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ORIGINAL RESEARCH

Improvement in Blood Pressure Control in
Safety Net Clinics Receiving 2 Versions of a
Scalable Quality Improvement Intervention: BP
MAP A Pragmatic Cluster Randomized Trial

Valy Fontil @, MD, MAS; Madelaine Faulkner Modrow, MPH; Rhonda M. Cooper-DeHoff (2, PharmD, MS; Gregory
Wozniak 2, PhD; Michael Rakotz (2, MD; Jonathan Todd 2, PhD, MSPH,; Kristen Azar @, RN, MSN/MPH;

Linda Murakami @2, RN; Margaret Sanders 2, MSEd; Alanna M. Chamberlain 2, PhD; Emily O’'Brien 2, PhD;

April Lee @@, MPH; Thomas Carton @2, PhD, MS; Mark J. Pletcher 2, MD, MPH

BACKGROUND: Uncontrolled blood pressure (BP) remains a leading cause of death in the United States. The American Medical
Association developed a quality improvement program to improve BP control, but it is unclear how to efficiently implement
this program at scale across multiple health systems.

METHODS AND RESULTS: We conducted BP MAP (Blood Pressure Measure Accurately, Act Rapidly, and Partner With Patients),
a comparative effectiveness trial with clinic-level randomization to compare 2 scalable versions of the quality improvement
program: Full Support (with support from quality improvement expert) and Self-Guided (using only online materials). Outcomes
were clinic-level BP control (<140/90 mmHg) and other BP-related process metrics calculated using electronic health record
data. Difference-in-differences were used to compare changes in outcomes from baseline to 6 months, between intervention
arms, and to a nonrandomized Usual Care arm composed of 18 health systems. A total of 24 safety-net clinics in 9 different
health systems underwent randomization and then simultaneous implementation. BP control increased from 56.7% to 59.1%
in the Full Support arm, and 62.0% to 63.1% in the Self-Guided arm, whereas BP control dropped slightly from 61.3% to 60.9%
in the Usual Care arm. The between-group differences-in-differences were not statistically significant (Full Support versus
Self-Guided=+1.2% [95% ClI, —3.2% to 5.6%)], P=0.59; Full Support versus Usual Care=+3.2% [-0.5% to 6.9%)], P=0.09; Self-
Guided versus Usual Care=+2.0% [-0.4% to 4.5%)], P=0.10).

CONCLUSIONS: In this randomized trial, 2 methods of implementing a quality improvement intervention in 24 safety net clinics
led to modest improvements in BP control that were not statistically significant.

REGISTRATION: URL: https:/www.clinicaltrials.gov; Unique identifier: NCT03818659.
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ventable cause of death in the United States after
smoking, causing nearly 40000060 deaths per
year.? Although effective medications are available to
control BP, multiple rounds of medication adjustment

Uncontrolled blood pressure (BP) is the leading pre-

and intensification are typically required, and BP control
is often not achieved.®~

To disseminate best practices for improving BP
control in the US population, the American Medical
Association (AMA) developed a framework and quality
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CLINICAL PERSPECTIVE
What Is New?

Dissemination of a quality improvement inter-
vention with and without practice facilitation in
24 safety net clinics led to modest improve-
ments in blood pressure control that were not
statistically significant.

e Confirmation and documentation of elevated
blood pressure through repeated clinic meas-
urements did not reduce therapeutic inertia.

What Are the Clinical Implications?

e Quality improvement efforts to improve blood
pressure control should directly target missed
opportunities to escalate medication treatment
for elevated blood pressure.

e Future interventions should consider employing
more hands-on strategies—such as clinical de-
cision support and automated scheduling—to
automate protocolized treatment intensification
and frequent follow-up.

Nonstandard Abbreviations and Acronyms

AMA American Medical Association

MAP Measure Accurately, Act Rapidly,
and Partner With Patients

PCORnet Patient-Centered Clinical Research

Network
REACHNet Research Action for Health Network

improvement program: the BP “Measure Accurately,
Act Rapidly, and Partner with Patients” (BP MAP) pro-
gram. The initiative includes a set of tools, resources,
and detailed plans to support clinics interested in im-
plementing the MAP framework as a structured inter-
vention program and process measures aligned with
each of the MAP program domains. In an uncontrolled
quasiexperimental study, implementation of this pro-
gram at 16 clinics within a single health system led to
significant improvements in BP control,® but this pro-
gram included significant training and support from
AMA quality improvement specialists that may not be
easily replicable at scale. To facilitate rapid adoption
across multiple health systems, the AMA modified the
program with enhanced interactive online toolkits that
a clinic or health system can use for quality improve-
ment training, implementation, and performance mon-
itoring. It is unclear whether an abbreviated, scalable
version of the BP MAP program, using the online tool-
kits, would be similarly effective and how much exter-
nal support clinics would be needed to successfully
improve BP control.

J Am Heart Assoc. 2023;12:e024975. DOI: 10.1161/JAHA.121.024975
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We used the Patient-Centered Clinical Research
Network (PCORnet) BP Control Laboratory® to test ef-
fectiveness of 2 modified, scalable versions of the BP
MAP program. The PCORnet Blood Pressure Control
Laboratory uses electronic health record (EHR) data
from health systems participating in the National
PCORnet to support BP control surveillance and ef-
ficient pragmatic trials of interventions designed to
improve BP control at scale.® In collaboration with the
AMA, we used the PCORnet infrastructure and the
BP MAP framework to conduct BP MAP, a pragmatic,
cluster-randomized comparative effectiveness trial in
24 safety net clinics across 9 health systems and 4
states. The primary goal of BP MAP was to compare
the effectiveness of 2 versions of the program, one with
and one without dedicated practice facilitation, at im-
proving BP control among patients with hypertension.

METHODS

Data-use agreements with contributing sites prohibit
sharing of BP MAP data with external investigators.
However, the BP Control Laboratory accepts pro-
posals for collaborative analysis and publications.
Proposals are subject to review by the BP Control
Laboratory Steering Committee for scientific value,
avoidance of overlap with previously approved propos-
als, compliance with our publication policies, and avail-
ability of resources for analysis of the data. Interested
investigators may contact the corresponding author
with inquiries.

Study Design

We conducted a pragmatic, cluster-randomized,
comparative effectiveness trial designed to com-
pare the effectiveness of the BP MAP program with
dedicated practice facilitation (“Full Support”) versus
a version of the program without practice facilitation
(“Self-Guided”), at improving clinic-level BP control at
6 months. We also analyzed each intervention arm
compared with health systems that were not receiving
any AMA-led intervention (“Usual Care”). This planned
comparison with a nonrandomized Usual Care arm is
a robust quasiexperimental design widely used in real-
world implementation science because randomization
to a control group is often not acceptable or desirable
to stakeholders, as was the case in this study.’0-"2

