
Sociodemographic predictors of successful
screening and subsequent randomization in
a digital health hypertension intervention

Hailey N Miller1, Sandy Askew2, Miriam B Berger2 , Elizabeth Trefney2,
Loneke T Blackman Carr3, Melissa C Kay4, Cherie Barnes5, Qing Yang5,
Crystal C Tyson4, Laura Svetkey4, Ryan J Shaw5 , Dori M Steinberg6

and Gary G Bennett2,7

Abstract

Introduction: Clinical trials often enroll nonrepresentative participant samples, limiting generalizability of trial findings. The
current analysis explores the influences of remote recruitment and screening protocols on participation in a digital health
intervention (DHI) to promote the evidence-based Dietary Approaches to Stop Hypertension (DASH) eating pattern.

Methods: Nourish was a 12-month randomized controlled trial comparing the effectiveness of a DHI to an attention control
arm among US adults with hypertension. Participants were recruited using digital approaches; eligible individuals com-
pleted several screening steps. We examined associations between sociodemographics and mobile technology use and com-
pletion of each screening step and compared those characteristics between randomized and nonrandomized participants
(those consented but were screened out before randomization).

Results: A total of 678 adults consented to participate in Nourish; 44% of those consented were randomized (n= 301). Those
randomized possessed a higher education level (p < 0.0001); were more likely to use health-related apps (p < 0.0001) and
wearables (p < 0.0001); and were older (p= 0.01) than nonrandomized individuals. Randomized adults were more likely
to use a desktop/laptop/tablet for Internet access (vs mobile phones) (p= 0.01). No significant association was observed
existed between sex, race, ethnicity, income, or geographic density of residence and subsequent randomization.

Conclusions: Participants with lower education levels or limited experience in using mobile technologies may require add-
itional support to participate in DHIs. Future research is needed to evaluate remote clinical trial procedures and impacts on
generalizability to achieve equitable clinical trial participation.
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Introduction
Nearly half of USA adults have hypertension (HTN),1 a risk
factor for heart failure, stroke, and kidney disease.2 A first-line
treatment approach for adults with HTN is the Dietary
Approaches to Stop Hypertension (DASH) diet, an evidence-
based dietary pattern shown to lower blood pressure.3 For
many adults, following DASH requires significant behavioral
change and resources, such as access to transportation and
nutritious food; consequently, DASH adherence remains sub-
optimal and varies across population groups.4 For example,
DASH adherence is often less common among those with
lower health literacy and educational achievement.5

Accessible dissemination strategies for diverse communities
are needed to increase DASH adherence.

Clinical trials are needed to identify effective dissemin-
ation strategies for health interventions like DASH. Yet clin-
ical trial participant populations often do not reflect the
individuals experiencing chronic disease burden. This limits
the generalizability of trial results to diverse populations,
and ultimately, the uptake of evidence-based interventions.
For instance, an analysis of clinical trials supporting FDA
approval of treatment for cardiovascular conditions showed
that participation among Black adults was only 2.9%.6 The
authors found that the participation-to-prevalence ratio, calcu-
lated by dividing the percent of participants in a trial popula-
tion by the percent of participants among a disease population,
was highest among HTN trials, yet Black adults were still
underrepresented.6 Other demographic factors and participant
characteristics have also been identified as predictors of clin-
ical trial enrollment; for example, individuals with lower edu-
cation levels and those living in rural areas are less likely to
participate.7,8

Clinical trial procedures, such as recruitment, screening,
and data collection, can be inaccessible or burdensome to
complete for research participants; this in turn may influ-
ence study enrollment and representation. Remote proce-
dures and digital health strategies offer an opportunity to
improve accessibility of and inclusive enrollment practices
in clinical trials.9 For example, these strategies can alleviate
participant barriers related to distance to research sites and
medical centers, access to transportation, and schedule
flexibility. Leveraging health technology to disseminate
health interventions may also improve equitable access to
evidence-based treatments, such as DASH. On the other
hand, the use of digital health strategies simultaneously
has the opportunity to introduce conflicting concerns,
such as the need for digital access and literacy.10 As
digital health strategies for clinical trial delivery continue
to grow, it is important to understand the impacts on diver-
sity in clinical trial enrollment and participation.

