7 days of each weekly notification.
[DOCX File, 15 KB-Multimedia Appendix 13]

Multimedia Appendix 14

Oddsratiosfrom the two-way interaction analysesfor the proportion of participantstransmitting at least one heart rate measurement
within 7 days of each weekly notification.
[DOCX File, 14 KB-Multimedia Appendix 14]

Multimedia Appendix 15

Longitudinal analysis of the weekly proportion of participants transmitting at least one heart rate measurement within 7 days of
each weekly notification.
[DOCX File, 14 KB-Multimedia Appendix 15]

https://www.jmir.org/2023/1/e40784 JMed Internet Res 2023 | vol. 25 | e40784 | p. 11
(page number not for citation purposes)

RenderX


https://jmir.org/api/download?alt_name=jmir_v25i1e40784_app6.docx&filename=35f1bdf3d0a153ac401efe7a996d7580.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e40784_app6.docx&filename=35f1bdf3d0a153ac401efe7a996d7580.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e40784_app7.docx&filename=84719a669fcbfd4887e412ecb3b2ffcf.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e40784_app7.docx&filename=84719a669fcbfd4887e412ecb3b2ffcf.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e40784_app8.docx&filename=7a7654407ea0cdf5de0e871ba02d69f9.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e40784_app8.docx&filename=7a7654407ea0cdf5de0e871ba02d69f9.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e40784_app9.docx&filename=11df27cd5d16a99a0509025691f8e0d9.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e40784_app9.docx&filename=11df27cd5d16a99a0509025691f8e0d9.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e40784_app10.docx&filename=f1cfd95603a4aa853507d715a32cbc4c.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e40784_app10.docx&filename=f1cfd95603a4aa853507d715a32cbc4c.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e40784_app11.docx&filename=2d1f24f02edad978502d3fdd56f2f5f0.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e40784_app11.docx&filename=2d1f24f02edad978502d3fdd56f2f5f0.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e40784_app12.docx&filename=9813952e40849b5cd522566dc167c982.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e40784_app12.docx&filename=9813952e40849b5cd522566dc167c982.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e40784_app13.docx&filename=75122e82241a9947731d0deb1ab6a510.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e40784_app13.docx&filename=75122e82241a9947731d0deb1ab6a510.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e40784_app14.docx&filename=66e353eced7f4be2979dc27e9ea41694.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e40784_app14.docx&filename=66e353eced7f4be2979dc27e9ea41694.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e40784_app15.docx&filename=14b0b25fbaffdb8cfca30ab04cc5fd3b.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e40784_app15.docx&filename=14b0b25fbaffdb8cfca30ab04cc5fd3b.docx
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Trinquart et &

Multimedia Appendix 16

Proportion of participants transmitting at |east one heart rate measurement within 7 days of each weekly notification in the morning
and evening notification groups.

[DOCX File, 33 KB-Multimedia Appendix 16]

Multimedia Appendix 17

Proportion of participantstransmitting at |east one heart rate measurement within 7 days of each weekly notification in the weekend
and weekday notification groups.
[DOCX File, 35 KB-Multimedia Appendix 17]

Multimedia Appendix 18

Survey completion among 205 individuals who had not been enrolled in the electronic Framingham Health Study prior to the
beginning of the messaging trial.

[DOCX File, 13 KB-Multimedia Appendix 18]

Multimedia Appendix 19

CONSORT-eHEALTH checklist (V 1.6.1).
[PDE File (Adobe PDFE File), 1205 KB-Multimedia Appendix 19]

References

1.  Anderson M. Mobile technology and home broadband 2019. Pew Research Center. 2019 Jun 13. URL: https.//www.

pewresearch.org/internet/2019/06/13/mobil e-technol ogy-and-home-broadband-2019/ [accessed 2022-12-06]
2. Vogels EA. Millennials stand out for their technology use, but older generations also embrace digital life. Pew Research

Center. 2019 Sep 09. URL.: https.//www.pewresearch.org/fact-tank/2019/09/09/us-generations-technol ogy-use/ [accessed
2019-09-14]

3. Hershman SG, Bot BM, Shcherbina A, Doerr M, Moayedi Y, Pavlovic A, et al. Physical activity, sleep and cardiovascular
health data for 50,000 individuals from the MyHeart Counts Study. Sci Data 2019 Apr 11;6(1):24 [FREE Full text] [doi:
10.1038/s41597-019-0016-7] [Medline: 30975992]

