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BACKGROUND: Internet-based participation has the potential to enhance pragmatic and decentralized trials, where representa-
tive study populations and generalizability to clinical practice are key. We aimed to study the differences between internet and
noninternet/telephone participants in a large remote, pragmatic trial.

METHODS AND RESULTS: In a subanalysis of the ADAPTABLE (Aspirin Dosing: A Patient-Centric Trial Assessing Benefits and
Long-Term Effectiveness) study, we compared internet participants with those who opted for noninternet participation. Study
process measures examined included participant characteristics at consent, study medication adherence, and study reten-
tion. The clinical outcome examined was a composite of all-cause mortality, hospitalization for myocardial infarction, or hospi-
talization for stroke. Noninternet participants were older (mean 69.4 versus 67.4 years), more likely to be female (38.9% versus
30.2%), more likely to be Black (27.3% versus 6.0%) or Hispanic (11.1% versus 2.0%), and had a higher number of comorbid
conditions. The composite clinical outcome was more than twice as high in noninternet participants. The hazard of nonadher-
ence to the assigned aspirin dosage was 46% higher in noninternet participants than internet participants.

CONCLUSIONS: Noninternet participants differed from internet participants in notable demographic characteristics while having
poorer baseline health. Over the course of ADAPTABLE, they also had worse clinical outcomes and greater likelihood of study
drug nonadherence. These results suggest that trials focused on internet participation select for younger, healthier partici-
pants with a higher proportion of traditionally overrepresented patients. Allowing noninternet participation enhances diversity;
however, additional steps may be needed to promote study retention and study medication adherence.

REGISTRATION INFORMATION: clinicaltrials.gov. Identifier: NCT02697916.
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he internet has become a critical tool in the clinical in communication among trial personnel; helped re-
research arsenal, particularly in the administra- cruit, register, consent, and randomize patients; and
tion of large, multicenter trials. As modern clini- facilitated data entry, analysis, and validation."® The

cal trials grow in complexity, the internet has helped internet is also increasingly used as a platform for di-
provide resources for protocol development; aided rect patient participation, facilitating the performance
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CLINICAL PERSPECTIVE

What Is New?

e The effects of internet-based methods of par-
ticipation on clinical trial outcomes and repre-
sentativeness of study participants is largely
unknown.

e As a large-scale, decentralized, pragmatic
clinical trial, the ADAPTABLE (Aspirin Dosing:
A Patient-Centric Trial Assessing Benefits and
Long-Term Effectiveness) study provided a
context in which to compare participants who
opted for internet participation to those who
opted for noninternet participation.

e ADAPTABLE’s noninternet participants tended
to be from traditionally underrepresented de-
mographic groups and had worse clinical
outcomes.

What Are the Clinical Implications?

e Caution may be warranted in using Internet par-
ticipation in cardiovascular studies, considering
its effects on participant diversity and statistical
power.

Nonstandard abbreviations and acronyms

ADAPTABLE Aspirin Dosing: A Patient-Centric
Trial Assessing Benefits and
Long-Term Effectiveness

GEE generalized estimating equation

of decentralized and pragmatic trials, and introduc-
ing process and cost efficiencies.* Given its ability to
reach large, geographically diverse populations, this
latter form of internet usage in clinical trials contin-
ues to increase in the setting of the recent COVID-19
pandemic.5-8

Pragmatic trials assess the effectiveness of in-
terventions under usual clinical conditions, with an
overall aim of producing generalizable results to in-
form clinical decisions in typical practice settings.®'°
A key component of pragmatic trials is the inclusion
of participants representative of patients eligible for
the intervention in routine clinical care." Although in-
ternet use offers potential benefits, studies on digital
literacy and nationwide broadband internet access
have noted disparities adversely affecting populations
already at risk for underrepresentation in cardiovascu-
lar clinical trials, with almost 1 in 5 seniors and 1in 5
Americans living in poverty lacking internet access.'?
Digital literacy rates are also lower in senior, Black, and
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Hispanic people, who are more likely to report no in-
ternet use in their daily lives or issues with access.'®°
The ADAPTABLE (Aspirin Dosing: A Patient-Centric
Trial Assessing Benefits and Long-term Effectiveness)
study offers an opportunity to glean contemporary in-
sight into large-scale, pragmatic studies with internet
follow-up within the context of cardiovascular clinical
trials. With the inclusion of a noninternet follow-up
arm, ADAPTABLE facilitates comparisons between
internet and noninternet participants. In this study, we
compare baseline characteristics, clinical outcomes,
study medication adherence, and visit completion
outcomes among participants with and without inter-
net participation.

METHODS

The data that support the findings of this study are
available from the corresponding author upon reason-
able request.

Study Design and Population

The trial methods and primary results of ADAPTABLE
(NCT02697916) have previously been published.'®”
ADAPTABLE was a large-scale, decentralized, open-
label randomized controlled trial comparing the effec-
tiveness and safety of an aspirin dose of 81 mg a day
with 325mg a day for the prevention of cardiovascular
events or death in patients with established athero-
sclerotic cardiovascular disease. Participants were re-
cruited to the study via email, letter, telephone, or face
to face in a clinical setting. This study was approved
by an institutional review committee and subjects gave
informed consent.

