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A B S T R A C T

Background: Uncontrolled hypertension is the largest single contributor to all-cause and cardiovascular mortality in the U.S. population. Nurse- and pharmacist-led
team-based care and telehealth care interventions have been shown to result in large and lasting improvements in blood pressure (BP); however, it is unclear how
successfully these can be implemented at scale in real-world settings. It is also uncertain how telehealth interventions impact patient experience compared to
traditional clinic-based care.
Aims/objectives: To compare the effects of two evidence-based blood pressure care strategies in the primary care setting: (1) best-practice clinic-based care and (2)
telehealth care with home BP telemonitoring and management by a clinical pharmacist. To evaluate implementation using mixed-methods supported by the RE-AIM
framework and Consolidated Framework for Implementation Research.
Methods: The design is a cluster-randomized comparative effectiveness pragmatic trial in 21 primary care clinics (9 clinic-based care, 12 telehealth care). Adult
patients (age 18–85) with hypertension are enrolled via automated electronic health record (EHR) tools during primary care encounters if BP is elevated to ≥150/
95 mmHg at two consecutive visits. The primary outcome is change in systolic BP over 12 months as extracted from the EHR. Secondary outcomes are change in key
patient-reported outcomes over 6 months as measured by surveys. Qualitative data are collected at various time points to investigate implementation barriers and
help explain intervention effects.
Conclusion: This pragmatic trial aims to inform health systems about the benefits, strengths, and limitations of implementing home BP telemonitoring with phar-
macist management for uncontrolled hypertension in real-world primary care settings.

1. Introduction

Elevated blood pressure (BP), or hypertension, is the most common
chronic condition for which patients see primary care clinicians [1].
Based on newly updated guidelines, 46% of the US adult population has
hypertension, a major risk factor for heart attacks, stroke, heart failure,
and kidney failure [2,3]. Compared with other modifiable cardiovas-
cular (CV) risk factors, elevated BP is the largest single contributor to
all-cause mortality (30%) and CV mortality (41%) in the U.S. popula-
tion [4,5]. Achieving recommended levels of BP control has been shown
to lower the risk of future CV events (heart attacks and strokes), the
most common cause of death and disability worldwide [1]. However,
between 2007 and 2016, about half of people with hypertension in the

U.S. did not have their BP controlled to recommended levels, with
disparities in rates of BP control in racial/ethnic minority and low so-
cioeconomic status populations [6,7].

Although access to health care remains a barrier to attaining BP
control,> 80% of people with hypertension have health insurance and
a regular source of health care [8,9]. Patients with hypertension
average four clinician visits each year [10], which should provide
ample opportunity to detect and address uncontrolled hypertension.
However, clinicians are often slow to start antihypertensive drugs or
increase treatment intensity with higher doses or combinations of
drugs, even when BP is elevated at several clinic visits, a complex
phenomenon dubbed “clinical inertia.” [11] In addition, patients face
challenges implementing behavior changes related to nutrition,
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exercise, stress and other lifestyle factors and difficulties with taking
medications, including side effects, adherence, and costs. Since high
blood pressure may not cause immediate problems for patients, they
may also not understand the long-term consequences of uncontrolled
hypertension [12–14].

Team-based care offers a promising approach to reduce some bar-
riers to hypertension control [15–20]. In a 2006 meta-analysis of 28
studies, most of which included a nurse or a pharmacist team member
as a care manager, average BP dropped by 10/4 mmHg, and the ab-
solute proportion of patients achieving BP control improved by 20%
[15]. A recently updated meta-analysis including 31 additional studies
confirmed these findings, albeit with smaller BP reductions (5/
2 mmHg, proportion achieving BP control improved by 12%) [21]. In
addition, self-measured home BP monitoring has been identified as a
useful, cost-saving adjunct to clinic-based care in comprehensive evi-
dence reviews [15,16,22–28]. The combination of these interventions
may be synergistic by helping patients gain insight and giving rapid
feedback on response to treatment changes.

In previous work, we combined home based BP measures with
pharmacist-led telephone communication in a randomized study of 450
consenting patients at 16 primary care clinics [29]. Patients with un-
controlled hypertension who received this telehealth intervention
safely achieved 10/5 mmHg more BP reduction during 12 months
compared with patients who continued to receive routine primary care
[29]. We sought to test a larger-scale, realistic implementation of this
program in primary care clinics in the same large health care system to
determine whether it lowers BP more than current primary care ap-
proaches in patients with uncontrolled hypertension, and whether pa-
tients report outcomes that favor one approach over the other.

2. Methods

2.1. Study overview and aims

This cluster-randomized comparative effectiveness pragmatic trial is
being conducted in 21 primary care clinics (Fig. 1). The clinic-based
care approach incorporated best practices in hypertension care in 9
clinics with an enrollment goal of at least 1000 patients. It incorporated
practices recommended by professional organizations for face-to-face
visits, and relies primarily on the clinician-medical assistant dyad. The
telehealth care approach adapted and implemented the previous suc-
cessful research-tested model in 12 clinics with an enrollment goal of at
least 1000 patients. It differs from clinic-based care through the addi-
tion of home BP telemonitoring and home-based telehealth care co-
ordinated by Medication Therapy Management (MTM) pharmacists
providing comprehensive medication management [30].

The study aims and hypotheses are:
Aim 1: In a pragmatic cluster-randomized trial in patients with

uncontrolled hypertension, compare the effects of two evidence-based
strategies on lowering blood pressure and other outcomes important to
patients: best-practice clinic-based care and home-based telehealth
care.

Null Hypothesis 1.1: Compared with patients in clinics assigned to
clinic-based care, patients in clinics assigned to telehealth care will
have no greater change in systolic blood pressure over 12 months of
follow up.

