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Costing a population health management approach for
participant recruitment to a diabetes prevention study

Tzeyu L. Michaud,**” Kathryn Wilson,>* Fabiana Silva,* Fabio Almeida,"” Jeff Katula,” Paul Estabrooks™”

Abstract

Limited research has reported the economic feasibility—from
both a research and practice perspective—of efforts to recruit
and enroll an intended audience in evidence-based approaches
for disease prevention. We aimed to retrospectively assess and
estimate the costs of a population health management (PHM)
approach to identify, engage, and enroll patients in a Type 1
Hybrid Effectiveness-Implementation (HEI), diabetes-prevention
trial. We used activity-based costing to estimate the recruitment
costs of a PHM approach integrated within an HEI trial. We took
the perspective of a healthcare system that may adopt, and
possibly sustain, the strategy in the typical practice. We also
estimated replication costs based on how the strategy could be
applied in healthcare systems interested in referring patients to
a local diabetes prevention program from a payer perspective.
The total recruitment and enrollment costs were $360,424

to accrue 599 participants over approximately 15 months.

The average cost per screened and enrolled participant was
$263 and $620, respectively. Translating to the typical
settings, total recruitment costs for replication were estimated
as $193,971 (range: $43,827-5210,721). Sensitivity and
scenario analysis results indicated replication costs would be
approximately $283-$444 per patient enrolled if glucose
testing was necessary, based on the Medicare-covered services.
From a private payer perspective, and without glucose testing,
per-participant assessed costs were estimated at $31. A PHM
approach can be used to accrue a large number of participants
in a short period of time for an HEI trial, at a comparable cost
per participant.
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INTRODUCTION

Prediabetes, the predecessor of diabetes, is a leading
contributor to lifetime healthcare costs due to its high
prevalence [1]. Approximately 84 million (or one in
three) adults in the U.S. have prediabetes with an
estimated convert rate of type 2 diabetes (T2D) of
5%=10% per year [2]. A number of efficacious weight-
loss interventions that combine healthy eating and
physical activity plans with behavioral strategies to
promote weight loss have been developed for this
population, the most well-known of which is the
lifestyle intervention from the Diabetes Prevention
Program (DPP) [3]. Studies have also shown that
DPPs improved participants’ glycemic outcomes [4],
reduced the incidence of diabetes [3], and reduced

Implications

Practice: Population health management
(PHM), a multicomponent strategy that includes
identifying subpopulations of patients who would
benefit from a given evidence-based intervention
(EBI) and examining the characteristics of these
populations using available health record data,
holds the potential of maximizing program reach
into the intended audience.

Policy: Reach is a key implementation outcome,
and thus costs of recruitment for patients to par-
ticipate in EBIs should be considered when it
comes to the estimates of the economic feasibility.

Research: Future research is needed to explore
the use of an automated PHM approach in the
EHR system to further prompt outreach to
high-risk or hard-to-reach patients to encourage
subsequent diabetes screening tests and inter-
ventions to prevent diabetes or other preventive
services.

healthcare costs and utilization in the adult workforce
[6] and Medicare populations [6] in the first inter-
vention year. The Centers for Disease Control and
Prevention (CDC) Diabetes Prevention Recognition
Program developed standards to track and ensure
the quality of lifestyle intervention programs, and
currently recognizes both in-person and virtual/on-
line/digital programs to support relevant behavior
changes [7]. To date, most of these programs have
been delivered in person [8, 9], limiting program scal-
ability and accessibility for at-risk individuals dealing
with time and/or transportation barriers. In a recent
review study of identifying factors leading to the suc-
cessful implementation of DPP in real-world settings
[10], Aziz et al. emphasized that even modest weight
loss can have a significant population-level impact if
a high proportion of atrisk individuals participate in
the programs. Unfortunately, engaging participants
in these lifestyle programs has been a challenge [11].
In the most recent National Health Interview Survey,
of respondents at risk for diabetes, only 2.4% reported
participating in a diabetes prevention program [12].
TBM
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To address low participation rates digital plat-
forms provide the appeal of scalability and the ability
to overcome barriers often associated with in-person
diabetes prevention interventions. Specifically, the
use of asynchronous sessions that allow for social
support and coaching when and where is most con-
venient for a given participant addresses issues with
scheduling and travel time [13]. Digital DPPs have
also demonstrated success at supporting partici-
pant weight-loss in a similar magnitude as in-person
programs [14-16]. Still, the challenge of engaging
populations at risk for diabetes persists. Indeed,
25% of people at risk for diabetes indicate that they
would like to participate in a DPP if it were available
[12]. Unfortunately, there has been limited research
on methods to recruit or engage potential partici-
pants in either in-person or digital DPPs [17, 18].

