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Abstract

Background: The aim of this paper is to describe the utility of various recruitment modalities utilized in the
Working to Increase Stability through Exercise (WISE) study. WISE is a pragmatic randomized trial that is testing the
impact of a 3-year, multicomponent (strength, balance, aerobic) physical activity program led by trained volunteers
or delivered via DVD on the rate of serious fall-related injuries among adults 65 and older with a past history of
fragility fractures (e.g., vertebral, fall-related). The modified goal was to recruit 1130 participants over 2 years in three
regions of Pennsylvania.

Methods: The at-risk population was identified primarily using letters mailed to patients of three health systems
and those over 65 in each region, as well as using provider alerts in the health record, proactive recruitment phone
calls, radio advertisements, and presentations at community meetings.

Results: Over 24 months of recruitment, 209,301 recruitment letters were mailed, resulting in 6818 telephone
interviews. The two most productive recruitment methods were letters (72% of randomized participants) and the
research registries at the University of Pittsburgh (11%). An average of 211 letters were required to be mailed for
each participant enrolled. Of those interviewed, 2854 were ineligible, 2,825 declined to enroll and 1139 were
enrolled and randomized. Most participants were female (84.4%), under age 75 (64.2%), and 50% took an
osteoporosis medication. Not having a prior fragility fracture was the most common reason for not being eligible
(87.5%). The most common reason provided for declining enrollment was not feeling healthy enough to participate
(12.6%).

Conclusions: The WISE study achieved its overall recruitment goal. Bulk mailing was the most productive method
for recruiting community-dwelling older adults at risk of serious fall-related injury into this long-term physical
activity intervention trial, and electronic registries are important sources and should be considered.
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Background
Injuries from falls are a leading cause of death among
older adults. Between 2000 and 2013, the age-adjusted
fall injury death rate among adults over 65 increased
from 29.6 per 100,000 to 56.7 per 100,000 [1]. Given
these trends, along with the projected growth in the
number of adults over 65 in the USA; from 43 million in
2012 to 73 million by 2030 [2], there is an urgent need
to develop and test interventions to reduce falls from in-
juries among older adults.
We recently completed recruitment for an randomized

controlled trial of an exercise intervention designed to
reduce falls and fractures. The study, called Working to
Increase Stability through Exercise (WISE), recruited
adults over age 65 who had suffered a fragility fracture
in the past 10 years (e.g., vertebral fracture or fall-
related). Participants were randomized to either an en-
hanced usual care condition, which included health in-
formation and ordering a clinical bone density scan, or
to an intervention condition. The intervention is a 3-h
per week strength and balance training program offered
for 36 months. Participants in the intervention group are
given the option of joining in-person, in any of 25
community-based exercise sites (e.g., churches, commu-
nity centers) established across the 3 sites, or at home by
DVD. The primary outcome measure is the rate of injur-
ies that lead to the need for medical care, reported by
phone every 4 months and verified with a medical record
review, which we refer to as serious fall-related injuries
(SFRI). We have described the methods for the study
elsewhere [3].
Recruitment is often the most challenging part of a

clinical trial. Up to 95% of trials experience delays due to
challenges in recruitment [4] and up to 19% of trials are
closed due to low rates of recruitment [5]. A 2018 sys-
tematic review examined strategies to enhance enroll-
ment and identified only three that were supported by
strong evidence: (1) open trials rather than blinded, pla-
cebo trials; (2) telephone reminders to people who do
not respond to a mailed invitation, and (3) user testing
to optimize recruitment leaflets [5]. More recently, a sys-
tematic review compared online (e.g., Facebook, Google
search) versus offline recruitment (e.g., mailings) and ob-
served that online recruitment led to a significantly
greater rate of recruitment at a significantly lower cost
[6]. As internet access rates among older adults are
lower than for younger adults, internet recruitment
sources for older adults are often not considered. As of
2021, however, 75% of older adults have internet access,
with access rates continually rising [7] and 50% of older
adults use Facebook [8], making online recruitment in-
creasingly viable for older adults.
A significant challenge in longer-term lifestyle studies

(e.g., diet, exercise) is recruiting enough individuals who

reflect the target population and are willing to partici-
pate in a multi-year intervention trial. Successful strat-
egies to recruit aging, medically at-risk adults are
especially needed as supervised physical activity inter-
ventions have demonstrated an average effect size of
Cohen’s d=0.62 in improving physical function measures
[9], yet fewer than 1 in 20 older adults meet activity
guidelines [10]. In this report, we describe the successes
and challenges of completing recruitment across three
cities, as well as the yields from different recruitment
methods and a baseline examination of the key charac-
teristics of our study population.