Null Hypothesis 1.2: Compared with patients in clinics assigned to
clinic-based care, patients in clinics assigned to telehealth care will
report no differences in: a) treatment side effects; b) ratings of patient
experience of hypertension care; and c) self-monitoring rates and con-
fidence in self-care.

Aim 2: To evaluate implementation of the telehealth care and clinic-
based care interventions using a mixed-methods approach supported by
the RE-AIM (reach, effectiveness, adoption, implementation, and
maintenance) and Consolidated Framework for Implementation
Research (CFIR) frameworks.

To ensure that the study addressed the relevant questions and
concerns of patients, caregivers, clinicians, and other healthcare sta-
keholders, the research team included two patient investigators and
regularly seeks feedback from health system stakeholders, external
stakeholders, and a patient advisory board.

2.2. Setting

HealthPartners is a nonprofit integrated health system in Minnesota
and western Wisconsin serving 1.8 million health plan members and 1.2
million patients. It includes a multispecialty group practice of> 1800
physicians, 25 MTM pharmacists, eight hospitals, and 55 primary care
clinics. The HealthPartners care group accepts all forms of commercial
insurance, Medicaid, and Medicare, and the patients are diverse by age,
race/ethnicity, and socioeconomic status.

2.3. Recruitment and randomization of clinics

Clinics were eligible to participate if they had an MTM pharmacist
onsite at least one half-day per week and used standardized methods to
measure BP with validated oscillometric BP monitors at the time of
clinic recruitment in early 2017. All 21 eligible clinics agreed to par-
ticipate and these clinics had 15 MTM pharmacists on staff. Two pairs
of clinics were each randomized as a single unit due to co-location with
shared MTM and clinic management, resulting in a total of 19 rando-
mized units.

We conducted a 3-month pilot test of study procedures in four
vanguard clinics prior to full implementation at all study clinics. Clinics
were randomized within each of four strata defined by 1) their status as
a vanguard or non-vanguard clinic, and 2) among non-vanguard clinics,
the proportion of clinic patients whose systolic BP (SBP) and diastolic
BP (DBP) met the criteria for BP control in the month prior to rando-
mization [31]. The four vanguard clinics were randomized in stratum 1.
The 15 non-vanguard clinics were grouped into tertiles of their pre-
randomization BP control rates (strata 2–4). The study statistician used
a random number generator to assign a randomly selected number from
a normal distribution (M = 0, SD = 1, seed = 20,170,531) to each
clinic. Within each stratum, clinics with below-median numbers were
assigned to the Best Practice Clinic-based care intervention, and those
with above-median numbers to the Telehealth care intervention. The
randomized assignment of clinics to intervention group was concealed
from study staff until clinic trainings were scheduled. For practical
reasons, intervention group assignment was not concealed from clinic
staff and patients.

2.4. Inclusion and exclusion criteria for patients

Eligibility was evaluated using automated real-time algorithms that
were applied upon BP entry during primary care office encounters in
randomized clinics. Patients were eligible if they 1) were age 18 to 85;
2) had two or more qualifying encounters with a hypertension diagnosis
code within the last 24 months; 3) had a visit with their assigned pri-
mary care provider (PCP) in the last 12 months with or without a hy-
pertension diagnosis code; 4) met high BP study criteria at the current
encounter; 5) met high BP study criteria at their most recent previous
qualifying encounter and 6) were currently in the clinic where their
assigned PCP practices.

According to the nursing protocol for BP measurement, BPs were
repeated if the first BP was elevated, defined as a SBP ≥ 140 mmHg or
DBP ≥ 90 mmHg. Study criteria for uncontrolled BP for patients were
defined as SBP ≥ 150 mmHg or DBP ≥ 95 mmHg in the first BP and in
a repeated BP within the same encounter. A previous qualifying en-
counter is defined as an office visit with a medical assistant, nurse,
physician, nurse practitioner, or physician assistant in internal medi-
cine, family medicine, geriatric medicine, cardiology, endocrinology, or
nephrology clinics. We selected study criteria for uncontrolled BP based
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Fig. 1. Study design overview
Abbreviations: BP (blood pressure), EHR (electronic health record), MA (Medical Assistant), MTM (Medication Therapy Management), PCP (primary care physician).
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on the estimated sample size, the estimated number of eligible patients
per clinic, and the capacity of MTM pharmacists in telehealth care
clinics to accommodate additional follow-up referrals.

The study excluded 1) pregnant patients, since they require spe-
cialized obstetric care, 2) patients with end-stage renal disease, who
need specialized care from kidney disease specialists, 3) patients in
hospice care, and 4) patients who permanently reside in a nursing
home. The population of interest was intended to represent patients
who were included in national hypertension quality measures and had
persistently uncontrolled hypertension.

2.5. Enrollment of patients

For eligible patients, a best practice alert automatically prompted
the medical assistant to set up a referral order for hypertension follow-
up in primary care for the clinician to review and sign. The referral
order defaulted to a provider/visit type depending on the clinic's ran-
domization status (medical assistant BP check for clinic-based care and
MTM pharmacist for telehealth care clinics). Other follow-up options
included the PCP, cardiology, or nephrology. Follow-up urgency was set
to 2 weeks, unless the BP ≥180/110 mmHg, in which case it was set to
1 week. Clinicians were able to change the provider type or timing of
follow-up from the defaulted choice on the referral order if they felt
that a different choice was best for an individual patient, but telehealth
care with home BP telemonitoring was only available for patients in
telehealth clinics. Enrollment in the trial was defined by an eligible
patient having a signed hypertension referral order. The primary care
encounter during which this occurred was referred to as the index visit
from which follow-up time is calculated. Patients were enrolled over an
18-month period, with the goal of recruiting at least 2000 patients.

