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ARTICLE INFO ABSTRACT

Keywords: Background: Traditionally, clinical studies rely on brick-and-mortar sites to recruit participants. Newer
Sample representativeness technology-based studies have utilized non-traditional virtual methods that can potentially recruit more diverse
Recruitment

populations and shorten recruitment timelines. This manuscript aims to quantify how sample metrics across
three virtual studies compare to traditionally recruited samples, as a first step in building an empirical evidence
base for the experience of participant recruitment in virtual studies.

Methods: We conducted a systematic search of the literature using PubMed to identify relevant studies conducted
in the United States in cognitive health, diabetes, and hypertension (which we called comparator studies) to
compare to three virtual studies. For each included study, we extracted participant demographic characteristics
and information on recruitment methods and timing. Two investigators independently extracted this data,
compared results for consistency, and contacted comparator study authors for clarifications. Characteristics for
measurement included age, sex, race/ethnicity, states represented, recruitment time, and recruitment rate.
Results: We identified 19 comparator studies. Virtually recruited samples were slightly younger, had more female
participants, and were split on enrollment of racial minorities as compared to comparator studies. Virtually
recruited samples were more diverse geographically and recruited faster.

Conclusions: Virtual recruitment may enhance efficiency and enable more individuals to participate in clinical
research. To our knowledge, this is the first rigorous and replicable study comparing participant demographic
characteristics and recruitment metrics between virtual and traditional recruitment methodologies. Future
research should compare a wider range of studies on other metrics such as overall cost of recruitment and quality
of participants.

Virtual studies
Remote patient-centered trials

1. Introduction limited set of physical sites, and relies on in-person screening and con-

sent. Studies struggle to enroll the target sample within the specified

It is impractical to enroll all members of a target population into a
clinical research study [1]. Instead, the goal is to recruit a representative
sample of the target population to enhance the external validity or
generalizability of study findings to the population of interest [2,3]. A
thoughtfully selected sample is important; this need, combined with
other recruitment and enrollment hurdles, impacts research timelines.
Participant recruitment and enrollment is often the most
time-consuming aspect of the clinical research process [4]. An analysis
of clinical studies found that recruitment can take up to 30% of the
research timeline, and is the leading cause of missed clinical trial
deadlines [5]. Another estimate suggests that up to 80% of clinical trials
do not meet participant enrollment timelines [6,7].

Today, participant recruitment into clinical research occurs at a
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timeframe [8,9]. A recent study found that nearly 40% of sites for
clinical studies under-enroll, and 11% fail to enroll one participant [10].
On-site recruitment requires time to identify enough eligible partici-
pants, and additional time to consent and enroll participants; this time
yields higher costs and delays answering pressing research questions. A
2014 study estimated that patient recruitment and retention for clinical
trials cost over $2.3 billion each year [11].

In recent years, however, virtual studies have begun to transform
feasibility for participant recruitment into clinical research [12]. Virtual
studies recruit, consent, and enroll participants online, and often
administer interventions and track responses remotely via mobile or
other online devices [13-16]. The clearest potential advantage of virtual
studies is that they maximize the number of individuals able to
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Identification

374 records identified through systematic
database search

2 duplicates removed

360 excluded by title and abstract screen

Eligibility

14 articles identified for full-text review

4 studies identified by systematic review for

inclusion

10 excluded after full-text review for reasons including:
conduct outside of the US, narrowly defined target

population, study of intensive intervention, or no study
population yet recruited.

Included |

4 studies included in systematic review
(3 RCTs, 1 observational)

Fig. 1a. Flow diagram for the cognitive health study selection process for the systematic search.

Identification

1,369 records identified through systematic

database search

1,344 excluded by title and abstract screen

Eligibility

25 articles identified for full-text review

9 studies identified by systematic review for
inclusion

16 excluded after full-text review for reasons including:
conduct outside of the US, narrowly defined or overly

broad target populations, focus on unrelated outcomes,

study of intensive intervention, or not original research.

