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Remote Cardiovascular Hypertension
Program Enhanced Blood Pressure Control
During the COVID-19 Pandemic
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BACKGROUND: The COVID-19 pandemic disrupted traditional health care; one fallout was a drastic decrease in blood pressure
(BP) assessment. We analyzed the pandemic’s impact on our existing remote hypertension management program’s effective-
ness and adaptability.

METHODS AND RESULTS: This retrospective observational analysis evaluated BP control in an entirely remote management
program before and during the pandemic. A team of pharmacists, nurse practitioners, physicians, and nonlicensed naviga-
tors used an evidence-based clinical algorithm to optimize hypertensive treatment. The algorithm was adapted during the
pandemic to simplify BP control. Overall, 1256 patients (605 enrolled in the 6 months before the pandemic shutdown in
March 2020 and 651 in the 6 months after) were a median age of 63years old, 57% female, and 38.2% non-White. Among
enrolled patients with sustained hypertension, 51.1% reached BP goals. Within this group, rates of achieving goal BP im-
proved to 94.6% during the pandemic from 75.8% prepandemic (P<0.0001). Mean baseline home BP was 141.7/81.9mm Hg
during the pandemic and 139.8/82.2 prepandemic, and fell x<16/9mmHg in both periods (P<0.0001). Maintenance during
the pandemic was achieved earlier (median 11.8 versus 19.6 weeks, P<0.0001), with more frequent monthly calls (8.2 ver-
sus 3.1, P<0.0001) and more monthly home BP recordings per patient (32.4 versus 18.9, P<0.0001), compared with the
prepandemic period.

CONCLUSIONS: A remote clinical management program was successfully adapted and delivered significant improvements in
BP control and increased home BP monitoring despite a nationally observed disruption of traditional hypertension care. Such
programs have the potential to transform hypertension management and care delivery.
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diovascular disease and the leading risk factor for
death worldwide."? Alarmingly, current rates of
blood pressure (BP) control are poor and have recently
worsened.® Progress has been limited by patient medi-
cation and lifestyle nonadherence,* clinical inertia,® low
rates of out-of-office BP monitoring (particularly home

Hypertension is the single largest contributor to car-

blood pressure monitoring [HBPM]),® and finite health
system capacity for frequent visits.”

The COVID-19 pandemic threatened to exacerbate
this trend by drastically reducing in-person visits and
thereby disrupting care delivery of chronic diseases
like hypertension. A large portion of this decline in vol-
ume was offset by virtual ambulatory care in the early
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CLINICAL PERSPECTIVE
What Is New?

In our entirely remote clinical management pro-
gram, hypertension control improved during
the COVID-19 pandemic despite a nationally
observed disruption of traditional hypertension
care.

e The program is team based and interprofes-
sional: navigators delivered algorithm-based
medication titrations with the support of phar-
macists, nurse practitioners, and physicians.

e Patients measured home blood pressure fre-
quently and consistently during the program,
and blood pressure fell significantly.

What Are the Clinical Implications?

e As virtual visits become more frequent, an ap-
propriately designed remote management pro-
gram is well positioned to optimize hypertension
control.

e Patient engagement in blood pressure control is
challenging but necessary.

Nonstandard Abbreviations and Acronyms

DBP diastolic blood pressure
HBPM home blood pressure monitoring
SBP systolic blood pressure

phase of the pandemic.?2 Some conditions have been
effectively managed with virtual care.®'° In fact, society
guidelines strongly recommend telehealth strategies
for the accurate diagnosis and adjunctive manage-
ment of hypertension." Yet BP assessment occurred
less frequently in the pandemic era, with the overall
number of BP assessments falling dramatically in early
2020, threatening hypertension control at a global
level.

Different care models for the remote management
of hypertension have been developed;'® no study has
demonstrated if and how they can operate during times
of systemwide disruption. We tested the hypothesis
that an entirely remote hypertension management pro-
gram could be adapted and strengthened to achieve
successful BP control during the COVID-19 pandemic.