Methods
Institutional Review Board (IRB) approval
The study was approved by the Institutional Review
Boards of the Penn State College of Medicine, the Uni-
versity of Pittsburgh, and the Lewis Katz School of
Medicine at Temple University, which we will refer to as
Penn State, Pittsburgh and Temple, respectively. Each
IRB approved each protocol element separately, in an ar-
rangement that required Penn State’s IRB to first ap-
prove protocol elements before being evaluated by the
other institution’s IRB. If any of the protocol changes
were rejected by the IRB at any of the three institutions,
the protocol was updated at all three sites to ensure
consistency. A more detailed description of the methods
is included in the protocol manuscript [3].

Community Advisory Board
In order to optimize the patient-centeredness of all as-
pects of the project, including recruitment, we formed a
Community Advisory Board (CAB) at the initiation of
the project. We engaged leaders and stakeholders from
health insurance companies (e.g., Highmark, Aetna),
older adult services organizations (e.g., Area Agency on
Aging), governmental agencies (e.g., Pennsylvania De-
partment of Health), and volunteer groups (e.g., Retired
& Senior Volunteer Program), as well as peer leaders
and participants from the 15 original exercise sites that
served as pilot locations for the trial. The CAB met in
person in the first year of the project and then every 1–
3 months by phone during the recruitment phase. The
CAB’s role was to provide advice and feedback about
study methods, potential partnerships to optimize re-
cruitment and to review recruitment materials.

Staff training
Prior to starting recruitment, a training session was held
for the project managers at each recruitment site. This
session included a review of the standard operating pro-
cedure (SOP) documents as well as a review of materials
needed to conduct the baseline visits. After this initial
training, the project managers at each recruitment site
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were responsible for training staff. Trainings for research
staff involved a full review of the study protocol and
SOPs for each work procedure. These SOPs were cre-
ated by project managers at Penn State and were kept
current in an online repository accessible to research
staff at all three sites. For quality control purposes, quar-
terly in-person site visits were conducted by the Core
project manager at Penn State to the University of Pitts-
burgh and Temple sites. During these visits, the Core
project manager audited the recruitment and enrollment
processes. In-person, site-specific staff training was then
tailored and conducted based upon the audit findings.
Additional in-person staff training was conducted during
the Annual Stakeholder Meeting.

Eligibility criteria
The eligibility criteria were designed to limit exclusions,
in keeping with pragmatic trial design [11]. Eligibility
criteria included: age ≥ 65, history of a fragility fracture
in the past decade, able to walk 100 feet, a negative
screening test for dementia, and permission from a pri-
mary care provider. We initially focused on those who
suffered a FF in the past five years, but since we could
not yield enough individuals to meet study enrollment
goals, the window for FF was expanded to 10 years given
that the risk of secondary FF persists. Where possible,
contacts were made with individuals with the highest
likelihood of being 65 or older and having a FF in the
past decade. For example, letters were sent to individuals
with a history of osteoporosis in order to increase the
likelihood of identifying individuals with a fragility frac-
ture, though the eligibility criteria remained consistent
in that individuals needed to have a history of a fragility
fracture to be enrolled.

Baseline visit
Prior to the baseline visit, a consent form was mailed to
participants to review before the in-person visit. During
the baseline in-person visit, the study was explained in
detail, and randomization was performed, stratified by
site (Pittsburgh, Hershey-Harrisburg, Philadelphia), gen-
der, and prior or current use of a potent medication for
osteoporosis (e.g., alendronate). Self-reported survey
measures were collected (e.g., falls history, loneliness)
and several directly observed measures were taken (e.g.,
blood pressure, chair stand performance).

Enrollment: goal
The original goal was to recruit and randomize 2000 in-
dividuals, based on a power analysis to detect a 3% dif-
ference (7% v. 4%, a 43% relative risk reduction) in new
fragility fractures, the original primary clinical outcome.
Due to rates of enrollment being lower than anticipated,
the enrollment goal was modified to 1130 individuals,

and the primary clinical outcome was changed to a 6%
difference (13% v. 7%, a 46% relative risk reduction) in
the composite outcome measure of fragility fracture and
serious fall-related injury (FF/SFRI). The original pro-
posal included power and sample size analyses for both
clinically relevant outcomes and the original sample size
left the study overpowered to detect a difference in FF/
SFRI, with power estimates ranging from 94–99% under
a range of assumptions of the rate of FF/SFRI and treat-
ment effect. This change was consistent with the overall
aim of the study, to test the impact of an exercise pro-
gram on a clinical outcome which, if positive, may pro-
vide a rationale for an exercise program to be included
as a standard Medicare benefit for older adults at risk of
a fall-related injury [12, 13]. The study had a racial/eth-
nic minority enrollment goal of 18%, slightly lower than
the statewide rate of 21%, based on 2012 Census data,
given the lower incidence of osteoporosis in Black, com-
pared to White, women [14].