Included I

9 studies included in systematic review
(9 RCTs)

Fig. 1b. Flow diagram for the diabetes study selection process for the systematic search.

participate in each study [13]. By removing barriers to participation,
virtual studies allow researchers to identify a larger pool of eligible
participants more quickly, and enable individuals previously unable to
participate (due to disability, geography, access to transportation, etc.)
to now participate. Further, by reducing recruitment time and removing
physical presence of staff at study sites, these studies can potentially
reduce recruitment costs. Many virtual study platforms are also
increasingly linking participation to online communities of individuals
with shared health conditions, which may promote participant
engagement and retention [13].

Yet, not all virtual studies have been successful with recruitment.
Notably, the first virtual clinical trial conducted by Pfizer in 2011 failed
to reach target enrollment numbers [4]. Virtual trials may face setbacks
in participant recruitment; many individuals may enroll in studies
because their physician recommends participation, they appreciate
meaningful relationships that are built by visiting a site in-person, or
they value the support system that is developed with study staff over

time [9,12]. Further, many participants may have concerns about data
privacy and protection issues unique to virtual studies [17].

The benefits of virtual recruitment seem substantial, yet concerns
about hurdles are valid. With this paper, we begin building an empirical
evidence base for the experience of participant recruitment. We compare
the sample metrics of three virtually recruited samples to relevant
traditionally recruited comparison samples.

2. Materials and methods
2.1. Study identification

We conducted a systematic search of the literature to identify rele-
vant comparator studies for three virtual studies (conducted by Evida-
tion Health, Inc., San Mateo, CA) in cognitive health, diabetes, and
hypertension in the United States, and to extract selected information on
participant and recruitment features. The included virtual studies were
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Identification

ge H i throuhgh y ° 658 excluded by title and abstract screen
database searc

Eligibility

18 articles identified for full-text review

7 studies identified by systematic review for
inclusion

11 excluded after full-text review for reasons including:
conduct outside of the US, narrowly defined or overly

broad target populations, focus on unrelated outcomes,
study of intensive intervention, no population had yet
been recruited, or not original research.

Included

7 studies included in systematic review
(5 RCTs, 1 observational, 1 random crossover)

Fig. 1c. Flow diagram for the hypertension study selection process for the systematic search.

selected because they were the first three conducted by Evidation Health
that relied exclusively on virtual recruitment across a broad eligible
population (e.g., online recruitment through social media, relevant
mobile apps, and targeted advertisements), and to have concluded
recruitment at the time this review was initiated, thus providing a full
study sample for comparison purposes. The virtual study on cognitive
health was a 12-month long, prospective, intent-to-treat, single arm
study that aimed to evaluate the impact of a virtual cognitive health
coaching program (via telephone and email/text messaging) on cogni-
tive function and mental health for older individuals who showed signs
of subjective cognitive decline [16]. The virtual study on diabetes was a
12-week long, prospective, intent-to-treat, single-arm study that aimed
to evaluate the impact of a mobile diabetes app and experts coaching
program on HbAlc! levels for individuals with Type 2 diabetes and
HbAlc > 7.5% [14]. The virtual study on hypertension was a 12-week
long, prospective, intent-to-treat, 2-arm randomized clinical trial that
aimed to evaluate the impact of a smartphone application on blood
pressure control and self-reported medication adherence for patients
with poorly controlled blood pressure [15]. All three studies were
IRB-approved and conducted via an online study platform, where po-
tential participants answered a set of screener questions to assess eligi-
bility and signed an electronic informed consent form [14-16].
Comparator studies were eligible for inclusion if they were published
in English, presented original research from the United States, involved
a minimal risk intervention, and were conducted among a non-restricted
population of individuals (i.e., not targeted to a specific racial/ethnic
group) with Type 2 diabetes, hypertension, or cognitive decline
recruited through non-virtual means. The PubMed database was
searched using specific search terms for all relevant studies published in
English in the three years preceding the search date (between 2014 and
2017) separately for each of three disease areas (cognitive decline,
diabetes, and hypertension). Search terms included (1) ((cognitive
decline[Title/Abstract]) AND intervention[Title/Abstract]) AND
(“2014/07/13"[Date - Publication]: “2017,/07/13"[Date - Publica-
tion])); (2) (((type a diabetes mellitus[MeSH Terms]) AND diabetes
[Title/Abstract]) AND intervention[Title/Abstract]) AND (“2014/04/
01"[Date - Publication]: “2017/04/27"[Date - Publication]); and [18]
(((hypertension[MeSH Terms]) AND hypertension[Title/Abstract])
AND intervention[Title/Abstract]) AND (“2014/06/01"[Date -

1 Hemoglobin Alc (HbAlc).

Publication]: “2017/06/22"[Date - Publication]). The date of the search,
the number of results, and reasons for exclusion were tracked for each
study population. The search was conducted on July 13, 2017.