Evidence-based interventions (EBIs) are faced
with the challenge of ensuring clinical effectiveness
while attracting a broad and representative sample
of the target population [19]. The need for multi-
component strategies which maximize reach (i.e.,
the number, proportion, and representativeness of
participants) [20] is paramount given the challenges
faced by in-person and digital DPPs. Processes that
efficiently identify patients at risk of developing
T2D and engage primary care providers (PCPs) are
needed and seldom reported in the literature [21].
Population Health Management is gaining traction
as highly relevant for organizations aiming to pro-
vide primary care services while tackling the chal-
lenges associated with the management of health
care delivery and payment systems [22]. In primary
care settings, proactive population health man-
agement would include, for example, identifying
subpopulations of patients who would benefit from
a given EBI, examining the characteristics of these
populations using available health record data, cre-
ating reminders for patients and providers, tracking
performance measures, and making data widely
available for clinical decision making at the practice
level [22, 23]. A prominent barrier to EBI implemen-
tation is a paucity of evidence on the startup costs,
or costs related to the uptake of such an approach
within existing healthcare or community-based sys-
tems [24, 25]. Assessing costs of recruitment and
enrollment is an important first step towards under-
standing the economic feasibility of adopting and
implementing a population health management ap-
proach in the delivery of digital DPPs to maximize
reach into the intended audience.

The success of participant recruitment is related
to several factors including staffing resources,
length of intervention, postintervention follow-up
duration, and costs [26-28]. However, most inter-
vention studies often overlook the importance of
recruitment costs and resources and it is seldom
reported in the literature [25, 29-31]. Information
associated with the resources and potential costs as-
sociated with recruitment activities and the process

is critical to decision-makers in charge of resource
allocation and upfront investment within limited
budgets. Moreover, underestimating the costs asso-
ciated with participant recruitment can contribute
to recruitment problems, which inhibits or delays
the translation of EBIs into practice [27]. The ob-
jectives of this study were to (a) assess the costs
of applying a population health management ap-
proach to reach patients at risk of diabetes and en-
roll them in a clinical trial comparing a digital DPP
to an enhanced standard of care, and (b) estimate
the potential cost variation if replicated or sustained
in general practice with modifications that reflect
population health management approaches typical
for chronic disease. It is anticipated that this infor-
mation will be useful for informed decision-making
in the widespread adoption of lifestyle interventions
targeting diabetes prevention and the reduction of
cardiovascular disease risk (e.g. obesity, diet, and
hypertension) in healthcare settings.

METHODS

Setting and overview of the PREDICTS trial
The Preventing Diabetes with Digital Health and
Coaching for Translation and Scalability trial
(PREDICTS) is a Type 1 Hybrid Effectiveness-
Implementation trial (HEI) that was conducted to
determine the clinical effectiveness of a technology-
enabled and adapted DPP lifestyle intervention
to reduce hemoglobin Alc (HbAlc) and body
weight of patients with prediabetes in an integrated
healthcare system. As a Type 1 HEI trial [32], sec-
ondary aims related to examining the dissemination
and implementation context included the assess-
ment of potential reach recruitment costs, and po-
tential for adoption and sustained implementation
of digital diabetes prevention strategies within a
typical healthcare setting [33]. The PREDICTS
trial recruited 599 overweight or obese adults with
prediabetes, determined by the HbAlc range of
5.7%—6.4%. The study protocol and details about
participant recruitment and intervention reach are
presented in detail elsewhere [8, 33]. In brief, eight
clinics within the Nebraska Medicine healthcare
system in the Greater Omaha area participated in
the trial, from which 22,642 patients aged 19 and
older who were at risk of T2D and had a body mass
index of 225 kg/m2 were identified via an electronic
health record (EHR) system query. Partnering PCPs
reviewed health records of 11,313 of the resulting
patient pool, and those who were not excluded
from participation after physician review were sent
a recruitment packet inviting them to participate in
the trial. Packets included an opt-out postcard for
patients to return if not interested. Trained study
staff members contacted potential participants who
did not return the opt-out postcard within 2 weeks
by outreach phone call to determine interest and
conduct a telephone screening to further assess
page 1865 of 1874
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eligibility. A total of 2,796 patients were telephone
screened, 30% of which were found ineligible due
to not meeting the inclusion criteria [33]. In total,
1,412 patients who passed the telephone screening
attended an in-person screening at which HbAlc
was assessed to determine final eligibility. Of these,
630 were found eligible and 599 of them were en-
rolled in the trial.