Within this landscape, we launched Nourish, a rando-
mized controlled trial to test the effectiveness of a tailored
digital health intervention to increase the dissemination of

and adherence to DASH among US adults with HTN.11

Here, we describe analyses we conducted to elucidate the
influence of our remote recruitment and screening protocols
on our randomized participant sample. The objectives of
these specific analyses were to:

1. Describe recruitment yields and sociodemographic
characteristics of enrollees in the Nourish trial.

2. Evaluate the association between sociodemographics,
mobile technology use characteristics, and the comple-
tion of screening steps in the Nourish trial.

3. Assess the differences in sociodemographics and
mobile technology use between individuals who were
randomized and those not randomized in the Nourish
trial.

Methods

Study design, population, and intervention

The Nourish trial has been previously described and is
registered on Clinicaltrials.gov, NCT03875768.11,12 In
brief, Nourish was a 12-month, two-arm randomized con-
trolled trial that compared the efficacy of a digital health
HTN intervention to an attention control arm. The
primary outcome was 6-month change in DASH adherence,
and the secondary outcome was 6-month change in blood
pressure. The intervention was delivered via a smartphone
application (app) customized for the Nourish trial.

Nourish randomized 301 adults from across the USA
with self-reported HTN, defined as a systolic blood pressure
of 120–159 mmHg; a diastolic blood pressure of 80–
99 mmHg13; and/or those on blood pressure-lowering
medication for the treatment of HTN. Other major eligibil-
ity criteria included having a smartphone with a data plan;
having an active email account; being willing to receive
daily text messages; and being able to write and read in
English. Participants received skills training on the DASH
dietary pattern and were asked to track their daily food
and beverage intake within the Nourish app for 12
months. Those randomized to the intervention arm also
received daily nutrient goals; personalized text message
feedback; and responsive health coaching by a registered
dietitian. The personalized feedback and responsive health
coaching were informed by their daily dietary tracking
and goal progress. All Nourish procedures were approved
by the Duke Health Institutional Review Board.
Recruitment for the trial began in September 2020.

Recruitment, screening, and enrollment procedures

Recruitment. Using an adaptive approach, we deployed
several recruitment methods to meet our recruitment goal
of enrolling 40% of participants from a racial or ethnic
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group traditionally underrepresented in research (racial/
ethnic minorities) and 30% of participants who identified
as male. Recruitment methods included messaging patients
in Duke’s electronic health record (EHR) patient portal,
ResearchMatch, online listings (e.g. Craigslist), and social
media (e.g. Facebook, Twitter, and Reddit). We also lever-
aged connections with local networks of health agencies
and other organizations that serve patients with HTN to
share trial information. Lastly, we posted information
about the Nourish trial on ClinicalTrials.gov and the
Duke University clinical trials website.

Throughout active recruitment, we monitored recruit-
ment yields on a weekly basis. This included breakdown
by key demographic criteria to ensure we were meeting
our goals for diversity in sex, race, and ethnicity.
Following, we would adjust our outreach approach. For
example, we would refine our queries in the EHR or
ResearchMatch to prioritize individuals that were not
adequately represented (e.g. males or adults who identify
as Black or African American).

Screening and enrollment. Individuals interested in partici-
pating in Nourish were asked to complete several steps
before enrollment and randomization. All steps could be
completed from a smartphone device. This included a
survey to determine initial eligibility status; informed
consent; a baseline sociodemographic survey; two
Automated Self-Administered 24-h Dietary Assessment
Tool (ASA24®) dietary recalls14,15; an introductory study
visit via Zoom; a dietary tracking run-in period; and a
final eligibility visit. All study visits, including those
during the screening processes, were conducted using
Zoom video conferencing. Each screening step is described
in further detail below.