2.2. Study selection

One investigator reviewed all titles returned by the PubMed searches
for relevance and eligibility with regard to the study inclusion and
exclusion criteria. Studies not excluded by title review progressed to
abstract review. One investigator read all remaining abstracts in each of
the three study areas. In this second stage of screening, we excluded
articles if the abstract indicated misalignment with the inclusion
criteria. Following abstract review, two investigators reviewed the full
text of remaining studies. As in prior steps, we excluded full text articles
if the research was conducted in another country, within a narrowly
targeted or overly broad population, focused on an unrelated outcome,
included an invasive intervention, or presented results from a systematic
review or meta-analysis (as opposed to an original research article).

2.3. Data extraction

For each included study, we extracted published information on
participant demographic characteristics, as well as information on
recruitment methods and timing. Demographic characteristics extracted
included study population age (mean and standard deviation), sex (fe-
male/male/other), race (white versus another racial identity), and dis-
tribution of states of residence within the United States. Recruitment
data included the number of participants recruited, the number of
months over which that recruitment took place, and where and how
participants were recruited. Two investigators independently extracted
this data from final included studies and compared results for consis-
tency. Where data on the above variables were missing in a manuscript,
one investigator contacted the corresponding author via email to request
the data. Of eight authors contacted, six replied with the requested
information.

2.4. Analysis

We utilized a fixed-effects mini meta-analysis described by Goh et al.
[19] to compare mean age weighted by sample size, and separately
compared the proportion of the study population that identified as fe-
male, proportion of the study population that identified as white,
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Table 1
Studies included in systematic search.
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Study ID Population Total, N Study Design Review Outcomes reported

Courcoulas et al., 2015 Diabetes 61 RCT Age, sex, geography, recruitment method, recruitment time

de vries McClintock et al., 2015 Diabetes 180 RCT Age, sex, race, geography, recruitment method, recruitment time
Delahanty et al., 2015 Diabetes 57 RCT Age, sex, race, geography, recruitment method, recruitment time
Edelman et al., 2015 Diabetes & Hypertension 377 RCT Age, sex, race, geography, recruitment method, recruitment time
Eyre et al., 2016 Cognitive Decline 25 RCT Age, sex, race, geography, recruitment method, recruitment time
Eyre et al., 2017 Cognitive Decline 79 RCT Age, sex, race, geography, recruitment method, recruitment time
Fedor et al., 2015 Cognitive Decline 60 Observational Age, sex, race, geography, recruitment method, recruitment time
Greenwood et al., 2015 Diabetes 90 RCT Age, sex, race, geography, recruitment method, recruitment time
Hickman et al., 2015 Hypertension 144 RCT Age, sex, race, geography, recruitment method, recruitment time
Hsu et al., 2016 Diabetes 40 RCT Geography, recruitment method

Innes et al., 2016 Cognitive Decline 60 RCT Age, sex, race, geography, recruitment method, recruitment time
Liss et al., 2016 Diabetes 331 RCT Age, sex, race, geography, recruitment method, recruitment time
Manze et al., 2014 Hypertension 203 RCT Sex, race, geography, recruitment method, recruitment time
Margolis et al., 2015 Hypertension 403 RCT Age, sex, race, geography, recruitment method, recruitment time
Milani et al., 2017 Hypertension 556 Observational Age, sex, race, geography, recruitment method, recruitment time
O’Connor et al., 2014 Hypertension 4568 RCT Age, sex, race, geography, recruitment method

Quinn et al., 2016 Diabetes 118 RCT Age, sex, race, geography

Rock et al., 2014 Diabetes 227 RCT Age, sex, race, geography, recruitment method, recruitment time
Sayer et al., 2015 Hypertension 19 Random crossover Age, sex, geography, recruitment time

number of states in which study participants resided, number of months
to complete participant recruitment, and recruitment rate (average
number of participants enrolled per month) across studies.