Participants were randomly assigned to the digital
DPP (the intervention arm, n = 299) or to the en-
hanced standard of care (n = 300). The digital DPP
is a technology-based delivery of the DPP lifestyle
intervention [3] that consists of small group support,
personalized health coaching, digital tracking tools,
and a weekly behavior change curriculum approved
by the CDC Diabetes Prevention Recognition
Program (the Omada Health Program) [14]. Using
internet-enabled devices (laptop, tablet, or smart-
phone), program participants can asynchronously
complete weekly interactive curriculum lessons,
privately message a health coach for individual
counseling, track weight loss and physical activity
using a wireless weight scale and pedometer, and
monitor their engagement and weight loss progress.
The program is inclusive of an initial 16-week in-
tensive curriculum focusing on weight loss and a
subsequent 36-week curriculum focusing on weight
maintenance, with a total of 12 months of educa-
tional lessons. Participants in the control arm were
provided with a one-time, 2-hr diabetes prevention
education class, consisting of detailed information
on current recommended levels of physical ac-
tivity and healthy food choices involving portion
size, eating regular meals, and a well-balanced diet
based on the CDC My Plate recommendations, and
the development of a personal action plan. The re-
cruitment phase of the PREDICTS trial occurred
over the 15-month duration from November 2017,
through March 2019, when the last eligible partici-
pant was randomized. The trial was approved by the
University of Nebraska Medical Center Institutional
Review Board and Western IRB and is registered at
clinicaltrials.gov (NCT03312764).

Analytical framework

We designed the analytic approach to address two
primary issues. First, we focused on determining
the cost needed for a large HEI randomized con-
trolled trial to accrue the proposed sample size over
a finite period of time (e.g., 599 participants over
15 months). This reflects the actual costs of recruit-
ment and enrollment for the HEI trial. Second, we
focused on sensitivity and scenario analyses to de-
termine the potential costs of our population health
management approach if it were to be used by a
healthcare system for recruitment and enrollment to
alocal program (not a clinical trial) that aligned with
the CDC Diabetes Prevention Recognition Program
requirements. The analytical approach followed the

best practice guidelines for the costing of prevention
interventions [34, 35] and the modified cost assess-
ment procedure proposed by Ritzwoller et al. [29],
consisting of five elements: (a) perspective of the
analysis, (b) identifying costs components, (c) cap-
turing relevant costs, (d) data analysis, and (e) sen-
sitivity analysis.

The recruitment costs were assessed from the or-
ganizational (i.e., healthcare system) perspective
given that organizations are deciding whether or not
to integrate such programs into their practices and
thus bear the costs of implementing such programs.
All costs were categorized as labor and non-labor
costs and expressed as 2020 U.S. dollars, using the
Consumer Price Index [36] due to the majority
of non-medical care-related activities and resources
involved in the present study. For the collection
and analysis of costs, we utilized a micro-costing
approach with an activity-based costing strategy
[37], a method that is widely adopted in healthcare,
to explicitly identify, measure, and value all re-
sources used to recruit participants for the study.
Specifically, total labor costs were estimated by sum-
ming the costs of each recruitment activity, which
was calculated by multiplying the total activity time
(in hours) by the per-hour cost of resources.

Costing a population health management approach for par-
ticipant recruitment and enrollment

Step 1: identify labor cost components by recruitment activ-
ities and associated labor hours

The diabetes prevention trial applied a popu-
lation health management approach that holds
the potential to be automated within existing
healthcare systems to identify, screen, enroll, and
engage potential participants. To better capture
the recruitment costs, in which the majority are
activity-based, we created a process map (Fig. 1)
to illustrate the study recruitment process with
each steps reflecting activity in the participant re-
cruitment process from initial identifying individ-
uals at risk, ordering screening tests, conducting
screening tests, managing screening test results, to
the final enrollment in the preventive services. All
the identified recruitment activities were further
categorized into three sections: participant iden-
tification, participant eligibility screening, and eli-
gible participant intake and enrollment. At the end
of the recruitment phase, members of the research
team estimated the average number of hours per
week they spent on the specific task, supplemented
by the regular documentation of average times
spent on each subcategory by project management
tracking of the recruitment progress and resource
use. We further multiplied the average hours per
week by the number of weeks dedicated to a re-
cruitment activity to derive the total number of
labor hours on a specific task in the entire recruit-
ment process.
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EHR pool booked on EHR supply check prepared Y 4 update on EHR
| — Patients roster | N
. Lab order Other clinical HbA1c results Lab billed to the study
PCPs review ted & — checked ) § -

generate supply check delivered to patients (HbA1c & lipid panel)
linked to the |

study on EHR

Consumables

(e.g., syringe, Baseline appt

Data entered onto

gloves, needles) scheduled study data collection

Invitation mail Non-clinical
sent supply check
PCPs signed off )
orders
. | Contact clinic
Phone screening
managers
Lab label
generated

I— Contact campus

security & card —

Appointment

schedulin 5
g access offices
| Phone call | | Letter | | SMS |
Questions/ Reminders/
Queries Instructions

| | portal (e.g., REDCap)

Screening appt Baseline appt
Information Waist circumference
provide & measure & assessor
consent interview
obtained
Weight, height, Self-reported
BP measures questionnaires
Randomization
Blood draw ) !
giftcard
Group start setup

Fig 1 | Process map depicting the recruitment actives and process for the PREDICTS trial. Gray box = activities or resources may not be
required for replication of the recruitment strategy. EHR, electronic health record; PCP, primary care provider; SMS, short message service;

HbA1c, hemoglobin Alc; POC, point-of-care; BP, blood pressure.

