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Abstract

Background: Recurrent strokes are preventable through awareness and control of risk factors such as hypertension,
and through lifestyle changes such as healthier diets, greater physical activity, and smoking cessation. However,
vascular risk factor control is frequently poor among stroke survivors, particularly among socio-economically
disadvantaged blacks, Latinos and other people of color. The Chronic Care Model (CCM) is an effective framework
for multi-component interventions aimed at improving care processes and outcomes for individuals with chronic
disease. In addition, community health workers (CHWs) have played an integral role in reducing health disparities;
however, their effectiveness in reducing vascular risk among stroke survivors remains unknown. Our objectives
are to develop, test, and assess the economic value of a CCM-based intervention using an Advanced Practice
Clinician (APC)-CHW team to improve risk factor control after stroke in an under-resourced, racially/ethnically
diverse population.
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Methods/design: In this single-blind randomized controlled trial, 516 adults (>40 years) with an ischemic stroke,
transient ischemic attack or intracerebral hemorrhage within the prior 90 days are being enrolled at five sites within the
Los Angeles County safety-net setting and randomized 1:1 to intervention vs usual care. Participants are excluded if they
do not speak English, Spanish, Cantonese, Mandarin, or Korean or if they are unable to consent. The intervention includes
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a minimum of three clinic visits in the healthcare setting, three home visits, and Chronic Disease Self-Management
Program group workshops in community venues. The primary outcome is blood pressure (BP) control (systolic

BP <130 mmHg) at 1 year. Secondary outcomes include: (1) mean change in systolic BP; (2) control of other vascular
risk factors including lipids and hemoglobin Alc, (3) inflammation (C reactive protein [CRP]), (4) medication adherence,
(5) lifestyle factors (smoking, diet, and physical activity), (6) estimated relative reduction in risk for recurrent stroke or
myocardial infarction (MI), and (7) cost-effectiveness of the intervention versus usual care.

Discussion: If this multi-component interdisciplinary intervention is shown to be effective in improving risk factor
control after stroke, it may serve as a model that can be used internationally to reduce race/ethnic and socioeconomic

disparities in stroke in resource-constrained settings.

Trial registration: ClinicalTrials.gov Identifier NCT01763203.

Keywords: Community health worker, Stroke, Transient ischemic attack, Intracerebral hemorrhage, Vascular risk,
Blood pressure, Coordinated care, Disparities, NINDS Common Data Elements, Biomarkers

Background

Background and rationale

A small group of individuals with multiple comorbidities
account for a disproportionate share of health care costs;
in the United States, 10% of patients account for 70% of
total health care expenditures [1]. These individuals have
multiple chronic conditions, frequent hospitalizations, and
often have limited ability to perform basic daily functions
due to physical, mental, or psychosocial challenges. In
recent years, coordinated care management models tar-
geting these high-cost, high-need patients have been pro-
posed to improve quality, reduce disparities, and minimize
unnecessary healthcare spending [2-5].

Individuals with stroke or transient ischemic attack
(TIA) are an important example of those high utilizers
given their complex needs, including disability, multiple
medical comorbidities, and highly prevalent concomitant
depression. They have high rates of recurrent strokes
and other future cardiovascular events. In fact, a prior
stroke or TIA is the strongest predictor of a subsequent
stroke, and the cumulative 5-year risk of recurrent
stroke ranges from 15 to 25% [6]. Furthermore, the over-
whelming majority of strokes each year could be pre-
vented through awareness and optimal management of
hypertension, and through lifestyle changes to healthier
diets, greater physical activity, and smoking cessation [7, 8].
These four factors plus abdominal obesity account for
82 and 90% of the population-attributable risk for is-
chemic stroke and for hemorrhagic stroke, respectively
[9]. Hypertension is the most important modifiable risk
factor for stroke worldwide and is responsible for
approximately two-thirds of cerebrovascular disease
burden [10]. Although recurrent stroke risk can be

substantially reduced by controlling modifiable vascular
risk factors, these risk factors are optimally controlled
in only a small proportion of stroke survivors [11-13].
Under-resourced blacks and Latinos in particular, have
well-documented and substantial disparities in risk fac-
tor control as well as quality of care, and outcomes
after stroke [14, 15].

To redress disparities in risk factor control after stroke
or TIA, it is critical to enhance access to high quality
health care services and to use patient-centered, cultur-
ally- and individually-tailored methods to improve life-
style habits, health literacy, self-management skills, and
medication adherence. The Chronic Care Model (CCM),
advocated as a guide for developing care improvement
interventions for patients with chronic disease, has been
an effective framework for multi-component interven-
tion programs aimed at improving care processes and
outcomes while reducing costs for various chronic con-
ditions, including diabetes and hypertension [16, 17].
The six components of this model are self-management
support, clinical information systems, delivery system
redesign, decision support for application of evidence-
based care guidelines, health care organization cham-
pionship and leadership support, and community re-
sources. We recently completed a different randomized
controlled trial (RCT) of a CCM-based intervention for
secondary stroke prevention, Systemic Use of STroke
Averting INterventions (SUSTAIN) [18]. This experience
highlighted our need for a strong community-based
component to intensively address behavioral risk factors
by accounting for social determinants of health, such as
the social and community context, living situation, phys-
ical environment, education, and access to healthcare.


https://clinicaltrials.gov/ct2/show/NCT01763203
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CHWs — trained lay members of the community who
serve as patient and community advocates, or “coaches”
for disease management— have been engaged in the
healthcare workforce for decades in low-income coun-
tries. CHW's are now also receiving heightened attention
in high-income countries as healthcare is evolving to
recognize and reimburse for a broader range of potential
providers than physicians, physician assistants, and
nurse practitioners, and to incorporate cultural compe-
tency in interventions targeting disparities in health.
CHW interventions have been successful in various US
populations with chronic conditions such as hyper-
tension and diabetes, demonstrating significant im-
provements in health literacy, risk factor control, self-
management skills, lifestyle habits, and a decrease in
inappropriate health care utilization [19-27]. Few
studies have evaluated the effectiveness of CHW inter-
ventions among stroke survivors, [28, 29] but none have
evaluated such interventions in conjunction with a
broader CCM-based healthcare system re-design.

Objectives

Our objectives are to develop, test, and evaluate the effect-
iveness and assess the economic value of CCM-based
intervention, Secondary stroke prevention by Uniting
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Community and Chronic care model teams Early to End
Disparities (SUCCEED), to improve risk factor control
after stroke in an under-resourced, racially and ethnically
diverse population. The intervention consists of care from
a team consisting of an Advanced Practice Clinician (APC)
who is either a Nurse Practitioner (NP) or Physician
Assistant (PA) and a CHW providing care in the healthcare
setting (via clinic visits) and the community (through home
visits and self-management group workshops held in com-
munity venues). The APCs and CHW's use mobile technol-
ogy to communicate with each other, manage patient
panels, reinforce self-management skills, employ cultur-
ally-, language-, and education level-appropriate patient
education tools, and follow protocols of care, with decision
support. We hypothesize that by promoting health care ac-
cess, evidence-based care, care coordination, health liter-
acy, self-management skills, a healthy lifestyle, and
medication adherence; recognizing and treating depression,
and minimizing social isolation, we can improve vascular
risk factor control - particularly blood pressure (BP) -
among a vulnerable population of stroke survivors (Fig. 1).

Trial design
SUCCEED is an RCT, randomizing participants in a 1:1
fashion to usual care vs. intervention, stratified by site,

Healthcare System
Advanced Practice Clinician clinic visits
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Fig. 1 Conceptual model of SUCCEED intervention
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language (English, Spanish, or other [Mandarin/Cantonese
and Korean]), and type of stroke (ischemic vs.
hemorrhagic).