For continuous outcomes (age, number of states in which partici-
pants resided, number of participants recruited, recruitment rate), for
each therapeutic area, we pooled data from the comparator studies to
generate a group mean, weighted by sample size, and standard devia-
tion. We then compared the pooled mean and standard deviation for
each outcome to the individual mean and standard deviation from the
virtually recruited study in that therapeutic area (cognitive health,
diabetes, or hypertension) via unpaired two-sample t-tests that did not
assume equal variance. Despite the robustness of the t-test to violations
of the normality assumption in samples of these sizes, we also tested
continuous outcomes for a difference of medians using the nonpara-
metric unpaired Wilcoxon-Mann-Whitney test (all excluding age, which
was reported as a mean). We assessed equality of proportions of white

participants pair-wise between each included study and the comparator
virtually recruited study with a two-sample test of proportions. Simi-
larly, we assessed the equality of distributions of participant sex pair-
wise between each included study and the comparator virtually
recruited study using Fisher’s exact test. As the data for age, race, and
sex came from the same group of participants, separate comparisons of
those metrics were not fully independent; however, this does not violate
the basic rule of independence within a meta-analysis [19]. All statistical
analyses were conducted in Stata version 15.

3. Results
3.1. Selected studies

We identified 19 comparator studies across the three disease areas
(cognitive health, diabetes, and hypertension) that fit our eligibility

Table 2a

Extracted data points from cognitive health studies.”
Study Name Virtual study on Eyre et al., Eyre et al., Fedor et al., Innes et al.,

cognitive health'® J of Alzheimer’s Disease Int Psychogeriatr 2017 Arch Clin Neuropsych Comp Ther Med 2016
2016 2015
Study Arm Intervention  Control Intervention Control Intervention Control
Sample Size n=282 n=14 n=11 n=238 n=41 n=27 n=233 n =60
Age, Mean+SD 64+ 4 67+10 68+10 68+9 68+8 63+8 66+7 61+1
Sex, n (%)
Female 61 (74) 6 (43)" 6 (55)° 25 (66) 27 (66) 21 (78) 25 (76) 51 (85)
Male 20 (24) 8(57) 5(45) 13 (34) 14 (34 6 (22) 8(24) 9 (15)
Not listed 1(1) 0(0) 0 (0) 0 (0) 0(0) 0(0) 0 (0) 0(0)
Race/Ethnicity, n (%)
White 72 (88) 12 (86) 8(73) 24 (63)° 30 (73)° 26 (96)° 33 56 (93)
(100)°

Another race 10 (12) 2014 3(27) 14 (37) 11 (27) 1 (4)¢ 0 (0)! 4(7)
Geographic distribution
Number of states represented 29 1 1 1 1

Participant Recruitment

Where recruited Online study platform Outpatient clinics,

(Achievement) longevity center,
community
Recruitment method Online Advertisements
Recruitment time 4mo 24mo*!

Avg number of participants 21 1
recruited per month

Outpatient clinics,
longevity center,

Community recreation
and wellness centers

Community, health care, and
workplace settings

community

Advertisements Flyers Flyers and emails
24mo 12mo’ 5mo*!

3 5 12

@ Because of rounding, n’s may not be exact.
b p < 0.05 as compared to virtual study.
¢ p < 0.01 as compared to virtual study.

4 Not specified in publication, but confirmed via email with corresponding author.
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2 Because of rounding, n’s may not be exact
b p < 0.001 as compared to virtual study

¢ Not specified in publication, but confirmed via email with corresponding author

4 Reporting on intervention group only due to reporting limitations in original publication

€ p < 0.01 as compared to virtual stud
f Missing data for some participants.
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criteria (Fig. 1a—c, Table 1) (one study was relevant for both diabetes
and hypertension comparisons). The four comparator cognitive health
studies assessed the association between cognitive function in older
adults and water-based exercise [20], yoga and meditation [21], medi-
tation and music [22], and yoga [23]. The nine comparator diabetes
studies assessed the association between a low-level behavioral weight
loss intervention [24,25], telehealth intervention [26,27], cloud-based
diabetes management program [28], physical activity and weight loss
intervention [29], treatment adherence intervention [30], mobile
coaching system [31], and diet and exercise counseling [32] and change
in HbAlc levels (among other outcomes). Finally, the seven comparator
hypertension studies assessed the association between a personalized
physician learning intervention [33], provider communication skills
intervention [34], telehealth intervention [26,35], electronic health
game [36], dietary approaches [37], and a home based digital medicine
program [38] and reduction in blood pressure.