Participant identification

A computer programmer applied pre-specified in-
clusion and exclusion criteria to identify potential
eligible participants via EHR query [8]. Once a list
of potential participants was generated, a physician
champion engaged PCPs at each of the participating
clinics for patient list review and clearance, or po-
tential participant referral. A recruitment packet
consisting of a physician invitation letter, a study
description, and an opt-out postcard was prepared
and mailed to potentially eligible patients. A total
of 14 recruitment packet preparation sessions were
conducted to prepare and send 10,770 invitation
packets by postal mail.

Participant eligibility screening

Research assistants conducted a telephone screen
call to assess specific inclusion and exclusion cri-
teria for all patients who did not return the optout
postcard. After initial eligibility was determined,
a screening visit was scheduled and the initial
screening packet, containing screening instruction,
direction to the screening location, and a copy of the
informed consent was prepared and sent by postal
mail or email (based on participant preference).
Research assistants and clinical staff (e.g., research
nurse coordinators, medical assistants, or phlebot-
omists) conducted the screening assessment session,
including HbAlc testing, blood pressure, weight,

height, and resting heart rate measurements at eight
different primary care clinics across the metropol-
itan area [33].

Eligible participant intake and enrollment

Participants found eligible by HbAlc screening
completed an in-person baseline assessment prior to
being randomized into one of the trial conditions.
Research staff conducted all the assessment and
data collection activities (survey questionnaires and
waist circumference measurement) at the baseline
visit.

Step 2: determine hourly wage rates

Labor costs were estimated based on time spent on
each recruitment activity (i.e., activity-based costing),
outlined on the process map (Fig. 1), conducted by
the staff members and a fulltime project manager
who oversaw all aspects of the study, including staff
recruitment, orientation and training, meeting and
planning, coordinating between clinics, and IRB re-
lated tasks, and corresponding hourly wages. The
number of hours worked was also tracked using
bi-weekly timesheets of all research personnel. The
per-hour salary rate for personnel who conducted the
EHR query with computer programming and PCPs
who reviewed the list of their potentially eligible pa-
tients to exclude any patients for reasons related to
safety and appropriateness of the intervention were

page 1867 of 1874



ORIGINAL RESEARCH

page 1868 of 1874

estimated at $44.29 and $124.87, respectively. These
rates were calculated based on their annual salaries
plus fringe benefits at a standard rate of 28%. All the
other recruitment activities were conducted by the
non-clinical research staff and clinical research staff
at an hourly rate of $16.35. Costs associated with the
project manager were estimated based on the actual
2017-2019 salaries, and simply accounted for the
proportion of his/her full-time equivalent spent on
recruitmentrelated activities.

Step 3: determine non-labor costs

Non-labor costs for telecommunication service sub-
scription, appointment reminder service subscrip-
tion, equipment, and supplies were based on actual
amounts spent and were tracked from receipts and
payment invoices. The research team collected
nonlabor costs, further categorized each as fixed or
variable. Variable costs were reported as unit costs
and multiplied by the number of participants or
the item purchased. These costs included mail post-
ages, telephone and cellphone services, point-of-care
HbAlc fingerstick test and venipuncture HbAlc test,
incentives, iPads and cases, Apple pencil, safety box,
recruitment materials printing, clinical supplies (e.g.,
gauge butterflies, syringe, vials, and sharp container),
gulick tape, stadiometer, sphygmomanometer,
stethoscope, arm pressure monitor, and scales. Fixed
costs included the Appointment Reminder software
subscription and AppleCare. A detailed listing of the
materials and services, and individual costs, grouped
into operational services, operational supplies, and
medical supplies, are provided in Table 1. Other
non-labor costs include research staff travel costs for
assessment sessions, which were accrued at a rate of
$0.25 per mileage, and were included in the others
category. We did not take into account the overhead
or space costs, because the study-related screening
and assessment sessions, which were conducted in
the primary care clinics, conferences, or classrooms,
occurred outside the regular business hours (in the
weekday evenings or Saturday morning).

Data analysis

We used descriptive analyses to estimate the total
number of labor hours, and total labor and non-
labor costs associated with study participant re-
cruitment. Measures included total recruitment
costs broken down into labor and non-labor costs,
and costs per participant screened and recruited
by dividing total recruitment costs by the number
of participants screened and enrolled. Additionally,
exploratory descriptive analyses were conducted to
estimate the cost to replicate the population health
management approach for participant recruitment
for preventive interventions.

Estimated costs for replication

For the estimate of replication costs, we used the
process map (Fig. 1) to map replication resources

needed to guide our cost estimate. We focused on
activities that would be required for a healthcare
system to implement the population health manage-
ment strategy. We excluded any tasks, activities, and
expenses that dealt with the clinical trial protocol
development, clinical trial assessment and data col-
lection, and any other clinical trial-related activities
that would not need to be replicated if the study
were continued at the organization or if it were rep-
licated or adopted in another setting.