Eligibility survey. Anyone interested in participating in
the Nourish trial was directed to a brief, online prescreening
eligibility survey via REDCap (Research Electronic Data
Capture).16,17 Survey information determined initial eligi-
bility status, including owning a smartphone with email
and a data plan and being able to participate in Zoom video-
conferencing.18 If eligible, participants watched a short
video explaining the study and were directed to the online
informed consent process. Written electronic informed
consent was completed by all eligible participants at this
screening stage using REDCap.

Baseline survey. Following informed consent, partici-
pants completed a baseline survey assessing sociodemo-
graphic characteristics such as age, gender, race, ethnicity,
education level, socioeconomic status, and address.
Addresses were used to determine their geography (rural
versus urban), described below. Lastly, participants were
asked about their Internet use and previous use of health
and fitness-related apps and digital devices. This included

the following questions, “How do you access the Internet
most frequently?”; “Do you use apps?”; “On a scale of 0–
10, with 0 being ‘not at all comfortable’ and 10 being
‘very comfortable’, how comfortable are you using applica-
tions (‘apps’) on your smartphone?”; “Have you ever used
an electronic or wearable device to track: blood pressure,
physical activity, diet, etc.?” This survey took approxi-
mately 20–30 min to complete.

24-h dietary recalls. After completing the baseline
survey, participants were emailed a request to complete
two 24-h dietary recalls. These were administered using
the ASA24 recall tool developed by the National Cancer
Institute.14,15 The first ASA24 request was sent to partici-
pants the day following baseline survey completion.
Participants were asked to complete an ASA24 dietary
recall on one weekday and one weekend. Thus, depending
on the day of the week the first ASA24 recall was com-
pleted, the second ASA24 recall request was sent for the
next available weekend or weekday. They were then
emailed automated reminders to complete these dietary
recalls every 3 days during a 14-day period. If both
ASA24s were completed, potential participants were
emailed to schedule an introductory visit (Visit 1) with a
research team member. If both ASA24s were not completed
within 14 days, they were emailed and thanked for their
time and told they were ineligible to move forward with
trial participation.

Visit 1: introduction to Nourish. Visit 1 provided an over-
view of the Nourish trial, including study timeline and inter-
vention activities and introduced potential participants to
the Nourish study app. During this visit, a research team
member assisted the potential participant with downloading
the Nourish app and provided instructions on app naviga-
tion, including logging all food and drinks. They would
also schedule the final eligibility visit (Visit 2).
Participant mailing addresses were verified to ship an
at-home blood pressure monitor and other study materials.
No eligibility criteria were evaluated at this screening step;
the primary purpose was to provide technical support and
guidance on app navigation and food tracking. Visit 1
lasted approximately 30 min.

Tracking run-in. The tracking run-in period started the
day after Visit 1 was completed. During this period, partici-
pants were asked to log all their food and drinks within the
Nourish app for the next week to continue to Visit 2. If they
did not successfully log food and drinks during that first
week, they were given an opportunity to track for the fol-
lowing 7 days. If they did not track their food for a week
during the run-in period, they were thanked for their time
and informed they were ineligible to move forward with
participation.

Miller et al. 3



Visit 2: final eligibility and randomization. Visit 2 was
conducted to determine final eligibility, which was estab-
lished by measuring blood pressure. Blood pressure assess-
ment occurred via Zoom video conferencing, using the
at-home blood pressure monitor that was mailed after
Visit 1. Full procedures for remote blood pressure assess-
ment were previously described.12 If the individual
remained eligible following blood pressure assessment,
Visit 2 concluded with randomization and onboarding pro-
cedures. Visit 2 took approximately 45 min.

Key metrics and statistical analysis

Recruitment yields. We calculated the proportion of indivi-
duals initially screened and consented by recruitment
method type. We also examined sociodemographic charac-
teristics by recruitment method type using percentages and
means (standard deviations), depending on variable type.
Lastly, we examined the proportion of individuals yielded
from each recruitment type by sociodemographic variable,
and the distribution of recruitment methods within sociode-
mographic subgroups. We repeated these analyses for indi-
viduals who were randomized. The following categories
were used for these comparisons: (a) ResearchMatch; (b)
Duke EHR patient portal messaging; (c) online community
forums, such as Reddit, Craigslist, and Nextdoor; (d) social
media, such as Facebook and Twitter; (e) other clinical trial
platforms or websites, such as ClinicalTrials.gov and the
Duke University clinical trials website; and (f) word of
mouth. Any recruitment methods that did not fit the afore-
mentioned categories were considered “other” (e.g. a
google search).