2.6. Interventions

2.6.1. Best practice clinic-based care
The best practice clinic-based care intervention was based on

practices recommended by professional organizations at the time the
study was designed and affirmed in subsequent national guidelines
(Table 1) [3,32–36]. Infrastructure and policies in place at Health-
Partners that promote high quality care included the following com-
ponents: 1) accurate BP measurement using validated oscillometric BP
monitors (Omron HEM 907XL) [37] according to a standard nursing
protocol; 2) a hypertension registry to identify and track the patient
population with hypertension and systematically engage those with
uncontrolled BP in additional BP checks with a medical assistant; 3)
PCP and clinic performance measurement on BP control with monthly
feedback; 4) an evidence-based hypertension treatment protocol that

promotes low-cost generic medication and single-pill combination
therapy; and 5) no-cost BP check visits with a medical assistant with a
standing order protocol for registered nurses to adjust hypertension
treatment when BP is uncontrolled. Interpreters were available for all
non-English speaking patients for both clinic and telephone encounters.
The best practice clinic-based intervention reflects standard workflows
to the extent they were followed by each clinic. All clinicians and clinic
received monthly reports on BP control in their attributed patients, and
the study provided additional feedback reports to clinic leadership to
support optimal delivery of these standards of care.

Eligible patients in clinics randomized to best practice clinic-based
care were recommended to follow up with a medical assistant for a BP
check within 1 or 2 weeks depending on the severity of their elevated
BP. Patients could schedule their follow-up visit in the clinic or by
phone. Follow-up referral orders were added to a “referral work queue”
used by clinic assistants to conduct scheduling outreach. This work
queue contained many types of referrals back to primary care for var-
ious purposes. Clinic assistants placed up to two phone calls to reach
non-scheduled patients and then sent a letter to non-responders. All
attempts to reach the patient were noted in the EHR. All enrolled pa-
tients were also contacted by staff from either the clinic or a centralized
resource to schedule BP checks through the hypertension registry,
which was a standard process for all hypertension patients with un-
controlled BP in the care system. If BP remained uncontrolled at the
initial post-enrollment visit, HealthPartners policies promoted follow-
up at 2–4 week intervals with either a clinician or medical assistant
until BP is controlled.

2.6.2. Telehealth care
The telehealth care intervention was based on and adapted from our

previous research [38]. Telehealth clinics offered best-practice clinic-
based care as described above, with the added components of sys-
tematic home BP telemonitoring and BP management by an MTM
pharmacist. Although for simplicity we refer to MTM pharmacists car-
rying out the telehealth care management, telehealth care was designed
to be adaptable for shared coordination by other qualified members of
primary care teams, e.g., nurse practitioners, registered nurses, and
health coaches. For example, one eligible large clinic had limited MTM
pharmacist capacity, and in this clinic the telehealth care management
was done by nurse practitioners with some assistance by registered
nurses. Eligible patients in clinics randomized to telehealth care were
recommended to follow up with an MTM pharmacist within 1 or
2 weeks depending on the severity of the elevated BP. This method fit
with patient feedback from our previous study to strengthen the clin-
ician-pharmacist connection by having the clinician place the initial
referral order for telehealth care. Follow-up scheduling was completed

Table 1
Components of best-practice clinic-based care and telehealth care.

Component Measurement of intervention fidelity in primary care clinics

Best practice clinic-based care
Accurate BP measurement % all primary care SBPs ending in 0 or 8
Repeat elevated BP % of elevated 1st BPs with a repeat BP in primary care encounters
Recognition of uncontrolled BP % of encounters with confirmed elevated BP with ICD-10 hypertension diagnosis code
Action taken for uncontrolled clinic BP % of encounters with elevated clinic BP with antihypertensive medication class added
Referral follow-up completion with MA % of enrolled patients with MA BP check within 6 weeks
Re-assess elevated BP after 2–4 weeks % of enrolled patients with any follow-up within 6 weeks
Ad hoc home BP monitoring, no data transmitted Patient survey
PCP and clinic performance measurement and feedback Field observations

Telehealth care (added to clinic-based care)
Patient completed intake visit with MTM pharmacist % of enrolled patients with pharmacist follow-up within 6 weeks
Systematic home BP telemonitoring, data transmitted Patient survey, equipment orders, EHR flow sheet data
Systematic home-based care by telephone/secure email Number of pharmacist phone/email follow-up visits
Action taken for uncontrolled home BP % of encounters with elevated home BP with antihypertensive medication class added

Abbreviations: blood pressure (BP), systolic blood pressure (SBP), medical assistant (MA), primary care physician (PCP), electronic health record (EHR),
Medication Therapy Management (MTM).
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by a similar process to the referral work queue used in best practice
clinics, except that scheduling outreach was done by an MTM program
coordinator rather than a clinic assistant.

Patients referred to an MTM pharmacist in telehealth clinics at-
tended an initial one-hour face-to-face visit. During this initial visit,
pharmacists conducted a full medication review and followed the
standard hypertension protocol under their collaborative practice
agreement, which includes medication adherence assessment, titration
of anti-hypertensive medication, and lifestyle and nutrition counseling.
Pharmacists also offered the option of home BP telemonitoring. For
those electing to participate, pharmacists measured the patient's arm to
select the appropriately sized cuff, instructed patients on proper tech-
nique for home BP measurement, reviewed home BP goals (< 135/
85 mmHg, or 5 mmHg lower than clinic goal) and provided patients
with a packet of information about monitoring BP at home and ex-
pectations while working with the MTM pharmacist. Written materials
were available in English, Spanish, Somali, Hmong, and Vietnamese.
Patients were asked to check their BP at least 6 times weekly (eg, 3 days
each week, morning and evening), with duplicate measurements each
time if possible. Phone follow-up with the pharmacist was scheduled for
2–3 weeks after the initial visit, and an electronic order for the home BP
device was transmitted from the EHR to the telemonitoring vendor,
AMC Health (New York, NY).