METHODS

The data that support the findings of this study are
available from the corresponding author upon reason-
able request.
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Design and Setting

In this pre- and postpandemic retrospective observa-
tional study, we identified patients enrolled in our remote
hypertension management program during two 6-
month periods: the “prepandemic” period (September
15, 2019 to March 15, 2020) and the “pandemic” period
(March 15, 2020 to September 15, 2020). The program
was administered within Mass General Brigham, an in-
tegrated health system, and with the support of AllWays
Health Partners, both in Boston, Massachusetts.
Enterprise-wide patient collection and analyses for this
project were performed under approval from the Mass
General Brigham Institutional Review Board, and pa-
tients provided verbal consent for clinical participation.
The need for written informed consent was waived, as
this was considered a quality improvement program de-
livering care according to practice standards.

Remote Hypertension Management
Program

The structure and development of our entirely remote
cardiovascular health program has been previously
described."*'® Qur umbrella program enrolls patients
with low-density lipoprotein cholesterol and/or BP
above target identified either through direct referral
or electronic health record (EHR) screening (with pri-
mary care provider assent). This study was limited to
our remote hypertension management solution, where
patient enrollment was predominantly through direct
referral (75% during the prepandemic period and 83%
during the pandemic period).

Adults (26-81years old) with documented uncon-
trolled hypertension (defined as EHR-identified sys-
tolic BP [SBP] >135mmHg and/or diastolic BP [DBP]
>85mmHg on readings from at least 2 of the 3 most
recent ambulatory encounters in the preceding 2 years;
or atleast 1 office SBP >130 mmHg or DBP >80mmHg
in the last 2years with provider referral; or average 24-
hour ambulatory BP >130/80 mm Hg) followed actively
in the Mass General Brigham system (defined as >1
ambulatory visit within the preceding 3years) were eli-
gible for the remote hypertension program. Key exclu-
sion criteria were age younger than 26years because
of dependency on parents’ insurance, confirmed or
anticipated pregnancy, active breastfeeding, cognitive
impairment, terminal medical condition, BP cuff-weight
incompatibility (male weight >290 pounds, female
weight >270 pounds), and chronic kidney disease
stages 4 and 5. A full list of inclusion and exclusion
criteria is provided in Table S1.

Patients enrolled in the remote hypertension
program were provided with a digitally connected
(Bluetooth- or cellular-enabled) home BP monitor
mailed to their residences. The home BP monitors
used in this program were A&D Deluxe BP Monitor/Cuff
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Med UA-651BLE and SM UA 651BLE-V, and BlipCare
Model BP 800 with Cuff. Each of these models has
been cleared by the Food and Drug Administration for
home BP measurement. Additionally, the A&D devices
met the US Validated Device Listing criteria after a re-
view by independent experts (see www.validatebp.
org). The BlipCare device offered the ability to transmit
measurements over a cellular connection, providing an
advantage to patients without access to home Wi-Fi.

Patients were educated by program navigators on
proper BP measurement technique, by telephone guid-
ance supplemented with video resources. Following
measurement, BP readings were automatically trans-
mitted to an internally developed software suite used for
analysis and clinical evaluation. Each patient’s program
baseline BP was obtained by averaging home readings
obtained according to a guideline-recommended sched-
ule: BP was measured before medications, twice in the
morning and twice in the evening for 1week."" Goal BP
was defined as mean SBP <130 and DBP <80mmHg for
most, and SBP <135 and DBP<85mmHg for particular
subsets, including age over 80years old and frailty (use of
assistive walking device and/or confirmed nonmechan-
ical falls in the last 12months). Patients whose program
baseline home BP was at or below goal were defined as
having white coat hypertension (if they were not taking
antihypertensive medication) or white coat effect (if they
were already taking antinypertensive medication). Patients
whose program baseline home BP was above goal were
defined as having sustained hypertension. Baseline lab-
oratory values (renal function and electrolytes) were ob-
tained if the patient’s most recent measurements were
older than 12months before enrollment.