Methods: participants, interventions, and
outcomes

Study setting

Patients are enrolled from the four safety-net public Los
Angeles County-Department of Health Services (LAC-DHS)
medical centers and one private medical center that serves
the indigent. The four hospitals that anchor care for
patients in the LAC-DHS system are Los Angeles County-
University of Southern California Medical Center, Harbor-
UCLA Medical Center, Olive View Medical Center, and
Rancho Los Amigos National Rehabilitation Hospital
(composed of an acute care hospital and an acute rehabili-
tation hospital). This system serves the largest, most eth-
nically diverse county in the United States. LAC-DHS
provides healthcare to 700,000 people each year and treats
more than 300,000 emergency and trauma victims annu-
ally. Through an integrated network of hospitals, health
centers and clinics, the LAC-DHS system makes medical
and preventive care services accessible in communities
across the county. Over 90% of individuals who utilize this
system are from socioeconomically disadvantaged minor-
ity groups and the majority are Latino. A retrospective re-
view of all stroke/TIA admissions from 2007 to 2012 at
Rancho Los Amigos revealed the following racial/ethnic
distribution: 58% Latino, 20% Asian, 13% non-Latino
black, 7% non-Latino white, and 2% Native American/
other. Only 3% had private insurance and 10% had
Medicare; the remainder were uninsured or had Medicaid
insurance [30]. According to Los Angeles County admin-
istrative databases, less than 50% speak English at home.
The fifth site is Cedars-Sinai Medical Center; we limited
enrollment to individuals residing in the Centinela Valley,
an underserved area of Los Angeles County.

Eligibility criteria

Inclusion criteria include (1) TIA, ischemic stroke or in-
tracerebral hemorrhage within the prior 90 days and (2)
either systolic blood pressure (SBP) 2130 mmHg, or SBP
between 120 and 130 mmHg and a history of hyperten-
sion or on antihypertensive medications prior to the
stroke or TIA. Exclusion criteria are: (1) younger than
40 years old; (2) unable to communicate understanding
of the study during the informed consent process, or (3)
not fluent in English, Spanish, Korean, Mandarin or
Cantonese. Individuals younger than 40 years of age are
excluded because the mechanisms for their strokes are
often not due to atherosclerosis (e.g. arterial dissections,
inherited coagulation defects, cardiac conditions); there-
fore, the interventions in this trial may not target their
risk factors. The included languages reflect the languages
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spoken by the majority of the LAC-DHS safety net
population.

Intervention structure and activities

Individuals randomized to the intervention arm receive
usual care plus care from a team consisting of an APC,
supported by the site principal investigator (who is a
Vascular Neurologist or Cardiologist), and a CHW. Over
the course of the year, the intervention consists of: (1) a
minimum of three clinic visits with the APC (CHW
attends when possible); (2) a minimum of three home
visits by the CHW; (3) the option to participate in
Chronic Disease Self-Management Program (CDSMP)
workshops, and (4) telephone coordination of care
(Fig. 2). Beyond the minimum set of interactions, the care
team has the ability to deliver additional interactions
based on participants’ needs; therefore, individuals with
more complex needs are tagged as “high needs” and re-
ceive more ‘touches’ than those who are more stable.
Criteria that flag an intervention arm participant as “high
needs” are: (1) SBP>180 mmHg; (2) HbAlc>10% or
fingerstick glucose >200 mg/dL in the last 2 weeks; (3) de-
pression (Patient Health Questionnaire [PHQ]-9 score > 10)
or suicidal ideation, (4) morbid obesity (body mass index
[BMI] > 35 kg/m?%; (5) cognitive deficits impairing capabil-
ity for self-management, and (6) alcohol or drug abuse.
This is a fluid designation, and all participants are evalu-
ated by the care team each week for their “needs status”.
Participants have the choice to opt out of any aspect of
the intervention. Intervention teams and the two study
PIs have weekly conference calls to monitor and trouble-
shoot intervention implementation.

Care ManagementTechnology (CMT)

To increase effectiveness and efficiency, we contracted
with Dimagi, whose platform, CommCare, is an open-
source, mobile device-based tool for CHWs. The plat-
form consists of two components - a mobile application,
CommCare Mobile, and a cloud-based application man-
agement and reporting tool, CommCareHQ.

The goal of CommCare Mobile was to enhance the
CHWSs’ capabilities during home visits. We programmed
all protocols into CommCare Mobile, which was access-
ible via Android tablets (Fig. 3). CommCare Mobile was
intended to enable the CHWs to: have immediate access
to patient-specific care management information, includ-
ing problem lists, care plans, risk factor goals, and health
status; follow protocols, with decision support; ad-
minister depression, self-management, and lifestyle habit
assessments; review participants’ goals; track tasks,
complete and record assessments, and communicate
with the APCs, and select culturally-tailored educational
materials, including handouts, self-management tools,
and videos. Data entered into CommCare Mobile is
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Fig. 2 Participant flow in intervention
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stored on the mobile device until a cellular connection is
established to perform a two-way synchronization to
CommCareHQ. CommCare HQ has reporting tools to
provide real-time updates and can export data into other
common software programs. Prior to this RCT, the
platform had not been adapted to the specific topic of
vascular risk factor management.

The APCs have the choice of using CommCareHQ on
a desktop or CommCare Mobile on a tablet or smart
phone. Updated data on any patient or task is passed
back and forth between the CHWs” and APCs’ tools. We
pilot-tested the CMT with the CHWs and APCs using
simulation data. Tracking tools installed on the
CommCare platform enable the study team and the
intervention teams to track forms submitted on a
weekly basis.

CommCare formative evaluation

During the first 12 months of rollout of the CMT, we
conducted a formal formative evaluation, to enable
APCs and CHW s to provide feedback to revise the tools
and protocols for more effective and efficient operation
[31]. Overall, the APCs and CHWSs expressed that the
CMT assisted them in care management. The CMT
helped APCs and CHWSs track their interactions with
participants and plan their work accordingly to ensure
that participants received at least the minimum interac-
tions per the SUCCEED protocol. For CHWSs, the CMT
facilitated efficient data collection, provided decision
support during home visits, tracked participants’ stroke
risk factor values, guided them in developing care plans,
and provided remote access to care plans and important
patient health information while in the community.
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a Patient Overview

Full name: Test, April
MRN: 1234567

Randomization date: 2014-04-01

relevant information.

Diagnosis Overview

The previous diagnosis is*
selected. Please confirm this
now:

Date of stroke onset:*
Discharge Information

Please confirm the*
participants discharge date
from the hospital:

Patient discharge destination:*

AT DISCHARGE, was the
patient:

Indicate recommended diet
at discharge:

b STROKE LITERACY

Is this protocol being*
completed in person or on
the phone?

1.1-What is a stroke?

1.2- What is the difference
between an ischemic stroke
and a hemorthagic stroke?

1.3-What is a transient
ischemic attack (TIA)?

1.4 - What causes a stroke or
TIA?

1.5- Did you have an
ischemic stroke, hemorrhagic
stroke or transient ischemic
attack?

[NOTE: Diagnosis was
Transient Ischemic Attack]

1.6 - Why did you have a
stroke or TIA?

1.7 - What are risk factors for
stroke or TIA?

[Multiple answers; do not
read. Wait for an answer, then
ask "what else"?]