Internet Versus Noninternet Participation

Two methods of follow-up, internet and noninternet,
were available for participants to choose at the be-
ginning of the study. Internet visits entailed email re-
minders to complete the visit through an online patient
portal, whereas noninternet participation included tel-
ephone call reminders to complete study visits with the
Duke Clinical Research Institute Call Center. Initially,
noninternet (call center) follow-up was to be capped
at 1000 participants, primarily due to cost considera-
tions. However, after it became apparent that more
potential participants preferred this follow-up method,
the noninternet follow-up cap was raised. Those par-
ticipants that initially chose internet participation but
missed more than 1 internet portal encounter were
then contacted by the Duke Clinical Research Institute
Call Center for a noninternet “rescue” follow-up visit.
Internet participants were able to go back and forth
between internet and noninternet participation over
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the course of the study. For this study analysis, par-
ticipants were grouped based on their initial method
of participation, even if they crossed over to the other
participation method at some point.

End Points

We considered both previously defined primary out-
comes based on the main ADAPTABLE study alongside
the main measure of interest specific to this subanaly-
sis (ie, the underlying differences between internet
and noninternet participants). The primary composite
effectiveness end point from the main ADAPTABLE
study was time from randomization to a composite of
all-cause death, hospitalization for myocardial infarc-
tion, or hospitalization for stroke. The primary safety
outcome was hospitalization for major bleeding that
was associated with blood transfusion. Secondary
outcomes included the individual components of the
primary composite, the occurrence of coronary revas-
cularization, and patient-reported quality of life. End
points were ascertained via multiple sources includ-
ing internet or noninternet patient follow-up, electronic
heath record data, and public and private insurance
claims data. Contact was made with participants every
3 or 6months (follow-up interval was also randomized).
We classified a participant as adherent at a visit if they
reported taking their assigned aspirin dose and non-
adherent if they either changed to a different dose of
aspirin or stopped their aspirin entirely. We considered
that they completed a visit if they provided any aspirin
follow-up data at that visit, whether through the partici-
pant portal or by telephone.

If a participant did not experience an effectiveness
or safety outcome, they were censored at the earlier of
study end date, date of withdrawal of consent, death
(nonfatal outcomes) or maximum follow-up time point
determined from the electronic heath record, insurance
claims, or the patient portal (last point of contact). If a
participant did not experience an adherence outcome,
they were censored at the earlier of death, withdrawal
of consent, or the last patient portal visit without the
use of electronic heath record or claims data.

Statistical Analysis

Participants were grouped by choice of internet and
noninternet participation at the time of randomization.
Baseline characteristics were described using medi-
ans (interquartile ranges) and counts (percentages) as
relevant. Continuous variables were compared using
t tests (unless otherwise noted) and categorical vari-
ables using chi-square tests. Additionally, baseline
characteristics and follow-up completion were also
presented by method of participation at randomiza-
tion broken down by method of participation at last
observed visit.
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To assess differences in clinical outcomes between
participation methods (ie, internet versus noninter-
net), event rates were calculated among noninternet
and internet participants using the cumulative inci-
dence function estimator at median time of follow-up
(26.2months) and as the number of events per 100
patient years of follow-up. A Cox proportional hazards
model was used to evaluate the relationship between
internet participation and the primary effectiveness
end point and all-cause death. The Fine-Gray method
was used to evaluate the primary safety end point,
hospitalization for myocardial infarction, and hospital-
ization for stroke outcomes to account for the compet-
ing risk of death. Unadjusted analyses are presented
to reflect a belief that choice of internet or noninternet
participation is reflective of many demographic and
clinical characteristics of these groups; any differences
in clinical outcomes reflect differences in these char-
acteristics. To assess differences in clinical outcomes
beyond that explained by potential confounders cap-
tured in ADAPTABLE, we also present the compari-
son adjusted for age, sex, race, ethnicity, and invitation
method.

The proportional hazards assumption was eval-
uated using weighted Schoenfeld residuals. Event
counts, cumulative event rates estimated at median
follow-up, incidence rates, hazard ratios (HRs) or sub-
distribution hazard ratios (95% Cls) comparing nonin-
ternet participants to internet participants and P values
are presented.

Additionally, Cox proportional hazards models
were used to evaluate the association between par-
ticipation method and the composite adherence end
point of aspirin discontinuation or dose switching and
each of the individual components, aspirin discon-
tinuation and dose switching. A cause-specific Cox
model taking into account the competing risk of as-
pirin discontinuation was used for the dose switch-
ing end point. The analysis was conducted both with
and without adjustment for potential confounders.
Adjustment variables were those judged to reason-
ably affect both medication adherence and internet
use: age, sex, race, ethnicity, and invitation method.
The proportional hazards assumption for internet par-
ticipation was evaluated using weighted Schoenfeld
residuals.

The interactions between aspirin dose and partici-
pation method with respect to the primary outcomes
(effectiveness, safety, and adherence) were then as-
sessed using the same models as described in prior
paragraphs. Cumulative event rates estimated at me-
dian follow-up were computed for each aspirin dose
and participation method combination. HRs or cause-
specific HRs (CSHRs; 95% Cl) comparing 81 mg to
325mg were computed for both the noninternet and
internet groups. The interaction P values are supplied.
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The interaction between age and participation
method was also assessed. Age was modeled using
a natural cubic spline with knots at the 5th, 35th, 65th,
and 95th percentiles.