Enrollment: methods
A variety of recruitment methods were used, in order to
ensure timely enrollment. Each site sent recruitment let-
ters and, where possible, those letters were targeted to
individuals who were likely to meet the inclusion cri-
teria. Patients of each site had been informed, in their
respective Notice of Privacy Practices for Protected
Health Information, that they may be contacted for a fu-
ture research study. Letters were targeted to three
groups of people age 65 or older: (1) those who had a
previous fragility fracture, (2) those with a history of
osteoporosis, and (3) those without either medical con-
dition in their history. Two main sources were employed
to identify eligible individuals: each institution’s elec-
tronic medical record (EMR), which included fragility
fracture and osteoporosis history, and marketing lists
purchased from Lorton Data (www.lortondata.com),
which allowed us to target individuals with a self-
reported osteoporosis history. Patients of each site are
informed, in their respective Notice of Privacy Practices
for Protected Health Information, that they may be con-
tacted for a future research study. For EMR queries,
International Classification of Disease (ICD) codes for
fragility fracture (FF) (e.g., 812.0 - Fracture of Upper End
of Humerus, closed) were used to identify individuals
who had likely suffered a FF in the past 10 years, making
them eligible for the current study. This code list was
derived from prior quality improvement work by one of
the co-investigators (EF) [15]. As ICD 10 codes were im-
plemented in 2015, both ICD 9 and ICD 10 codes were
used to identify eligible participants.
In addition, several site-specific recruitment options

were employed. The University of Pittsburgh, for ex-
ample, used two research registries to identify potential
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participants. The Pepper Registry (www.pepper.pitt.edu)
included the names of older adults who had previously
expressed an interest in future studies specific to older
adults. The Pitt+Me registry (www.pittplusme.org), over-
seen by the University of Pittsburgh’s Clinical and
Translational Science Institute (CTSI), allows individuals
to join and be notified by the staff of future studies that
are relevant to their conditions or interests. The Univer-
sity of Pittsburgh also identified participants by using an
electronic alert embedded in the EMR. During clinical
encounters, this alert flagged patients that met key inclu-
sion criteria so that the provider could consider referring
the patient to the study. In several instances, recruitment
methods were pilot tested at one site before being imple-
mented at the other two sites. For example, letters allow-
ing individuals to opt-out of being called about the study
were pilot tested at Penn State, but the results suggested
that the method was not successful enough to be used
across all sites. Traditional marketing methods were also
used across sites to recruit participants, including radio
advertisements, on-hold audio messages, and presenta-
tions at community meetings (i.e., 50+ Festivals).

Enrollment: phone interviews
Screening was conducted primarily by phone. In some
cases, such as at community events, screening questions
were completed in person. Potential participants were
screened for eligibility and study expectations (i.e., study
visits timing, randomization) were discussed. To save
time, the sequence of topics presented on the phone was
modified over the first 6 months to move the issues most
likely to lead to ineligibility (e.g., age < 65) or disinterest
(e.g., time commitment, travel burden) to the beginning
of the screening process. For example the intervention
was expected to require 150 h of time over 3 years and
in-person attendance was encouraged, though transpor-
tation was not provided, which was recognized early in
the recruitment process as a significant barrier to par-
ticipation. During phone interviews, the name of the
participant’s primary care provider (PCP) was asked and
a dementia screener was performed [16]. If the dementia
screen was positive, a set of questions were then asked
to assess the participant’s understanding of the nature of
the study. If any answers were incorrect, the participant
was considered ineligible. After the phone interview,
PCPs were contacted by fax to medically clear the par-
ticipant for the exercise portion of the intervention, and
to order a dual-energy X-ray absorptiometry (DXA) scan
to determine the bone mineral density (if not already
performed in the previous 2 years and medically indi-
cated). Given the pragmatic nature of the study design,
the DXA test ordering was performed based on the pro-
vider’s understanding of the clinical appropriateness of
ordering the test. If a DXA had been performed within

the past 2 years, for example, we instead planned to ob-
tain the prior result via chart review at the end of the
study. As a result, the baseline DXA characteristics are
not presented here.

Enrollment: strategies to enhance enrollment
To better track the recruitment process, we used Tab-
leau (www.tableau.com) to visualize our progress and to
automate weekly reports that, based on recruitment
trends, estimated the date when enrollment would be
completed. Despite lowering the enrollment goal for the
study (as above) to 1130, the rate of enrollment contin-
ued to be a challenge. Therefore, after several discus-
sions with our Community Advisory Board (CAB) to
seek ideas, we undertook several specific tactics to en-
hance recruitment. For each of the following tactics, the
CAB was integral to reviewing materials and suggesting
content and edits.
First, we increased our marketing for the study in sev-

eral ways. We began advertising at events for vendors of
products and services for older adults, across the three
regions, by paying for a table at the event, making post-
ers, and sending a staff member to speak to people who
expressed interest. We also created a video about the
study and placed it on a study website (www.wisestudy.
org) and the URL was placed on the recruitment letter.
We also worked with our marketing departments to
identify media outlets that may be interested in doing a
story about the study. As a result, the Philadelphia
Inquirer and the National Public Radio affiliate in Cen-
tral Pennsylvania (www.witf.org) both reported on the
study. Links to both stories were then placed on our
study website.
Second, in 2017, with the CAB’s assistance, we created a