Please check history and physical and the discharge summary for the following information
After completion of this form, please go the Problem List and the Medication List and fill in

Ischemic Stroke
@ Transient Ischemic Attack (TIA)
Intracerebral hemorrhage

04/17/2014 =]

Home

Rehabilitation Center

Skilled Nursing Facility
Shelter/homeless

Patient not yet discharged from hospital
Other

Ambulatory without assistance
Needs assistive device but able to ambulate
Unable to ambulate even with assistive device

Cannot tell from medical record

Heart healthy diet
Carbohydrate controlled diet 1900 calories
Carbohydrate controlled diet 2200 calories
Carbohydrate controlled diet 2400 calories
Other

Not found or unknown

In Person
On the Phone

1- ASSESSMENT: Knowledge about Stroke or Transient Ischemic Attack

Answer is accurate and complete
Answer is inaccurate or incomplete
Patient does not know

Answer is accurate and complete
Answer is inaccurate or incomplete

Patient does not know

Answer is accurate and complete
Answer is inaccurate or incomplete
Patient does not know

Answer is accurate and complete
Answer i inaccurate or incomplete

Patient does not know

Answer is accurate and complete
Answer is inaccurate or incomplete
Patient does not know

Answer is accurate and complete
Answer is inaccurate or incomplete
Patient does not know

ASSESSMENT: Knowledge about Stroke or Transient Ischemic Attack

High blood pressure
Diabetes

High cholesterol
Overweight/obesity

Too much stress
Physical inactivity
Smoking or tobacco use
Poor diet

Alcohol use

Ilicit drug use

Fig. 3 a Screenshot of CommCare application for APC. b Screenshot
of CommCare application for CHW
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Nonetheless, the CMs and CHW's experienced numer-
ous challenges when using the CMT. At the platform
level, the most salient challenges were long loading
times, inconsistent service reliability, and inaccurate in-
formation on reports due to the CMT not registering
submitted forms. Major usability issues included diffi-
culty navigating lengthy forms, the effort to manage
tasks, and the inability of users to tailor reports, display
educational materials, and obtain useful visualizations of
stroke risk factor values. Finally, issues with the design
of the content—extensive use of free-text responses and
manual duplication of data that was already contained in
the hospital’s database—greatly hindered care team
efficiency. We worked with DiMagi to iteratively im-
prove the CMT to meet the team’s needs.

Team communication

The care team (APC/CHW/PI) at each site holds weekly
“huddles” to review new participants and jointly develop
treatment plans, communicate about participants’ pro-
gress, and address problems. The CHW and APC meet
more frequently to discuss participants in detail and de-
termine participants’ “needs status”.

APC roles and activities

The APC roles include teaching self-management skills,
such as BP and glucose monitoring, prescribing and ti-
trating medications, and emphasizing medication adher-
ence. The APC sees participants in clinic and
coordinates care via telephone.

APC phone call

Within 1 week of enrollment in the intervention, the
APC calls the participant and assesses current health
status (any changes in stroke symptoms since enroll-
ment), blood pressure, medication adherence and side
effects, smoking, transportation, and reminds him/her of
the next clinic appointment.

APC clinic visits

At clinic visits, the APC is guided by evidence-based
care protocols developed by the research team, covering:
stroke literacy, blood pressure, cholesterol, diabetes,
antithrombotic medications, smoking cessation, de-
pression, diet, and physical activity. Each protocol is or-
ganized into six sections: (1) assessment; (2) information
provision; (3) self-management and adherence; (4) ad-
justment of medications (if applicable); (5) clinical sup-
port (e.g. from the site PI), and (6) resource provision
for the participant. Clinic visits are conducted using
patient-centered principles of care that include the pa-
tient’s chosen support network (caregivers, family, and
friends). The APCs have smart cellular telephones that
enable the participants to reach the APC during business
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hours by phone call or text message, as well as send
photos of BP and glucose logs or new medications. The
APCs also assist the participants with goal setting.

CHW roles

The CHWSs key roles are to: (1) reinforce and enhance
self-management skills; (2) serve as a liaison between the
patient and the health care system; (3) mobilize re-
sources, system support, and friend and family networks
to reduce social isolation; and (4) educate participants
about vascular risk factors, signs and symptoms of
stroke, and activation of emergency medical services for
stroke symptoms. These functions are performed
through two mechanisms: CDSMP workshops held in
the community, and home visits. The CHWs also have
cellular telephones enabling participants to call the
CHWs during business hours with questions and con-
cerns. The CHW:s assist the participants with transporta-
tion arrangements.

CHW home visits

The CHWs follow protocols to assess and address: (1)
stroke literacy; (2) BP; (3) antithrombotic use; (4) choles-
terol; (5) diabetes; (6) psychosocial issues, including de-
pression and social isolation; (7) diet; (8) physical
activity; (9) smoking; (10) alcohol and illicit drug use;
(11) transportation, (12) communication preferences,
and (13) access to care. The CHW's provide the partici-
pants with appropriate literacy-level, culturally-adapted
educational materials (for Hispanic, African American,
Chinese and Korean racial/ethnic groups) that were de-
veloped in conjunction with community-academic
teams.

Chronic disease self-rmanagement program (CDSMP)
workshops

Each workshop series is facilitated by two lead CHWSs.
Each series is comprised of 6 weekly workshops address-
ing key themes: use of symptom management techniques
to deal with chronic disease symptoms, including fear, de-
pression, anger, frustration, fatigue, pain and isolation; ap-
propriate exercise for maintaining and improving strength
and endurance; appropriate use of medications; communi-
cating effectively with family, friends and health care pro-
fessionals; and nutrition. Each session is framed by action
planning, disease-related problem solving, and decision
making. Trained CDSMP facilitators follow a scripted
Leaders’ Manual each time they lead the program. Since
the workshops are highly participatory, they work best
when attended by at least seven participants. In order to
increase the likelihood of meeting the seven minimum
participants, intervention subjects are encouraged to in-
vite caregivers, friends, family members, and community
members with chronic conditions ranging from
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hypertension to obesity to participate. If the attendance is
below seven, our community-based partners assist us in
identifying participants for the workshop and we invite
individuals not enrolled in the RCT to participate by
advertising the workshops in outpatient clinics. Each
intervention subject in the workshop receives a personal
copy of the companion book, Living a Healthy Life with
Chronic Conditions, 3rd Edition and an audio relaxation
CD, Time for Healing. Participants are provided with small
incentives for participation in the CDSMP workshops,
such as $25 gift cards for grocery stores and an alarm/CD
player to play the CDSMP meditation CD. Attendance at
CDSMP workshops is recorded in CommCare.

The CHWSs received 9 days of training to lead CDSMP
workshops. In order to address cultural differences, the
trainings for English and Spanish were separate. Two
CHWs facilitate CDSMP workshops; separate workshops
are conducted for English and Spanish-speaking inter-
vention participants.

Education and support materials

In addition to the materials described above, other mate-
rials are provided to support the decision-making and
behavioral choices of participants.

Goal cards and tools

At the first clinic visit with the APC, participants receive
a customized goal card delineating current versus opti-
mal control of key factors: BP, low density lipoprotein
(LDL) cholesterol, diabetes, smoking, diet, physical activ-
ity, BMI, emotional health, and antithrombotic medica-
tions (Fig. 4). Factors are classified as “at goal” (green),
“near goal” (yellow), and “not at goal” (red). Participants
have the option of choosing media with this information;
choices include refrigerator magnets, whiteboards, ac-
cordion pocket cards, coffee mugs, water bottles, and
spiral bound index cards. Some of the goal tools, such as
the white board, include a space labeled “where I am”
and space to write action plans. Goal tools were devel-
oped using input and feedback from approximately 10
individuals attending a Stroke Community Engagement
Symposium, a local event dedicated to raising awareness
and arming participants with information on stroke
warning signs, risk factors, treatment, and disparities.
Attendees included stroke survivors, community advo-
cates, and members of community-based organizations.
Further input on the design, content, language, practical-
ity, cultural sensitivity, and usefulness of the goal cards
was obtained from 15 stroke survivors recruited from
Rancho Los Amigos.