Finally, completion of possible follow-up visits was
analyzed using a binomial logistic regression model fit
with the generalized estimating equation method to
model the probability that a patient would complete a
possible visit. A given visit was defined to be “possible”
for a patient if the patient’s follow-up interval group was
assigned to complete the visit and the patient’s date
of death or end of study date are greater than the de-
rived visit date. An autoregressive working correlation
matrix was assumed. The model included noninternet/
internet participation, days from randomization to the
expected visit date (visit days), and the interaction be-
tween internet participation and visit days to allow the
effect of internet participation to vary over the course
of follow-up. Both unadjusted and adjusted models
were performed; adjustment variables were age, sex,
race, ethnicity and invitation method. The relationship
between visit days and visit completion was tested for
linearity using natural cubic splines with knots at the
b5th, 35th, 65th, and 95th percentiles. The linearity as-
sumption was found to be violated and a piecewise
linear spline with a single knot at 500 days was used for
analysis. The odds ratio (OR; 95% CI) for noninternet
versus internet participation was reported for the fol-
lowing visits: week 1, month 6, year 1, month 18, year
2, month 30, year 3, and month 42. The P value for the
test of the interaction between internet participation
and visit days (ie, the test of whether the effect of in-
ternet participation varied over the course of follow-up)
was also presented.

All analyses were conducted by the Duke Clinical
Research Institute (Durham, NC) using SAS version 9.4
(SAS Institute, Inc, Cary, NC).

RESULTS

Participants, Method of Follow-Up, and
Baseline Demographics

Recruitment began in April 2016 and ended in June
2019. Of the 15076 participants enrolled and ran-
domized to 81 or 325mg aspirin dose, 13172 par-
ticipants (87.4%) initially chose to complete study
encounters via the internet-based patient portal. The
remaining 1904 participants (12.6%) in the noninter-
net group chose to complete study encounters via the
Duke Clinical Research Institute call center.

There were notable differences in many demo-
graphic characteristics between the 2 groups (Table 1).
Noninternet participants were older with an average
age of 69.4 (interquartile range 62.5-76.3), whereas
the average internet participant was 67.4years old

J Am Heart Assoc. 2023;12:e027899. DOI: 10.1161/JAHA.122.027899

Internet participation in ADAPTABLE

(interquartile range 60.4-73.2). More noninternet par-
ticipants were female (38.9% compared with only
30.2% of the internet participants, £<0.001). The non-
internet group was 27.3% Black compared with only
6.0% of the internet participant group (P<0.001), and
11.1% of noninternet participants were Hispanic versus
2.0% of internet participants (P<0.001). Noninternet
participants were more likely to be current smokers
(15.3% versus 8.9%, P<0.001).

Noninternet participants had more comorbidities
and a greater percentage of those who had under-
gone prior coronary revascularization procedures. Of
the noninternet participants, 46.8% had a history of
myocardial infarction, 36.8% had congestive heart fail-
ure, and 51.5% had diabetes compared with 34.6%,
22.0% and 36.8% respectively in internet participants
(P<0.001 for all). Noninternet participants also had
higher likelihood of prior bleeding, baseline P2Y12 in-
hibitor use, prior significant gastrointestinal bleeding,
and prior intracranial hemorrhage than internet par-
ticipants. Recruitment method also differed between
the groups: 73.2% of noninternet participants were ap-
proached face to face in a clinic or hospital, versus only
20.4% of internet participants.

Clinical Outcomes

Estimated cumulative incidence at median follow-up
of the composite clinical end point of all-cause death,
hospitalization for myocardial infarction, or hospitaliza-
tion for stroke was more than twice as high in nonin-
ternet participants (13.35% noninternet versus 6.49%
internet; HR, 2.16 [95% CI, 1.99-2.47]; adjusted HR,
1.67 [95% Cl, 1.42-1.97]; Table 2, Figure 1). The effect
of aspirin dose on the primary effectiveness outcome
was not significantly modified by internet participation
at randomization (P=0.150 unadjusted, 0.108 adjusted)
(Table S1). There was no significant interaction be-
tween internet participation and age with regard to the
composite end point (P=0.575).

Estimated cumulative incidence at median follow-up
of the safety end point of major bleeding associated
with blood product transfusion was higher in nonin-
ternet participants, but not significantly so following
adjustment (0.79% versus 0.59%; subdistribution HR,
1.65 [95% ClI, 1.00-2.73]; adjusted subdistribution HR,
1.08 [95% Cl, 0.59-1.97]; Table 2, Figure S1).

Study Drug Adherence

The hazard of nonadherence to the assigned aspirin
dosage (through dose switching or discontinuation)
was 44% higher in noninternet participants than internet
participants in unadjusted analysis (CSHR, 1.44 [95%
Cl, 1.34-1.56]; Table 2). After adjustment for potential
confounders, the hazard of nonadherence was 46%
higher in noninternet participants (adjusted CSHR, 1.46
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Table 1. Baseline Characteristics by Participation Method at Randomization