Patients received the home BP telemonitoring kit at their home
within 3–4 business days. The kit contained a BP monitor with upper
arm cuff, a cellular modem, and an instructional packet. Patients with
arm sizes ≤17.7″ in circumference received an A&D model UA-767 Plus
BT-Ci telemonitor, and those with arm sizes> 17.7″ in circumference
received a Welch Allyn 1500 Series (901042). Patients were contacted
by AMC Health customer service to ensure the monitor was properly set
up and the modem was transmitting data.

The BP devices transmitted data to the modem via Bluetooth, which
then sent the data to the vendor's cloud storage via cellular network.
Data were then securely passed into the EHR (Epicare, Epic, Verona,
WI) from the vendor's cloud through an HL7 interface within minutes,
where they were filed into a dedicated remote monitoring vital signs
flowsheet that could be viewed by any clinician. The MTM pharmacist
also received a summary of each patient's flowsheet BPs every
7–14 days, and special alerts if a BP was extremely high (SBP ≥ 190,
DBP ≥ 120) or low (SBP < 80), or if no BP values were transmitted for
2 weeks.

Following the initial visit, the MTM pharmacist communicated with
the patient primarily by telephone every 2–4 weeks, adjusting

medication, encouraging adherence, and advising lifestyle changes.
Pharmacists used an interactive web-based data visualization tool that
summarized the patient's home BP data from a select time period to
guide treatment decisions per standard protocol. Other CV risk factors
including smoking, hyperlipidemia, hyperglycemia in diabetic patients,
and use of aspirin were addressed as needed using evidence-based
protocols. A Program Navigator supported patient adherence to home
monitoring and phone visit attendance through phone calls and letters.
MTM pharmacists documented all patient encounters in the EHR and
sent encounter notes electronically to the PCP. Because MTM pharma-
cists were co-located in clinics with PCPs, informal in-person commu-
nication and consultation also occurred.

Patients were engaged in telemonitoring until BP was controlled or
until the pharmacist and patient agreed that telehealth care was un-
likely to result in further BP lowering. BP control was defined as three
or more consecutive visits at least two weeks apart with ≥75% of home
BP measurements below 135/85 mmHg. Patients were discharged from
telehealth if they were persistently non-adherent with home monitoring
or phone visits or became unreachable. Based on home BP trajectories
in our previous study, telehealth monitoring duration was expected to
last an average of 4 months, with flexibility as needed [39]. When
telemonitoring was discontinued, patients returned the telemonitoring
device to the vendor via pre-paid shipping and were sent an equivalent
non-transmitting device to keep in order to continue monitoring their
BP at home (A&D model 767 or 787, depending on arm circumference).
At the conclusion of home telemonitoring, MTM pharmacists provided a
warm hand-off to the PCP by sending an EHR message summarizing
medication changes and BP results achieved during the intervention.

Patients had the opportunity to re-engage with the MTM pharmacist
any time after completing the home BP intervention. The Program
Navigator monitored post-intervention office visit BPs and conducted
phone outreach to patients with uncontrolled BP, reinforcing home BP
monitoring, medication adherence and helping to schedule follow-up
care with the pharmacist or PCP as needed.

2.7. Outcomes and Measurements

2.7.1. Primary aim 1 outcome
The primary outcome was change in SBP after 12 months of follow-

up (Table 2). BP values that were routinely collected in clinical en-
counters were extracted from the EHR to assess study eligibility and
change in SBP for 24 months thereafter. Our previous research has
shown that using BP recorded in the EHR for clinical care and BP

Table 2
Definition and source data for aim 1 outcomes.

Variable Description Data source Timing

Aim 1 primary outcome
Systolic BP Change in systolic BP EHR vital signs Trajectory over 12 and 24 mo.

Aim 1 secondary outcomes
Side effects New survey items Patient survey Baseline, 6, 12, 24 mo.
Patient care experience/ satisfaction BP care rating, PACIC items [61] Patient survey Baseline, 6, 12, 24 mo.
Self-monitoring/ confidence in self-care e-BP questionnaire items [52] Patient survey Baseline, 6, 12, 24 mo.

Aim 1 other outcomes
Diastolic BP Change in diastolic BP EHR vital signs Trajectory over 12 and 24 mo.
Antihypertensive drugs Number of antihypertensive drug classes EHR Medication Status over 24 mo.
Lipid levels Total, HDL and LDL cholesterol EHR lab Trajectory over 12 and 24 mo.
Statin use Current use of statins EHR Medication Status over 24 mo.
Smoking Current cigarette smoking EHR Status over 24 mo.
10-year CV risk (age 40–85) ACC/AHA pooled risk equation [63] EHR vital signs, lab, diagnoses Trajectory over 12 and 24 mo.
30-year CV risk (age 18–39) Framingham model [64] EHR vital signs, lab, diagnoses Trajectory over 12 and 24 mo.
Laboratory abnormalities Potassium, sodium, creatinine EHR lab Trajectory over 12 and 24 mo.
Hypotension, dizziness, fainting ICD-10 codes I95.x, R42, R55 EHR encounters, diagnoses Any post-baseline occurrence.

Abbreviations: blood pressure (BP), electronic blood pressure (e-BP), electronic health record (EHR), Patient Assessment of Care for Chronic Conditions (PACIC),
cardiovascular (CV), high-density lipoprotein (HDL), low-density lipoprotein (LDL), American College of Cardiology/American Heart Association (ACC/AHA),
International Statistical Classification of Diseases and Related Health Problems 10th revision (ICD-10).
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measured in a research setting resulted in similar intervention effec-
tiveness [40].

2.7.2. Secondary aim 1 outcomes
Secondary outcomes were change in patient-reported outcomes

(PROs) between baseline and 6 months, corresponding with the ex-
pected length of the telehealth intervention. PRO measures were col-
lected by patient surveys (Table 2), which were available in English,
Spanish, Somali, Hmong, and Vietnamese. All enrolled patients were
mailed a baseline survey within one week of their index encounter, with
telephone follow-up of initial non-responders by trained interviewers.
Baseline respondents received follow-up surveys 6, 12 and 24 months
after enrollment administered by mail, telephone or electronically ac-
cording to the patient's preference. The initial baseline survey mailing
included a $2 non-contingent cash incentive, and patients also received
a $10 gift card for each completed survey [41–43].