Blood pressure self-management and glucose monitoring
Once participants are randomized to the intervention,
they receive Omron HEM-711 DLX BP monitors for
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—
MANAGING MY
STROKE RISK

STROKE RISK FACTOR m

MY SYSTOLIC BLOOD PRESSURE mm Hg

NOT AT GOAL | NEAR GOAL AT GOAL
OVER 150 | 130-150 [UNDER 130

MY LDL CHOLESTEROL mg/dL

NOT AT GOAL | NEAR GOAL AT GOAL
OVER 130 70-130 UNDER 70

RO », A OR

MY BLOOD SUGAR CONTROL HbA1c, %

NOT AT GOAL | NEAR GOAL AT GOAL
OVER 6.5 5.7-6.4 | UNDER 5.7

MY SMOKE FREE LIFE
NOT AT GOAL | NEAR GOAL AT GOAL
CURRENT | TRYING TO NON
SMOKER QuIT SMOKER

STROKE RISK FACTOR

MY HEALTHY DIET every day
NOT AT GOAL | NEAR GOAL AT GOAL
O FRUITS/ | 1-4 FRUITS/ | 5 FRUITS/
VEG VEG VEG

MY PHYSICAL ACTIVITY
NOT AT GOAL | NEAR GOAL AT GOAL
NO REGULAR || UNDER30MIN [ 30 MIN 3
ACTIVITY 3 DAYS/WEEK | DAYS/WEEK

STROKE RISK FACTOR
MY HEALTHY WEIGHT Bmi, kg/m? |

|

NOT AT GOAL | NEAR GOAL AT GOAL
OVER 30 25-30 UNDER 25

MY EMOT ONAL HEALTH PHQ9 score

NOT AT GOAL | NEAR GOAL AT GOAL
OVER 14 5-14 UNDER 5

STROKE RISK FACTOR

MY CLOT PREVENTION MEDICINE
NOT AT GOAL | NEAR GOAL AT GOAL

NOT Miss NEVER MISS
TAKING DOSES A DOSE

|

“F B B B

Fig. 4 Risk factor goal card: trifold wallet card
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home monitoring and are instructed on how to use the
BP monitor and log and track the results. Participants
also receive instructions on how to check and monitor
blood glucose levels, if clinically indicated. These skills
are assessed and re-enforced at subsequent clinic visits
and home visits.

Intervention team recruitment and training

The PIs and site PIs trained the APCs to follow evidence-
based protocols, teach self-management skills, and educate
participants. Dimagi conducted remote and on-site training
to use CommCare Mobile and CommCare HQ. The APCs
also received training on motivational interviewing.

We partnered with three community-based organiza-
tions to recruit CHWs: (1) the Los Angeles Healthcare
Workforce Development Program (HCWDP)/Worker
Education and Resource Center (WERC), (2) Esperanza
Community Housing Corporation (Esperanza), and (3)
Watts Labor Community Action Committee (WLCAC).
HCWDP is a labor/management partnership between
LAC-DHS and the Service Employees International
Union, that provides workforce development courses for
healthcare workers, and specifically for CHWs who work
in the Los Angeles healthcare safety-net system of hospi-
tals and clinics. Esperanza and WLCAC are nonprofit
organizations empowering residents of South Central
Los Angeles through programs focused on affordable
housing, health, arts and sciences, education, and eco-
nomic development. To date, Esperanza’s Community
Health Promoters Training Program has trained over
400 bi- and trilingual low-income residents to become
community health leaders, patient advocates, health edu-
cators, and community organizers.

We conducted CHW training and selection in two
phases. First, Esperanza, WLCAC, and WERC advertised
the opportunity to obtain training in CDSMP and stroke
to their community members and CHWs. We selected
bilingual (English and Spanish) individuals to complete a
36-h training workshop for CDSMP. Second, we invited
graduates of the CDSMP training to participate in an
80-h training on SUCCEED-specific topics, including
stroke and vascular risk factors. We selected CHWSs
from the second phase of training.

We developed the 80-h curriculum for CHWs in col-
laboration with WERC. Topics included basic CHW
skills, stroke etiology, signs and symptoms of stroke,
hypertension, obesity, diabetes, dyslipidemia, diet, phys-
ical activity, smoking cessation, communication, speech,
and swallowing, mental health and cognition, self-
management skills, motivational interviewing, assessing
therapy needs, potential stroke complications, common
medications for stroke, tools for medication adherence,
healthcare system navigation, goal cards and tools, panel
management, and staff safety. The courses were taught
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by study staff, subject matter experts, and WERC cur-
riculum developers and instructors. We trained two co-
horts of CHWs—one in 2013 and another in 2015 (due
to attrition of one CHW during the trial and expansion
of the trial to the private medical center).

Control structure and activities

Participants randomized to the control arm receive usual
care, which varies by study site, but typically includes
primary care visits, a post-hospital follow up visit with a
vascular neurologist, and AHA educational handouts
regarding stroke, physical activity and diet, and
antithrombotics.

Clinical outcomes

The primary outcome is the proportion of participants
who achieve BP control (SBP <130 mmHg) at 1 year and
the average change in SBP (Table 1. Secondary outcomes
include: (1) mean change in systolic BP; (2) control of
other wvascular risk factors including lipids and
hemoglobin Alc, (3) inflammation (C reactive protein
[CRP]), (4) medication adherence, (5) lifestyle factors
(smoking, diet, and physical activity), (6) estimated rela-
tive reduction in risk for recurrent stroke or MI, and (7)
cost-effectiveness of the intervention versus usual care
(Table 1). In addition, we will estimate the combined im-
pact of changes in multiple risk factors on the relative
risk of cardiovascular disease (CVD) or recurrent stroke
in intervention and control groups. This secondary out-
come of “global CVD risk reduction” will be modeled
using observed changes in risk factor values for each
participant and the relative risk reductions reported in
randomized controlled trials of respective interventions
(ie: statin therapy, anti-hypertensive medications). De-
tailed methods used to calculate the global risk reduc-
tion will be published in a forthcoming manuscript.

Participant timeline

At baseline, 3 and 12 months, research assistants (RAs)
interview participants and measure BP, anthropometrics
(including height, weight and waist circumference), and
laboratory studies (by fingerstick, using a CardioChek®
handheld device and dried blood spot collection; Table 2,
Fig. 5). After the participant sits still for five minutes,
three BP measurements are obtained five minutes apart;
the mean BP is used. Participants complete a telephone-
administered interview at 8 months. Subsequently, after
the 12-month study period, participants receive surveil-
lance telephone calls every 6 months to assess for vascu-
lar events or death up to 36 months. Weekly reports of
screening, enrollment, and data collection by time point
and by site are generated from Research Electronic Data
Capture (REDCap™) and circulated and discussed on
weekly investigator/evaluation RA conference calls.
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Sample size calculation and power analysis

Our sample size calculation and power analyses were
based on the primary outcome of SBP. Meta-analyses
have revealed a 25 to 40% reduction in recurrent stroke
risk with BP-lowering therapies [32—34]. We initially de-
fined BP control as SBP <120 mmHg, consistent with
the Seventh Report of the Joint National Committee on
Prevention, Detection, Evaluation, and Treatment of
High Blood Pressure (JNC-7). During the course of the
trial, evidence of a potential J-shaped curve emerged
among individuals with existing cardiovascular disease
or diabetes, with higher cardiovascular events and mor-
tality associated with tight BP control [35-38]. Retro-
spective analyses of RCTs and observational studies
suggested a potential J-shaped curve among individuals
with stroke as well, particularly in the first 6 months
post-stroke [39-42]. Sixteen months after initiating the
trial (after enrolling 150 participants), we increased our
SBP goal to <130 mmHg at 1 year. We simultaneously
revised our inclusion criteria from SBP >120 mmHg, to
either SBP 2130 mmHg, or SBP between 120 and
130 mmHg and a history of hypertension or on antihy-
pertensive medications prior to the stroke or TIA event.