Quality Improvement Setting and
Requirements for Clinic Participation in
BP MAP

We enrolled safety net clinics from 2 clinical research
networks participating in the PCORnet BP Control Lab -
Research Action for Health Network (REACHNet)'4'® and
Accelerating Data Value Across a National Community
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Health Center Network'® —to test whether the BP MAP
program would scale effectively in multiple community
health centers and Federally Qualified Health Centers.
Clinics were recruited from health systems to be study
sites by REACHnet and Oregon Community Health
Information Network,"'® the lead contributing partner for
Accelerating Data Value Across a National Community
Health Center Network, if health system leadership in-
dicated interest in implementing the MAP intervention.
Clinics were excluded if they (1) had implemented any
quality improvement component from the BP MAP im-
provement program as part of previous initiatives, or
(2) were currently involved in an ongoing clinical trial or
grant-funded project related to high BP or hypertension.
Once included, clinics in the Full Support arm were re-
quired to designate (1) a Site Champion who works at
the clinic to take primary responsibility for implementing
the BP MAP intervention; (2) a Physician Champion who
works at the clinic to advocate actively for the BP MAP
intervention; and (3) a regional/network-level Practice
Change Facilitator willing to attend a 1-day training and
help guide implementation of the BP MAP intervention.
From REACHDNet, a total of 14 clinics from 2 health sys-
tems in Louisiana and from Oregon Community Health
Information Network, 10 clinics from 7 health systems in
Oregon, California, and Washington met criteria and were
included in the study. Clinics were compensated for their
participation in the research. BP MAP was approved by
the institutional review board of each participating health
system. As part of our data use agreement with the
PCORnet BP Control Lab, participating clinics agreed to
provide aggregated data only; patient-level data were not
available. Informed consent of patients was not required
for this study. The study protocol was registered with clini
caltrials.gov (trial number NCT03818659).

Usual Care Control Arm

The BP Control Lab conducts ongoing surveillance for
BP control and related health care metrics, calculated
quarterly, in 27 health system-based PCORnet datama-
rts across the United States participating in BP Track,
the PCORnet Blood Pressure Control Laboratory’s
surveillance program.® A Usual Care nonrandomized
control group was defined for BP MAP, using all health
systems participating in BP Track with good quality BP
metrics data from July 1, 2018 to December 31, 2019
(concurrent with the BP MAP ftrial) except for those
associated with REACHnet and Oregon Community
Health Information Network (see Table S1 for list of in-
cluded health systems).

Full Support and Self-Guided Intervention
Arms

The BP MAP program® is designed to help clinics
adopt standard processes to obtain accurate clinic
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BP measurements (Measure accurately), rapidly es-
calate medication therapy for uncontrolled hyperten-
sion through implementation of an evidence-based
algorithmic treatment protocol and frequent follow-up
encounters (Act rapidly), and engage patients to en-
courage self-measured BP monitoring, medication
adherence, and lifestyle modifications (Partner with
patients).

To implement BP MAP efficiently at scale across
multiple health systems, the AMA created a new “Digital
Guide” web portal with a set of tools, resources, and
plans designed for self-service access by clinic lead-
ership and staff. The Digital Guide includes 5 online
training modules: (1) an overview of the program, (2)
a module for each of the M, A, and P domains, and
(3) a module on self-measured BP. The modules in-
clude practical strategies, structural changes in clinic
operations to facilitate accurate BP measurements
and best quality improvement practices for adoption
of standardized treatment algorithms, and validated
communication strategies for engaging patients in
self-management. BP MAP is a 6-month program de-
signed for each domain to be implemented sequentially
over approximately 2 months, with training on the cor-
responding modules to coincide with that sequence.
See Figure S1 and Tables S2 and S3 for description
and sample of tools available in the Digital Guide.

To facilitate timely performance tracking and iden-
tify specific gaps in implementation of the domains of
the program, monthly reports were distributed to site
champions by email. Reports were composed of sim-
ple noninteractive tables of clinic-level performance
metrics derived from EHR data and included our pri-
mary and secondary outcomes (described later). Real-
time access to 4 selected performance metrics (BP
control, confirmatory BP measurement, medication in-
tensification, and average change in systolic BP [SBP]
after medication intensification), linked interactively to
patient listings and individual clinicians, was also made
available to all sites in the form of a performance dash-
board embedded into their EHR or in the clinic’s popu-
lation management platform.

Clinics in both intervention arms received access to
the Digital Guide, monthly reports, and performance
dashboards. In the Full Support arm, a Practice
Change Facilitator was designated at the system/net-
work level (across multiple clinics) to actively facilitate
implementation of the program. The Practice Change
Facilitators, who were trained and supported by an
AMA improvement specialist, trained staff in the Full
Support arm clinics on the intervention. Clinics ran-
domized to the Self-Guided arm did not receive sup-
port from a Practice Change Facilitator.

Before randomization, the study team hosted an
introductory webinar with clinic staff to provide an
overview of the intervention, describe responsibilities
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and expectations, explain the need to identify specific
individuals who would serve in each required role, and
confirm the clinic’s commitment to the program. After
entrance criteria were confirmed, we used a random
number generator to randomize 12 clinics to the Full
Support arm and 12 clinics to the Self-Guided arm.
Randomization was stratified and balanced at the
level of clinical research networks and multisite health
systems within each clinical research network, such
that for each network and multisite health system,
half of their sites were randomized to one intervention
arm versus the other. After randomization, the inter-
vention was launched sequentially at all 24 clinics. At
Self-Guided clinics, Site Champions were simply told
to initiate the program and given access to the Digital
Guide. Full Support clinics additionally received an
onsite “Kickoff” visit by AMA quality improvement ex-
perts that included a site assessment followed by a
60-minute educational session for the providers and
care teams. All 24 sites launched quality improvement
efforts (including all 12 Kickoff visits) within 2 months.

For clinics randomized to the Full Support arm, the
Practice Change Facilitators (1) performed a baseline
assessment of current workflows and assessed each
domain of MAP for the purpose of identifying gaps and
planning for specific incremental modifications tailored
to address specific clinic needs, (2) performed peri-
odic check-ins with the AMA Improvement Specialist
for coaching support and to monitor use of the inter-
vention assessment tools and checklists, and (3) sup-
ported use of performance dashboards and monthly
reports by clinic staff. Clinics randomized to the Self-
Guided arm received no support from a Practice
Change Facilitator.

Outcomes

Outcomes for the study were BP control metrics, each
calculated for a 1-year measurement period starting
a year before the date of analysis. BP control metrics
were analyzed at baseline and 6 months using EHR
data queries defined and maintained by the PCORnet
BP Control Lab.® To be included in analyses patients
had to be adults with hypertension, defined accord-
ing to National Quality Forum’s BP Control Measure
(NQF 0018) criteria,?® as patients who (1) were age 18
to 85years on the date of analysis, (2) had at least 1
outpatient encounter with a diagnosis of hypertension
(according to International Classification of Diseases,
Ninth and Tenth Revision [ICD-9, ICD-10] codes) during
the first 6months of the measurement year (ending on
the date of analysis), (3) had no diagnosis or evidence
of end-stage renal disease on or before the end of the
measurement year, (4) had no pregnancy during the
measurement year, and (5) had no admissions to an
inpatient setting during the measurement year.

J Am Heart Assoc. 2023;12:e024975. DOI: 10.1161/JAHA.121.024975
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Our primary outcome was change in clinic-level
BP control from baseline to follow-up at 6 months
after the start of the intervention. We defined BP
control for a 1-year lookback period, according to
the National Quality Forum’s Controlling High Blood
Pressure Measure definition (NQF 0018%9), as the
percentage of eligible patients (defined previously)
with SBP <140mmHg and diastolic BP <90 mmHg
using the lowest measures of SBP and diastolic BP
recorded from the most recent ambulatory clinical
encounter. BP control was calculated identically at
baseline (for a 1-year measurement period ending
the month before the Kickoff), and at the 6-month
time point (for the 1-year measurement period ending
at least 6 months after initiation of the intervention).
Because initiation of the intervention occurred gen-
erally during the middle of a calendar month, the 2
queries were 7 months apart (Figure S2).