new version of the recruitment letter that included specific
changes that had previously been proven to enhance be-
havior changes [17, 18]. First, the letter included the num-
ber of participants that had been recruited to date, to give
a sense of “social proof” as well as a deadline for recruit-
ment, to give a sense of scarcity, both of which are tactics
proven to change behavior. Second, the letter included a
link to a website that included a video, featuring study
participants in both conditions explaining the importance
of the study and giving testimonials about their experi-
ence. Third, the letter mentioned the stories in the local
news (as above), in order to convey a sense of expertise or
authority. We then tested the revised letter against the
former letter by mailing letters to a random assignment of
addresses, to understand whether the revised letter led to
a greater number of participants being enrolled than the
original letter.
Third, in 2017, we began making proactive outbound

recruitment phone calls. The recruitment letter was
changed to note that study staff may call by phone,
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unless the individual called the included toll-free num-
ber or mailed back a letter that was included, noting that
the individual did not want to be called. This proactive
outreach process has been shown to be more effective at
enhancing enrollment in clinical trials than the reactive
processes that we had previously been using [19].
Fourth, in 2017, it became clear that the project was

not meeting its minority recruitment goal of 18%, so a
number of actions were taken to enhance minority re-
cruitment. These changes were implemented mainly at
the University of Pittsburgh and Penn State sites, as their
minority enrollment rates, defined as the percent of
Black or African American plus Hispanic or Latino par-
ticipants, were the lowest. At Penn State, enrollment was
expanded to two local cities, York and Lancaster, which
had a higher percentage of minorities (63.8% and 38.9%,
respectively) than the state overall (24.3%). At the Uni-
versity of Pittsburgh, the following activities were initi-
ated: (1) presentations about the study were made at
community health centers in minority neighborhoods
(e.g., Homewood Community Engagement Center,
Kingsley Center); (2) mailings were prioritized to neigh-
borhoods with the highest percentage of minorities, so
long as the planned exercise sites in those communities
were in neighborhoods with a sufficient population of
older adults and were safely accessible to older adults;
and (3) advertisements were placed in media outlets with
a higher percentage of minority readers (e.g., Soul Pitt
Magazine)
Fifth, in the latter half of 2018, we greatly increased

the number of letters being mailed, particularly at the
Penn State site where we did not have access to the
registries and electronic health record reminders avail-
able at the University of Pittsburgh.

Measures
Baseline demographics were obtained by self-report
using questions from the National Health Interview Sur-
vey (NHIS) that measured age, gender, ethnicity, race,
smoking status, and past medical history of hypertension
and osteoporosis [20]. Baseline history of falls was ob-
tained by self-report using a question from the Behav-
ioral Risk Factor Surveillance System (BRFSS) about the
number of falls in the past year [21]. Emergency room
visits and hospital admission in the past year were
assessed via self-report using modified questions from
Project RED (Re-Engineered Discharge) [22]. Medication
use for osteoporosis was assessed by asking whether par-
ticipants currently or previously took any of 10 specific
prescription medications for osteoporosis (e.g., alendro-
nate, denosumab, teriparatide). Height and weight were
measured (for BMI calculation) using a wall-mounted
stadiometer and validated scale [23]. Blood pressure and
heart rate were measured using the average of three

readings from a validated automated machine (Omron
HEM 907XL) [24]. Physical performance was assessed
by measuring the maximum number of chair stands and
arm curls (5-pound dumbbells for women and 8-pound
dumbbells for men) that could be performed properly in
30 s [25]. Symptoms of fatigue, pain, depression, and
anxiety were assessed using scales from the Patient Re-
ported Outcomes Measurement Information System
(PROMIS) [26, 27]. Loneliness was assessed using the 3-
item Brief Loneliness Questionnaire [28].

Statistical analysis
Descriptive statistics were used to characterize study par-
ticipants and enrollment rates (i.e., number of participants
enrolled per week) as well as the impact of different re-
cruitment strategies. Chi-square tests for categorical vari-
ables and Student’s t tests, analysis of variance, Wilcoxon
rank sum tests, or Kruskal-Wallis tests for continuous var-
iables were used to compare participants in each study
condition as well as at each study location.