Power analyses were conducted with comparison of
the primary outcome (SBP) between the intervention
and the control arm. Based on availability of our patients
and our capacity, we plan to enroll 516 participants.
Using intra-class correlation of the five sites at 0.0085
level, standard deviation of 20 mmHg, three repeated
measurements (at baseline, 3 and 12 months), type I
error of 0.05, type II error of 0.2 (or equivalent to power
of 80%), 2.4 average data points for each subject
(corresponding to 30% attrition), and an auto-correlation
of 0.2, the effective sample size for the entire study will
be 261 (after adjusting for clustering effect of the five re-
cruitment sites). The effect size for SBP as small as 0.25
in standard deviation units or 5.06 mmHg can be con-
sidered clinically meaningful in the presence of both
moderators and mediators.

With a planned enrollment of 516 and conservative at-
trition estimates, SUCCEED is powered to detect a clin-
ically meaningful difference in BP between intervention
and usual care arms in the presence of moderator and
mediator effects. For potential moderators (e.g., age, sex,
stroke type and severity, education, country of birth/
primary language), we will test power of moderation
using £2, the most common measure of effect size [43]. To
analyze power of potential mediators (e.g., self-efficacy,
self-management, social isolation, depression, perceived
risk of stroke), we will use indirect effect.

Recruitment
We recruit participants from both the inpatient and out-
patient settings. The research team presents information
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Table 1 Primary and secondary outcomes, moderators, and mediators

Outcome

Measure

Primary Outcome

Systolic blood pressure control
(<130 mmHg)

Secondary Outcomes

Change in systolic blood pressure
Dyslipidemia: non-HDL cholesterol
Glucose control: hemoglobin Alc
Inflammation: C-reactive protein
Adiposity: BMI, WC, WHR

Physical activity

Diet

Smoking

Recurrent stroke or TIA

Myocardial infarction

Cost

Moderators

Sociodemographics: age, sex, race/ethnicity

Acculturation and Education: country of birth, primary language,
education level

Health-care system

Type of cerebrovascular event (TIA, ischemic stroke, intracerebral
hemorrhage)

Stroke severity
Functional status
Mediators

Stroke Literacy

Health Literacy
Medication adherence

Self-management skills

Self-efficacy

Perceived risk of stroke
Social isolation

Depression

Health related quality of life

Perceptions of quality of care

Intervention Mediators

Coordination and communication with care team: number CHW home
visits, CDSMP workshops attended, APC clinic visits, telephone visits;
communication between APC and CHW

Physical exam

Physical exam

CardioChek®

Dried blood spot

Dried blood spot

Physical exam

Adapted from International Physical Activity Questionnaire [59]
California Health Interview Survey (CHIS) 2011-2012 [60]

CHIS 2011-2012, Behavioral Risk Factor Surveillance System (BRFSS) 2013
[61]

Questionnaire for Verifying Stroke-Free Status (QVSFS) [62]

Medical history Common Data Element [45]

NINDS Demographics Common Data Element [45]

Adapted from NINDS Demographics CDE, subscale of Bidimensional
Acculturation Scale for Hispanics [63]

Study site

Medical record

NIH Stroke Scale
Modified Rankin Scale

Stroke warning signs and risk factors for stroke [64]
4-Item Brief Health Literacy Screening Tool (BRIEF) [65]
Adapted from Simoni et al. [66] and Chesney et al. [67]

Adapted from Self-Efficacy for Managing Chronic Disease 6-item
scale [68]

General Self-Efficacy Scale [69]

Adapted from Stroke Risk and Worry Survey [70]

8-Item Social Support Scale [71]

Center for Epidemiologic Studies Depression Scale (CES-D) [72]
SF-6D [73]

Adapted from Patient Assessment of Chronic lliness Care (PACIC) [74] and
Consumer Assessment of Healthcare Providers and Systems (CAHPS®) [75]

CommCare tracking technology

Abbreviations: BMI body mass index, WC waist circumference, WHR waist-to-hip ratio, CDE common data element

about SUCCEED to clinicians in the Neurology, Internal
Medicine, Family Medicine, Emergency Medicine, and
Physical Medicine and Rehabilitation and Therapy de-
partments. We post study flyers in the wards, outpatient

clinics, and housestaff offices of these departments. In
the inpatient setting, we discuss the study with the in-
patient and consult teams taking care of patients with
stroke or TIA. In the outpatient setting, we discuss the
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“On” intervention or usual care

“Off" or post-intervention or usual care follow up

Time, months Baseline 3 8

12 18 24 30

Informed consent X

Physical exam X X
Blood pressure

Body mass index

Waist circumference

Waist-to-hip ratio

NIH SS

mRS

Fingerstick labs X X
Total cholesterol

HDL

Triglycerides

Calculated LDL

Total cholesterol/HDL

Hemoglobin Alc

C-reactive protein

Full in-person® questionnaire X X

Brief telephone questionnaire X

Telephone surveillance (vascular events, death)

X X X

Abbreviations: NIH SS National Institutes of Health Stroke Scale, mRS modified Rankin Score, HDL high density lipoprotein cholesterol, LDL low

density lipoprotein cholesterol
2Sometimes obtained by phone if an in-person visit was infeasible

study with the physicians, clinic coordinators, nurses,
and medical assistants.

A potential participant’s clinician obtains verbal per-
mission from the patient before passing his/her name
to a member of the research team. In the inpatient
setting, the RA either attends inpatient rounds (fos-
tering awareness about the study and prompting the
study team during rounds to ask patients for permis-
sion for the RA to meet the patient later) or confers
with the team after morning rounds to review eligible
participants. In the outpatient setting, we use several
methods to identify participants: (1) review clinic pa-
tient lists for potentially eligible participants; (2) at-
tend clinic and reviewing the list with the clinician,
and (3) remind the clinicians to call the RA for po-
tentially eligible patients. Since outpatients may need
to leave the clinic immediately after the visit with the
clinician, the RA may not be able to speak to an out-
patient before he or she leaves, but can call the pa-
tient later. Alternatively, potential subjects can also
directly call the RA to learn more about the RCT,
using the number listed on flyers.

Methods: assignment of interventions

Allocation: sequence generation, allocation concealment
mechanism, implementation

Before the RCT began, we used computer-assisted
stratified randomization of block size of four to de-
velop randomization schedules. The three stratification
variables are site, spoken language (English, Spanish,
or other [Mandarin/Cantonese and Korean]), and type

of stroke (ischemic vs. hemorrhagic). The schedules
have an allocation ratio of 1:1 of control and interven-
tion. We use permuted block randomization that
stratifies by site to promote periodic balance through
the trial and group balance at the end of the trial. The
study programmer/analyst generated 28 lists, one for
each stratum; we subsequently programmed these lists
into the electronic database, Research Electronic Data
Capture (REDCap™), for automated randomization. Each
row of the list includes a unique subject ID and arm as-
signment of the study.