4.  McConnell MV, Shcherbina A, Pavliovic A, Homburger JR, Goldfeder RL, Waggot D, et al. Feasibility of obtaining measures
of lifestyle from asmartphone app: the MyHeart Counts Cardiovascular Health Study. JAMA Cardiol 2017 Jan 01;2(1):67-76.
[doi: 10.1001/jamacardio.2016.4395] [Medline: 27973671]

5. Bot BM, Suver C, Neto EC, Kellen M, Klein A, Bare C, et a. The mPower study, Parkinson disease mobile data collected
using ResearchKit. Sci Data 2016 Mar 03;3:160011 [FREE Full text] [doi: 10.1038/sdata.2016.11] [Medline: 26938265]

6. ChanYY, Wang P, RogersL, Tignor N, Zweig M, Hershman SG, et al. The Asthma Mobile Health Study, alarge-scale
clinical observational study using ResearchKit. Nat Biotechnol 2017 Apr;35(4):354-362 [FREE Full text] [doi:
10.1038/nbt.3826] [Medline: 28288104]

7. Pratap A, Neto EC, Snyder P, Stepnowsky C, Elhadad N, Grant D, et al. Indicators of retention in remote digital health
studies: a cross-study evaluation of 100,000 participants. NPJ Digit Med 2020 Feb 17;3:21 [FREE Full text] [doi:
10.1038/s41746-020-0224-8] [Medline: 32128451]

8.  Shcherbina A, Hershman SG, Lazzeroni L, King AC, O'Sullivan JW, Hekler E, et a. The effect of digital physical activity
interventionson daily step count: arandomised controlled crossover substudy of the MyHeart Counts Cardiovascular Health
Study. Lancet Digit Health 2019 Nov;1(7):e344-e352 [FREE Full text] [doi: 10.1016/S2589-7500(19)30129-3] [Medline:
33323209]

9.  Nkyekyer J, Clifford SA, Mensah FK, Wang Y, Chiu L, Wake M. Maximizing participant engagement, participation, and
retention in cohort studies using digital methods: rapid review to inform the next generation of very large birth cohorts. J
Med Internet Res 2021 May 14;23(5):€23499 [FREE Full text] [doi: 10.2196/23499] [Medline: 33988509]

10. McManus DD, Trinquart L, Benjamin EJ, Manders ES, Fusco K, Jung LS, et a. Design and preliminary findings from a
new electronic cohort embedded in the Framingham Heart Study. J Med Internet Res 2019 Mar 01;21(3):e12143 [FREE
Full text] [doi: 10.2196/12143] [Medline: 30821691]

11. Alkhadi G, Hamilton FL, Lau R, Webster R, Michie S, Murray E. The effectiveness of prompts to promote engagement
with digital interventions: a systematic review. JMed Internet Res 2016 Jan 08;18(1):e6 [FREE Full text] [doi:
10.2196/jmir.4790] [Medline: 26747176]

12. Dale LP, Whittaker R, Jiang Y, Stewart R, Rolleston A, Maddison R. Improving coronary heart disease self-management
using mobile technol ogies (Text4Heart): arandomised controlled trial protocol. Trials 2014 Mar 04;15:71 [FREE Full text]
[doi: 10.1186/1745-6215-15-71] [Medline: 24588893]

https://www.jmir.org/2023/1/e40784 JMed Internet Res 2023 | vol. 25 | e40784 | p. 12
(page number not for citation purposes)