The survey was developed using existing questions with known
psychometric properties where available. Where not available, ques-
tions were written by the project team, reviewed by patient partners for
face validity and pilot tested with patients similar to the target popu-
lation. Survey questions included demographics, rating of general
health, rating of BP care over the last 6 months [44], patient experience
of hypertension care (modified from Patient Assessment of Chronic
Illness Care survey) [45], frequency and sharing of BP measurements
outside of clinic [44], confidence in managing blood pressure [44], side
effects from medications (developed for this study), and overall burden
of blood pressure care (modified from the Treatment Burden Ques-
tionnaire) [46].

2.7.3. Aim 1 other outcomes
We also collected clinical information from the EHR on cardiovas-

cular risk factors that may be influenced directly or indirectly by tele-
health care or clinic-based care (DBP, antihypertensive medication use,
lipid levels, statin use, and smoking.) These data were used to calculate
overall cardiovascular risk based on 10-year AHA/ACC pooled risk Eqs.
[47] and the Framingham 30-year risk Eq. [48]. The study also mon-
itored laboratory abnormalities that may be affected by hypertension
medications (sodium, potassium, creatinine), as well as diagnostic
codes for hypotension, dizziness, and fainting (I95.x, R42, R55) that
might result from overly aggressive blood pressure lowering.

2.7.4. Aim 2 outcomes
Aim 2 outcomes included barriers and facilitators to intervention

uptake and fidelity that help explain primary and secondary interven-
tion effects. We used constructs from the RE-AIM and CFIR frameworks
[49–51] to evaluate barriers and facilitators to the adoption, im-
plementation, and maintenance of the intervention, monitor interven-
tion implementation fidelity and adaptations, and interpret reasons for
variations in implementation success or failure.

Quantitative indicators of intervention implementation included
enrollment and follow-up rates, measures of engagement in telehealth
care, and the hypertension care process measures described in Table 1,
which were also stratified to the clinic and clinician level. Qualitative
data, including semi-structured interviews and focus groups with pa-
tients, clinicians, and system leaders, observational field notes, and
systematic assessment of stakeholder priorities were used to explore
barriers and facilitators to intervention implementation and main-
tenance throughout the observation period and understand adaptations
needed for successful implementation. The RE-AIM measures are listed
in Table 3.

2.8. Analysis

2.8.1. Aim 1 analyses
H1.1 will be tested using random coefficients models in which SBP

values documented at all qualifying encounters for 24 months post-

enrollment are predicted from a random clinic intercept and the fixed
effects of clinic-randomized treatment group, time elapsed in years
from enrollment to the SBP, the treatment by time interaction, index
visit SBP, stratification variables, and characteristics related to SBP that
are imbalanced across treatment groups. Enrolled patients are assigned
to the treatment group to which their clinic is randomly assigned, re-
gardless of their adherence to any component of the clinic-based care or
telehealth care approaches in an intention-to-treat (ITT) analysis. The
time parameter estimates the annual rate of change in SBP among
clinic-based care patients, while the time by treatment parameter esti-
mates the difference in rate of SBP change among telehealth relative to
clinic-based care patients. The H1.1 model will be adapted for H1.2 by
replacing the elapsed time parameter with a dummy indicator to denote
whether the PRO is an enrollment or 6-month survey response.

We will analyze whether treatment effects differ among patient sub-
groups defined by enrollment SBP, age, race/ethnicity, socioeconomic
status (defined by Medicaid insurance vs. other payor), and co-
morbidity (diabetes, cardiovascular disease, and number of prescribed
medications at enrollment).

2.8.2. Aim 1 power analyses
A power analysis estimated the minimum detectable standardized

effect (MDSE) for the time by treatment effect in the H1.1 random
coefficients models under a range of assumptions about the number of
SBP values from each eligible patient and the intraclass correlation
(ICC) in SBP values due to patients' receiving care at the same clinics.
We used data from patients (age 18–85, diagnosed with hypertension,
current visit BP ≥ 150/95, most recent previous encounter BP ≥ 150/
95, ≥ 1 follow-up visit) seen 5/1/2017 through 2/28/2018 in the
randomized Hyperlink clinics to inform power analysis assumptions.
These patients (N = 4967) had, on average, 3.3 SBP measurements
recorded over 10 months (Median = 3, range 1–23), with index
MSBP = 159.9, index SDSBP = 16.1, all BP MSBP = 150.7, and all BP
SDSBP = 20.4. In a 3-level (BP measure, patient, clinic) variance com-
ponents model of SBP, the clinic ICC = 0.003 and the patient
ICC = 0.28. Power estimates assumed n= 100 eligible patients in each
of 20 clinics, 3 SBP per patient over 24 months and a clinic
ICC = 0.01–0.03 in a 2-level (BP measure, clinic) variance components
model.

Under these assumptions, the MDSE for the time by treatment
parameter in the H1.1 analysis, assuming 80% power and α2 = 0.05,
ranges from MDSE<−0.124 when the clinic ICC = 0.01 to MDSE< -
0.174 when the clinic ICC = 0.03. These MDSE correspond to annual
reductions in SBP that are between 20.4*0.124 = 2.53 mmHg and
20.4*0.174 = 3.55 mmHg greater among patients in telehealth relative
to clinic-based care clinics. Based on our previous research and sys-
tematic reviews, we believe a 5 mmHg greater reduction in SBP will be
achieved in eligible patients in telehealth care compared with clinic-
based care [21,29,52]. A difference of 5 mmHg is a clinically important
reduction in BP that substantially lowers the risk of stroke and heart
disease, and even smaller reductions of 2 or 3 mmHg have clinically
important effects [53–57].