The randomization program in REDCap™ is only ac-
cessible by the Project Manager, Principal Investigators
and Data Manager, and only the Project Manager en-
ters new data to obtain a randomization assignment.
For individuals who consent to the study and meet in-
clusion criteria, the RA assigns a unique study ID and
collects baseline data before randomization. After an
eligible participant has consented and completed the
baseline survey, the RA informs the Project Manager,
who enters the appropriate variables to obtain a
randomization assignment. The Project Manager noti-
fies the intervention team of participants randomized
to the intervention. If possible, the intervention team
meets participants upon enrollment; otherwise, the
team calls participants to introduce themselves and
the study.

Screening and consent procedure
When a clinician notifies the RA of a potential partici-
pant, the RA arranges a face-to-face meeting to
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Age 240 years

Able to consent

Patient Meets Inclusion Criteria
Ischemic stroke, intracerebral hemorrhage, or transient ischemic attack < 90 days

SBP 2130 mm Hg OR SBP 120-129mm Hg and on antihypertensive or history of hypertension
Speaks English, Spanish, Mandarin, Cantonese or Korean

Patient consents to participate in study

A

Baseline Data Collection
Interview, BP measurement, anthropometrics, lipids, CRP, HbA1c

A

Randomization
1:1, stratified by site, language, type of event (ischemic stroke/transient
ischemic attack vs. intracerebral hemorrhage)

A

3 Month Data Collection (In Person)
Interview, BP measurement, anthropometrics, lipids, CRP, HbA1c

8 Month Data Collection (Telephone)

A

12 Month Data Collection (In Person)
Interview, BP measurement, anthropometrics, lipids, CRP, HbA1c

\

Fig. 5 Enroliment of subjects and schedule for collecting evaluation data

determine whether the patient meets eligibility criteria
for enrollment. The RA reads to the patient an institu-
tional review board (IRB)-approved script that further
describes the SUCCEED trial. If a potential participant
directly contacts the RA, the RA reads the IRB-approved
script and if the potential participant is interested, a
face-to-face meeting will be scheduled. The RAs are bi-
lingual in English and Spanish, and in the case that a
subject speaks a language other than English or Spanish,
the research team uses volunteers fluent in the appropri-
ate language to translate for the RA. All consent mate-
rials were translated into Spanish by an American
Translators Association-certified translator. Consent

forms were translated into Korean and Chinese with a
three-step process using Transperfect® [44]. If the poten-
tial participant is interested in participating in the study,
the RA (1) asks questions about age and time of stroke
onset or TIA occurrence to confirm eligibility; (2) asks
the participant questions to determine comprehension
of study participation; and (3) measures BP. For those
found to be ineligible, the reasons for ineligibility are re-
corded. If eligible participants choose not to consent to
the study, the RA records the reason. Further, the RA
asks permission to use the demographic information of
those who decline study participation (without obtaining
any personally identifiable information) to generate
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enrollment propensity weights. Enrollment propensity
weights will be used to analyze whether characteristics
of those eligible for the trial but who declined to partici-
pate may impact generalizability of study outcomes.

Blinding

The RA collects the baseline survey and examination data
prior to randomization. Only the Project Manager ran-
domizes participants, and all data related to participants’
activities with the intervention are managed in a separate
database that cannot be accessed by the RAs. RAs remain
blinded to group assignment throughout the follow-up.
The RAs work in offices that are geographically separate
from the intervention team to avoid unblinding. If a par-
ticipant informs the RA at a subsequent evaluation that
they are in either arm, a different RA is assigned to
perform the evaluation, without discussion regarding the
reason.

Methods: data collection, management, and
analysis

Data collection methods

All RAs are trained using a manual developed by study
staff to promote fidelity across sites. The manual in-
structs in use of REDCap™, recruitment and telephone
scripts, eligibility criteria, surveys, study instruments,
measurement procedures, and general study office
organization. A co-investigator with expertise in bio-
marker collection developed the sections regarding the
collection of BP, anthropometric measurements, and fin-
gerstick blood sample collection with the CardioChek®
device and the DBS. Each RA was certified in two
phases: (1) after completion of a 2-day training course
which included observation; and (2) after successful
observation of a collection at the study site. Anthropo-
metric measurements, BP measurements and blood
sample collections are periodically reviewed by this co-
investigator with biomarker collection expertise to
ensure consistency and fidelity, via reports of collected
data and in-person observations.

For each measure, we assessed the appropriateness for
our patient population, including considerations such as
literacy and cultural appropriateness. We used the
National Institutes of Neurological Disorders and Stroke
(NINDS) Common Data Elements (CDE) if they were
available and appropriate [45]. If survey instruments
were not CDEs, we tested them with a pilot group of 24
volunteer participants who fit the study’s eligibility cri-
teria. This group provided feedback on the clarity of the
questions, evaluation duration, fingerstick DBS and
CardioChek®, anthropometric measurements, and survey
questions. We performed cognitive testing of the survey
measures. We made revisions to the overall instrument
for clarity, order, and length. An additional 10
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participants provided feedback for the Korean and
Chinese surveys.

Participant retention

We use multiple strategies to promote participant reten-
tion and follow-up for the 3-, 8-, and 12-month evalua-
tions. First, we arrange appointments according to the
participants’ availability, and include the possibility of
evening and weekend visits. Additionally, we attempt to
schedule evaluations around participants’ usual care ap-
pointments at the healthcare facility. Participants are
given the option to have data collected at other study
sites, if more convenient. We offer to pay for transporta-
tion for those without access to transportation. For indi-
viduals unable to return to the healthcare facilities, we
offer telephone interviews and data collection at a home
visit. Participants receive cash payment at completion of
each of the evaluation time points ranging from $10
to $40.

Data management

Each of the five sites maintains a linking file that in-
cludes identifying information (name, address, phone
number) and the subject ID. These files are for the pur-
pose of subject tracking, and subject payment tracking.
These files are password-protected on a designated
computer in a locked office and only the site’s Principal
Investigator and research staff have access to the track-
ing file. Electronic files are kept until the completion of
all data collection and the successful creation of the final
analytic dataset.

Once data are entered into REDCap™, these data are
only retrievable by the Data Management team at
UCLA. The Data Management team analyzes these data,
which are stored on a UCLA server. No direct identifiers
(only study IDs) are kept with these data.

Statistical methods

We will compare baseline characteristics between the
SUCCEED intervention and usual care groups. We will
compare continuous variable means using the t-test and
ordinal or non-Gaussian continuous variables using the
Wilcoxon rank sum test. We will compare unordered
categorical variables using Chi-square test or Fisher’s
exact test.

Enrollment weights based on a logistic regression
model will be calculated using demographic data col-
lected from eligible non-participants. If needed, attrition
weights will be determined from logistic regression
models using demographic data on participants who
drop out of the study. We will combine these two
weights to form an overall weight (using the inverse of
the product of the probabilities of participation). Both
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raw and adjusted rates using the overall weight will be
compared between SUCCEED and usual care arms.

We will conduct intention-to-treat analyses on all dir-
ectly measured primary and secondary clinical outcomes
using ordinal logistic or multiple linear regression
models, incorporating the overall weights. Intervention
status will be an independent variable in all models. We
will compare study outcomes between the control and
intervention groups before and after adjusting for poten-
tial covariates associated with the outcome measure.

We will use modified Monte Carlo simulation
methods to model outcomes related to cost, cost effect-
iveness, and global risk reduction

There may be underlying intra-site correlations of out-
come measures in the collected data, which will poten-
tially impact statistical significance tests of parameter
estimates in the analyses. To account for this in our ana-
lyses and modeling, robust standard errors will be calcu-
lated using Huber-White Sandwich method. Although
we will assess for the impact of clustering data structure,
we do not expect a large intra-site correlation because
four of the five sites are part of the same county health-
care system and we are not aware of differences of out-
comes by site. Furthermore, we will include independent
dummy variables for each study site to evaluate possible
site-level variation in treatment effects.