Secondary outcomes included 8 additional EHR-
derived clinic-level process metrics relevant to BP con-
trol that are defined and maintained by the BP Control
Laboratory.? These metrics included alternative mea-
sures of BP control and improvement, as well as pro-
cess and proxy measures aligned to the domains of
the BP MAP program, including indicators of BP mea-
surement quality and accuracy, medication intensifica-
tion when BP is uncontrolled, medication prescribing
quality, average SBP reduction after medication in-
tensification, and repeat visit within 4weeks after a
visit with uncontrolled hypertension. Each metric was
calculated on a monthly basis, overall and within sub-
groups defined by age, sex, and race or ethnicity. See
Table S4 for detailed definitions and rationale for the
clinic-level metrics. Overall metric results for each clinic
were provided in monthly reports to Site Champions,
as described previously. Each month, and for each
participating clinic, the 10 BP control metrics were cal-
culated by running Statistical Analysis System (SAS,
Inc., Cary, NC) queries against EHR data maintained
in the PCORnet Common Data Model at each health
system.

Other Measurements

The BP Control Lab collects clinic-level information
about patient characteristics, including demographic
characteristics (% patients within different age, sex,
and race or ethnicity groups) and comorbidities (dia-
betes, heart failure, depression, and chronic obstruc-
tive pulmonary disease) for all participating clinics
and health systems. For this project, we also asked
clinic administrators at the 24 intervention clinics be-
fore randomization to report their clinic’s workforce
composition (proportion of nurse practitioners, physi-
cian assistants, physicians, and physician specialty—
internal versus family medicine), size and staffing
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(total number of patients, nurses, and medical as-
sistants), and level of access (availability of same-
day appointments, mean time to third next available
appointment??).

Statistical Analysis

We compared baseline characteristics between the
Full Support and Self-Guided intervention arms and
then between the Usual Care health systems and the 2
intervention arms combined. P values were calculated
using weighted mean ANOVA accounting for the clinic-
level randomization scheme.

For our primary analyses, we used an unadjusted
difference-in-differences analytic approach to test our
hypotheses. We used clinic-level metrics (eg, % BP
control) at baseline for each clinic before intervention
starts (t0) and at 6months (t6), and calculated the clinic-
level pre-post difference in the metric (t6-t0), and then
compared the pre-post differences by arm using a
weighted t-test of the null hypothesis that the difference-
in-differences is zero. We also calculated 95% Cls for
the mean pre-post difference in each treatment group
and the difference-in-differences. Observations were
weighted by the inverse of the site-specific variances
of the change scores, which were approximated using
the number of observations (eg, number of adult pa-
tients with hypertension) at each clinic time point, and
the level of the metric, and the average correlation of
the pre- and post-metrics across clinics. Weights were
normalized to the number of clusters analyzed in each
contrast. We performed 3 prespecified pairwise com-
parisons (Full Support versus Self-Guided, Full Support
versus Usual Care, and Self-Guided versus Usual Care)
and set our critical P value thresholds at P=0.04 for
the Full Support versus Self-Guided comparison and
P=0.005 for the other 2 comparisons in order to main-
tain an overall type 1 error rate of 5%. To assess for
heterogeneity of effect, we performed 4 prespecified
subgroup-specific analyses, limiting metric calculations
by clinic to subgroups based on age, sex, race or eth-
nicity, and enrolling network.

Although our difference-in-differences approach
provides protection against confounding, we also
conducted a prespecified sensitivity analysis using
multivariable linear regression to compare clinic-level
pre-post differences in our primary and secondary
outcomes adjusted for age, sex, and race or ethnic-
ity, all of which are potentially strong predictors of BP
control and thus potential confounders in our analysis
if imbalanced between arms.

Halfway through our trial, 6 clinics (3 in each in-
tervention arm) underwent unanticipated adoption of
a new EHR system and lost access to the monthly
reports and dashboards. In a post hoc sensitivity
analysis, we excluded these clinics and repeated our
primary (unadjusted) analysis comparing pre-post
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differences in BP control between the 2 intervention
arms and each intervention with Usual Care.

All statistical analyses were performed using Stata
16 (Stata Corp., College Station, TX).

RESULTS

A total of 24 safety net clinics from 9 health systems
in 4 states were enrolled in the study (Figure 1). The
clinics participating in the trial were small (<5 physi-
cians each) and served mostly patients with public
insurance (<20% of patients had private insurance).
Clinics randomized to Full Support and Self-Guided
arms were similar with respect to median numbers
of patients with hypertension, patient demograph-
ics (age, sex, and race), and prevalence of comorbid
conditions such as diabetes, heart failure, depres-
sion, and chronic obstructive pulmonary disease,
and they had similar workforce composition, staff-
ing, and level of access to timely appointments at
baseline®® (Table 1). Patients at Usual Care health
systems were older, more likely male, and more pre-
dominantly White.

Clinic-level BP control improved on average from
56.7% to 59.1% in Full Support clinics and from 62.0%
to 63.1% in Self-Guided clinics, whereas BP control fell
slightly on average in Usual Care health systems from
61.3% to 60.9%. The between-group differences in
these changes were not statistically significant accord-
ing to our prespecified weighted-average comparison
methods (Figure 2, Table 2). Difference-in differences
were Full Support versus Self-Guided=+1.2% (95%
Cl, -8.2% to —-5.6%, P=0.59); Full Support versus
Usual Care=+3.2% (95% ClI, —-0.5% to 6.9%, P=0.09);
and Self-Guided versus Usual Care=+2.0% (95% ClI,
-0.4% to 4.5%, P=0.10). We also found no clear sub-
group interactions, with intervention effects on BP
control not consistently or significantly differing by
sex, age group, race, or network (Figure 3).In contrast
to our primary outcome metric (clinic-level BP con-
trol), we saw large improvements in documentation
of a confirmatory repeated BP measurement, which
increased from 45.2% to 64.8% in Full Support clin-
ics and 49.5% to 64.0% in Self-Guided clinics, but
no improvement in the Usual Care health systems
(difference-in-differences: Full Support versus Usual
Care=+19.7% [95% CI, 6.8% to -32.6%], P=0.004;
Self-Guided versus Usual Care=+11.5% [95% Cl, 2.0%
to -21.0%], P=0.019; Tables 2 and 3). We also saw
a significant improvement in average SBP reduction
after medication intensification in Full Support clinics
from 15.6 to 16.9mmHg that was greater than Usual
Care (difference-in-differences=+3.4mmHg [95% CI,
2.0mmHg to —4.9mmHg], P<0.001). No significant im-
provements occurred in any other BP-related process
metrics, and there were no significant differences in
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PCORnet BP Control Laboratory
N= 27 Health system-based PCORnet datamarts

y

A

Safety net clinics interested
in a BP control quality
improvement program

N=24 clinics

Target sample

Health systems participating
in the PCORnet BP Control
Laboratory Surveillance
Program (BP Track, Wave 4)
N=27 PCORnet datamarts

'

Self-Guided MAP
intervention
N=12 clinics

Full Support MAP
intervention
N=12 clinics

Nonrandomized Usual
Care
N=18 PCORnet datamarts

Datamarts excluded
N=9
* Datamart includes clinics
that are participating in the
BP MAP RCT (n=3 systems)
* Datamart does not include
good quality data through

the end of the intervention

v v

Primary Outcome Comparison groups

Change in BP Control from baseline to 6 months

period (n=6 systems)

v

0 = Randomization

Figure 1. Consort diagram and study design.