Patient-reported outcomes (PROs) will be analyzed using the H1.2
model. We estimated survey response rates of 60% at baseline
(N = 1200) and 75% at 6 months among baseline responders to esti-
mate the 6 month sample size of N= 900, spread evenly across clinics.
Relative to the biologically based SBP, we anticipate higher clinic-based
intraclass correlations for PROs (ICC = 0.02–0.03). The MDSE com-
paring 6-month PROs among telehealth relative to clinic-based care
patients are MDSE>0.239 when ICC = 0.03 and MDSE ≥0.270 when
ICC = 0.02. For PROs, a between-groups difference of Cohen's
d = 0.20–0.30 is small, consistent with the goal of detecting mean-
ingful differences in patient-reported side effects, care experiences, and
self-management.
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2.8.3. Aim 1 per-protocol analysis
Given the pragmatic, unblinded, and cluster-randomized study de-

sign, there is potential in this study for otherwise-eligible patients to not
be enrolled and for enrolled patients to subsequently seek or receive
treatment modalities (including no treatment) that are not consistent
with their assigned protocol (Table 1). Furthermore, we would like to
know what the impact of actual receipt of the intended intervention by
the individual, as opposed to clinic-level assignment, has on study
outcomes. A per-protocol analysis, which evaluates the average effect of
the interventions as though everyone followed the trial protocol, is
planned to complement the ITT primary analysis [58,59]. The ITT ap-
proach in this study may be subject to bias due to 1) differential like-
lihood of enrollment based on PCP knowledge of treatment assignment,
and/or 2) differential self-selection of patients following through with
the assigned treatment intervention. Because these processes operate
post-randomization, the randomization scheme cannot ensure con-
founder balance by enrollment or treatment status, and the study po-
pulation can be considered as analogous to an observational cohort. To
account for these sources of potential bias, we will use inverse prob-
ability weighting to estimate the per-protocol effect of the telehealth
intervention on blood pressure outcomes [60,61].

Inverse probability weighting can be used to estimate unbiased
measures of effect where selection bias or confounding is present, under
specific assumptions [62,63]. To estimate the per-protocol effect of the
telehealth intervention on BP outcomes, we will use a two-stage mod-
eling process. In the first stage, we will construct logistic regression
models for 1) enrollment, and 2) patient adherence to the assigned
treatment. Candidate variables for inclusion in these models are spe-
cified in the protocol a priori and in Table 1. Specifically, in best
practice clinics, patients will be considered adherent to protocol if they
follow up with a medical assistant within 6 weeks post-index for a BP
recheck as advised. In telehealth clinics, patients will be considered
adherent to protocol if they: 1) follow up and complete an intake visit
with an MTM pharmacist within 6 weeks, 2) submit home BP measures,
and 3) complete follow-up visits (telephone/e-mail) with an MTM
pharmacist. Successful adherence to group-specific protocol will be
identifiable from study data. Absence of documentation of these re-
quisite follow-up components will be considered nonadherence to
protocol.

From these candidate variables, models will be optimized using
Lasso selection based on the Bayesian Information Criterion. Individual
probabilities of enrollment/adherence can then be calculated based on
each patient's vector of covariate values. Stabilized inverse probability
weights will then be calculated, combined (enrollment IPW * adherence
IPW), and diagnostically evaluated as previously described [63,64]. We
will implement bias analyses as well as upper/lower bounds for the per-

protocol effect, which will provide a range of plausible values under
various sets of realistic assumptions to complement the per-protocol
effect estimate [65,66].

2.8.4. Aim 2 analysis
Two analysis processes will support our implementation evaluation

aim, both of which utilize RE-AIM metrics for reach, adoption, im-
plementation, and maintenance and accompanying explanatory quali-
tative data (Table 3).

Reach is defined as the proportion and representativeness of eligible
patients who are enrolled, complete recommended follow-up care with
PCP (clinic-based care) or MTM pharmacist (telehealth), and engage in
home BP telemonitoring (telehealth). Adoption is the representative-
ness of the clinics that are willing to offer the program. Implementation
and Maintenance are defined by clinics' fidelity to the elements of each
clinic's assigned care approach. Key fidelity measures include best
practice hypertension care processes (e.g. BP accuracy, repeat elevated
BPs, recognition of uncontrolled BP, and acting on uncontrolled BP) and
telehealth care elements (e.g. quantification of home BP telemonitoring
engagement and use of evidence-based treatment regimens). We col-
lected qualitative data to provide insights and explanations about the
variation in these measures across clinics and over time.

First, we will compare the RE-AIM constructs between care models
using rapid analyses over the intervention period. This “Learning
Evaluation” approach includes gathering data describing changes and
how they are implemented, collecting relevant process and outcome
data, assessing multi-level contextual factors affecting implementation,
supporting clinics in using the data to make improvements, and de-
veloping sustainable measurement strategies [67]. We will provide real-
time feedback of these data to clinic leaders to promote intervention
fidelity. Then, we will develop qualitative research questions in order to
identify and remediate implementation barriers and to understand
patterns. Semi-structured interviews and focus groups will be collected
from various stakeholders to explore these questions, with the primary
aim of reducing those barriers. We will examine all measures for evi-
dence of disparities between patient subgroups and prioritize exploring
any observed disparities to ensure equitable access to the intervention
across patients. Findings from each qualitative data collection event
will be summarized briefly and used by the study team to make op-
erational changes to the intervention design or support clinics in
adapting their intervention delivery as needed. Observational [68,69]
field notes and chart review data will be utilized similarly. All rapid
data analysis and subsequent conclusions and decisions will be carefully
documented. Over time, the quantitative reports and qualitative data
summaries will present a historical record of aggregate, clinic and
clinician-level data, key events and adaptations, and assessments of

Table 3
Aim 2 Re-aim measures.