We will use statistical tests (such as the Shapiro-Wilk
test) and graphical analyses (e.g., histograms and box
plots) to assess normality of the measures. Based on the
nature of distributions, either parametric (e.g., £-test and
ANOVA for means) or nonparametric tests (Kruskal-
Wallis test for medians) will be used. The approaches
will include univariate, bivariate, and multivariate
modeling.

We will test moderator and mediator effects separ-
ately. To assess the moderating effects, we will compare
regression models including interaction terms between
the independent variables and each possible moderator,
and the models that do not include the corresponding
interaction terms, using the likelihood ratio test.

We will use the Sobel test [46] and bootstrapping to
test mediating effects. We will use the Sobel test to gen-
erate a t statistic, which compares the magnitude of the
indirect effect to the standard error of measurement.
We will compare the t statistic to the normal distribu-
tion to determine its significance. Bootstrapping [47]
methods will be used to generate a sampling distribution
to assess indirect effects of mediators. Baron and Kenny
[48] methods will be used to assess the mediating effects
through a series of manual regressions. We will use
macros from SPSS and SAS that provide output simul-
taneously for the 3 methods [47, 49, 50]. We will use
structural equation modeling to accommodate mediating
or moderating effects at the same time.
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To check the fidelity (uptake) of the SUCCEED inter-
vention, we will also analyze attendance at SUCCEED
clinics, home visits, and the number of telephone coordin-
ation of care calls made during enrollment. To evaluate
the implementation of the SUCCEED intervention, obser-
vations and interviews will be conducted with the inter-
vention staff. Observations of the first APC clinic visit and
CHW home visits will clarify the procedures that occur at
each clinical study site. Interviews with APC, CHW, and
site PIs will further elucidate the intervention processes;
barriers and challenges to implementing the intervention;
and key intervention components. The observations and
interviews will be compared across study sites and be-
tween staff to determine the optimal processes for imple-
mentation of the intervention.

SUCCEED is a multi-component intervention. It is in-
feasible to randomize all permutations of these compo-
nents; thus, our approach to acquiring knowledge of
contributions of these different components is to assess,
using both qualitative and quantitative methods: (1) ex-
tent of implementation of different intervention compo-
nents, (2) associations of intensity of use or uptake of
different intervention components with mediators and
with risk factor control outcomes among intervention
participants, and (3) perceptions of staff (via interviews
with SUCCEED care managers and CHWs) to identify
themes about intervention components judged key to ef-
fectiveness. Variables will include, for example, number
and type of interactions between patients and different
care team providers, interactions among care team
members, distributions of patient participation in self-
management groups, and so forth.

Cost analysis

To estimate intervention costs, we will take into account
equipment costs (e.g. tablets, home BP monitors) and
staff time (ACP, CHW, physician, mobile health pro-
grammers), including time for intervention development
and time spent in training the various providers. We will
collect data on intervention costs through interviews
and reviews of expense reports for the project. In our
analysis of intervention costs, we will distinguish be-
tween start-up costs of implementing the new care
model, the fixed annual maintenance costs of sustaining
the model, and the marginal cost of adding another pa-
tient to the model.

We will calculate health care utilization costs from the
perspective of LAC-DHS and from a more general per-
spective applicable nationwide. For the LAC-DHS ana-
lysis, we will query the county administrative database to
determine the total number of hospitalization days (bed-
days), Intensive Care Unit days, Emergency Department
visits, outpatient primary care visits, outpatient sub-
specialty visits related to stroke prevention, stroke
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prevention-related prescription medications, and labora-
tory and imaging tests related to stroke prevention. We
will obtain the cost equivalents of each of these services
from LAC-DHS. For the national analysis, we will obtain
unit costs for each health care service from reimburse-
ment rates provided in Medicare fee schedules.

There are several limitations to administrative data-
base utilization data in LAC-DHS. First, Los Angeles
County is geographically large; therefore, participants
may seek care from non-LAC-DHS facilities. Second,
participants without insurance may not qualify for non-
emergency insurance coverage; therefore, they may not
receive care within LAC-DHS. Third, prior to 2014,
LAC-DHS did not have a single medical record number
for each individual and the utilization data was incom-
plete. Since 2014, however, LAC-DHS has developed ro-
bust electronic databases to track utilization, and as of
March 2015, all facilities are on a single electronic med-
ical record (Cerner) and each individual has a single pa-
tient identifier across the system. To address these
limitations, we will use survey methods to obtain partici-
pants’ healthcare utilization at baseline, 3, 8, 12 months.
We have successfully used surveys for tracking health-
care utilization in previous projects [51, 52]. Although
surveys are subject to recall bias, randomization will bal-
ance this bias across intervention and control groups.

Another important reason for collecting survey data is
to obtain information regarding time spent by family
members and friends providing informal assistance to
the participant. This is particularly important for indi-
viduals with stroke, where much of the long-term cost
associated with stroke may be related to informal care-
giving [53]. The time of informal caregivers will be val-
ued using national average wage rates in the appropriate
age-sex cells as recommended by the Panel on Cost-
Effectiveness in Health and Medicine [54].

Once we obtain cost data from administrative and sur-
vey sources, we will compare total costs for the interven-
tion group (intervention costs plus health services
utilization costs) with costs for the control group. If the
intervention improves health and saves costs when com-
pared to the control group, the cost analysis will ter-
minate at this point. If the SUCCEED intervention
improves health but the costs of the intervention are
higher than in the control group, we will conduct a cost-
effectiveness analysis. Our primary estimate of within-
trial intervention effectiveness, the reduction in SBP, will
be derived directly from SUCCEED. This will allow us to
compute the cost of the intervention per mm Hg reduc-
tion in SBP, an approach used previously [55], which can
also be calculated as the cost per clinically meaningful
reduction in BP. This method requires minimal assump-
tions or modeling, since it uses data collected from par-
ticipants in the trial. Estimating cost-effectiveness based
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on within-trial data on BP lowering is limited by two
factors — 1) inability to compare the cost-effectiveness of
this intervention with other interventions not focused
on BP and 2) not accounting for long-term costs and
benefits beyond the trial. To improve comparability of
SUCCEED with other interventions, we will measure ef-
fectiveness using quality adjusted life years (QALYs),
[54] combining information on health related quality of
life (HRQOL) and mortality. To calculate the HRQOL of
the intervention and control patients, we will survey par-
ticipants using the SF-6D [56]. We will obtain vital sta-
tus of individuals throughout the study for mortality
calculations.

In order to demonstrate the clinical relevance of the
reduction of multiple stroke risk factors we will estimate
the combined impact of SUCCEED on cardiovascular
risk at 3 years. As noted above, the “global risk reduc-
tion” outcome estimates the relative reduction in risk for
recurrent stroke, and for fatal and nonfatal cardio-
vascular disease (stroke or myocardial infarction) at
12 months. We will modify the relative global risk re-
duction calculation to estimate risk for stroke and CVD
at 36 months, using an alternative ratio of stroke: CVD
in order to account for the rapid decline in risk of recur-
rent stroke relative to risk of myocardial infarction fol-
lowing a stroke event [57]. Two sources of uncertainty
affect the precision of our estimate of the reduction in
risk of fatal and nonfatal stroke and CVD. We will use
bootstrapping techniques to account for uncertainty in
our data (observed changed in risk factors); and we will
use Monte Carlo simulation methods to account for
uncertainty in the effectiveness of each component
intervention. Additional details on the bootstrapping-
simulation methods will be available in a subsequent
global risk reduction manuscript.