Completion of screening steps. We examined the proportion
of individuals that were ineligible following the eligibility
survey and the reasons for ineligibility, specifically
related to mobile technology use. Following, we examined
associations between several sociodemographic and mobile
technology use characteristics and completion of each
screening step. Sociodemographic and mobile technology
characteristics were obtained from the baseline survey.
The number of individuals compared is based on who
answered that respective question at baseline survey; there-
fore, the total number assessed for each variable may vary
(i.e., variables at the start of the survey had higher comple-
tion rates than variables toward the end). For each subse-
quent screening step, we explored these associations
within the subsample of adults who completed the previous
screening step, beginning with those who had initially con-
sented to participate in the study and reported data for the
characteristic of interest. Categorical variables were com-
pared using χ2 tests, and continuous variables were
explored using t-tests to compare the means of adults who
completed each step with those who did not.

Differences in randomization. We summarized baseline
sociodemographic and mobile technology use characteris-
tics from the baseline survey for all participants who con-
sented and were randomized using proportions and means
for categorical and continuous variables, respectively.
Geographic density was derived by matching participant
addresses to their US Census tract and using the USDA
Food Access Research Atlas categorization of census
tracts by rural or urban.19

Following, we compared sociodemographic and mobile
technology use characteristics of participants who completed
all screening steps and were randomized, to the sample of
those who initially consented to participate in the study but
were screened out at any point prior to randomization. We
refer to these two groups of individuals as randomized and
nonrandomized, respectively. As in the screening completion
analysis, we were limited to those participants who reported
data for the characteristic of interest prior to exiting the
study. We used χ2 tests and t-tests to compare categorical
and continuous variables, respectively.

Results
A total of 1638 individuals started the initial eligibility
survey for Nourish, of whom 71% (n= 1166) completed
the eligibility survey and were eligible to continue to
informed consent procedures. Primary reasons for ineligi-
bility related to mobile technology use included not
owning a smartphone (n= 10), not being willing to
update software (n= 12), and not being willing to video
conference (n= 2). Fifty-eight percent (n= 678) of these
eligible individuals provided their informed consent.
Ultimately, 44% of those consented (n= 301) were rando-
mized to Nourish. A full breakdown of attrition and eligibil-
ity by screening step is detailed in Figure 1.

Recruitment yields

The highest proportion of individuals initially screened and
consented (38%) were recruited via ResearchMatch, fol-
lowed by EHR patient portal messaging (26%), and
online forums (10%). A small number of participants
heard about the Nourish study through a clinical trial
website (9%), word of mouth (8%), or social media (6%).
These trends were similar at enrollment and randomization
(see Figure 2).

Table 1 describes the sociodemographics of individuals
who consented and completed the baseline survey, by
recruitment method. There was variation in mean age by
recruitment method. For instance, the mean (SD) age of
individuals recruited via online forums was 43.5 (10.3),
while the mean (SD) age of individuals recruited via the
EHR patient portal was 56.5 (12.5). All modalities
reached a majority women, however, ResearchMatch and
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online forums were the most successful at enrolling men
(>40%). In fact, 43% of the consented males resulted
from ResearchMatch outreach. Among all outreach

methods, EHR patient portal outreach observed the
highest proportion of African American or Black indivi-
duals screened (44%) and was the most successful outreach

Figure 1. CONSORT diagram for the Nourish trial.
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method among African American and Black adults con-
sented. ResearchMatch resulted in the largest number of
Hispanic adults consented in total (n= 15), accounting for
35% of individuals who consented and identified as
Hispanic in our sample. A full summary of sociodemo-
graphic characteristics at consent by recruitment method
is in Table 1. Several of these trends were maintained at ran-
domization (Supplemental Table 1).

Completion of screening steps

Completion of screening steps differed by several baseline
sociodemographic characteristics and mobile technology
use characteristics. Differences in these characteristics at
each step are described below and in Table 2.