BP indicates blood pressure; MAP, Measure Accurately, Act Rapidly, and Partner with Patients; PCORnet, Patient-Centered Clinical

Research Network; and RCT, randomized controlled trial.

any of the secondary outcomes between Full Support
and Self-Guided clinics.

With adjustment for age, sex, and race (a prespec-
ified secondary analysis), difference-in-difference
contrasts in clinic-level BP control were statistically
significant for both Full Support versus Usual Care
(+3.1% [95% ClI, 1.3% to —4.9%, P<0.001]) and Self-
Guided versus Usual Care (+2.1% [95% ClI, 0.85% to
-3.3%, P=0.002)]) but not for the Full Support versus
Self-Guided contrast. Additional adjusted results are
presented in Table S5.

In a post hoc sensitivity analysis excluding clin-
ics that changed their EHR vendor during the study
period, both the Full Support and Self-Guided in-
terventions led to significant improvements in BP
Control compared with Usual Care with difference-
in-differences of +51 (95% CI, 0.7% to -9.5%,
P=0.024) and +3.1 (95% Cl, 0.4% to —5.9%, P=0.026).
Difference-in-differences between Full Support and
Self-Guided interventions were not significant (+2.0
[95% ClI, =3.1% to 7.1%], P=0.43). Full results are pro-
vided in Table S6.

J Am Heart Assoc. 2023;12:e024975. DOI: 10.1161/JAHA.121.024975

DISCUSSION

In this pragmatic cluster-randomized trial conducted
within the PCORnet BP Control Lab, we implemented
the BP MAP quality improvement program designed
to improve clinic-level BP control simultaneously in 24
safety net clinics with 2 different methods—Full Support
and Self-Guided (randomly assigned)—and compared
their effectiveness against each other and a nonrand-
omized concurrent Usual Care control using standard
EHR-derived BP control metrics. In contrast to Usual
Care, clinics in both intervention groups achieved sub-
stantial gains in some BP-related quality metrics, most
notably in documentation of confirmatory repeated BP
measurement. Although we observed small increases
in the proportion of patients with BP control in the in-
tervention clinics, these increases were not statistically
significant and were not statistically different between
Full Support and Self-Guided arms or in contrast to
Usual Care.

Despite efforts to engage physician champions
in the Full Support clinics to promote adoption and
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Table 1. Baseline Characteristics of Patients With Hypertension and Clinic Characteristics Across the Intervention Arms

Baseline characteristics of patients with hypertension based on electronic health record data

Average total number 517 (299-1049) 1040 (630-1623) 0.1659 53266 <0.0001
of patients with (26200-74379)
hypertension, median
(IQR)
Age, y, mean (weighted 571 (2.49) 571 (2.61) 0.9386 63.47 (1.76) 0.0704
SD)
Age groups, % 1.00 <0.001
(weighted SD)
18-44y 16.0 (4.91) 16.1 (5.33) 9.3 (2.21)
45-64y 56.5 (4.50) 56.5 (6.07) 38.1 (4.58)
65+y 27.5(8.03) 27.4 (8.38) 52.6 (6.14)
Female sex, % 57.2 (5.80) 60.7 (5.75) 0.21 51.4 (3.08) <0.001
(weighted SD)
Race or ethnicity, % 0.22 <0.001
(weighted SD)
White 50.3(33.8) 29.8 (27.01) 79.2 (15.56)
Latinx 10.3 (5.9) 26.3 (28.9) 3.1 (2.01)
Black 34.9 (33.8) 36.8 (34.6) 13.4 (156.3)
Asian 1.6 (2.34) 3.8 (5.69) 1.7 (0.67)
Other/multiple/ 3.0 (2.29) 3.2 (2.69) 2.5(0.95)
missing
Comorbidities, % (weighted SD)
Diabetes 29.9 (3.43) 33.8 (9.89) 0.2673 26.7 (2.74) 0.4006
Heart failure 2.9 (1.51) 2.6 (1.36) 0.5381 6.8 (1.30) 0.1328
Depression 17.0 (9.47) 18.2 (16.4) 0.8548 14.5 (5.80) 0.9386
Chronic obstrucitve 6.6 (4.18) 4.4 (02.43) 0.1458 5.7 (1.51) 0.8908

pulmonary disease

Baseline data on clinic NR NR
characteristics reported
by clinic administrators

Total number of 2771 (15662-4476) 4000.5 (2137.5-5547) 0.3262
patients, median (IQR)

Payer mix, %, median (IQR)

Proportions of 7.71 (6.92-17.03) 6.40 (4.45-10.75) 0.3556
patients primarily
covered by Medicare

Proportions of 43.24 (34.15-61.65) 51.65 (33.75-67.58) 0.6861
patients primarily
covered by Medicaid

Proportions of 5.12 (3.45-9.00) 6.48 (2.84-11.16) 0.8065
patients primarily
covered by Medicare
and Medicaid

Proportions of 13.70 (7.70-18.75) 8.97 (6.02-17.62) 0.3865
patients primarily
covered by private
payer

Proportions of 10.45 (1.20-15.78) 11.05 (0.68-17.56) 0.9538
patients primarily
covered by other
payers

(Continued)
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Table 1.

Continued

Clinics” workforce composition (full-time equivalent), median IQR)
Nurse practitioners 1(1-2.5) 3 (2-6) 0.0592
Physicians 2(1-4) 2 (2-5) 0.4090
Medical Assistants 4.5 (3-7.5) 4.5 (3.5-8.5) 0.7936
Clinics’ level of accessibility to patients
% Number of clinics 100 100
with same-day
appointments
available
Time (days) to 1.85(1.38) 3.52 (4.17) 0.0010
third next available
appointments®, mean
(SD)

Time to third-next-available appointment is widely used metric for appointment availability.??? BP indicates blood pressure; IQR, interquartile range; and

NR, not reported.
*P value for comparisons between the 2 intervention arms.

P value for comparisons between the Usual Care arm and the interventions arms combined.

implementation of an evidence-based treatment
protocol aimed at reducing therapeutic inertia, nei-
ther intervention arm led to more rapid escalation of
medication intensification nor improvements in the
frequency of follow-up visits. Reducing therapeutic
inertia (missed opportunities to escalate treatment
when needed) is a necessary goal of any clinic-level
intervention for improving BP control. Hence it is likely
that the failure to induce providers to “Act Rapidly”
through frequent follow-ups and escalation of med-
ication treatment significantly contributed to the
limited success in improving BP control. Because

repeated BP measurements are typically lower than
initial measurements, the interventions’ success in-
creasing the frequency of repeated measurements
may have contributed to the small but statistically
insignificant increases in BP control observed in the
intervention arms.