We further conducted one-way (deterministic)
sensitivity analyses (varying one input parameter
at a time) to evaluate the uncertainty and variation
of the recruitment cost estimates to the parameter
assumptions or in a variety of settings and circum-
stances. The cost range estimates for the labor activ-
ities and resources were derived via the consensus
of the study investigators. Each input variable was
first labeled as required vs. optional depending on
whether they were identified as needed resources
during the replication process. If deemed required
resources, we calculated the minimum and max-
imum plausible values for the required activities or
cost categories by varying the original costs by +50%;
whereas we assumed that the costs ranged from 0
(not required) to 100% (required) when the activities
or resources were considered optional. The use of
50% lower or higher from the original costs for the
lower bound and the upper bound is a commonly-
used measure of sensitivity when specific data is not
available [38]. For labor costs, we varied the time
spent conducting a specific activity. For example,
the percentage of computer programming time
used to query the EHR ranged from 50% to 150%,
because it is the essential element for a recruitment
strategy applying a population health management
approach. We assumed discounted resources asso-
ciated with participant screening calls and schedule,
and follow-up for a screening visit and enrollment
(varied from 50% to 100%) because a telephone
screening for a randomized trial is more laborious
than a general screening call to offer a preventive
service and less intensive follow-up. In addition, we
considered that PCPs reviewing the potential par-
ticipant list as an optional activity because it is not
required when referring patients to CDC-recognized
DPP programs.

For non-labor costs, we considered the service of
glucose testing is optional and thus the cost range
of a glucose testing was assumed between 0 (not
required) to 100% (required). Because to enroll in
a Medicare-supported DPP, it is required to have
glucose testing results within the eligibility range
(5.7%-6.4% for HbAlc test, 110-125 mg/dl for the
fasting glucose test, and 140-199 mg/dl for the
2-hr oral glucose tolerance test) [39]; however, the
glucose testing is not required for participation in
CDC-recognized DPPs (i.e., private payer perspec-
tive). Currently, however, HbAlc testing, used in
the present study, is not reimbursed by Medicare

TBM
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Table 1 | PREDICTS trial recruitment costs.

Activity/category Time, hours No. of participants/units Costs ()
Labor costs
A full-time project manager, including fringe benefits 560,584
Participant identification
EHR query 472 $21,548
PCP recruit and review 132 11,313 $16,988
Recruitment packet preparation 236 10,770 53,969
Participant eligibility screening
Participant screening calls and schedule 2,984 2,796 550,288
Screening visit packet preparation 132 1,832 $2,224
Preparation for screening visits, non-clinical 396 1,832 $6,673
Ordering of HbA1c testing and PCP signed off 24 1,832 $3,029
Screening visit 1,476 1,412 $24,873
Follow-up for screening visit 230 1,432 $3,867
Eligible participants intake and enrollment
Baseline visit packet preparation 77 630 $1,298
Preparation for baseline visits 96 630 $1,622
Baseline visit 790 599 $13,313
Follow-up for baseline visit 66 599 $1,104
Total labor costs 7,109 §211,379

Non-labor costs
Operational Service

Mail/Postage 10,770 $7,983
Telephone/cellphone, monthly fee, device, and data plan $2,984
Venipuncture HbA1c test’ 837 $81,092
Operational/medical supplies
Incentives 1,412 536,383
iPad and iPad cases 15 $6,840
AppleCare 5896
Apple pencil 1 $133
Safety box 2 S74
Recruitment materials printing 53,787
Appointment Reminder App subscription fee $435
Others 5982
Clinical supplies (e.g. gauge butterflies, syringe, vials, and sharp container) $1,683
Gulick tape 10 $499
POC HbA1c test® 575 $4,563
Stadiometer 2 $310
Sphygmomanometer, stethoscope, arm pressure monitor, $402
and scale
Total non-labor costs 5149,045
Total recruitment costs 5360,424
Total costs per screened patient $263
Total costs per enrolled patient $620

EHR, electronic health record; PCPs, primary care providers; HbA1c, hemoglobin Alc; POC, point-of-care.

“*The hourly wage for EHR query and PCP recruit and review activities were $44.29 and $124.87, respectively. Otherwise, the hourly wage for other activities was $16.35.
"The screening protocol was switched to a lab HbA1c testing from a POC HbA1c fingerstick test to determine eligibility 6 months after the initiation of study recruitment due
to a high proportion of false positive POC results (52%) (see Wilson et al. [33] for more detail).

“Others included duffel bag, headset, 250 GB SSD, hard drive adapter, changing room divider, stationary, information technology, and mileages.