Baseline survey. Baseline survey completion differed by
age and education, such that older adults were more
likely to complete the baseline survey (mean (SD): 53.4
(13.3) years vs 50.1 (12.6) years, p= 0.049) and individuals
with four years or more of college education had a higher
rate of survey completion (90%) as compared to individuals
with less education (84%), p= 0.03. Baseline survey com-
pletion also significantly differed by mobile technology
use. Individuals who used health apps were more likely to
complete the baseline survey than those who did not
(88% vs 60%, p < 0.0001). Similarly, individuals who
used wearables for health tracking were significantly
more likely to complete the baseline survey than those
who did not (88% vs 64%, p < 0.0001).

24-h dietary recall. Completion of the 24-h dietary recalls
did not differ by sociodemographics (i.e., race, age, etc.)
or mobile technology use characteristics.

Visit 1: introduction to Nourish. Completion of Visit 1 dif-
fered by income and education status. Specifically, indivi-
duals with incomes of $100,000 or more were more likely
than individuals with incomes of $50,000–$99,999 or less
than $50,000 to complete Visit 1 (93% vs 89% vs 82%, p
= 0.01). Similar to the differences observed at the baseline
survey, individuals with four years or more of college edu-
cation had a higher rate of Visit 1 completion (92%) as
compared to individuals with less education (80% comple-
tion, p= 0.0004). This trend was also true for education at
Visit 2.

Tracking run-in. There were no significant differences in
completion of the tracking run-in screening step by baseline
characteristics.

Visit 2: final eligibility and randomization. Individuals of any
race who identified as having Hispanic ethnicity were less
likely to complete Visit 2 (88%) than non-Hispanic White
individuals (97%), non-Hispanic Black individuals
(100%), and non-Hispanic individuals of any other race
(96%, p= 0.02). As mentioned above, individuals with
four years or more of college education had a higher rate
of Visit 2 completion (99%), as compared to individuals
with less education (93% completion, p= 0.009).
Additionally, individuals living in urban US Census tracts
were more likely to complete Visit 2 than those living in
rural tracts (99% vs 92%, p= 0.03).

There were no significant trends in screening step com-
pletion by sex assigned at birth. There were also no differ-
ences in the completion of screening steps by participant
comfort in using apps at baseline.

Differences in randomization

The differences observed in screening step completion
affected those who were eligible for and subsequently ran-
domized within Nourish (Table 3). Among all consented
individuals, randomized adults (compared to nonrando-
mized adults) possessed a higher education level (p<
0.0001); were more likely to use health-related apps (p<
0.0001) and wearables (p < 0.0001); and were older (p=
0.01).

Although significant differences were observed at a spe-
cific screening step for some variables, these were insuffi-
cient to result in a significant difference in the randomized
group of adults as compared to all nonrandomized adults.
Specifically, no significant results were observed between
the nonrandomized and randomized groups for sex, race, eth-
nicity, income, or geographic density of the home Census
tract.

We observed one significant association not observed
during the screening step analysis. Within the sample of
consented adults, randomized individuals were more

Figure 2. Recruitment source for consented participants in Nourish
(n= 678).
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likely to use a desktop, laptop, or tablet for Internet access
than nonrandomized individuals, who were more likely to
use a cell phone to access the Internet (p= 0.01). The full
details of baseline sociodemographic characteristics for
those who consented and were randomized can be found
in Table 3.

Discussion
In a fully remote dietary intervention for US adults with
HTN, we found that older adults, adults with higher educa-
tion levels, and adults with previous use of health-related
apps and wearables were more likely to complete screening
steps and be randomized into the clinical trial. We also
found that individuals who used a desktop, laptop, or
tablet for Internet access were more likely to be randomized
than those who used a smartphone. These findings demon-
strate that evaluating clinical trial procedures that precede
enrollment may help investigators identify opportunities
to enhance diversity in participant enrollment. Our results
also highlight areas where additional support can be pro-
vided or strategies can be tailored to improve the reach
and accessibility of fully remote and digital clinical trials,
such as optimizing intervention components to be delivered
on mobile devices.