Internet participation in ADAPTABLE

Overall Noninternet participant Internet participant
Characteristic (N=15076) (N=1904) (N=13172) P value
Age, y, median (Q1-Q3) 67.6 (60.7-73.6) 69.4 (62.5-76.3) 67.4 (60.4-73.2) <0.001
Female 4724 (31.3%) 740 (38.9%) 3984 (30.2%) <0.001
Race <0.001
White 11990 (79.5%) 1045 (54.9%) 10945 (83.1%)
Black 1311 (8.7%) 520 (27.3%) 791 (6.0%)
Asian 146 (1.0%) 26 (1.4%) 120 (0.9%)
American Indian or Alaska native 114 (0.8%) 26 (1.4%) 88 (0.7%)
Multiple/other 535 (3.6%) 217 (11.4%) 318 (2.4%)
Not reported 980 (6.5%) 70 (3.7%) 910 (6.9%)
Hispanic 481 (3.2%) 212 (11.1%) 269 (2.0%) <0.001
Current smoker 1382 (9.8%) 289 (156.3%) 1093 (8.9%) <0.001
Body mass index, kg/m?, median (Q1-Q3) 30.0 (26.7-34.4) 29.7 (26.3-34.0) 30.1 (26.7-34.4) 0.029
Trial details
Randomized dose 0.174
81mg 7540 (50.0%) 980 (51.5%) 6560 (49.8%)
325mg 7536 (50.0%) 924 (48.5%) 6612 (50.2%)
Randomized follow-up interval 0.451
3months 7541 (50.0%) 937 (49.2%) 6604 (50.1%)
6months 7535 (50.0%) 967 (50.8%) 6568 (49.9%)
Invitation method <0.001
Received an email 5900 (39.1%) 53 (2.8%) 5847 (44.4%)
Received a letter 3400 (22.6%) 307 (16.1%) 3093 (23.5%)
Approached face to face in a clinical setting 4080 (27.1%) 1393 (73.2%) 2687 (20.4%)
Contacted by telephone 1695 (11.2%) 151 (7.9%) 1544 (11.7%)
Medical history*
Prior myocardial infarction 5305 (36.2%) 889 (46.8%) 4416 (34.6%) <0.001
Prior coronary artery bypass graft 3527 (24.1%) 547 (28.8%) 2980 (23.4%) <0.001
Prior percutaneous coronary intervention 5946 (40.6%) 956 (50.3%) 4990 (39.1%) <0.001
Cerebrovascular disease 2624 (17.9%) 474 (24.9%) 2150 (16.8%) <0.001
Hypertension 12512 (85.3%) 1761 (92.7%) 10751 (84.2%) <0.001
Hyperlipidemia 12946 (88.3%) 1705 (89.7%) 11241 (88.1%) 0.036
Atrial fibrillation 1233 (8.4%) 162 (8.5%) 1071 (8.4%) 0.844
Congestive heart failure 3504 (23.9%) 699 (36.8%) 2805 (22.0%) <0.001
Peripheral artery disease 3493 (23.8%) 728 (38.3%) 2765 (21.7%) <0.001
Diabetes 5676 (38.7%) 979 (51.5%) 4697 (36.8%) <0.001
History of bleeding 1267 (8.6%) 235 (12.4%) 1032 (8.1%) <0.001
Significant gastrointestinal bleed 950 (6.5%) 187 (9.8%) 763 (6.0%) <0.001
Intracranial hemorrhage 208 (1.4%) 38 (2.0%) 170 (1.3%) 0.022
Prior medications
Prior aspirin use’ <0.001
No use 566 (4.0%) 29 (1.5%) 537 (4.4%)
81mg 11547 (82.0%) 1624 (86.1%) 9923 (81.4%)
162mg 310 (2.2%) 26 (1.4%) 284 (2.3%)
325mg 1657 (11.8%) 208 (11.0%) 1449 (11.9%)
P2Y12 inhibitor* 3051 (22.1%) 478 (25.4%) 2573 (21.6%) <0.001

*Percentages are based on 14661 participants with available medical history data (1900 noninternet and 12761 internet participants).
fPercentages are based on 14080 participants with available aspirin history data (1887 noninternet and 12 193 internet participants).
*Percentages are based on 13818 participants with available medications data (1884 noninternet and 11934 internet participants).
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Table 2. Association Between Internet Participation and Outcomes (Adherence and Clinical)

Cumulative incidence Incidence rate (events

function estimate at per 100 patient years of

median follow-up follow-up) Unadjusted Adjusted*

Noninternet | Internet Noninternet | Internet Hazard ratio Hazard ratio
Outcome participant participant | participant | participant | (95% CI) P value |(95% ClI) P value
Medication adherence 48.84 37.39 37.33 (788) 24.25 (4171) | 1.44 (1.34-1.56) | <0.001 1.46 (1.34-1.60) <0.001
end point: dose switching
or aspirin discontinuation
Dose switching 36.51 23.81 27.71 (585) 1512 (2601) | 1.71% (1.57-1.87) | <0.001 1.541 (1.39-1.71) <0.001
Aspirin discontinuation 16.89 15.46 9.24 (255) 8.67 (1722) 1.06 (0.93-1.21) | 0.359 1.25 (1.07-1.45) 0.005
Composite clinical end 13.35 6.49 6.74 (271) 3.14 (888) 2.16 (1.88-2.47) <0.001 1.67 (1.42-1.97) <0.001
point: all-cause death,
myocardial infarction, or
stroke
Myocardial infarction 5.03 2.62 2.36 (96) 1.21 (345) 1.90* (1.51-2.38) | <0.001 1.44% (1.09-1.92) 0.011
Stroke 2.40 1.08 1.12 (46) 0.52 (148) 2,12+ (1.53-2.96) | <0.001 1.39% (0.92-2.11) 0.117
All-cause death 7.60 3.58 3.86 (165) 1.74 (507) 2.24 (1.88-2.67) | <0.001 1.90 (1.54-2.35) <0.001
Safety end point: major 0.79 0.59 0.46 (19) 0.27 (78) 1.65% (1.00-2.73) | 0.049 1.08%(0.59-1.97) 0.797
bleeding with associated
blood product transfusion

"Adjusted for age, sex, race, ethnicity, and invitation method.
fCause-specific hazard ratio.
*Subdistribution hazard ratio.