Results
Enrollment began in December 2016 and ended in No-
vember 2018 with 1139 participants being enrolled, for a
rate of approximately 13 participants per week over 2
years (see Fig. 1). In 2017 the two letters were tested
against each other, with 11,022 letters being randomly
assigned to different addresses. While 0.9% of the newer
letters led to a screening (versus 0.6% of the original let-
ters), the enrollment rates for both were equal to 0.1%.
In 2017, 1945 proactive recruitment phone calls were
made, resulting in 1162 interviews and 41 subjects (3.5%
of interviews) being enrolled. In the second half of 2018,
the Penn State site increased the number of letters
mailed each week, from 623 per week to 3627 per week
(a 5.8 times increase), leading to increases in average in-
coming calls (12 versus 66; a 5.5 times increase) and in-
crease in enrollment (2 versus 6; a 3.0 times increase).
The recruitment flow is shown in Fig. 2. In total

209,301 letters were mailed, 6818 telephone interviews
were conducted, and 1139 were ultimately randomized,
slightly above the goal of 1130. We conducted 6.0 inter-
views for every participant enrolled. For the 2854 indi-
viduals who were ineligible, the main reasons were not
having a fragility fracture in the past 10 years (2498;
87%) and reporting inability to walk 100 feet (106; 3.7%).
For the 2825 individuals that declined to enroll, most
gave no specific reason (1153; 40.8%) and the main rea-
sons provided were not feeling healthy enough to par-
ticipate (356; 12.6%), concerns over transportation to the
exercise sessions (292, 10.3%), and concerns about the
long time commitment (252; 8.9%).
Table 1 shows the source of recruited participants.

Most (72%) participants were recruited by screening
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Fig. 1 Enrolled participants over time

Fig. 2 WISE recruitment funnel
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letters, with small percentages coming from a range of
other sources, including research registries available at
the University of Pittsburgh (11%), referral from physi-
cians (6%), and others. As a result of having additional
recruitment methods available, the University of Pitts-
burgh enrolled only 57% of participants using mailings,
versus 87% and 86% for Penn State and Temple, respect-
ively. In addition, the University of Pittsburgh had an
electronic health record alert which was activated, so
they were able to recruit 10% of their participants (52 of
526) via referral, compared to only 2% at both Penn
State and Temple.
Table 2 shows the yield by letter type, which is limited

to the Penn State site, which instituted a more detailed
letter tracking system, outside of REDCap, than the
other sites. Overall, Penn State mailed 211 letters for
every participant enrolled, though the number of letters
mailed for each participant enrolled varied by a factor of
10 between different sources of participants. For ex-
ample, the best yield was for letters to patients identified
in the electronic health record (EHR) as having had a
fragility fracture in the past (65 letters mailed per par-
ticipant enrolled). The poorest yield was from a list pur-
chased from a marketing company (Lorton Data), which
required 847 letters to be mailed for each participant en-
rolled. Overall, response rates were higher using letters
mailed to individuals who had been patients at Penn
State Health, regardless of the risk factor being used
(e.g., osteoporosis), than were response rates to letters
mailed to individuals from the purchased list.
Table 3 shows the results of the telephone interviews

across the study and by study site. Overall, 42% of indi-
viduals interviewed were ineligible, 41% declined to par-
ticipate and 17% were enrolled. Ineligibility was highest
at Penn State (46%) and lowest at the University of Pitts-
burgh (39%). The highest rate of individuals declining to
enroll was at the University of Pittsburgh and Temple
(46% at both sites) and the lowest rate at Penn State
(33%). Enrollment, as a percentage of telephone

interviews, was highest at Penn State (21%) and lowest
at Temple (13%). Across the study, 5.98 telephone inter-
views were conducted per participant enrolled.
Baseline characteristics of participants at all sites are

listed in Table 4. Across the study, most participants
were under 75 years of age (64.3%), female (84.4%), and
college-educated (54.9%). Minority recruitment was only
8.6%, less than half of the original goal of 18%. Half of
the participants had used a medication for osteoporosis
(e.g., alendronate) and more than half (50.9%) reported
falling in the past year. Control and intervention condi-
tions differed according to several baseline variables, in-
cluding smoking status, recent hospitalization, and the
number of bicep curls that could be done in 30 seconds.
The remaining demographic, medical history, health care
utilization, and physical examination variables were simi-
lar between conditions.
Table 5 shows the baseline data by site. The percent-

age of minority participants was higher at Temple
(42.3%) compared to either Pittsburgh (6.9%) or Penn
State (2.7%). Osteoporosis history and use of osteopor-
osis medications across sites was similar, though the per-
centage of participants who fell in the past year was
significantly different (p=0.039) at Penn State (54.5%),
Pittsburgh (46.6%), and Temple (54.5%). Self-reported
health, measured using Patient-Reported Outcomes
Measurement Information System (PROMIS) instru-
ments for fatigue, depression, anxiety, and pain intensity,
differed significantly between sites, with Temple having
poorer self-reported health for each of the above mea-
sures. Of note, a protocol deviation was identified in the
way that chair stands were measured at Temple, so this
variable is not included in the analysis at this site.