RenderX


https://jmir.org/api/download?alt_name=jmir_v25i1e40784_app16.docx&filename=933abb8a99615aed811336886f003013.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e40784_app16.docx&filename=933abb8a99615aed811336886f003013.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e40784_app17.docx&filename=968df6dd1e6cb856ad88d329f6684f6a.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e40784_app17.docx&filename=968df6dd1e6cb856ad88d329f6684f6a.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e40784_app18.docx&filename=1ebe8a29db0a765f8402b908aabbf580.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e40784_app18.docx&filename=1ebe8a29db0a765f8402b908aabbf580.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e40784_app19.pdf&filename=660b5126ec06c1d36e400818c720aba2.pdf
https://jmir.org/api/download?alt_name=jmir_v25i1e40784_app19.pdf&filename=660b5126ec06c1d36e400818c720aba2.pdf
https://www.pewresearch.org/internet/2019/06/13/mobile-technology-and-home-broadband-2019/
https://www.pewresearch.org/internet/2019/06/13/mobile-technology-and-home-broadband-2019/
https://www.pewresearch.org/fact-tank/2019/09/09/us-generations-technology-use/
https://doi.org/10.1038/s41597-019-0016-7
http://dx.doi.org/10.1038/s41597-019-0016-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30975992&dopt=Abstract
http://dx.doi.org/10.1001/jamacardio.2016.4395
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27973671&dopt=Abstract
https://doi.org/10.1038/sdata.2016.11
http://dx.doi.org/10.1038/sdata.2016.11
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26938265&dopt=Abstract
https://europepmc.org/abstract/MED/28288104
http://dx.doi.org/10.1038/nbt.3826
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28288104&dopt=Abstract
https://doi.org/10.1038/s41746-020-0224-8
http://dx.doi.org/10.1038/s41746-020-0224-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32128451&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2589-7500(19)30129-3
http://dx.doi.org/10.1016/S2589-7500(19)30129-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33323209&dopt=Abstract
https://www.jmir.org/2021/5/e23499/
http://dx.doi.org/10.2196/23499
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33988509&dopt=Abstract
https://www.jmir.org/2019/3/e12143/
https://www.jmir.org/2019/3/e12143/
http://dx.doi.org/10.2196/12143
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30821691&dopt=Abstract
https://www.jmir.org/2016/1/e6/
http://dx.doi.org/10.2196/jmir.4790
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26747176&dopt=Abstract
https://trialsjournal.biomedcentral.com/articles/10.1186/1745-6215-15-71
http://dx.doi.org/10.1186/1745-6215-15-71
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24588893&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Trinquart et &

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

AdamsMA, SallisJF, Norman GJ, Hovell MF, Hekler EB, Perata E. An adaptive physical activity intervention for overweight
adults: arandomized controlled trial. PLoS One 2013 Dec 09;8(12):€82901 [FREE Full text] [doi:

10.1371/journal .pone.0082901] [Medline: 24349392]

Kim JY, Wineinger NE, Steinhubl SR. The influence of wireless self-monitoring program on the relationship between
patient activation and health behaviors, medication adherence, and blood pressure levelsin hypertensive patients. asubstudy
of arandomized controlled trial. JMed Internet Res 2016 Jun 22;18(6):e116 [FREE Full text] [doi: 10.2196/jmir.5429]
[Medline: 27334418]

Bobrow K, Farmer AJ, Springer D, Shanyinde M, Yu L, Brennan T, et al. Mobile phone text messages to support treatment
adherence in adults with high blood pressure (SMS-Text Adherence Support [StAR]): asingle-blind, randomized trial.
Circulation 2016 Feb 09;133(6):592-600 [FREE Full text] [doi: 10.1161/CIRCULATIONAHA.115.017530] [Medline:
26769742)

Bobrow K, Brennan T, Springer D, Levitt NS, Rayner B, Namane M, et al. Efficacy of atext messaging (SMS) based
intervention for adults with hypertension: protocol for the StAR (SMS Text-message Adherence suppoRt trial) randomised
controlled trial. BMC Public Health 2014 Jan 11;14:28 [FREE Full text] [doi: 10.1186/1471-2458-14-28] [Medline:
24410738]

Nelson LA, Mayberry LS, Wallston K, Kripalani S, Bergner EM, Osborn CY. Development and usability of REACH: a
tailored theory-based text messaging intervention for disadvantaged adults with type 2 diabetes. IMIR Hum Factors 2016
Sep 08;3(2):€23 [EREE Full text] [doi: 10.2196/humanfactors.6029] [Medline: 27609738]

Martin SS, Feldman DI, Blumenthal RS, Jones SR, Post WS, McKibben RA, et al. mActive: arandomized clinical trial of
an automated mHealth intervention for physical activity promotion. JAm Heart Assoc 2015 Nov 09;4(11):e002239 [FREE
Full text] [doi: 10.1161/JAHA.115.002239] [Medline: 26553211]

McCoy P, Leggett S, Bhuiyan A, Brown D, Frye P, Williams B. Text messaging: an intervention to increase physical
activity among African American participants in a faith-based, competitive weight loss program. Int J Environ Res Public
Health 2017 Mar 29;14(4):326 [FREE Full text] [doi: 10.3390/ijerph14040326] [Medline: 28353650]

Wason IM S, Stecher L, Mander AP. Correcting for multiple-testing in multi-arm trials: isit necessary and isit done? Trials
2014 Sep 17;15:364 [FREE Full text] [doi: 10.1186/1745-6215-15-364] [Medline: 25230772]