[95% ClI, 1.34-1.60]; Table 2). Nonadherence could be
primarily attributed to dose switching, and separation
in adherence differences between internet and nonin-
ternet participants occurred early during the follow-up
period (Figure 2A).

In internet participants, estimated cumulative inci-
dence of nonadherence (dose switching or aspirin dis-
continuation) at time of median follow-up was 55.4% in
those randomized to 325mg of aspirin compared with
18.6% in those randomized to 81 mg aspirin (adjusted
CSHR, 0.28 [95% CI, 0.26-0.30]). In noninternet par-
ticipants, estimated cumulative incidence of nonadher-
ence was 73.1% versus 25.0% in 325mg and 81mg
aspirin groups, respectively (adjusted CSHR, 0.23
[95% ClI, 0.19-0.27]) (Table S1). There is a significant
interaction between assigned dose at randomization
and choice of internet participation, meaning there is
evidence to suggest that the effect of randomized dose
differs by choice of participation method (P=0.019;
Table S1, Figure 2B). There was no significant interac-
tion between participation method and age with study
drug adherence (P=0.062).

Visit Completion Outcomes

The overall visit completion rates were similar between
internet and noninternet participants (median: 88.9%
versus 87.5%, P=0.08) but the association of inter-
net participation with visit completion varied over the
course of follow-up (unadjusted and adjusted interac-
tion P values <0.001). In the first year of study con-
duct, a higher proportion of noninternet participants

J Am Heart Assoc. 2023;12:e027899. DOI: 10.1161/JAHA.122.027899

completed visits at week 1 (94.9% noninternet versus
86.2% internet; adjusted OR, 4.19 [95% Cl, 3.61-4.87]),
month 6 (90.2% versus 81.4%; adjusted OR, 2.92 [95%
Cl, 2.60-3.29]), and year 1 (81.4% versus 75.1%; ad-
justed OR, 2.00 [95% CI, 1.79-2.24]). Internet partici-
pants completed a higher proportion of visits at year 2,
though the difference was not significant after adjust-
ment (60.2% versus 68.1%; unadjusted OR, 0.71 [95%
Cl, 0.64-0.78]; adjusted OR, 0.96 [95% ClI, 0.86-1.07]).
The difference was significant after adjustment at year
3 (40.2% versus 65.8%; adjusted OR, 0.47 [95% Cl,
0.39-0.56)) (Table 3).

Of note, 1698 of the initial 13172 (12.9%) internet
participants switched to noninternet participation as
of their last visit whereas 13 of the 1904 (0.68%) ini-
tial noninternet participants completed their final visit
via internet (Table S2). There was a marked drop in
individual 100% study completion rate (ie, completing
all study visits) in participants who started as internet
participants but completed the study as noninternet
participants (20.3% completed all visits compared with
49.8% for those who started and finished as internet
participants and 45.4% for all participants) (Table S2).

DISCUSSION

In the ADAPTABLE study, internet and noninternet
modes of participation were offered to promote patient-
centeredness in decentralized participation and key
differences were found between participants who
self-selected into noninternet and internet participation
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= 1. Internet User

2: Non-internet User

20

Probability of Event (%)

0 6 12 18

Number at risk:
1 13172 12841 12523 9717
2 1904 1810 1746 1450

Months from Randomization

24 30 36 42

7176 4646 2758 576
1083 676 287 35

Figure 1. Composite clinical end point: all-cause death, myocardial infarction, or stroke.
Kaplan—-Meier event curves for primary composite end point by internet participation at randomization. There was a steady separation
in the composite clinical end point between internet and noninternet participants, with a greater rate of increase in the noninternet

participant group.

groups. At baseline, noninternet participants were
older, more likely to be female, Black, Hispanic, and
more likely to have a higher burden of comorbid condi-
tions. During the course of the study, noninternet par-
ticipants had worse outcomes, with rates of all-cause
mortality, myocardial infarction, and stroke twice that
of internet participants. Though noninternet partici-
pants completed early visits at high rates, they had sig-
nificantly lower medication adherence throughout the
study and completed fewer visits in the later phases of
the study.

The internet is poised to become a critical tool in
large-scale, decentralized studies for reasons relating
to cost, efficiency, and reach.'®2" Cardiovascular clin-
ical trials have an established history of being poorly
representative of disease populations, with consistent
underrepresentation of women, older adults, and eth-
nic minority groups.??-26 Reasons for this inequity may
include systemic health disparities, patient concerns,
cultural values and beliefs, patient access to clinical tri-
als or general clinical care, investigator biases affecting
recruitment, and lack of physician awareness about

J Am Heart Assoc. 2023;12:e027899. DOI: 10.1161/JAHA.122.027899

different risks in different populations.?” Ideally, study
populations should be representative of the overall
population with a given condition in order to ensure
study validity and equity in the discovery of care ad-
vancements. Although internet participation may help
with bringing in patients who live far from clinical cen-
ters (in contrast to the majority of our noninternet par-
ticipants who were recruited face to face in a clinical
setting), relying entirely on internet follow-up may have
unintended consequences such as less diversity and
less representativeness. Internet access and digital
literacy rates are known to be lower in older adults,
Black patients, and Hispanic patients.’>' In addition,
underresourced areas tend to be where digital literacy
rates are lower.'® Taken together, this forecasts the
populations that will be underrepresented in internet
participation-based studies.