Measure Description

Reach 1) Proportion of eligible patients who a) have signed hypertension referral order (enrolled) b) have some hypertension follow-up within 6 weeks, c)
follow up with MA in clinic-based care group, d) follow-up with pharmacist in telehealth care group, and e) initiate home BP telemonitoring
(telehealth only)
2) Proportions of 1a-1e by key subgroups (systolic BP, age, race/ethnicity, payor, co-morbidity at baseline)

Effectiveness 1) Outcomes listed in Table 2
2) Outcomes by key subgroups (systolic BP, age, race/ethnicity, payor, co-morbidity at baseline)

Adoption 1) Proportion of eligible patients enrolled by clinic and PCPs
2) Characteristics of high and low enrolling clinics and PCPs

Implementation (Fidelity) 1) Items listed in Table 1 at 12 months post-implementation overall, across clinics and in subgroups
2) Adaptations made to interventions during first year

Maintenance 1) Items listed in Table 1 at 24–36 months post-implementation overall, across clinics and in key subgroups (systolic BP, age, race/ethnicity, payor,
co-morbidity at baseline)
2) Adaptations made to interventions after first year
3) Plans for sustaining interventions and/or spreading to other clinics

Abbreviations: blood pressure (BP), medical assistant (MA), primary care physician (PCP).
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implementation success [70,71].
Second, we will complete a summary assessment of barriers and

facilitators to intervention implementation utilizing a more standard
mixed-methods content analysis. We will utilize the 24 months of
quantitative data reports and accompanying qualitative data to describe
barriers and facilitators to intervention uptake and fidelity by RE-AIM
measures listed in Table 3. We will conduct a group process to draft and
apply a codebook for each qualitative dataset. Two coders will code
qualitative data using NVivo. Inter-coder agreement will be assessed
throughout this process with an 80% benchmark for agreement. We will
identify and describe themes and patterns related to the quantitative
RE-AIM measures at three levels: overall, by clinic, and by individual
clinician. A complete codebook and audit trail will be maintained to
map decision points in the analysis, and stakeholder feedback about
findings will be collected to validate and refine our conclusions. This
multi-level analysis will begin as the study progresses into later phases
of implementation.

2.9. Ethical oversight

The HealthPartners Institutional Review Board (IRB) reviewed the
study protocol (IRB Project number 15–103) and approved a partial
waiver of informed consent for enrolling patients in the study because:
1) the interventions did not pose additional safety risks compared to
routine care for hypertension, and 2) the study could not have been
practicably carried out had written informed consent been required.
However, given that following enrollment we attempted to contact all
study patients to complete the baseline survey, the IRB required that the
cover letter in our initial mailing include language outlining the ele-
ments of informed consent. The letter informed patients that returning
the survey implied their consent to use both their relevant EHR data
and their survey data in the study. For patients who were contacted by
telephone, the interviewer script included similar language.

3. Discussion

Despite the public health importance of improving hypertension
control, progress at the U.S. population level has been disappointingly
slow [6,7]. Research over the last several decades has shown that re-
organizing clinical practice to empower non-physician practitioners and
patients to work together to encourage self-management, adjust anti-
hypertensive therapy, and conduct follow up in a team-based approach
to hypertension care is a potent strategy to improve hypertension
control [15–21]. A modeling study found that nationwide adoption of
team-based care for uncontrolled hypertension could reduce un-
controlled hypertension by 13% and prevent 638,000 CV events over
10 years [19]. Still, critical gaps remain in understanding how to im-
plement team-based care interventions in diverse primary care settings.

The current pragmatic trial compares the effectiveness of two dif-
ferent models of team-based care for uncontrolled hypertension. The
best practice clinic-based care approach we adapted at HealthPartners
and used as one comparator for this project is based on elements from
several hypertension clinical care programs that have been shown to be
effective in other settings, albeit based mostly on observational evi-
dence. One such program at Kaiser Permanente was gradually im-
plemented over more than a decade in northern and southern California
and includes the following key elements: use of evidence-based guide-
lines; a comprehensive hypertension registry to track patients over time
and between visits; regular measurement and feedback on performance
metrics; medical assistant visits for BP measurement; and promotion of
a simple treatment algorithm based on single-pill combination phar-
macotherapy [32,33,72]. This program was associated with improve-
ment in hypertension control from 44% in 2001 to 80% in 2009 in
northern California and from 54% in 2004 to 86% in 2012 in southern
California. Racial, ethnic, and language disparities in BP control were
reduced as well. There was less concomitant improvement in

hypertension control in California at non-Kaiser practices (63.4% to
69.4%) and nationally (55.5% to 64.1%) during the same period.
Adoption of the Kaiser model in safety net clinics was associated with
improved BP control in all racial and ethnic groups [73].

Other groups have put forth additional detailed process re-
commendations for reorganizing clinic-based hypertension care: the
American Medical Association's Target: BP program for clinical practice
redesign [74], the American Medical Group Association's Measure Up/
Pressure Down campaign [75], and the Million Hearts program for
controlling hypertension [36]. Key elements include: 1) promotion of
accurate BP measurement; 2) repeat measurement when BP is elevated;
3) addressing elevated BP at every visit; 4) use of an evidence-based
standardized protocol, including low-cost medications and single-pill
combination therapy, when possible; 5) reassessing the patient every 2
to 4 weeks until BP is controlled; and 6) partnering with patients and
families to improve self-monitoring, adherence, and lifestyle changes.
However, most of the individual elements of the recommendations are
based on expert opinion, and even the well-publicized Kaiser studies
use observational time series designs. Therefore, the evidence for best-
practice clinic-based care would be strengthened greatly by comparing
it to another care model using a rigorous research design.