(but fasting glucose test and 2-hr oral glucose tol- effects of varying key input parameters one at a
erance test) [40, 41]. Similarly, for other optional time on the replication costs. The parameters were
activities or resources (i.e., telephone service), we sorted in descending order by their influence on the
assumed that the cost range between 0% and 100%. cost outcomes. The longer bars indicated the most
We used tornado diagrams [38] to summarize the important parameters.
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In addition, we conducted a scenario analysis to
estimate the potential replication costs of recruit-
ment when considering different stakeholders (e.g.,
Medicare, or private payers), where the main differ-
ence lies in whether a glucose testing is required to
enroll in DPP programs. From the Medicare per-
spective, we varied the cost of fasting glucose test
($40 per unit) and 2-hr oral glucose tolerance test
($108 per unit) by 50% higher or lower than their ori-
ginal costs based on cost provided by the healthcare
system that participated in this study. From a private
payer perspective, we did not account for the cost of
glucose testing and excluded all other optional activ-
ities and resources.

RESULTS

Recruitment costs for the PREDICTS trial

Labor costs

Table 1 reports the personnel time in hours and
costs associated with these recruitment activities.
The labor hours summed to 840, 5,241, and 1,029 h,
for activities of participant identification, eligibility
screening, and eligible participant intake and enroll-
ment, respectively. The total labor costs summed to
$211,379, including the costs that a project manager
spent on recruitment activities. The majority (74%)
of labor hours were accrued by the participant eligi-
bility screening with the costs of $90,955, followed
by eligible participant intake/enrollment (14%), and
participant identification (12%). Activity-associated
labor costs were primarily attributable to the par-
ticipant eligibility screening (60%), in which costs re-
lated to screening calls, scheduling screening visits,
ordering HbAlc testing, PCP patient approvals,
delivering reminders to participants, preparing
for screening visits, conducting screening sessions
(n = 132 sessions over 15 months), and follow-up
phone calls. Participant identification via the EHR
system and targeted mailing accounted for 28% of the
total recruitment activity-related labor costs ($42,504),
followed by eligible participant intake and enrollment
(11%, $17,336). The differences in rankings in terms
of amounts of time spent and costs between sections
of participant eligibility screening and participant in-
take and enrollment attributed to the different hourly
wages between study personnel who were conducting
the EHR query, PCP recruitment and review process,
and staff who made the screening and scheduling calls.

Non-labor costs

Non-labor costs are presented in Table 1 and
summed to $149,045. The vast majority of non-
labor costs were associated with HbAlc testing/
point-of-care HbAlc used to define patients’ eligi-
bility ($85,655, 57%), followed by the incentives to
compensate patients’ time for participating in the
screening activities ($36,383, 24%).

Total recruitment costs

The total recruitment costs (labor and non-labor
costs) were $360,424, which translated to $263
per participant screened and assessed (n = 1,412)
and $620 per participant enrolled (z = 599) in the
PREDICTS trial.

Estimated costs for replicating the population health man-
agement approach for recruitment

Sensitivity analysis

The process map (Fig. 1), depicting the flow of
the recruitment activities employing a population
health management approach, reveals that many
activities associated with the trial could be omitted
when used in typical healthcare system practice.
As shown in Table 2, based on the recruitment
activities (not trial-associated) and non-labor re-
sources that may be required for the future repli-
cation, the total recruitment costs for replication
were estimated at $193,971 (range: $43,827 [the
summation of the lower bound values of all input
parameters]—$210,721 [the summation of the upper
bound values of all input parameters]) for programs
with the similar scale. It translated to $137 (range:
$31-$149) and $324 (range: $73-$352) per patient
screened and enrolled, respectively. With the per-
centage effort assumption made for each activity,
Fig. 2 presents one-way sensitivity analysis results
with a tornado diagram that summarizes the effect
of variation in input parameters (recruitment labor
activities or non-labor resources) one at a time on
the total replication estimate. The recruitment ac-
tivity and non-labor resource with the greatest im-
pact on the replication costs was the glucose testing
(optional resources), as the estimates range from not
increasing current replication costs to reducing by
$81,092 (the total costs of HbAlc testing).

Scenario analysis

Varying the screening methods used to determine
the program eligibility, especially for a Medicare
population, resulted in an estimated total replication
cost per enrolled patient of $283 (range: $236—$331)
for the fasting blood glucose test and $444 (range:
$316-$571) for the 2-hr, postglucose challenge test
(both were reimbursed by Medicare)

When considering the private payer as the po-
tential decision-maker, the recruitment activities of
glucose testing and associated activities (PCP re-
cruit and review, screening packet preparation, glu-
cose testing, ordering of glucose testing and PCP
approvals, and telecommunication) may not be
needed. Removing these cost components/activities,
the replication costs of recruitment and referring eli-
gible patients to CDC-recognized DPPs were esti-
mated at the lower bound of the replication costs of
$43,827, translated to $31 per patient assessed and
$73 per patient enrolled.
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Table 2 | Estimate replication costs and assumptions for replication for sensitivity analyses

Activity/cost category Cost estimates Needed for replication? Range
Labor costs
Participant identification, screening, and enrollment
EHR query 521548 Required, fixed 50-150%
PCPs recruit and review 516988 Optional, variable 0-100%
Recruitment packet preparation 53969 Required, variable 50-150%
Participant screening calls and schedule® 550288 Required, variable 50-100%
Screening packet preparation 52224 Optional, variable 0-100%
Ordering of glucose testing and PCP signed off $3029 Optional, variable 0-100%
Follow-up for screening visit and enrollment® $3867 Required, variable 50-100%
Non-labor costs
Recruitment packet postage $7983 Required, variable 50-150%
Telecommunication $2984 Optional, variable 0-100%
HbA1c testing $81092 Optional variable 0-100%
Total replication costs $193971 $43827-5210721

EHR, electronic health record; PCPs, primary care providers.