Interestingly, the intervention groups’ success in in-
creasing confirmatory repeated BP measurements did
not coincide with more frequent medication intensification
for elevated BP. Part of the improvement in confirmatory
repeated BP may have simply reflected better documen-
tation of BP measurement, as intended. However, this

Changes in BP Control from baseline to 6 months
Self-guided vs Full-support Full-support vs Usual care Self-guided vs Usual care
64 64 64 63.1%
o ezV
5 62 62 61.3% 60.9% 62
€ 61.3% 60.9%
§e 60 59.1% 60
&
< 58 58 56.7% 58
56 56 56
Difference-in-difference = 1.2 (P=0.59) Difference-in-difference = 3.2 (P=0.09) Difference-in-difference = 2.0(P=0.10)
54 54 54
Baseline 6 months Baseline 6 months Baseline 6 months
e Se|f-gUided e Full support e Jsual care e Full support e Jsual care e Self-guided

Figure 2. Difference-in-differences in blood pressure control.

This figure illustrates blood pressure control at baseline and 6 months for each intervention arm, and the differences in pre-post
changes in % blood pressure control by arm (difference-in-differences) with P values for each contrast, including Full Support versus
Self-Guided (A), Full Support versus Usual Care (B), and Self-Guided versus Usual Care (C). BP indicates blood pressure.
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Full Support vs. P value

Self-Guided Usual Care

CRN 037
CRN1 -3.1(-9.4t033)
CRN2  0.4(-5.3t06.2)

45 410 -5 0 5 10 15 20

Difference-in-differences in % BP control from baseline to 6 months, weighted average (95% CI)
overall and by subgroup

Full Support vs. P value

Overall 1.2(-3.2t05.6)  0.59 —— 3.2(-05t06.9)  0.09
Sex 0.94 0.54
Female 1.2(-3.0t05.4) —— 2.8(-0.8 t06.5)
Male 1.0 (-4.3t06.3) — 3.7(-0.5t07.9)
Age group 0.64 0.31
18-44  2.8(-2.6t08.2) — 5.1(0.6t09.5)
45-64 1.1(-3.3t05.6) e 2.8(-0.8 t0 6.4)
65+ 0.6 (-4.6105.9) [ 3.2(-1.4 107.9)
Race 0.07 0.27
White 0.7 (-4.6 t0 6.0) —_— 4.3 (-0.1 t08.8)
Black  -1.6 (-5.6t0 2.5) —— 1.3 (-1.5 t0 4.0)
Latinx 5.0 (-1.7 to11.8) —_—— 53(-1.3to 11.9)
Asian  16.7 (-3.0 t0 36.3) o— 13.8 (-5.0 to 32.7)
Other  -4.1(-13.3t05.0) 0.7 (-6.6 to 8.0)

Self-Guided vs P value
Usual Care
2.0(-0.4 to 4.5) 0.10
—— °
0.36
1.7 (-0.5 t0 3.9)
—.— -
2.7(-0.7 t0 5.9)
* ——
0.61
P 2.3(-0.9 to 5.4) .
P 1.7(-1.1 to 4.4) ——
. 2.6(0.0 t05.2) ——
0.027
—o— 3.6 (0.6 t06.7) —
—— 2.8(-0.3 to 6.0) —o—
< . 0.2(-1.7 to 2.1) —o—
—_—— -2.8(-8.4 t0 2.8) —_—
—_——— 4.8(-0.7 to 10.4) —
45 0 5 0 5 2 1 2 5 10 -5 0 5 10 15 2

Figure 3. Forest plot of difference-in-differences in % blood pressure control by subgroup.
Mean (Cl) change in % BP control from baseline to 6months are presented overall, and stratified by sex, age, race, and research
network. P values for heterogeneity across subgroups are presented. BP indicates blood pressure; and CRN, clinical research network.

finding suggests that even with documented confirmed
elevated BP measurements, therapeutic inertia remains
a major barrier to achieving BP control.

This study was designed to compare 2 different
implementation strategies for scaling the abbreviated
BP MAP program in community health centers and
Federally Qualified Health Centers. The BP MAP pro-
gram, which is intended for national dissemination,
has previously shown success within single clinics or
health systems that we could not replicate in a safety
net clinic setting in this multisite, multinealth system
trial. Previous pre-post pilot studies of the BP MAP
program with staff training and support directly from
AMA clinical team members showed 7% to 29% im-
provements in percentage of patients with BP control
from baseline to 6 months with significant reductions in
clinical inertia.®?® We could not replicate this improve-
ment. The Full Support version of our intervention did
include limited AMA support for the Practice Change
Facilitator but not for clinic staff. This support appears
not to have been sufficient for sustaining the high lev-
els of engagement required to achieve large changes
in health care processes and resulting increases in
clinic-level BP control. Site Champions and Physician
Champions were designated at each clinic; for some,
their participation may have been driven by health
system leadership’s desire to participate in the study
rather than a deep commitment to quality improve-
ment among frontline stakeholders. In addition, clin-
ical leaderships’ many priorities may have precluded

J Am Heart Assoc. 2023;12:e024975. DOI: 10.1161/JAHA.121.024975

dedication of their time and resources to optimizing
BP-related clinical workflows. Differences in our study
design and analysis approach from prior evaluations
of the BP MAP program may also partially explain dif-
ferences in BP control improvement. We conducted a
randomized controlled trial using serial cross-sectional
analyses to measure clinic-level BP control and with
difference-in-differences comparisons of parallel group
controls, whereas previous analyses defined a cohort
of patients with hypertension and analyzed pre-post
changes in BP control within that cohort.

Some health systems have successfully imple-
mented programs that have substantially increased
BP control. For example, Kaiser Permanente suc-
cessfully implemented a program to improve BP
control,?*?% at least 1 safety net health system has
successfully adopted programs similar to Kaiser
Permanente’s and the BP MAP program has been
shown to be effective in an underserved popula-
tion.?> A common hallmark of effective implemen-
tation of these programs is a health system’s ability
to (1) engender widespread sustained endorsement
and engagement among leaders on site at clinics and
individual clinicians in adoption of standardized treat-
ment protocols and thereby reduce therapeutic iner-
tia®®2" and (2) enable frequent follow-up encounters
for uncontrolled BP typically through team-based
care models such as use of nonphysician health care
professionals (eg medical assistants, nurses, phar-
macists) to help manage hypertension.?®-3" The BP
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MAP program recommends modifications in work-
flows, but it does not require the restructuring clin-
ical teams nor engagement of pharmacists or other
nonphysician health care professionals in medication
management for hypertension.

Ouir findings highlight the challenge of scaling prom-
ising quality improvement interventions across varying
health care settings. The level of stakeholder activa-
tion required for clinic-level adoption of standardized
evidence-based treatment protocols and structural
policy and workflow needed to enact frequent fol-
low-up encounters through team-based care may be
achievable through sequential implementation at sin-
gle sites and within health systems with strong central
management that prioritize improvement of hyperten-
sion management.?#?® With limited time to engage
and train clinic-level stakeholders on the rationale and
implementation of the program, and limited engage-
ment of health system leadership, we found it difficult
to create momentum for adoption and reinforcement
of the sustained behavioral norms and workflow mod-
ifications required for transformation. Successful prac-
tice facilitation requires tailoring the components and
intensity of the intervention to local contexts® that may
vary within a multiclinic health system and across vari-
ous health systems as attempted in this trial. It is likely
that our intervention did not have a sufficient level of
intensity (ie, engagement with local stakeholders) to
produce a robust effect on BP control. For example, we
suspect there may have been low use of decision tools
in both arms. We should note, however, that even with
robust stakeholder engagement, training and educa-
tional resources may not be enough to change clinician
behavior toward more frequent treatment intensifica-
tion. Future interventions should consider employing
more hands-on strategies to automate protocolized
treatment intensification and frequent follow-up, for
example through routine workflows that allow nonphy-
sician medical staff to make decisions with the use of
validated electronic decision support tools for medica-
tion treatment and appointment scheduling.