Major funding agencies have made several efforts to
increase diversity in clinical trials.20,21 However, progress
has been slow in achieving adequate representation, par-
ticularly as it pertains to race and ethnicity.22–25 One
major contributor may be the lack of adequate planning
for the recruitment and engagement of underrepresented
communities. For instance, in a systematic review of
NIH-funded cardiovascular trials, only 21% stated a goal
for recruitment of underrepresented populations in their
protocol, resulting in most trials not identifying a recruit-
ment plan for engaging racial and ethnic minority popula-
tions.24 Our recruitment goals for traditionally
underrepresented groups in research encouraged our team
to evaluate enrollment and modify our recruitment
approaches to attain goals throughout the recruitment
period. This adaptive approach was supported by adding
recruitment methods, such as ResearchMatch and patient
portal messaging, that allow researchers to prioritize spe-
cific populations. These methods resulted in the highest
proportion of Black and Hispanic adults recruited in our
study, respectively, and thus aligned with priorities from
the NIH and our research team to increase our demographic
diversity. Other online approaches used, such as social
media, were less successful for our team, but have shown
promise in previous studies.26–28 A major difference is
that we did not pay for advertisements on social media,
such as Facebook, which is likely to influence the present
findings. Given recruitment methods’ variable success
rates across studies, we recommend research teams
include monitoring and evaluation procedures as part of

their recruitment plans and as one of their strategies to
promote diverse enrollment.

Similar to recruitment methods, there are steps prior to
enrollment, such as run-in periods, that can pose a threat
to external validity if it leads to one or more groups of indi-
viduals discontinuing the screening processes due to per-
sonal choice or eligibility.29 For example, an extensive
run-in process may screen out many eligible individuals
and only leave those with the most motivation or fewest
barriers to participation. In Nourish, there were no signifi-
cant differences in completion of the tracking during
run-in by baseline characteristics, including by sex, race,
or ethnicity. However, our comprehensive findings show
differential attrition by sociodemographic characteristics
and mobile technology use at various steps of screening.
These findings provide an additional example of how clin-
ical trial processes that precede enrollment that may affect
participation. Study teams should carefully consider screen-
ing procedures and the unintentional bias that they may
introduce and how they may exacerbate or address dispar-
ities in enrollment.

In our sample, individuals with a higher education level
(college graduate or higher) were more likely to be rando-
mized, as compared to individuals with lower levels of edu-
cation. This finding aligns with previous literature.30,31 Our
further analyses showed that this difference resulted from
individuals with higher education being more likely to com-
plete the baseline survey, Visit 1, and Visit 2, with the
largest difference observed in Visit 1 completion. This
may be due to the burden of completing the ASA24 prior
to Visit 1. For some participants, the ASA24 may have
been lengthy and potentially challenging to complete.
Regardless, these differences represent important findings,
as they emphasize the value of expanding data collection
and evaluation early in clinical trial procedures, a practice
we recommend to study teams with complex screening pro-
cedures and workflows. Conducting such evaluation pro-
vides insight on opportunities to modify protocols or
increase support for groups where higher attrition rates
are being observed, such as among individuals with lower
education levels in the current study. They may also
provide insight into the trial’s limitations for dissemination,
should it be effective.

Another difference in screening step completion we
observed was that participants who previously used health
apps or wearable, such as Fitbits, were more likely to
express interest in the study. This finding may point to
the importance of initial recruitment messaging: How can
we encourage and support individuals with little-to-no
experience using health-related technology to participate
in digital health interventions? Our recruitment materials
emphasized the trial’s digital approach and thus require-
ment to have a smartphone, which may have resulted in
individuals with minimal experience using health apps
being hesitant to pursue enrollment. However, once the
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Table 3. Comparisons of consented adults who were never randomized and those who were randomized by categorical sociodemographic
characteristics—N (%) or mean± SD, N; (N= 678a).