A clinical, evidence-based algorithm for hyperten-
sion management (including medication initiation, dose
escalation, and laboratory monitoring) was developed
internally in accordance with society guideline recom-
mendations'""” and has been previously described and
is outlined in Figure S1A and Figure S2.'® The algorithm
recommended first-line management with angiotensin
receptor blockers (ARBs) or angiotensin-converting
enzyme inhibitors (ACEls), or dihydropyridine calcium
channel blockers, based on patient demographic and
clinical characteristics.

The algorithm was implemented by teams of nonli-
censed navigators, who were trained and supervised
by pharmacists prescribing under a Mass General
Brigham Collaborative Drug Therapy Management
program. A physician disease expert oversaw the
pharmacists and the entire program. Our suite of soft-
ware applications provided electronic decision support
and standardized workflows to facilitate automation of
the clinical algorithm. The algorithm was implemented
until patients reached “maintenance” phase, defined
as cessation of active titration due to achievement or
close approximation (within 1-2mmHg) of goal BP.
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Transitioning a patient who was not quite at goal BP to
maintenance resulted from clinical discussions based
on medical judgment and patient preference. The pri-
mary mode of communication between enrolled pa-
tients and navigators was the telephone. Additional
communication modalities of messaging by text or
through our secure electronic portal were used based
on patient preference.

Pandemic-Driven Program Adaptations

As the COVID-19 caseload increased in Massachusetts,
the algorithm was modified to address pandemic-
related challenges. Through the early stages of com-
plete lockdown and beyond, patients were averse to
leaving home to have blood drawn at a clinic or labora-
tory. Therefore, a decision was made to remove ARBs
and ACEls as first-line drugs. Calcium channel blockers
rose to the top of the prescribing algorithm for most pa-
tients. Importantly, this decision was not made because
of concerns that ARBs and ACEIls might increase the
risk of COVID-19; our program followed professional
society recommendations that these medications
should not be discontinued because of concerns about
CQOVID-19. If a patient’s BP was clearly hypertensive
and treatment with an ARB, ACEI, or diuretic was re-
quired, conservative dosing was initialized to maximize
safety. In addition, the mandate for laboratory testing
was relaxed for patients being titrated to intermediate
doses of drugs; laboratory values were always obtained
when final doses were reached. Beta blockers and/or
mineralocorticoid receptor antagonists were used if an
additional agent was needed. These adaptations to our
clinical algorithm are presented in Figure S1B.

Outcomes

The primary outcome of this study was mean change
in home SBP and DBP with remote management.
Outcome data were collected through internal pro-
gram reporting and review of patient charts in the EHR
through March 15, 2021 to allow for at least 6 months of
program participation for any given patient. Secondary
outcomes included the proportion of patients who
achieved maintenance, the proportion of patients who
were diagnosed with white coat hypertension/effect,
and the average number of BP readings obtained
throughout program enrolliment and per month.

Statistical Analysis

Baseline demographic data and laboratory values
were extracted from the EHR. Once a patient was en-
rolled in the program, all pertinent data were stored
in a custom database and confirmed by chart review.
All analyses of primary and secondary outcomes were
performed in Tableau (2020.2.1) and R (version 4.1.2).
Continuous variables are reported as means with SDs


http://www.validatebp.org
http://www.validatebp.org

20z ‘0 aunr uo Aq Bio'sjeunofeue//:dny wody pepeojumod

Lee et al

or medians with interquartile ranges and were tested
for significance using 2-tailed t tests. Categorical vari-
ables are reported as frequencies and proportions
and were tested for significance using x2 or binomial
tests, as appropriate. The primary outcome (change
in BP) was evaluated with paired t tests to account for
the correlation between baseline and exit BP within
a given subject. Additionally, a time to event analysis
was performed to estimate the probability that a pa-
tient entered maintenance based upon a patient’s time
of enrollment into the program (prepandemic period
versus postpandemic period) and duration of partici-
pation. The analysis was adjusted to censor for pa-
tients who actively dropped out or passively became
unreachable.