Our study has limitations. The study was powered to
detect a 6% difference between 2 intervention groups;
the increases we measured in average clinic-level BP
control could still be important (they indicate many more
patients with controlled BP at each clinic), but these pu-
tative improvements were too small for us to rule out
chance as an explanation with our pragmatic study
design. Six of the participating clinics in this pragmatic
“real-world” project underwent adoption of a new EHR
system during our study period and could not implement
performance reporting in their performance dashboard
during part of the study period, which was a compo-
nent of both versions of the intervention; a sensitivity
analysis excluding these clinics yielded larger average
improvements in BP control, but this post hoc analysis

J Am Heart Assoc. 2023;12:e024975. DOI: 10.1161/JAHA.121.024975
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was not definitive. Nonrandomized group comparisons
as used in our analysis are subject to residual confound-
ing. Our robust difference-in-differences analyses min-
imized but could not entirely eliminate the possibility of
residual confounding in comparing intervention groups
to the nonrandomized Usual Care group. Despite our
best efforts, we did not have enough information about
Usual Care clinics to eliminate the possibility that some
clinics may have had concurrent interventions or ini-
tiatives that would affect our outcomes of interest and
confound our comparative analysis. However, because
the Usual Care group showed no significant change in
BP control or improvements in our secondary outcome
measures, we are reassured that this threat to internal
validity is minimal.

The study was not scoped for a robust qualitative
and quantitative program evaluation. Consequently,
we did not collect information on the extent of program
adoption and use of the program tools and resources.
Hence, we did not have adequate qualitative data to
formally assess engagement with the online resources,
local clinic endorsement of the goals of the study and
feedback on implementation of the intervention. The
“real-world” quality improvement intervention we de-
ployed in this study was designed to be practical and
scalable. We collected outcomes solely via EHR data
analysis, which allowed us to evaluate the important
outcomes (eg, clinic-level BP control) realistically, with-
out extra clinic burden of collecting measurements
not otherwise required for the intervention. Our pro-
cess measures were known mediators of BP con-
trol+28:31.33.34 captured in the EHR data.

CONCLUSIONS

In summary, although some improvements in BP-
related process metrics were achieved, implemen-
tation at scale of the abbreviated BP MAP program
simultaneously in 24 safety net clinics across 9 health
systems failed to realize a statistically significant in-
crease in BP control compared with Usual Care, and
there was no significant difference in improvements
between the Full Support and Self-Guided versions of
the intervention. Further research is needed to under-
stand facilitating factors that could render the BP MAP
intervention more effective, sustainable, and scalable
in safety net clinics.
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Table S1. Health System-based PCORnet Datamarts Participating in BP Track, the PCORnet Blood Pressure
Control Laboratory’s surveillance program, that contributed to our Usual Care non-randomized control group

Pennsylvania State Medical Center

University of Chicago

Duke University

University of Kansas Medical Center

University of Pittsburgh Medical Center

Medical College Wisconsin

Marshfield Clinic

University of Florida Health

Medical University of South Carolina

Vanderbilt University

University of Nebraska

Johns Hopkins

University of Utah

Intermountain Healthcare

Indiana University

Mayo Clinic

Allina Health System

Louisiana State University




Table S2. Online digital guide resources for participating clinics

Measure Accurately

Act Rapidly

Partner With Patients

Measuring Blood Pressure

A fact sheet that the most critical steps for
measuring blood pressure accurately and
the potential impact to measurement.

Technique Quick-Check

This is a check sheet that verifies that
clinic staff in a practice or health center
obtains blood pressure readings the right
way and the same way every time.

Common Measurement Problems
A fact sheet that displays how much a
blood pressure reading can vary based on
a particular patient’s condition.

Measuring Blood Pressure

Positioning Poster

This is a poster that reminds health care
teams of the proper steps to take when
measuring blood pressure and provides
evidence-based tips for correct
positioning.

Video: BP — Measuring accurately

at Erie Family Health Center

This video highlights a medical practice
that successfully implemented the M.A.P
framework to improve blood pressure
control among their patients.

Measuring BP Accurately

This is a fact sheet and podcast that cover
the importance of accurate blood pressure
measurement as well as evidence-based
steps for a practice to achieve accurate
measures.

Treatment Protocols

This is a fact sheet and podcast covering
how your practice or health center can
use an evidence-based hypertension
protocol to guide treatment.

Reducing Clinical Inertia

This fact sheet and podcast cover why
patients may have uncontrolled blood
pressure and how to overcome these
common hurdles.

Treatment Algorithm

Determines treatment based on blood
pressure goals set according to scientific
evidence, clinical judgment and patient
tolerance emphasizing the importance of
patient engagement.

Video: BP — Acting Rapidly at
Gittelman Primary Care

This video highlights a medical practice
that successfully implemented the M.A.P
framework to improve blood pressure
control among their patients.

Communicating with Patients:
Strategies and Skills

This fact sheet and podcast promote
collaborative approaches to make health
care decisions with your patients,
including five communication skills to help
improve engagement.

Promoting Healthy Lifestyle
Changes

This is a fact sheet and podcast
discussing the impact dietary and lifestyle
changes can have on blood pressure
including 5 evidence-based lifestyle
changes that can significantly improve
blood pressure.

Self-Measured Blood Pressure

Monitoring at Home

This is a fact sheet and podcast explaining
the key steps patients must follow to
effectively self-measure blood pressure,
document their SMBP readings and take
action to improve their blood pressure.

Video: BP—Partnering with the
Community at the Department of
Family Medicine at MedStar
Health

This video highlights a medical practice
that successfully implemented the M.A.P.
framework to improve blood pressure
control among their patients.

Use strategies in your health care

setting that can help promote
medication adherence

This is a fact sheet with best practices for
providing patient education and drug
prescription (e.g. daily dosing, single-pill
combinations, 90-day dispensing) geared
toward promoting medication adherence.



https://targetbp.org/map_framework/mbp/
https://targetbp.org/map_framework/tp/
https://targetbp.org/map_framework/communicating-with-patients-strategies-and-skills/
https://targetbp.org/map_framework/communicating-with-patients-strategies-and-skills/
https://targetbp.org/map_framework/technique-quick-check/
https://targetbp.org/map_framework/technique-quick-check/
https://targetbp.org/map_framework/technique-quick-check/
https://targetbp.org/map_framework/treatment-algorithm-controlling-hypertension-in-adults/
https://targetbp.org/map_framework/self-measured-blood-pressure-monitoring-smbp-at-home/
https://targetbp.org/map_framework/self-measured-blood-pressure-monitoring-smbp-at-home/
https://targetbp.org/map_framework/blood-pressure-measurement-measure-accurately/
https://targetbp.org/map_framework/blood-pressure-measurement-measure-accurately/
https://targetbp.org/map_framework/iho-bp-partnering-with-the-community-at-the-department-of-family-medicine-at-medstar-health/
https://targetbp.org/map_framework/iho-bp-partnering-with-the-community-at-the-department-of-family-medicine-at-medstar-health/
https://targetbp.org/map_framework/iho-bp-partnering-with-the-community-at-the-department-of-family-medicine-at-medstar-health/
https://targetbp.org/map_framework/iho-bp-partnering-with-the-community-at-the-department-of-family-medicine-at-medstar-health/
https://targetbp.org/map_framework/measuring-bp-accurately/

Table S3. Downloadable online digital guide resources for patient education on self-management

About High Blood Pressure

Treatment Of High Blood
Pressure

Monitoring High Blood Pressure

Overview

This overview reviews the basics of high
blood pressure, including key stats and
information about risk factors and
medication.