*The cost range of replication was discounted due to the screening for a randomized trial is more laborious than screening to offer a preventive service.

HbAlc testing (0-100%)  $113 N s194

Participant screening calls & schedule (50-100%)

PCP recruit & review (0-100%)

EHR query (50-150%)

Recruitment packet postage (50-150%)

Recruitment packet preparation (50-150%)

Follow-up for screening visit & enrollment (50-100%)
Ordering of glucose testing & PCP signed off (0-100%)
Telecommunication (0-100%)

Screening packet preparation (0-100%)

$169 N 5194
$177 I $194
$183 NN $205

$190 WM $198

$192 Il $196

$192 1 $194

$191 W $194

$191 W $194

$192 I $194

$100

$120 $140 $160 $180 $200 $220

Total replication costs, unit: $1,000

Fig 2 | One-way sensitivity testing around total replication costs (5193,

971) for key recruitment activities and resources. Each row shows

the changes in cost, across the range of replication estimate values, from the total replication. The parameters are sorted in descending
order by their impact on the recruitment estimates. Longer bars indicate the most important parameters, giving the diagram its “tornado”

appearance. Note: HbA1c, hemoglobin Alc; PCP, primary care provider;

DISCUSSION

The potential to reach individuals for whom an
intervention is intended is often understudied and
overlooked in determining intervention impact,
justifying the economic feasibility of EBIs, and thus
the costs associated with recruitment activities are
underreported. In this study, we aimed to assess
the costs of using a population health management
approach to identify, engage, and enroll patients in
a type 1 HEI, digital diabetes prevention trial and
estimate the potential costs of applying this popu-
lation health management approach if replicated in
typical practice. Our study results indicate that the
total recruitment costs of the PREDICTS trial were
$360,424, in which 59% were labor activities and
41% were non-labor resources, translated to $263

EHR, electronic health record.

and $620 per participant screened or enrolled/
randomized. Moreover, the replication costs were
estimated at $193, 971, with a total of 11,313 pa-
tients who were reviewed by PCPs, 2,796 patients
who were telephone screened for eligibility, 1,832
screening packages that were prepared, 1,412 pa-
tients who attended the screening sessions, and 630
patients who were eligible [33]. This information
may be helpful to other research groups as they
plan for accruing a large number of participants
over a short period of time or healthcare systems
with a similar scale that plan to refer their eligible
patients to a DPP program. We also examined
what costs could look like for a healthcare system
interested in identifying and engaging patients in a
CDC-recognized diabetes prevention program. As
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cost is considered a key factor when considering the
implementation of an EBI [35], our results provide
additional cost information on a potential upfront
investment regarding the infrastructure and capacity
required in the pre-implementation phase (i.e. par-
ticipant recruitment) for an EBI [21]. We also pro-
jected a potential enrollment cost (at the lower end
of our estimates) of $73 per participant. The number
could be further reduced based on an economy of
scale principle based on identifying efficiencies
(e.g., automating enrollment package preparation
or screen call procedures) over time. This provides
additional avenues for future work to examine po-
tential efficiencies that could allow broad scale-up at
incrementally lower costs over time and numbers of
participants accrued.

As indicated in the sensitivity analysis, glucose
screening was one of the key parameters in the
cost estimates of recruitment replication. Per CDC-
recognized DPP eligibility criteria [42], patients may
not need to have a glucose testing (HbAlc, fasting
plasma glucose, or 2-hr plasma glucose testing) to be
referred to the program if they met other criteria,
such as have a diagnosis of prediabetes or history
of gestational diabetes, or if they take the selfreport
risk test and receive a high-risk result. Without ac-
counting for the glucose testing, the replication
cost was $112,879 ($8() per patient assessed, Table
2). Further excluding other optional recruitment
labor activities or resources, the replication costs
can be as low as $31 per patient screened based on
the perspective of private payers. In a recently pub-
lished pragmatic DPP trial conducted in the Veteran
Affairs (VA) healthcare system, Damschroder and
colleagues reported that the labor cost to recruit par-
ticipants was $68 per participant assessed and $330
per participant identified to be eligible for VA-DPP
[21]. Different from a population health management
approach by integrating EHR computer program-
ming in the recruitment process used in our HEI
trial, they engaged PCPs to refer potential eligible
patients for participation and did not account for the
activities of participant identification and screening,
which may contribute to the cost difference. This is
reflected by the fact that 21% of the target popula-
tion in their study were eligible compared to 45%
in the PREDICTS trial [33]. Unlike their approach,
which relied on PCPs to refer patients in the face
of other competing demands, our approach presents
a great potential to minimize missed opportunities
to efficiently identify and engage high-risk individ-
uals before they progress to diabetes [21]. While
the comparison of pragmatic trial costs to our popu-
lation health management sensitivity analysis re-
sults is not ideal, it does appear that the economic
feasibility of applying a population health manage-
ment approach to increase program reach may be
cost-efficient for identifying and recruiting potential
participants for the DPP programs.