Discussion
Over 24months of recruitment, the WISE study was
able to meet its revised goal by enrolling 1139 older
adults with a previous history of fragility fracture. A
number of efforts were made to enhance enrollment, in-
cluding testing a new version of the recruitment letter,
using outbound, proactive recruitment phone calls, and
increasing the number of letters mailed, though most of
these efforts were unsuccessful in increasing the rate of
enrollment. Despite efforts to modify the recruitment
letter, for example, by utilizing proven tactics of commu-
nication and in partnership with the CAB, the revised
letter was no more effective than the original letter. The
reasons for this are not clear though it is quite possible
that some of the changes made increased the impact of
the letter while other changes decreased the impact of
the letter. A more effective strategy for modifying the re-
cruitment letter may have been to test each change indi-
vidually, by using a digital platform such as Facebook.
While only 73% of adults over 65 had access to the

Table 1 WISE recruitment by source and site

Penn State Pitt Temple Total

# % # % # % # %

Recruitment letters 436 87 300 57 86 77 822 72

Research registry n/a n/a 126 24 n/a n/a 126 11

Referral 9 2 52 10 2 2 63 6

Recruitment calls 26 5 14 2 1 1 41 4

Flyers/newsletters 3 1 20 4 7 6 30 3

Media (e.g. radio ad) 13 2 1 < 1 11 10 24 2

Community outreach 9 2 9 2 - - 18 1

Other 5 1 4 < 1 5 4 15 1

Total 501 100 526 100 112 100 1139 100
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Internet in 2019, 46% use Facebook [29]. Facebook has
built-in features that allow for rapidly testing text and
graphical elements to identify the highest performing
combination [30]. Also, as the proactive recruitment
phone calls required 28 interviews to enroll one subject,
compared to six for the study overall, they were deemed
too labor-intensive to scale up. In the end, given the im-
portance of mailed letters to our overall enrollment plan,
greatly expanding the number of letters mailed was in-
strumental in allowing us to meet our recruitment goal
and could have been increased far earlier.
While an array of recruitment methods were used, the

majority of participants (73%) were recruited using let-
ters, similar to other large-scale physical activity studies
among older adults. The LIFE study, for example, en-
rolled 57% of 1635 participants using mailed letters [31],
and the STRIDE study recruited 100% of 5451 partici-
pants using mailed materials [32]. Our method differed
from the STRIDE study, a primary prevention trial of
fall-related injuries, in that STRIDE mailed study infor-
mation and asked individuals to return a brief screening
postcard, containing three screening questions. While
these methods are hard to compare, as they were func-
tionally different, the percentage of letters that led to a
phone screener in STRIDE (8.2%) was more than twice
as the percentage of letters that led to a telephone inter-
view in WISE (3.2%). This difference may be because the
STRIDE mailed materials only to patients that had an
existing relationship with one of the 86 enrolled prac-
tices. Similarly, in WISE, we observed that it required
more than twice as many recruitment letters to enroll a
participant using a commercial mailing of individuals
with osteoporosis than when using a list of patients with
osteoporosis who had an existing relationship with Penn

State (228 v. 110, Table 2). We hypothesize that the
higher rate of enrollment is due to increased levels of
trust due to the pre-existing relationships between an in-
dividual and health care institution, given that 43% of
1754 adults in a national survey cited a lack of trust as a
barrier to participation in clinical trials [33].
Minority recruitment was less than half of the goal

(8.6% v. 18%), due to lower than expected rates of re-
cruitment at Temple University, which has a large mi-
nority population yet a much lower number of patients
to be recruited. In addition, rates of osteoporosis are
lower among black women, further increasing the chal-
lenge of minority recruitment. In a systematic review,
Ballane and colleagues observed that rates of vertebral
fracture are 1.6 times higher in Whites than in Blacks
[14]. One potential option to increase minority enroll-
ment is to intensify recruitment of Hispanic populations,
which have similar rates of osteoporosis as Whites [14].
This would need to be balanced, however, by observa-
tions that the costs of recruiting minority populations
that often do not speak English are up to five times as
high as recruiting non-minority populations [34].
Though the WISE study was designed according to

pragmatic trial principles [11], where tradeoffs are made
to limit individuals excluded, our screening enrollment
rate was not as low as in the STRIDE study, also de-
signed using pragmatic principles. The LIFE Study, de-
signed as an efficacy study, screened 9.0 individuals for
each person enrolled, 50% higher than in WISE where
6.0 individuals completed a telephone interview for each
individual enrolled [31] but nearly three times higher
than the STRIDE study, which only screened 3.4 individ-
uals for each participant enrolled [32]. Two potential
reasons may explain these differences. First, our

Table 2 WISE recruitment yield by electronic health record (EHR) and purchase list mailing type at Penn State