Reaching Your Ideal Blood

Pressure

This flyer teaches patients how to check
their blood pressure in three simple steps.
It then offers tips for reaching their blood
pressure goals.

Blood Pressure Causes (slide
show)
Patients are offered a unique and

interactive look at the anatomy of the
heart.

Seven Steps to Calculate and
Improve My “Heart Health Score”

Patients are offered a unique and
interactive look at the anatomy of the
heart.

Medical Complications Related to
High Blood Pressure

This infographic describes some of the
consequences of high blood pressure.

High Blood Pressure and Stroke

This handout explains the risks associated
with high blood pressure, especially stroke

Steps to Improve Blood Pressure

This patient resource identifies five
lifestyle modifications that can be made to
improve blood pressure.

Sodium (salt) and Your Blood
Pressure

This handout discusses how the body
uses sodium and why too much salt can
be problematic. It also offers tips on foods
to avoid and how to cook with less salt.

Blood Pressure Medication

This patient resource discusses the
different medicines prescribed to help
lower blood pressure, as well as possible
side effects

Managing Medication

This handout addresses questions about
taking blood pressure medication. It also
includes a chart to help track medication
use.

Questions to Ask Your Doctor

Patients often have questions but aren’t
sure how to ask them. This handout offers
examples of common questions specific
to understanding blood pressure and the
management of it.

Sodium (salt) Myths

Patients have many misconceptions about
salt. This poster dispels 7 common myths
about salt.

High Blood Pressure and Heart
Disease (slide show)
This interactive way for your patients to

learn more about how high blood pressure
affects their arteries and heart.

Monitoring Cholesterol, Blood
Pressure and Weight

Your patients need to understand that
high cholesterol, high blood pressure,
and/or being overweight or obese puts
them at increased risk for heart disease or
stroke. This handout encourages patients
to work with you to determine their risk
and how to manage it.

How to Measure Blood Pressure

at Home

This handout explains the importance of
self-measuring blood pressure, choosing
a blood pressure monitoring device, and
measuring blood pressure accurately at

home

Positioning for At-Home Blood
Pressure Measurement
This handout provides your patients with

specific, step-by-step techniques to use to
effectively take their own blood pressure.

At-Home Blood Pressure
Measurement Log
This form available for patients to record

their morning and evening blood pressure
readings



https://targetbp.org/map_framework/what-is-high-blood-pressure/
https://targetbp.org/map_framework/what-can-i-do-to-improve-my-blood-pressure/
https://targetbp.org/map_framework/how-can-i-monitor-my-cholesterol-blood-pressure-and-weight/
https://targetbp.org/map_framework/how-can-i-monitor-my-cholesterol-blood-pressure-and-weight/
https://targetbp.org/map_framework/do-you-know-your-blood-pressure-bp-numbers/
https://targetbp.org/map_framework/do-you-know-your-blood-pressure-bp-numbers/
https://targetbp.org/map_framework/why-should-i-limit-salt/
https://targetbp.org/map_framework/why-should-i-limit-salt/
https://targetbp.org/map_framework/how-can-i-monitor-my-cholesterol-blood-pressure-and-weight/
https://targetbp.org/map_framework/the-anatomy-of-blood-pressure/
https://targetbp.org/map_framework/the-anatomy-of-blood-pressure/
https://targetbp.org/map_framework/why-should-i-limit-salt/
https://targetbp.org/map_framework/self-measured-blood-pressure-techniques-how-to-take-your-own-blood-pressure/
https://targetbp.org/map_framework/self-measured-blood-pressure-techniques-how-to-take-your-own-blood-pressure/
https://targetbp.org/map_framework/how-do-i-manage-my-medicines/
https://targetbp.org/map_framework/self-measured-blood-pressure-techniques-how-to-take-your-own-blood-pressure/
https://targetbp.org/map_framework/self-measured-blood-pressure-techniques-how-to-take-your-own-blood-pressure/
https://targetbp.org/map_framework/avoid-the-consequences-of-high-blood-pressure/
https://targetbp.org/map_framework/avoid-the-consequences-of-high-blood-pressure/
https://targetbp.org/map_framework/high-blood-pressure-questions-to-ask-your-doctor/
https://targetbp.org/map_framework/avoid-the-consequences-of-high-blood-pressure/
https://targetbp.org/map_framework/7-salty-myths-busted/
https://targetbp.org/map_framework/7-salty-myths-busted/

Table S4. Blood Pressure Control Metrics developed by the PCORnet Blood Pressure Control Laboratory and used as
outcomes in the study?

# Metric Description

1 Blood Pressure Control (<140/<90 | This overall measure of BP control implements NQF 0018,% which defines BP

mm Hg), % of patients Control as the percent of eligible hypertensive patients for whom the BP
measurements at their most recent ambulatory care visit were at goal,
defined as systolic BP (SBP) < 140 mm Hg and diastolic BP (DBP) < 90 mm Hg.

2 Improvement in Blood Pressure, This overall measure of BP improvement implements CMS065v7,3 which
% of patients defines BP improvement as either a reduction of 10 mmHg in SBP or

achievement of SBP that is “adequately controlled” (SBP < 140 mmHg) in
months 10-12 of the measurement period, among hypertensive patients with
an SBP not previously controlled.

3 Confirmatory Repeated Blood This process measure is designed to capture the practice of repeating a BP
Pressure Measurement, % of measurement in the same visit when the first measurement done in clinic is
visits high (SBP>140 mm Hg or DBP>90 mm Hg).

4 Medication Intensification, % of This process measure captures the proportion of visits where BP is
visits uncontrolled where a BP medication is prescribed that is of a different class

of medication than had previously been used. Note that this explicitly does
not give credit for ordering a simple refill or medication dose increase, or use
of a different medication in the same class.

5 Average SBP Change After This continuous metric describes the average change in SBP + standard
Medication Intensification, mm deviation observed between a visit with a medication intensification to the
Hg subsequent visit occurring at least 10 days later.

6 Repeat Visit in 4 Weeks After This process measure captures the proportion of visits by persons with
Uncontrolled HTN, % of visits uncontrolled HTN that were followed by a subsequent visit within 4 weeks.

7 Prescription of Fixed Dose Use of fixed dose combination medications helps with adherence, promotes
Combination Product Among rational combinations of medications, increases likelihood of achieving BP
Patients Prescribed At Least 2 control and is recommended®. This metric, which is limited to patients taking
Classes of Medications, % of at least two BP medication classes, describes the prevalence of fixed dose
patients combination medication use.