Methods: monitoring

Data monitoring

For Care Management studies such as SUCCEED, a
Data Safety Monitoring Board is not usually required.
The APCs and CHWSs monitor vascular risk factor con-
trol and resource utilization of subjects randomized to
the intervention. Through telephone calls, clinic visits,
home visits, and CDSMP workshops, they ask subjects
about the steps they are taking to lower the risk of
stroke.

Harms

Adverse experiences are reported as required by the IRB
at each site. There are no additional US Food and Drug
Administration regulations because we are not studying
a biological agent. The Manual of Operations includes
detailed definitions of adverse experiences, a table for
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grading their severity, and details of how clinical sites
are to report them.

Auditing

A co-investigator with expertise in biomarker collection
periodically conducts site visits for quality assurance re-
garding biomarker collection by the RAs and reviews
data on protocol fidelity periodically downloaded by the
study programmer from REDcap™ Additionally, the
Project Manager reviews the data entered by the RAs
and locks the forms monthly.

Sensitivity analyses

Moderator analyses described above provide estimates of
possible effect modification among pre-specified sub-
groups in Table 1. Exploring possible variation in out-
comes among sociodemographic subgroups facilitates
equity analyses to determine whether the intervention
preferentially benefits socially disadvantaged individuals.
Additional sensitivity analyses will be performed to
examine how various assumptions related to the efficacy
and cost of individual components impact simulated es-
timates of the overall impact of the intervention on clin-
ical global risk reduction and cost-effectiveness.

Discussion

The optimal BP goal after stroke remains unclear in the
absence of RCTs designed to answer the question. The
goal, therefore, may change as new RCT findings be-
come available. Nevertheless, the SUCCEED interven-
tion is designed to address all major cardiovascular risk
factors, in addition to BP. Although a composite cardio-
vascular risk score would have been a reasonable alter-
native to BP as a primary outcome, existing composite
scores were derived from populations free of stroke. We
have developed and will use this trial to test a composite
tool for assessing relative risk of recurrent stroke [58].
Second, since this is a pragmatic trial, the clinical set-
tings vary between sites and we have allowed for hetero-
geneity; however, we have strategies in place to heighten
fidelity in the core aspects of the intervention. In
addition, there may be site-specific differences in usual
care and temporal changes in usual care. By testing this
intervention in real world settings, we will maximize ex-
ternal validity. Third, it will be difficult to assess which
components of the intervention explain the effectiveness
(or lack thereof); however, we will employ post-hoc sub-
group analyses and assess the effects of mediators and
moderators. Fourth, contamination of the usual care
arm is possible. However, the only providers who poten-
tially care for participants in both arms of the trial are
the site PlIs; they do not share intervention tools or edu-
cational materials with participants. The APCs and
CHWs do not interact with usual care participants.
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Individuals with stroke or TIA are often high-cost,
high-needs patients; therefore, if this coordinated care
management intervention is effective, it can have far-
reaching consequences. By using an interdisciplinary
team, we have drawn upon various skillsets in a cost-
effective manner, and anticipate improving the quality
and effectiveness of care. In addition, we anticipate im-
proving efficiency and care quality by using evidence-
based protocols embedded into a mobile electronic plat-
form that offers real-time decision support, an avenue
for communication, and a tool for panel management.
By including community representatives and stroke
survivors in the development of the intervention, and
employing CHWs from the communities that are
served, we have culturally tailored the intervention
and are better equipped to address potential barriers,
understand participants’ needs, and provide patient-
centered care.

Although this intervention is designed to address
disparities in care and outcomes in vulnerable, socioeco-
nomically disadvantaged populations, it may be applic-
able to a variety of healthcare settings. Furthermore,
since individuals with stroke and TIA have multiple
cardiovascular comorbidities, many of the tools we
developed may be applicable to a large proportion of
high-cost, high-needs patients at high risk for CVD.
Finally, the care management model developed in this
trial is applicable to most chronic conditions.

Once the RCT is completed, the materials and
products will be available to the research, clinical and
public health communities. Dimagi’s software is open
source.

Progress to date

We have enrolled 357 of the 516 participants (Table 3).
The mean age is 57.2 years (SD 8.7). The majority are
men (64.5%). With respect to race, 66.2% are White,
17.7% Black, 7.3% Asian, 2.5% Native American or
Alaskan Native, and 3.7% >1 race. The majority (70.9%)
are Hispanic. Most participants are born outside of the
United States (72.7%) and 61.9% have less than a high
school education. Approximately half (52.5%) were
working prior to the stroke. The majority of events were
ischemic strokes or TIAs (83.2%) and the remainder
were intracerebral hemorrhages. The mean systolic BP
at baseline was 145.5 mmHg. Three quarters of the
population was either overweight or obese. Most had
mild to moderate strokes (NIH SS <15). Nearly half of
the participants had moderately severe or severe disabil-
ity at enrollment. Nearly half the participants had a his-
tory of smoking; 24.1% smoked in the year prior to the
stroke. With respect to medical comorbidities, 23% had
a prior history of stroke, 51.7% had dyslipidemia and
48.3% had diabetes by self report.
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Table 3 Sociodemographic and clinical characteristics of

participants enrolled to date

Eligible enrolled

(N=357)
Sociodemographic Characteristics
Age, years, mean (SD) 572 (8.7)
Male, n (%) 229 (64.5)
Race, n (%)
White 235 (66.2)
Black 63 (17.7)
Asian 26 (7.3)
American Indian/Alaskan Native 9 (25)
Native Hawaiian/Other Pacific Islander 3(0.8)
More than one race 13 3.7)
Unknown 6 (1.7)
Ethnicity: Hispanic, n (%) 251 (70.9)
Born in the United States, n (%) 97 (27.3)
Living with at least one other adult, n (%) 314 (88.5)
Education, n (%)
Some college 107 (304)
Associate degree: academic, occupational, technical 1 (0.3)
or vocational program
At least high school graduate or equivalent 26 (7.4)
Some high school 81 (23.0)
8" grade or less 137 (38.9)
Working for pay, part- or full-time, prior to stroke, 189 (53.5)
n (%)
Clinical Characteristics
Stroke Type, n (%)

Ischemic / TIA 297 (83.2)
Intracerebal hemorrhage 60 (16.8)
Systolic blood pressure, mm Hg, mean (SD) 1454 (184)

BMI category, n (%)
Underweight (<18 kg/m?) 1(0.7)
Normal (18-24.9 kg/m?) 37 (24.7)
Overweight (25-29.9 kg/m?) 61 (40.7)
Obese (>30 kg/m?) 51 (34.0)
NIH stroke score, n (%)
Mild (1-5) 225 (634)
Moderate (6-14) 121 (34.1)
Severe (15-24) 9 (2.5)
Very severe (>25) 0
Modified Rankin Scale, n (%)
No disability 25 (7.0)
No significant disability 60 (16.9)
Slight disability 60 (169)
Moderate disability 53 (14.9)
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Table 3 Sociodemographic and clinical characteristics of
participants enrolled to date (Continued)

Moderately severe disability 112 (31.5)
Severe disability 45 (12.7)
History of smoking, n (%) 160 (45.3)
Smoked in the year prior to the stroke, n (%) 85 (24.1)

Medical History, n (%)

Prior stroke 80 (23.0)
Heart attack 32 (9.0)
Atrial fibrillation 25 (7.1)
Congestive heart failure 26 (74)
Dyslipidemia 182 (51.7)
Cancer 14 (4.0)
Diabetes 171 (483)
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