Participants who chose the noninternet option of
ADAPTABLE follow-up tended to have demographic
characteristics associated with a less favorable profile of
adverse social determinants of health. More adverse so-
cial determinants of health are associated with a higher
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Figure 2. Trial medication nonadherence.

Kaplan—-Meier curves for medication adherence outcomes by internet participation at randomization. Early nonadherence
through dose switching or aspirin discontinuation occurred in the 325mg groups across all participants, though at a
higher rate in the noninternet group (A). B, Noninternet participants had higher rates of adherence regardless of starting

dose.
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Table 3. Association Between Internet Participation and Visit Completion During Follow-Up

Noninternet participant Internet participant
Visit completion percentage percentage P value* P value
Percentage of visits completed® 87.5 (64.3-100.0) 88.9 (72.7-100.0) 0.08
Unadjusted odds Adjusted’ odds
ratio¥ (95% Cl) ratio (95% Cl)
Study visitl <0.001 <0.001
Week 1 94.9%T (1888) 86.2% (12203) 3.00 (2.61-3.44) 419 (3.61-4.87)
Month 6 90.2% (1621) 81.4% (10093) 2.11 (1.89-2.34) 2.92 (2.60-3.29)
Year 1 81.4% (1378) 75.1% (8462) 1.45 (1.32-1.61) 2.00 (1.79-2.24)
Month 18 69.5% (1053) 69.2% (6665) 1.01 (0.91-1.12) 1.38 (1.23-1.56)
Year 2 60.2% (651) 68.1% (4567) 0.71 (0.64-0.78) 0.96 (0.86-1.07)
Month 30 50.2% (318) 67.0% (2841) 0.50 (0.44-0.56) 0.67 (0.58-0.77)
Year 3 40.2% (55) 65.8% (935) 0.35 (0.29-0.42) 0.47 (0.39-0.56)
Month 42 31.0% (1) 64.7% (138) 0.24 (0.19-0.31) 0.32(0.25-0.42)

*The P value is from a test of the interaction between internet participation and visit days (ie, the test of whether the effect of internet participation varied over

the course of follow-up).

Median (Q1-Q3) % completed; P value comes from the nonparametric Wilcoxon rank-sum test comparing distributions between groups.
The odds ratio and 95% Cl reflect the odds of completing a given study visit for noninternet participants compared with internet participants.

SAdjusted model includes age, sex, race, ethnicity, and invitation method.

IA generalized estimating equation model was fit with internet participation, visit days, and their interaction. Visit days were nonlinear with respect to visit

completion; therefore, 2 linear splines (knot@500 days) were used.

TPercentages are model-based predicted probabilities. Events are the number of completed visits at the specified visit time.

comorbidity burden, illuminating possible reasons for
the differences in baseline comorbidities between the
internet and noninternet groups.?® The greater base-
line comorbidity burden in the noninternet group likely
contributes to the higher observed end point rate. It
is critical to recruit and retain such patients in clinical
trials though, as their exclusion would have negatively
affected both representativeness and statistical power.
Future studies should strive to offer noninternet options
of participation, as well as to introduce other ways to
engage more diverse or sicker patients who are crucial
to study success and the generalizability of findings.

Internet and noninternet participants also had key
differences in study conduct metrics. Even after con-
trolling for demographic/clinical characteristics and
medication history, noninternet participants were more
likely to switch aspirin dose and discontinue aspirin al-
together. Given the open-label nature of ADAPTABLE,
multiple reasons for nonadherence were possible,
such as patient preference, clinician practices, and the
development of concurrent illnesses.'® As reported in
the primary paper, participants assigned to the 325mg
dose of aspirin were more likely to be nonadherent.
Interestingly, our analysis showed that there were dif-
ferences based on method of participation that influ-
enced medication adherence in addition to the effect
of assigned dose, even after adjusting for potential
confounders associated with choosing internet or non-
internet participation.

Participant retention is a significant challenge in
clinical trials. One of the core advantages attributed to
clinical trials using technology and newer methods is
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convenience for participants and removal or reduction
of barriers (eg, travel costs and time loss) to continued
study engagement.'®2°30 Digital technology can also
directly address retention issues in underrepresented
groups, for example enabling participation of older in-
dividuals who require assistance traveling to physical
study sites. Outside of enabling participation, internet-
based tools can also assist with communication and
education to address mistrust and fear of experimen-
tation in Black Americans.'®

We found internet follow-up to be effective for par-
ticipant retention in ADAPTABLE, as internet participa-
tion facilitated collection of patient-reported outcomes
and remained relatively stable throughout the late
stages of the trial. ADAPTABLE also made robust ef-
forts to engage participants through blog posts, news-
letters (email and mail), and social media posts. These
communication tools were helpful for patient retention
and should continue to be used in future trials. A po-
tential area of improvement would be providing training
and support for internet participants, particularly for
the subgroup that switched to noninternet participa-
tion and had the lowest overall visit completion rates of
all participants. Because patients vary in their levels of
comfort and access to technology, it can be helpful for
decentralized trials to mitigate these concerns up front,
in addition to offering alternative methods of participa-
tion.?° For example, there has been prior success in
providing devices to participants without internet par-
ticipation as a way to allow participation in that arm.'