In the PREDICTS trial, we applied HbA1c testing
to determine the eligibility with a cost of approxi-
mately $97 per patient. Not surprisingly, the cost
of HbAlc testing is higher than the other glucose
testing methods as it reduces the burden of pa-
tient waiting time and inconvenience (i.e., fasting).
However, it is not reimbursed by Medicare as one of
the diabetes screening methods to determine the eli-
gibility for Medicare DPP [41]. Healthcare systems
decision-makers should balance the potential patient
costs (e.g., time and discomfort) and screening costs
when considering adopting this recruitment strategy
targeting the Medicare population. Furthermore,
reimbursement for diabetes screening is critical to
supporting and scaling population-level strategies
to prevent diabetes [40]. Results from the scenario
analysis reveal that the replication costs of this re-
cruitment strategy can vary significantly based on
the potential stakeholders and their designated eli-
gibility criteria.

Underestimating recruitment costs compounds ex-
isting recruitment problems, such as under-represen-
tation of minority or gender groups or the absence
of attractive program features, and could delay or
prohibit the translation of evidence-based programs
like a digital DPP into practice [29, 37, 43, 44].
The current study provides insight on the cost of
using a population health management approach
to improve program reach, with the potential to be
automated in the EHR system, for participant re-
cruitment in a digital diabetes prevention trial. The
use of the EHR system, the involvement of PCPs
reviewing the potential participant list, and sending
out the physician endorsed invitation letter are iden-
tified as fundamental elements within this popula-
tion health management approach. These elements
could help with the future design of an automated
risk assessment in clinical populations and further
prompt outreach to high-risk or hard-to-reach (i.e.,
those who otherwise would not participate via other
passive forms of recruitment approaches) patients
to encourage subsequent diabetes screening tests
and interventions to prevent diabetes or other pre-
ventive services [40], and improve participant re-
cruitment in clinical trials [45].

Limitations

Some limitations need to be acknowledged. First,
similar to the studies of costing behavioral life-
style interventions retrospectively [46], the current
study may suffer from issues related to recall bias
for selfreported hours on the recruitment activities.
However, retrospective cost capture is considered
a practical and low-burden method [29]. For the
labor time, we asked multiple staff members to re-
port hours spent on similar tasks and averaged the
reported hours, which should partially alleviate this
concern. Second, it is challenging to disentangle up-
stream resources and activities, such as staff training
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and planning, from the resources needed for study
implementation, intervention delivery, and partici-
pant retention. The implementation of the study
would not be possible without the startup and in-
frastructure setup in the pre-implementation phase
of the trial. Third, we overestimated the replication
costs when implementing this recruitment strategy
in a real-world setting regardless of the sensitivity
analysis exercises. Some of the operational costs
(e.g., mail postage or telecommunication) or labor
resources may have been shared costs in an existing
system. Fourth, we acknowledged that the estimated
replication costs might be simply generalizable to
the general practice/healthcare setting due to the
unavailability of overhead/space cost data, which
may be meaningful when considering application
in other settings. Similarly, we were not able to es-
timate the costs by patient characteristics because
the cost data collection process was not planned
accordingly to capture such information. Fifth, we
recognized that the presentation of the effect on the
estimates of total recruitment costs of varying some
required activities or cost categories by £50% to ad-
dress factors such as potential geographic variation
for the salaries and fringe benefits may seem arbi-
trary. However, it is considered a rule of thumb ap-
proach and can be used as a measure of sensitivity
when there is limited data available [38]. Moreover,
the hours needed for each laborrelated activity
were provided in Tablel, which allows for the esti-
mation of the total recruitment costs using salaries
and fringe benefits from different settings. Finally,
as healthcare systems differ in available resources,
organizational capacity, system characteristics, ser-
vice scope, marketing/communication ability, and
patient components, further investigation into other
healthcare systems is warranted to increase the
generalizability.

CONCLUSIONS

To facilitate the uptake and scale-up of DPP-like
programs, Damschroder and colleagues pointed to
the need for referral processes that are (a) compat-
ible and integrated with existing clinical processes;
(b) effective in identifying and engaging high-risk
participants; and (c) easy to use [21]. Our study pre-
sents a pragmatic approach for costing recruitment
activities of a population health management ap-
proach to maximize program reach as well as the
replication costs for applying this approach to other
healthcare settings. This estimated cost information
can inform future clinical system changes to im-
prove the reach of existing evidence-based health
promotion and disease prevention interventions.
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