The telehealth care approach takes advantage of increasing interest
by patients and health care organizations in alternatives to traditional
clinic visits. Recent changes in technology, reimbursement for tele-
health, and quality measures allowing for remote monitoring have also
reduced some barriers to this model of care. Furthermore, there is
strong evidence for its effectiveness from randomized clinical trials in
varied populations. Three randomized trials conducted in integrated
health systems, including the site of the current trial, support com-
bining electronic transmission of home BP monitoring data and care
management by pharmacists [29,44,76]. These trials each found
roughly a 10 mmHg lower systolic BP and 20–30% greater proportion
achieving controlled BP in the intervention groups compared with pa-
tients receiving usual care over follow-up periods of 6 to 12 months. A
trial among U.S. veterans compared a telemonitoring intervention with
various types of nurse management to usual care [77]. The largest effect
was observed for combined behavioral and medication management in
patients with uncontrolled BP (15 mmHg lower systolic BP at
12 months than usual care). In urban African-Americans with un-
controlled BP randomly assigned to community nurse-managed tele-
monitoring or usual care, intervention group patients had a 5 mmHg
lower systolic BP at 12 months [78]. Two randomized trials conducted
in UK primary care practices included a home BP telemonitoring in-
tervention and structured communication between patients and pri-
mary care practitioners [79,80]. In both trials systolic BP was
4–5 mmHg lower in the intervention patients than in the usual care
patients after 6 to 12 months. Several review articles discuss the ef-
fectiveness of telemonitoring for hypertension [81,82].

The effect of telehealth care on patient-centered outcomes is less
well-studied than its effect on BP outcomes. In the previous study at our
institution, the intervention was associated with significant improve-
ments in patient satisfaction with some aspects of their care (clinicians
listening carefully, explaining things clearly, and respecting what the
patients said) [29]. Patients also reported feeling more able to com-
municate with their health care team, to incorporate home BP mon-
itoring into their routine, and to keep their BP under control. In the e-
BP study by Green, patients who worked with pharmacists reported
strong and consistent improvements in the way their care reflected
principles outlined for high-quality chronic illness care [83].

Qualitative analysis of the UK trials of telemonitoring with auto-
mated patient decision support found that intervention patients and
clinicians felt more confident in treatment decisions based on home BP
[84]. They perceived that multiple telemonitoring measurements were
more accurate than office measurements, and they were less hesitant to
increase BP medication than based on BP measurements taken on a
single day in the clinic. Patients felt that telemonitoring was
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convenient, that it helped them feel empowered and “looked after”, and
they valued the timely communication with their health care provider
[85].The current study's focus on patient-reported outcomes and robust
patient/stakeholder engagement strategy will shed further light on
critical issues of importance to patients and health systems [86].

Three core organizing principles informed some of the choices in
this trial's design. First, there is increasing interest in the concept of
“learning health systems.” These were defined more than a decade ago
as health care organizations in which “knowledge-generation is so
embedded in the core of the practice of medicine that it is a natural
outgrowth and product of the health care delivery process and leads to
continual improvement in care.” [87] Second, the trial is designed as
hybrid type 2 effectiveness-implementation study that blends clinical
effectiveness and implementation research aims [88]. Third, we in-
corporated “pragmatic” design principles that would provide a more
realistic test of these approaches to care [89–91]. Key features of
pragmatic trials are 1) broad eligibility with minimal exclusions, 2)
recruitment through usual appointments at a diverse range of clinic,3)
conducting the trial in a setting similar to where the results will be
applied, 4) a flexible intervention meant to be applied in a typical
clinical environment, 5) a usual care comparison, 6) unobtrusive
measurement of adherence to the intervention, 7) minimal formal re-
search follow up, 8) a clinically meaningful primary outcome, and 9) an
intention-to-treat analysis. All of these features are intended to increase
usefulness of the trial results to the intended users and speed uptake
into clinical practice. Pragmatic trials may also lower research costs by
using existing health system infrastructure and information systems to
streamline recruitment, intervention, data collection, and endpoint as-
certainment.

The pragmatic design of the current study differs in key ways from
the previous proof-of-concept efficacy study we conducted [29]. The
eligibility criteria are in some ways even broader to mimic the patients
who are included in the National Committee for Quality Assurance
hypertension quality measure [92]. However, the requirement for
higher levels of BP was chosen for the practical reason to reduce the
extremely large number of patients with BP ≥140/90 mmHg on two
consecutive primary care visits. Our automated enrollment methods
were designed to identify and recruit a high proportion of the eligible
population without the need for research personnel. Using the ≥140/
90 mmHg cut point would have identified far more patients than the
required sample size and would have overwhelmed the capacity of our
system to provide additional MTM pharmacist and BP check appoint-
ments to eligible patients. We acknowledge that the higher level of
qualifying BP may be accompanied by more treatment resistance and a
greater degree of co-morbidity. Another consequence of the automated
recruitment with no requirement for research clinic visits is that the
study population may be substantially less motivated to participate in
the study interventions. On the other hand, the study sample and results
are likely to be more generalizable to routine practice in caring for
patients with persistently uncontrolled severe hypertension.

4. Conclusions

This study will directly compare long-term outcomes of two dif-
ferent organizational models for team-based care, one that incorporates
current best practices but relies primarily on the clinician-medical as-
sistant dyad and face-to-face visits (clinic-based care), and one that
extends care outside the confines of the clinic using telehealth care,
systematic home BP telemonitoring, and care coordination by a phar-
macist or nurse practitioner (telehealth care). The comparators re-
present two alternative health care service designs emerging as the
dominant choices for clinicians and health systems for primary care
practice redesign to improve hypertension care outcomes. This prag-
matic trial will inform health systems about the strengths and limita-
tions of implementing home BP telemonitoring with pharmacist man-
agement for uncontrolled hypertension in the primary care setting.

Funding and clinical trial registration

The study was funded by a contract with the Patient Centered
Outcomes Research Institute (PCORI/IHS-1507-31146) and is regis-
tered at clinicaltrials.gov (NCT02996565).
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