Important limitations of this analysis include unbal-
anced participant numbers in the 2 subgroups, with
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many fewer patients enrolled as noninternet partici-
pants due to call center volume limitations. The non-
internet group became especially small in later stages
of the study, as participation dropped in both groups
due to loss to follow-up and mortality. Another source
of attrition was internet participants who stopped en-
gaging with internet follow-up, which prompted rescue
calls to reengage participants. In addition, is important
to note that internet or noninternet participation was
nonrandomized, so we do not know benefits internet
participation itself has on outcomes and adherence
outside, because the participation method chosen
was influenced by underlying factors that influence in-
ternet availability and access for a given patient. Finally,
we had to base our reasons for why patients preferred
noninternet participation on conjecture, as we did not
ascertain reasons why patients chose a participation
method at enrollment.

CONCLUSIONS

In a large-scale, decentralized study, internet methods
provide ease and convenience in many regards, and
savings in study administration costs. Although the in-
ternet is a supportive conduit for real-world pragma-
tism and can help cast a wide net to capture patients,
it has its shortcomings when it comes to creating more
diverse, representative study populations. Studies lim-
ited to internet-only methods of participation likely in-
troduce selection bias, as we demonstrated through
key differences between ADAPTABLE's internet and
noninternet participant groups. Our analysis suggests
that noninternet participation may promote recruitment
of a diverse population, but more work is needed to
understand the impact on study retention and to de-
velop appropriate additional supports to foster ongoing
engagement with study protocols. Broad inclusivity will
be critical for future studies in overcoming traditional
enrollment biases, particularly as underlying baseline
differences appeared to drive event rates in noninter-
net participants.
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Table S1. Interaction between internet participation and randomized dose with respect to outcomes (adherence and clinical).

CIF* Estimate at Incidence Rate (Events Unadjusted Adjustedi
Median Follow-up (26.2 per 100 Patient Years of
months) Follow-up)
Outcome 81 mg 325 mg 81 mg 325 mg Hazard Ratio P-value Hazard P-value
(95% CI) Ratio (95%
Cl)
Medication Adherence 0.014 0.019
Endpoint: dose
switching or aspirin
discontinuation
Internet Participant 18.58% 55.42% 10.79 41.89 0.28 (0.26 - 0.28 (0.26 -
(1053) (3118) 0.30) 0.30)
Non-internet Participant 24.96% 73.08% 14.33 (193) 77.89 (595) 0.23(0.19 - 0.23(0.19 -
0.27) 0.27)
Composite Clinical 0.150 0.108
Endpoint: all-cause
death, myocardial
infarction, or stroke
Internet Participant 6.28% 6.70% 3.09 (439)  3.19 (449) 0.97 (0.85 - 0.97 (0.85 -
1.10) 1.11)
Non-internet Participant 13.73% 12.96% 7.29 (151)  6.16 (120) 1.18 (0.93 - 1.22 (0.96 -
1.50) 1.55)
Safety Endpoint: Major 0.477 0.440
bleeding with associated
blood product transfusion
Internet Participant 0.60% 0.57% 0.28 (41) 0.26 (37) 1.10** (0.70 - 1.11 (0.71 -
1.71) 1.75)
Non-internet Participant 0.80% 0.76% 0.56 (12) 0.35 (7) 1.607 (0.63 - 1.67 (0.66 -

4.05) 4.23)




*CIF: Cumulative Incidence Function
+Sub-distribution hazard ratio (SHR)
tModels adjusted for age, sex, race, ethnicity and invitation method.



Table S2. Baseline characteristics and trial details of participants by internet participation at randomization and last observed

Visit.

Internet Participation at
Randomization

Non-Internet Participation at
Randomization

Characteristic Overall Internet Non-internet Internet Non-internet
(N=15,076) Participant- Last Participant- Last Participant- Last  Participant- Last
Visit Visit Visit Visit
(N=11,474) (N=1,698) (N=13) (N=1,891)
Age (yrs): median (IQR) 68 (61 - 74) 67 (60 - 73) 68 (61 - 74) 62 (56 - 67) 69 (63 - 76)
Female 4724 (31.3%) 3428 (29.9%) 556 (32.7%) 5 (38.5%) 735 (38.9%)
Race
White 11990 (79.5%) 9695 (84.5%) 1250 (73.6%) 9 (69.2%) 1036 (54.8%)
Black or African 1311 (8.7%) 600 (5.2%) 191 (11.2%) 3(23.1%) 517 (27.3%)
American
Asian 146 (1.0%) 107 (0.9%) 13 (0.8%) 0 (0.0%) 26 (1.4%)
American Indian or 114 (0.8%) 74 (0.6%) 14 (0.8%) 0 (0.0%) 26 (1.4%)
Alaska native
Multiple 134 (0.9%) 101 (0.9%) 15 (0.9%) 1 (7.7%) 17 (0.9%)
Other 401 (2.7%) 168 (1.5%) 34 (2.0%) 0 (0.0%) 199 (10.5%)
Not reported 980 (6.5%) 729 (6.4%) 181 (10.7%) 0 (0.0%) 70 (3.7%)
Hispanic 481 (3.2%) 224 (2.0%) 45 (2.7%) 0 (0.0%) 212 (11.2%)
Smoking Status
Current 1382 (9.8%) 870 (8.2%) 223 (13.4%) 3 (23.1%) 286 (15.2%)
Body Mass Index: 30 (27 - 34) 30 (27 - 34) 30 (27 - 35) 32 (29 - 36) 30 (26 - 34)
median (IQR)
Trial Details
Randomized Dose
81 mg 7540 (50.0%) 5720 (49.9%) 840 (49.5%) 5 (38.5%) 975 (51.6%)