3.2. Syntheses of results

Table 2a—c present the data points extracted from each of the 19
included studies. Regarding sample demographic characteristics, 17 of
the 19 included studies reported a mean and standard deviation for age,
18 of 19 reported sex, 16 of 19 reported race (two of which were ob-
tained by emailing study authors), and all 19 reported the distribution of
state of residence for the study population. Regarding recruitment, 17 of
19 included studies reported the method of recruitment used, and 15 of
19 included studies provided data on the duration of recruitment in
months (seven of which were obtained via email to study authors).

3.3. Comparisons based on demographic characteristics

The mean age of study participants in the virtually recruited cogni-
tive health study did not differ from the pooled mean age across the four
comparator studies (64 versus 65, p = 0.12). As compared to the eight
studies related to diabetes that reported mean and standard deviation
for age, the virtually recruited diabetes study was five years younger, on
average (52 versus 57 years, p < 0.001). Similarly, as compared to the
six hypertension studies with the requisite data on age, the virtually
recruited hypertension sample was nine years younger on average (52
versus 61 years, p < 0.001).

In over half (n = 11) of the 18 studies that reported sex, the pro-
portion of participants reported as female statistically significantly
differed between the traditionally versus the virtually recruited samples.
In 10 of the comparator studies, the percentage of female participants
was lower compared to that in the virtually recruited studies. In one
hypertension study, the virtually recruited sample had a lower per-
centage of female participants.

Of the 17 comparator studies that reported data on the racial identity
(white versus another race) of study participants, the virtually recruited
samples statistically significantly differed from the comparator samples
in 10 instances. In six cases, the virtually recruited sample was less
diverse (fewer participants of another racial identity) than the tradi-
tionally recruited sample, and in four cases, the virtually recruited
sample was more diverse.

Study samples were also compared based on the distribution of state
of residence of included participants. As compared to the 19 comparator
studies that enrolled participants from an average of 1.1 states (range:
1-2), the three virtual studies included participants from an average of
40 states (range: 29-46) (p-value for difference = 0.02). A non-
parametric Wilcoxon-Mann-Whitney (or rank sum) test of distributions
confirmed the difference in number of included states (p < 0.01).

3.4. Comparisons based on speed of recruitment

The three virtual studies took an average of 4.0 months (SD 1) to
recruit and enroll the target sample size, in contrast to an average of 15.9



Contemporary Clinical Trials Communications 19 (2020) 100590

Joyine Surpuodsaliod YIIM [TeWd BIA PAULIJUOD Ing ‘wonedrqnd ur payroads JoN

*Apmis [emiaia o) pareduwod se G0°0 > d
*Apmis [emiaiA o) paredurod se 1000 > d
*Apnis Tenyaia 03 pasedwod se 10°0 > d q
*JOBX9 9q 10U AW S,U ‘BUIPUNOI JO 9sNeddy

1 - (% 91 uowr Jod pajmidal syuedonied jo requmu SAy
Lowgl - Lowegt _ougg QWIT} JUSWIININDY

- SPI0231 [EJIPIN SP10231 [EIIPIN SPI023I [BIIPIN POYI_UI JUSUIINIDDY

Ayunuuwo) SOTUTD 21ed ATRWILIg wR)sAS YITeay AJrunuruo) SOIUT[D 1ed ATewILig P3IINIdAT I9YM
JURUNINIYY Juednied