Letters mailed # Enrolled Yield per 100 letters Letters mailed per participant

Osteoporosis from purchased list 15,298 67 0.44 228

Age 65+ from purchased list 44,870 53 0.12 847

Fragility fracture from EHR 12,473 191 1.53 65

Osteoporosis from EHR 14,855 135 0.91 110

Fall History from EHR 10,178 17 0.17 599

Total 97,674 463 0.47 211

Table 3 WISE recruitment yield of telephone interviews by site

Telephone interviews Ineligible Declined participation Enrolled

# % # % # %

Penn State 2405 1110 46 794 33 501 21

Pitt 3565 1398 39 1641 46 526 15

Temple 848 346 41 390 46 112 13

Total 6818 2854 42 2825 41 1139 17
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recruitment letter did not focus attention on the need to
have a fragility fracture in the past, which may partly ex-
plain why not having a fragility fracture was the reason
for the vast majority (87%) of exclusions. Past history of
fragility fracture also has no field in the electronic health
record that may have made it easier to identify potential
participants. For example, Fu and colleagues identified
10,898 smokers in an electronic health record, as smok-
ing status is recorded at each visit, screening only 1.7 in-
dividuals for each participant enrolled [35]. Second, our
intervention was significantly more demanding to partic-
ipants than STRIDE. WISE required participants to con-
sider participating in a 3-year intervention trial,
including ~ 450 h of home or center-based intervention
time (three times weekly × 150 weeks). The STRIDE
study, by comparison, studied the impact of a falls care
manager who provided additional clinical services (e.g.,
medication changes), but that would not require a large
time and effort commitment [32, 36].
The population we recruited is representative of those

who are at the highest risk of falls and fall-related injur-
ies. While the STRIDE study is a primary prevention
trial and WISE is a secondary prevention trial, the

populations are quite similar. The WISE study had a
higher percentage of women than the STRIDE study
(84% versus 62%), likely due to the STRIDE study’s goal
to enroll individuals at risk for falls, where the WISE
study aimed to enroll individuals with a previous fragility
fracture, a marker of osteoporosis. Approximately 80%
of individuals with osteoporosis are female [37], similar
to the demographics of the WISE study.
A key lesson from the recruitment phase of WISE is

the importance of considering a composite clinical out-
come, rather than an individual clinical outcome, as a
means of simplifying recruitment challenges. We origin-
ally powered the study to detect a difference in fragility
fracture, which required 2000 participants to detect a
difference in rates of incident fragility fracture. We did,
however, include detailed power analyses for a secondary
outcome measure, a composite outcome measure of fra-
gility fracture and serious fall-related injury (FF/SFRI).
This composite outcome measure had a higher inci-
dence, as it includes a wider range of events, and there-
fore requires fewer participants to detect a significant
difference between conditions [38]. Composite outcomes
are increasingly used in studies of other clinical

Table 4 WISE baseline data by condition

Characteristic (percent or mean) Overall
(N=1139)

Control
(N=569)

Intervention
(N=570)

P value*

Age ≥ 75 35.8 35.2 36.4 0.665

Female 84.4 84.2 84.6 0.860

White, non-Hispanic 91.4 92.5 90.3 0.203

BMI 28.6 ± 6.5 28.6 ± 6.5 28.6 ± 6.5 0.995

Blood pressure, systolic 129.5 ± 17.7 129.7 ± 17.7 129.4 ± 17.8 0.750

Blood pressure, diastolic 73.3 ± 11.4 72.9 ± 11.7 73.8 ± 11.1 0.188

Heart rate 69.9 ± 10.8 70.3 ± 11.1 69.6 ± 10.4 0.300

College graduate 54.9 52.2 57.6 0.068

Osteoporosis medication, ever 50.0 49.9 50.0 0.976

Nonsmoker 97.0 98.2 95.7 0.015

History, hypertension 51.1 52.1 50.3 0.548

History, osteoporosis 51.2 51.0 51.3 0.909

Fall, past year 50.9 49.1 52.7 0.228

Lack companionship, hardly ever 69.8 69.3 70.3 0.719

Bicep curls, 30 s 12.4 ± 4.4 12.0 ± 4.3 12.7 ± 4.6 0.012

Chair stands, 30 s 9.0 ± 4.0 8.9 ± 4.0 9.0 ± 4.1 0.624

PROMIS, depression (20 = worst) 5.2 ± 2.3 5.3 ± 2.3 5.1 ± 2.4 0.179

PROMIS, anxiety (20 = worst) 5.8 ± 2.4 5.8 ± 2.4 5.8 ± 2.4 0.774

PROMIS, pain intensity (10 = worst) 2.8 ± 2.3 2.9 ± 2.4 2.7 ± 2.3 0.452

PROMIS, fatigue (20 = worst) 7.8 ± 3.3 7.9 ± 3.2 7.7 ± 3.3 0.290

ER visit in past year, yes 37.3 36.4 38.2 0.528

Hospital stay in past year, yes 21.5 18.4 24.7 0.012

*Percent with chi-square test; mean ± SD with two-sample t test or Wilcoxon rank sum test
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conditions, including cardiovascular disease, by combin-
ing incident cardiovascular death or hospitalization for
myocardial infarction or stroke [39]) and chronic ob-
structive pulmonary disease (COPD), by combining the
incident need for intubation, death from any cause, hos-
pital admission for COPD or intensification of drug
therapy [40]. Our experience shows that other clinical
conditions may also take advantage of composite out-
comes when designing clinical trials.
Although this study has a number of strengths, it has