325 mg

Randomized Follow-up
Interval

3 Months

6 Months
Invitation Method

Received an Email

Received a Letter

Approached face-to-
face in a clinical
setting

Contacted by
Telephone

Medical History

Prior Myocardial
Infarction

Prior CABG*

Prior PCIt
Cerebrovascular Disease
Hypertension
Hyperlipidemia

Atrial Fibrillation
Congestive Heart Failure
Peripheral Artery Disease
Diabetes Mellitus
History of Bleeding
Significant
Gastrointestinal Bleed
Intracranial Hemorrhage
Prior Medications

7536 (50.0%)

7541 (50.0%)
7535 (50.0%)

5900 (39.1%)
3400 (22.6%)
4080 (27.1%)

1695 (11.2%)

5305 (36.2%)

3527 (24.1%)
5946 (40.6%)
2624 (17.9%)
12512 (85.3%)
12946 (88.3%)
1233 (8.4%)
3504 (23.9%)
3493 (23.8%)
5676 (38.7%)
1267 (8.6%)
950 (6.5%)

208 (1.4%)

5754 (50.1%)

5775 (50.3%)
5699 (49.7%)

5344 (46.6%)
2741 (23.9%)
2113 (18.4%)

1275 (11.1%)

3768 (33.9%)

2548 (23.0%)
4257 (38.3%)
1829 (16.5%)
9303 (83.8%)
9748 (87.8%)
924 (8.3%)
2345 (21.1%)
2321 (20.9%)
3977 (35.8%)
862 (7.8%)
640 (5.8%)

142 (1.3%)

858 (50.5%)

829 (48.8%)
869 (51.2%)

503 (29.6%)
352 (20.7%)
574 (33.8%)

269 (15.8%)

648 (39.0%)

432 (26.0%)
733 (44.2%)
321 (19.3%)
1448 (87.2%)
1493 (89.9%)
147 (8.9%)
460 (27.7%)
444 (26.7%)
720 (43.4%)
170 (10.2%)
123 (7.4%)

28 (1.7%)

8 (61.5%)

7 (53.8%)
6 (46.2%)

2 (15.4%)
1(7.7%)
9 (69.2%)

1 (7.7%)

8 (61.5%)

2 (15.4%)
7 (53.8%)
4 (30.8%)
12 (92.3%)
11 (84.6%)
0 (0.0%)
4 (30.8%)
1 (7.7%)
5 (38.5%)
2 (15.4%)
2 (15.4%)

0 (0.0%)

916 (48.4%)

930 (49.2%)
961 (50.8%)

51 (2.7%)
306 (16.2%)
1384 (73.2%)

150 (7.9%)

881 (46.7%)

545 (28.9%)
949 (50.3%)
470 (24.9%)
1749 (92.7%)
1694 (89.8%)
162 (8.6%)
695 (36.8%)
727 (38.5%)
974 (51.6%)
233 (12.3%)
185 (9.8%)

38 (2.0%)



Prior Aspirin Use
Prior Dose
81 mg
162 mg
325 mg
P2Y 12 Inhibitor
Trial Adherence

Percentage of Visits
Completed: median
(IQR)

Categories of Visit
Completion

0%
1-25%
26-50%
51-75%
76-99%
100%

Number of Visits
Completed with Call
Center Assistance

13537 (96.0%)

11547 (85.4%)
310 (2.3%)
1657 (12.3%)
3051 (22.1%)

88 (67 - 100)

775 (5.1%)
659 (4.4%)
1428 (9.5%)
2589 (17.2%)
2779 (18.4%)
6842 (45.4%)
2(1-3)

10098 (95.7%)

8580 (85.1%)
256 (2.5%)
1249 (12.4%)
2187 (21.0%)

93 (67 - 100)

763 (6.7%)
506 (4.4%)
1011 (8.8%)
1646 (14.3%)
1838 (16.0%)
5707 (49.8%)
1(1-2)

1578 (95.1%)

1343 (85.5%)

28 (1.8%)
200 (12.7%)
386 (25.2%)

75 (60 - 86)

2 (0.1%)
39 (2.3%)
241 (14.2%)
659 (38.8%)
412 (24.3%)
345 (20.3%)
3(2-4)

11 (84.6%)

11 (100.0%)
0 (0.0%)
0 (0.0%)
1 (8.3%)

89 (83 - 100)

0 (0.0%)
1(7.7%)
0 (0.0%)
0 (0.0%)
7 (53.8%)
5 (38.5%)
3(2-3)

1850 (98.6%)

1613 (87.3%)
26 (1.4%)
208 (11.3%)
477 (25.5%)

89 (73 - 100)

10 (0.5%)
113 (6.0%)
176 (9.3%)
284 (15.0%)
522 (27.6%)
785 (41.5%)

4(2-6)

*CABG: coronary artery bypass graft

+PCI: percutaneous intervention



Figure S1. Safety Endpoint: Major Bleeding Requiring Hospitalization.

1: Internet User
2: Non-internet User

Probability of Event (%)

0 6 12 18 24 30 36 42
Months from Randomization
Number at risk:

13172 12936 12693 9926 7389 4796 2861 608
1904 1846 1801 1519 1145 724 309 40

N =

Cumulative incidence function (CIF) curve for major bleeding by internet participation at
randomization. At the median time of follow-up in the study, non-internet participants had more

major bleeding events, widening the gap until the end of the study.
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