1 z 1 1 pa1uasaidai s91e)s Jo IequInN

uonnquisip siydeidosn

- (8T) ¥9T (02) 66T n eLe -(F2) 26 2(€2) 9¢ (£1) 89 9BI IdYIoUY

- ,(Z8) 60T1 ,(08) ZoTIT ,(€8) 12€1 - -(92) 80€ 5 -(L4) 021 (€8) se€ AYM

(%) u “Kypruypy/aoey

0o - - - - - - - Pa31sI] I0N

(¢e) 9 (9%) 849 (6¥) €VL (¥¥) 80L (9v) v81 [Cl2k#4 99) 111 (£9) 811 SN

(89) €1 ,(¥S) S64 ,(19) 852 5(99) 988 »(FS) 91T (P9 ¥8 S(b¥) 98 J(ev) 88 dleu_g

(%) u x3s

CF19 91F09 SIF09 SIFI9 0T + 89 0T + 89 CIF09 T1¥29 asFuesy @8y

61 gL =1u T0ST=1Uu y6ST =1U ooy =u 9GI=1u L6l =1Uu 90Cc =Uu az1s ajdures

[onuo) ssassy-Tdd INA-Tdd [onuo) UOTIUDAIIU] Tonuop UOTIUDAIIU] uy Apms

S10T “Te 10 124es $10T “Te 39 10uUu0).0 L10T “Te 19 Tue[IN S10T “Te 39 SIo3Ie sweN Apnig
Sa1pMs uoisualIadAYy woiy syutod elep pajoenxy ‘(PINUNUO0D) dF d[qel,

11 91 [ Z8 uowr Jad pajmidal syuedpnied jo requmu SAy

owg ow O owgg owg QWIT} JUSWIINIY

SP1023I [BIIPIN SJUSUIDSTLIDAPE SN [BJ0] pue ssaulsng ‘rodedsmaN SP10231 [EIIPIN auruQ POYI_U JUSUIINIDDY
SOIUT[D 218D ATRWILIg Ayrunurwo) soonoerd ared Lrewrig (QuawaARIYYY) urtojierd Apnis aurjuQ PIINIdAT IYM
JuRUNINIYY Juednied

1 1 1 9 pa1uasaidai s91e)s Jo IequInN

uonnqLnsip dryderSosn

(99) s€1 (94) 011 (19) 86~ (09) 16~ (se) evi doel I_jouy

,(P€) 89 (FO) vE (6¥) 56~ ,(0S) €6~ ,(59) 892 AYM

(%) u ‘Kypruyyg/adey

- - - 0)o 0o Me Pa1sT] 0N

(82) 9s Fe) 91 (1¥) ov (9%) 68~ (S¥) €8~ (6€) 291 SN

(T Lyt (99) 1€ (69) LS #S) ¥O1~ (S9) 101~ (09) L¥T oleurng

(%) U “xo8

(88-6¢ :28ue1) 19 YIFLY cIF6h 11F8S 11F09 01FCS asFuesy @8y
€oc=1u Ly=1u L6=1U gor=1u ¥ =1u Iy =u az1s a[dures

[onuo) UOIIUSAIIU] UOTIUDAIIU] Tonuoy uy Apms

$10Z “Te 39 azuey GT0Z “Te 39 ueunpIy G10Z PAIA I U [ “[e 19 uewdpg gruoIsuRRdAY uo Apnis [enuaip sureN Apms

H. Moseson et al.

."S91pnis uorsua11adAYy woiy syurod ejep paroenxy
9¢ d1qelL



H. Moseson et al.

3

49

5 3

21

Avg # Enrolled per Month

20

10
35
0! 1
Cognitive
Health

Diabetes

| Hypertension

Contemporary Clinical Trials Communications 19 (2020) 100590

82

51

m Virtual
Traditional

Overall

Fig. 2. Number of participants enrolled per month by study type.

months (SD 7) for the comparator studies (p-value for difference<0.01).
A test of median recruitment time between virtual and comparator
studies confirms a similar difference (virtual median = 4 months,
traditional median = 16 months; p-value for difference<0.01).

Similarly, virtual studies enrolled a higher mean and median number
of participants per month as compared to comparator studies. The vir-
tual studies enrolled an average of 51 participants per month (SD 31), as
compared to 13 participants per month (SD 12) among the 15
comparator studies (p-value for difference<0.01) (Fig. 2). The virtual
studies enrolled a median of 49 participants per month as compared to a
median of 12 participants per month for the comparator studies (p-value
for difference = 0.02).