Characteristic Not randomized Randomized p-value

Sex assigned female at birth 241 (64%) 196 (65%) 0.75

Race/ethnicity 0.52

White 150 (49%) 161 (54%)

Black or African American 109 (36%) 93 (31%)

Hispanic (includes all races) 21 (7%) 22 (7%)

Another race 27 (9%) 21 (7%)

Income 0.17

Less than $50,000 99 (34%) 83 (29%)

$50,000–$99,999 104 (36%) 100 (34%)

$100,000 or greater 88 (30%) 108 (37%)

Less than four years of college education 119 (39%) 71 (24%) <0.0001

Rural census tract 72 (21%) 47 (16%) 0.07

Most frequent method of Internet access 0.01

Cell phone 194 (62%) 154 (51%)

Desktop/laptop 101 (32%) 116 (39%)

Tablet 18 (6%) 31 (10%)

Previous use of any health apps 239 (63%) 237 (79%) <0.0001

Previous use of any health wearables 221 (59%) 221 (73%) <0.0001

Recruitment method 0.57

ResearchMatch 144 (38%) 112 (37%)

Duke patient portal message 107 (28%) 72 (24%)

Online forum 31 (8%) 35 (12%)

Social Media 23 (6%) 19 (6%)

Clinical trial website 34 (9%) 8 (9%)

Word of mouth 31 (8%) 25 (8%)

Other 7 (2%) 10 (3%)

Age at enrollment, years 51.6± 12.9, 309 54.4± 13.4, 301 0.01

(continued)
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baseline survey was completed, there was no longer a dif-
ference in the completion of screening steps between indi-
viduals who previously used these technologies. It is
possible that interaction with a study team member sooner
in the screening procedures could have mitigated some of
this earlier attrition and may have supported continued
interest and participation among individuals with lower
levels of mobile technology experience.

Despite showing greater upfront interest, individuals with
previous health app use were less likely to complete the track-
ing run-in period and Visit 2 compared to non-users.
Although this difference was not significant, it highlights an
interesting pattern. One reason for this might be that partici-
pants who are frequent health app users may have higher
expectations regarding what a research study app can do to
support and track behaviors. Smartphone users spend about
4 h per day on the Internet, and most of that time is spent
using apps; 32 there are hundreds of commercial health
apps, and they are constantly improving on the user experi-
ence.33 Unfortunately, many research studies do not have
the capability to create such apps; they are limited by time
and resources, while the digital health industry is able to
create and refine apps quickly and efficiently. This is a
complex problem faced by many study teams exploring
digital health solutions, as the decision to use an existing com-
mercial app has limitations, such as more extensive privacy
and security requirements for handling participant data.34

Further, there is no guarantee that the app will remain in exist-
ence throughout the duration of the study, possibly impeding
data collection and trial fidelity. However, leveraging com-
mercial apps may improve the likelihood of high user engage-
ment,35 a key determinant of behavior change and improved
health outcomes.36 As the use of digital strategies for health-
care delivery continues to grow, researchers and practitioners
must carefully weigh the strengths and limitations of partner-
ing with commercial companies versus establishing new
infrastructure to support care delivery.

One of our goals in using a smartphone app for interven-
tion delivery was to improve the dissemination potential of
the intervention. Smartphone ownership rates are high
across diverse groups, including populations underrepre-
sented in research, such as Black and Latino adults and
adults who have lower education levels. These groups are
also more likely to be smartphone dependent for Internet
access.37 Our recruitment materials reflected that this study
could be completed via smartphone, and at the baseline

survey, 59% reported using their smartphone as their
primary source of Internet access. However, randomized indi-
viduals were more likely to use a tablet, desktop, or laptop
device as their primary source. This finding may be due to
the large proportion of randomized individuals with high edu-
cation and income levels, both of which are associated with
higher rates of home broadband.37 It is also possible that
the trial procedures, though accessible, were difficult to com-
plete solely on smartphone devices, which discouraged indivi-
duals who are smartphone dependent from participating. This
reiterates the importance of designing user-friendly interven-
tion components for mobile devices to improve equitable
access. In addition, taken together with our finding on previ-
ous health technology use, this finding highlights the need for
future work to disentangle the predicators of engagement in
digital health interventions to refine interventions for popula-
tions with variable device access and digital health literacy
levels and technology access.