limitations as well. First, although the WISE study was
performed in three regions of Pennsylvania spanning a
distance of 300 miles, recruitment results may have dif-
fered in other regions. Pennsylvania has one of the high-
est percentages of citizens over the age of 65, ranking
8th out of 50 states, with 18.2% of citizens aged 65 or
older. California, for example, ranks 45th out of 50, with
only 14.3% of citizens aged 65 or older. While this
demographic difference may have led to a different level
of responsiveness to mailings and other recruitment ef-
forts, the multi-center Lifestyle Interventions and Inde-
pendence for Elders observed that telephone screens
yielded a similar percent of eligible participants across

eight geographically diverse centers, ranging only from
61% to 79%, with an average of 68% [31]. Second, WISE
study participants were more likely to have graduated
college (54.9%) than older adults in the United States
overall (38.0%) [41], potentially creating a threat to the
generalizability of the findings. Despite these differences
from the overall population, the WISE study recruited a
similar percentage of college graduates as the STRIDE
study (52.2%) and fewer than the LIFE Study (64.2%).
These findings highlight the importance of improving
outreach to recruit participants of lower educational at-
tainment, so that the study sample more accurately re-
flects the population under study,
In conclusion, the WISE study enrollment period dem-

onstrates the feasibility of recruiting a large population
of individuals at risk for fall-related injuries primarily
using mailed letters, which can be scaled up and down
relatively easily to meet recruitment goals. Also, the data
demonstrate that having multiple sites with different
demographic characteristics increases the chances of
recruiting a sample with diverse demographic and other
characteristics that are covariates of the outcome of
interest. Lastly, the recruitment experience highlights

Table 5 WISE baseline data by site

Characteristic (percent or mean) Overall
(N=1139)

Penn State
(N=501)

Pitt
(N=526)

Temple
(N=112)

P value*

Age ≥ 75 35.8 34.9 36.0 39.1 0.708

Female 84.4 82.6 85.7 85.7 0.359

White, non-Hispanic 91.4 97.3 93.1 57.7 < 0.001

BMI 28.6 ± 6.5 29.0 ± 6.8 28.3 ± 6.3 28.3 ± 6.0 0.226

Blood pressure, systolic 129.5 ± 17.7 130.2 ± 17.3 127.5 ± 17.0 136.4 ± 20.7 < 0.001

Blood pressure, diastolic 73.3 ± 11.4 72.4 ± 11.7 74.2 ± 10.7 72.9 ± 13.1 0.046

Heart rate 70.0 ± 10.8 69.3 ± 11.2 70.1 ± 10.1 71.9 ± 12.2 0.066

College graduate 54.9 48.7 62.9 44.1 < 0.001

Osteoporosis medication, ever 50.0 50.1 49.8 50.0 0.996

Nonsmoker 97.0 97.1 97.0 96.4 0.931

History, hypertension 51.2 54.5 45.9 60.7 0.003

History, osteoporosis 51.2 53.5 48.7 52.8 0.317

Fall, past year 50.9 54.5 46.6 54.5 0.039

Lack companionship, hardly ever 69.8 67.4 73.1 64.3 0.059

Bicep curls, 30 s 12.4 ± 4.4 12.3 ± 4.7 11.6 ± 3.6 16.0 ± 5.1 < 0.001

Chair stands, 30 s 9.0 ± 4.0 8.5 ± 4.4 9.4 ± 3.7 N/A < 0.001

PROMIS, depression (20 = worst) 5.2 ± 2.3 5.5 ± 2.7 4.9 ± 1.9 5.3 ± 2.5 0.009

PROMIS, anxiety (20 = worst) 5.8 ± 2.4 6.0 ± 2.6 5.5 ± 2.1 6.3 ± 2.7 0.005

PROMIS, pain intensity (10 = worst) 2.8 ± 2.3 2.8 ± 2.2 2.6 ± 2.3 3.6 ± 2.9 0.004

PROMIS, fatigue (20 = worst) 7.8 ± 3.3 8.2 ± 3.4 7.4 ± 3.1 8.2 ± 3.3 <0.001

ER visit in past year, yes 37.3 38.0 34.9 44.6 0.143

Hospital stay in past year, yes 21.5 21.3 21.1 24.3 0.751

*Percent with chi-square test, mean ± SD with ANOVA or Kruskal-Wallis test
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the need, where possible, to consider other clinically-
relevant outcomes that can be combined into a compos-
ite outcome, in order to lower sample size requirements,
given how frequently recruitment challenges arise in
clinical trials.
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