8 Prescription of a CCB or Thiazide Use of a calcium channel blocker (CCB) OR a thiazide or thiazide-like

or Thiazide-Like Diuretic among
Black Patients Prescribed At Least

One Medication, % of patients

diuretic medication is recommended to treat Black or African American
patients as first line monotherapy due to increased efficacy.* This metric,
which is limited to Black patients with a diagnosis of hypertension prescribed
at least one medication class, describes the prevalence of those prescribed a

CCB or a thiazide or thiazide-like diuretic.




Table S5. Difference-in-differences analysis, with and without adjustment, comparing outcomes in the 3 arms of the study.

Self-Guided vs Usual care

Full Support vs Usual care

Full Support vs Self-Guided

Unadjusted Adjusted? Unadjusted Adjusted* Unadjusted Adjusted?
Primary outcome
BP control, % 2.0(-0.4,4.5) 2.1(0.8, 3.3)t 3.2(-0.5,6.9) 3.1(1.3,4.9)t 1.2 (-3.2,5.6) 1.1(-1.1,3.2)
Secondary outcomes
Improvement in BP, % -2.2(-5.3,0.8) -2.5 (-5.1,0.1) -0.3(-7.2,6.7) -2.5(-5.1,0.1) 2.0 (-5.5,9.4)) 0.3(-3.9,4.5)

Confirmatory Repeated
Blood Pressure
Measurement, % of visits

11.5(2.0, 21.0)

9.5(5.8,13.1)

19.7 (6.8, 32.6)t

13.0 (6.7, 19.4))t

8.2(-7.9,24.2

3.6 (-3.8,10.9)

Medication intensification, %

-3.3(-8.0,1.3)

5.1(-8.3,-1.8

-1.5 (-6.0, 3.1)

2.1(-5.9,1.7)

1.9 (-4.7, 8.5)

3.0(-2.0,7.9)

Average SBP Reduction After
Medication Intensification,
mmHg

-0.5 (-4.5, 3.5)

-3.1(-7.2,0.9)

3.4(2.0,4.9)t

2.3(-3.0,7.6)

3.7 (-0.6,7.9)

5.5(-1.1, 12.1)

Repeat visit within 4 weeks
after a visit with elevated
BP?

-1.4 (-3.7,0.8)

-0.9(-3.2,1.4)

0.2 (-2.7,2.3)

-0.5(-3.3,2.3)

1.3 (-2.0, 4.6)

0.4(-3.2,4.0)

Use of fixed dose
combination, % medications
among patients taking 2 or
more classes of
medications, %

0.6 (-1.1, 2.4)

1.0 (-0.1,2.2)

2.3(-0.7,5.3)

1.9 (0.4, 3.5)

1.7 (-1.8,5.2)

0.9 (-1.0, 2.8)

Use of a CCB or thiazide-
type diuretic among
African-American patients
on one medication %

-0.1(-1.5, 1.3)

0.0 (-1.5, 1.5)

-0.9 (-1.9,0.2)

-0.6 (-1.8, 0.5)

-0.7 (-2.4,0.9)

-0.6 (-2.5, 1.3)

*Adjusted for age, sex and race
tP-value <0.005




Table S6. Unadjusted difference-in-difference analysis comparing results in the 3 arms of the study: A post-hoc sensitivity analysis excluding
six clinics that changed their EHR vendor during the study period

Difference-in- Difference-in- P- Difference-in- P-
difference between P- difference between | value? | difference between | value®
BP performance metrics Full Support and value! Full Support and Self-Guided and
Self-Guided Usual Care Usual Care

Primary outcome

BP control (<140/90), % of patients 2.0(-3.1,7.1) 0.43 5.1(0.7,9.5) 0.02 3.2(0.4,5.9) 0.03
Secondary outcomes

Improvement in BP, % of patients 4.6 (-2.9,12.2) 0.22 4.1(-2.9,11.2) 0.24 -0.6 (-3.5,2.4) 0.70

Confirmatory Repeated Blood Pressure 11.8(-5.9,29.6) | 0.18 | 306(20.0,41.2) | <0.011 | 18846 33.0) 0.01

Measurement, % of visits

Medication intensification, % of visits 1.0(-3.2,5.3) 0.62 1.2 (-2.2,4.5) 0.48 0.1(-2.5,2.8) 0.91

Average SBP Reduction After Medication 1.4 (-1.8, 4.6) 0.37 33(18,48) | <0001 | 19(-10,47) 0.20

Intensification, mmHg

Repeat visit within 4 weeks after a visit with

elevated BP*, % of visits 3.7(0.2,7.3) 0.04 0.3(-3.0,3.7) 0.84 -3.4(-4.7,-2.1) <0.001

Use of fixed dose combination medications

among patients taking 2 or more classes of 3.1(-1.3,7.4) 0.16 3.7 (0.1, 7.4) 0.05 0.7 (-1.7, 3.0) 0.56

medications, % of patients

Use of a CCB or thiazide-type diuretic among

African-American patients on at least one 1.3(-1.3,3.9) 0.31 0.3(-1.9, 2.5) 0.79 -1.0(-2.4,0.3) 0.14

medication, % of patients

BP=blood pressure, CCB=calcium channel blocker
P-value! Comparing Full Support intervention to Self-Guided intervention
P-value? Comparing Usual Care to Full Support intervention
P-value® Comparing Usual Care to Self-Guided intervention



Figure S1. Screenshot of digital guide landing page

Hello, here are the M.A.P. Blood Pressure Program courses for you to complete.
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To help clinics implement M.A.P. BP in this study, the AMA developed an extensive set of
materials that are available online as a “digital guide” organized according to the M.A.P.
framework. Stakeholders from each clinic participating in the trial were required to attend a
webinar explaining the registration process and use of the digital guide, after which all
participants were instructed to register for their own unique account to access the program
content on the Digital Guide website. User registration required the participant’s name, email,
health center ID, job role, and role in the MAP BP program implementation and two-factor

authentication.
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5: Usual Care 6 Month Metrics

Figure S2. Measurement periods used for baseline and 6 month time points for Full Support and Self-Guided intervention clinics, and for Usual Care health
systems. We defined BP Control Metrics for a series of 1-year measurement periods using identical methods for each measurement period (green and orange

bars).

For intervention clinics (Full Support and Self-Guided interventions), metrics were calculated on a monthly basis (green bars). Baseline metrics were calculated
using the 1-year measurement period ending the month prior to the Kickoff (illustrated above with a purple arrow), and at the 6-month time point using the 1-
year measurement period ending at least 6 months after initiation of the intervention. Because initiation of the intervention occurred during the middle of a
calendar month, the two queries were 7 months apart. Dates shown above are for REACHnet intervention clinics (with Kickoffs all occurring in June 2019);
OCHIN intervention clinic Kickoffs (and corresponding intervention measurement periods) occurred 1 month later (in July 2019).

For the Usual Care health systems, we used measurements from BP Track, an ongoing surveillance project supported by the Blood Pressure Control Laboratory,
which calculates BP Control Metrics on a quarterly basis (orange bars). We used two quarterly measurement periods 6 months apart, essentially concordant in

time, for the baseline and 6-month time points.
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