An advantage of remote clinical trial procedures is that
they may improve accessibility for individuals that reside
a significant distance from the research site and/or do not
have access to transportation. Our participant sample com-
prised 16% of individuals who resided in rural areas,
defined by the USDA Food Access Research Atlas categor-
ization of rural and urban census tracts.19 This is less than
the proportion of adults in the USA who reside in rural
areas (20%);38 however, it shows promise for digital
health interventions to reach rural populations. In our
trial, the largest proportion of rural residents came from
individuals contacted through EHR patient portal messa-
ging. This may reflect the high proportion of rural residents
living in North Carolina.38,39 Nonetheless, future research
is needed to understand how remote clinical trial procedures
may impact participation among individuals residing in
rural areas, in addition to how clinical trial information
can be effectively disseminated to reach this underrepre-
sented population in research.

Strengths and limitations
There are limitations of this study that should be consid-
ered. Due to our approach of making multiple comparisons
in our analyses, there is a higher likelihood of type 1 error.
In addition, the results presented who completed as part of
an ad hoc analyses, and therefore, no power analysis was
performed for the present study. Yet, we still believe the

Table 3. Continued.

Characteristic Not randomized Randomized p-value

Comfort using apps (rating 1= not at all comfortable to 10= very comfortable) 9.4± 1.2, 309 9.3± 1.3, 298 0.32

NB: Counts may not sum to 678, due to missing data.
aOut of participants reporting perceived discrimination in getting medical care (n= 61).
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differences observed in screening step completion offer
important considerations for researchers conducting clinical
trials with several processes prior to enrollment. Second,
not every participant who expressed interest ultimately
completed the baseline survey. Therefore, we do not have
full data for each characteristic and there could be a possi-
bility that we underestimated the differences in screening
completion. Third, there were instances where potential
participants requested support completing a component of
the screening steps and the team provided assistance.
However, we did not systematically document this
process, and it is possible this support may have influenced
participation. Fourth, EHR patient portal messaging was a
primary source of recruitment, resulting in us reaching a
population that is already connected to care and using tech-
nology for health purposes, which may have influenced
their interest in the study and ability to complete screening
steps. Fifth, the questions used to assess mobile health tech-
nology use do not originate from a validated scale and do
not represent a validated measure of digital literacy.
Lastly, the current exploratory analysis was limited to
bivariate associations and therefore, cannot tease apart inde-
pendent factors predicting exclusion or withdrawal prior to
randomization. Future research is needed to expand on this
area of inquiry and inform future refinement of clinical trial
procedures for diverse populations.

Despite the aforementioned limitations, this study has
many strengths. We collected sociodemographic data
early in the screening process, which enabled us to
conduct an evaluation of the representation before and
after each screening step, a process not reported by many
studies with run-in periods or other similar screening
methods.29 Similarly, our data collection and reporting
included a comprehensive set of sociodemographic vari-
ables, including income and education, which are exten-
sively underreported in clinical trials.40 Third, our
recruitment and screening processes were supported by
digital technologies and able to be conducted fully
remote, offering insight on the potential utility of these
applications in increasing the accessibility of trials, while
also highlighting groups that may need additional support
to engage. Finally, our approach to data collection and
evaluation offers insights for investigators when developing
documents required by sponsor agencies, such as the NIH
Recruitment and Retention Plan and Plan for Enhancing
Diverse Perspectives.

Conclusion
The use of digital methods for clinical trial recruitment,
intervention delivery, and data collection is on the rise.
These remote and digital procedures could improve clinical
trial accessibility and diversity. However, thoughtful data
collection and subsequent evaluation and reporting are
needed to understand their impact on representation fully.

In our analysis of a digital HTN intervention, we found
that individuals with lower levels of education and with
limited experience in using digital health technology may
require additional support to participate. These findings
underscore the critical need for routinely evaluating clinical
trial procedures, regardless of delivery method, to under-
stand their potential impact on generalizability and to
work toward more inclusive, equitable and widely applic-
able clinical trial design and findings.
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