McAlister FA, Straus SE, Sackett DL, Altman DG. Analysis and reporting of factorial trials: a systematic review. JAMA
2003 May 21;289(19):2545-2553. [doi: 10.1001/jama.289.19.2545] [Medline: 12759326]

Thakkar J, Kurup R, Laba T, Santo K, Thiagalingam A, Rodgers A, et al. Maobile telephone text messaging for medication
adherence in chronic disease: a meta-analysis. JAMA Intern Med 2016 Mar;176(3):340-349. [doi:
10.1001/jamainternmed.2015.7667] [Medline: 26831740]

Barry CM, Sabhlok A, SabaVC, Majors AD, Schechter JC, Levine EL, et a. An automated text-messaging platform for
enhanced retention and data collection in alongitudinal birth cohort: cohort management platform analysis. IMIR Public
Health Surveill 2019 Apr 02;5(2):€11666 [FREE Full text] [doi: 10.2196/11666] [Medline: 30938689]

Frampton GK, Shepherd J, Pickett K, Griffiths G, Wyatt JC. Digital tools for the recruitment and retention of participants
in randomised controlled trials: a systematic map. Trials 2020 Jun 05;21(1):478 [EREE Full text] [doi:
10.1186/s13063-020-04358-3] [Medline: 32498690]

Mobile phone ownership over time. Pew Research Center. 2021 Apr 07. URL: https.//www.pewresearch.org/internet/
fact-sheet/mabil e/#mobile-phone-ownership-over-time [accessed 2022-01-26]

Bidargaddi N, Almirall D, Murphy S, Nahum-Shani I, Kovalcik M, Pituch T, et al. To prompt or not to prompt? a
microrandomized trial of time-varying push notificationsto increase proximal engagement with amabile health app. IMIR
mHealth uHealth 2018 Nov 29;6(11):e10123 [FREE Full text] [doi: 10.2196/10123] [Medline: 30497999]

Harrison JD, Patel MS. Designing nudges for successin health care. AMA J Ethics 2020 Sep 01;22(9):E796-E801 [FREE
Full text] [doi: 10.1001/amajethics.2020.796] [Medline: 33009777]

Eisele A, Schagg D, Krdmer LV, Bengel J, Gohner W. Behaviour change techniques applied in interventions to enhance
physical activity adherence in patients with chronic muscul oskeletal conditions: a systematic review and meta-analysis.
Patient Educ Couns 2019 Jan;102(1):25-36. [doi: 10.1016/j.pec.2018.09.018] [Medline: 30279029]

Nahum-Shani I, Smith SN, Spring BJ, Collins LM, Witkiewitz K, Tewari A, et a. Just-in-time adaptive interventions
(JTAIs) in mobile hHealth: key components and design principles for ongoing health behavior support. Ann Behav Med
2018 May 18;52(6):446-462 [FREE Full text] [doi: 10.1007/s12160-016-9830-8] [Medline: 27663578]

Lauffenburger JC, Yom-Tov E, Keller PA, McDonnell ME, Bessette LG, Fontanet CP, et al. Reinforcement learning to
improve non-adherencefor diabetes treatments by optimising response and customising engagement (REINFORCE): study
protocol of apragmatic randomised trial. BMJ Open 2021 Dec 03;11(12):e052091 [FREE Full text] [doi:
10.1136/bmjopen-2021-052091] [Medline: 34862289]

Dmitrienko A, D'Agostino R. Traditional multiplicity adjustment methodsin clinical trials. Stat Med 2013 Dec
20;32(29):5172-5218. [doi: 10.1002/sim.5990] [Medline: 24114861]

McDermott MM, Newman AB. Remote research and clinical trial integrity during and after the coronavirus pandemic.
JAMA 2021 May 18;325(19):1935-1936. [doi: 10.1001/jama.2021.4609] [Medline: 33885728|

https://www.jmir.org/2023/1/e40784 JMed Internet Res 2023 | vol. 25 | e40784 | p. 13