4. Discussion

In this systematic search of the literature, we identified 19 studies in
cognitive health, diabetes, and hypertension that relied on traditional
recruitment methods and compared the resulting study samples to three
virtually recruited samples on several demographic and timing metrics.
Our goal was to report observational differences between traditionally
and virtually recruited samples. We found that where traditionally
recruited samples differed from virtually recruited samples, the virtually
recruited samples were slightly younger, enrolled a higher percentage of
female participants, and were split on enrollment of minorities (the
virtual samples were less diverse in 32% of comparisons, but more
diverse in 21% of comparisons). The virtually recruited samples out-
performed the traditionally recruited samples in terms of geographic
spread of participants, overall recruitment time, and average number of
participants recruited per month. While some of the observed differ-
ences could be explained by confounding factors, our comparison
approach nevertheless provides a view into correlational differences.
The findings regarding geographic spread and recruitment volume per
month, in particular, support the hypothesis that virtual recruitment
methodologies may help facilitate opportunities for more individuals to
participate in research studies.

A main goal of most studies is to recruit a representative sample so
that the results can be applied to the population that the study is
intended to help. Given the increasing costs of clinical research in recent
years coupled with difficulty in achieving the required number of
research participants, attention has focused on ways to increase research

participation and improve participant recruitment [9]. Investigators
have called for the development of novel and diverse strategies to
expand the pool of eligible research participants to address this issue.
Findings presented in this study provide encouraging evidence that
virtual recruitment may be one such strategy.

Historically, clinical research has suffered from underrepresentation
of women in study samples [39]. While gender identity is not always
consistent with sex, the higher proportion of female participants in the
virtually recruited studies assessed here could represent an important
opportunity to address the gaps in our knowledge about women and
other people assigned female sex at birth’s unique response to treat-
ments and disease trajectories. Further, as these results suggest that
virtual studies may in some instances be less diverse in terms of the
racial composition of samples, investigators can use this knowledge to
carefully consider strategies for increasing outreach and recruitment of
individuals from underrepresented populations that could address this
potential limitation. Both researchers and designers of healthcare in-
terventions alike should consider the advantages that virtual recruit-
ment may offer for increasing the efficiency and impact of health
research with regard to sample recruitment.

As with all research, this study has limitations. The three virtual
studies assessed were all designed and run by one digital health com-
pany (Evidation Health, Inc., San Mateo, CA). Recruitment metrics from
these study samples may therefore not be representative of other
virtually recruited studies conducted by other entities. Further, the
literature review was limited to peer-reviewed publications included in
the PubMed database. While PubMed is considered the largest database
for peer-reviewed articles in health research and is updated more
frequently and with a broader scope than comparator databases such as
MEDLINE [40], it is still possible that we may have missed relevant
comparator studies by relying solely on PubMed. This review also only
focused on studies run in the United States; there may be additional
efforts taking place in other countries that could serve as beneficial
comparison points. Some of the measures compared across studies could
be influenced on a study-by-study basis by specific inclusion and
exclusion criteria or recruitment targeting strategies (e.g., age re-
strictions). Along the same lines, characteristics of individuals who
enroll into research studies vary widely by the therapeutic area and
population of interest, and there can be differences in results among
individuals with varying demographic characteristics. Therefore,
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findings from these three therapeutic areas may not be generalizable to
other therapeutic areas. Lastly, the three virtual studies presented here
not only utilized virtual recruitment methods, but were completely
virtual in nature (i.e., allowed participants to participate in the study
remotely, had no in-person or site-based study procedures). Part of the
improved efficiency in recruitment and geographic diversity in the three
studies that utilized virtual recruitment methods may be attributed to
participants’ increased willingness to participate in a study remotely.
These study design characteristics would influence the values that then
were compared across studies.

5. Conclusions

This is the first study, to our knowledge, to compare participant
recruitment metrics between virtual and traditional recruitment meth-
odologies. We adopted a clear and replicable study design so that similar
studies can be conducted to compare metrics for other virtual studies as
they are published, adding to the evidence base for the strengths and
limitations of virtual recruitment for health research.

Although this study is by no means an exhaustive analysis of all
virtual samples, it serves as a useful first contribution to improving our
understanding of the opportunities that virtual studies may offer for
enhancing efficiency and empowering a wider number of individuals to
participate in health research. We hope that the findings presented here
provide a useful quantification of the comparison of virtual and tradi-
tional recruitment, and will inspire future research to compare a wider
range of studies on these metrics, as well as additional metrics that we
were not able to assess, such as the overall cost of recruitment. While
much work remains to be done, we are optimistic that virtual recruit-
ment may help to accelerate the adoption of urgently needed health
solutions for a wider range of people.
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