(page number not for citation purposes)


https://dx.plos.org/10.1371/journal.pone.0082901
http://dx.doi.org/10.1371/journal.pone.0082901
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24349392&dopt=Abstract
https://www.jmir.org/2016/6/e116/
http://dx.doi.org/10.2196/jmir.5429
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27334418&dopt=Abstract
https://europepmc.org/abstract/MED/26769742
http://dx.doi.org/10.1161/CIRCULATIONAHA.115.017530
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26769742&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/1471-2458-14-28
http://dx.doi.org/10.1186/1471-2458-14-28
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24410738&dopt=Abstract
https://humanfactors.jmir.org/2016/2/e23/
http://dx.doi.org/10.2196/humanfactors.6029
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27609738&dopt=Abstract
https://www.ahajournals.org/doi/10.1161/JAHA.115.002239?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
https://www.ahajournals.org/doi/10.1161/JAHA.115.002239?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1161/JAHA.115.002239
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26553211&dopt=Abstract
https://europepmc.org/abstract/MED/28353650
http://dx.doi.org/10.3390/ijerph14040326
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28353650&dopt=Abstract
https://trialsjournal.biomedcentral.com/articles/10.1186/1745-6215-15-364
http://dx.doi.org/10.1186/1745-6215-15-364
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25230772&dopt=Abstract
http://dx.doi.org/10.1001/jama.289.19.2545
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12759326&dopt=Abstract
http://dx.doi.org/10.1001/jamainternmed.2015.7667
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26831740&dopt=Abstract
https://publichealth.jmir.org/2019/2/e11666/
http://dx.doi.org/10.2196/11666
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30938689&dopt=Abstract
https://trialsjournal.biomedcentral.com/articles/10.1186/s13063-020-04358-3
http://dx.doi.org/10.1186/s13063-020-04358-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32498690&dopt=Abstract
https://www.pewresearch.org/internet/fact-sheet/mobile/#mobile-phone-ownership-over-time
https://www.pewresearch.org/internet/fact-sheet/mobile/#mobile-phone-ownership-over-time
https://mhealth.jmir.org/2018/11/e10123/
http://dx.doi.org/10.2196/10123
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30497999&dopt=Abstract
https://journalofethics.ama-assn.org/article/designing-nudges-success-health-care/2020-09
https://journalofethics.ama-assn.org/article/designing-nudges-success-health-care/2020-09
http://dx.doi.org/10.1001/amajethics.2020.796
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33009777&dopt=Abstract
http://dx.doi.org/10.1016/j.pec.2018.09.018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30279029&dopt=Abstract
https://europepmc.org/abstract/MED/27663578
http://dx.doi.org/10.1007/s12160-016-9830-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27663578&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=34862289
http://dx.doi.org/10.1136/bmjopen-2021-052091
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34862289&dopt=Abstract
http://dx.doi.org/10.1002/sim.5990
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24114861&dopt=Abstract
http://dx.doi.org/10.1001/jama.2021.4609
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33885728&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Trinquart et &

33. Trinquart L, McManus DD, Nowak C, Kheterpal V, Manders ES, Fusco K, et al. Abstract 13084: increasing engagement
in the Electronic Framingham Heart Study (eFHS): afactorial randomized trial. Circulation 2019 Nov;140(Suppl_1):A13084
[FREE Full text] [doi: 10.1161/circ.140.suppl_1.13084]

Abbreviations

BP: blood pressure

eFHS: electronic Framingham Heart Study
FHS: Framingham Heart Study

Gen 3: Third Generation

HR: heart rate

Edited by G Eysenbach; submitted 05.07.22; peer-reviewed by L Bell; commentsto author 29.07.22; revised versionreceived 02.11.22;
accepted 01.12.22; published 20.01.23

Please cite as:

Trinquart L, Liu C, McManus DD, Nowak C, Lin H, Spartano NL, Borrelli B, Benjamin EJ, Murabito JM
Increasing Engagement in the Electronic Framingham Heart Sudy: Factorial Randomized Controlled Trial
J Med Internet Res 2023;25:e40784

URL: https.//www.jmir.org/2023/1/e40784

doi: 10.2196/40784

PMID:

©Ludovic Trinquart, Chunyu Liu, David D McManus, Christopher Nowak, Honghuang Lin, Nicole L Spartano, BelindaBorrelli,
EmeliaJBenjamin, Joanne M Murabito. Originally published in the Journal of Medical Internet Research (https.//www.jmir.org),
20.01.2023. This is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in the Journal of Medical Internet Research, is properly cited. The complete bibliographic
information, a link to the original publication on https://www.jmir.org/, as well as this copyright and license information must
be included.

https://www.jmir.org/2023/1/e40784 JMed Internet Res 2023 | vol. 25 | e40784 | p. 14
(page number not for citation purposes)

RenderX


https://www.ahajournals.org/doi/10.1161/circ.140.suppl_1.13084
http://dx.doi.org/10.1161/circ.140.suppl_1.13084
https://www.jmir.org/2023/1/e40784
http://dx.doi.org/10.2196/40784
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