RESULTS

A total of 651 patients during the pandemic period
and 605 patients during the prepandemic period were
enrolled in the remote hypertension management pro-
gram and recorded a week of BP readings to establish
a baseline average. Of these, 477 (73.3%) pandemic
and 512 (84.6%) prepandemic patients were deter-
mined to have sustained hypertension and met criteria
for medication titration. Baseline characteristics of all
enrolled patients were similar between the pandemic
and prepandemic groups except for 3 striking differ-
ences: in the pandemic group, there was a greater pro-
portion of white coat hypertension and/or effect (26.7
versus 15.4%, P<0.0001), non-White race (46.5% ver-
sus 28.3%, P<0.001), and non-English preferred lan-
guage (18.6% versus 3.5%, P<0.001) compared with
the prepandemic group (Tables 1 and 2). Comparing
those who were found to have white coat hypertension

Remote Hypertension Program During COVID-19

and/or effect versus sustained hypertension after es-
tablishing a baseline home BP, the only difference sig-
nificant in both periods was body mass index, which
was within obesity range for patients with sustained
hypertension (Table S2). Although there was a greater
proportion of women with white coat hypertension, the
difference did not reach statistical significance.
Among all patients with sustained hypertension,
mean baseline home SBP was 144.7 (14.7) mmHg
during the pandemic, significantly higher than
prepandemic 141.8 (14.0mmHg; P=0.006), and fell
~10/6mmHg in both groups (Table 3 and Figure 1A).
Examining only the patients with sustained hyperten-
sion who reached the maintenance phase of the pro-
gram (where medication titration ceased), target BP
was reached by significantly more patients during the
pandemic (94.6% versus 75.8%, P<0.0001). BP fell
~16/9mmHg in both cohorts (Table 3 and Figure 1B).
Patients who achieved maintenance during the pan-
demic took a mean of 1.5 (1.0) antihypertensive medi-
cations before enrollment in the program, underwent a
mean of 1.6 (1.4) titrations throughout the program, and
took a mean of 2.3 (1.0) medications at maintenance
(P<0.00001). Patients who achieved maintenance
during the prepandemic period took a mean of 1.5 (1.1)
antihypertensive medications before enroliment, un-
derwent a mean of 1.8 (1.9) titrations throughout the
program, and took a mean of 1.9 (1.1) medications at
maintenance. During the pandemic, maintenance was
achieved earlier (median 11.8 [interquartile range 6,
21.3] versus 19.6 [6.4, 38.5] weeks, P<0.0001) with a
greater frequency of phone calls per month between
navigators and patients (mean 8.2 [7.1] versus 3.1 [6.8],
P<0.0001) phone calls per month between patients and
program navigators. Because patients enrolled late in

Table 1. Demographic and Clinical Characteristics of All Enrolled Participants at Baseline

Prepandemic Pandemic
September 2019-March 2020 March 2020-September 2020
(n=605) (n=651) P value
Age, y, median (interquartle range) 62 (18) 64 (16) 0.63
Female sex, n (%) 336 (55.5) 380 (58.4) 0.16
Non-White race, n (%) 177 (29.3) 303 (46.5) <0.001
Baseline renal function, mean (SD)
Most recent estimated glomerular filtration rate, mL/min per 79.6 (18.9) 79.3 (17.8) 0.83
1.73m? body surface area
Most recent serum creatinine, mg/dL 0.92 (0.24) 0.91 (0.24) 0.56
Most recent serum potassium, mmol/L 4.19 (0.40) 414 (0.41) 0.04
Comorbidities
Atherosclerotic cardiovascular disease, n (%) 131 (21.2) 160 (24.6) 0.10
Type 2 diabetes, n (%) 157 (26.0) 179 (27.5) 0.41
Hyperlipidemia based on uncontrolled low-density 81 (13.4) 43 (6.6) <0.001
lipoprotein cholesterol, n (%)
Body mass index, kg/m?, mean (SD) 31.8(9.4) 31.2 (7.0) 0.19
Non-English preferred language, n (%) 21 (3.5) 121 (18.6) <0.001
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Table 2. Demographic and Clinical Characteristics of Participants with Sustained Hypertension at Baseline

Prepandemic Pandemic
September 2019-March 2020 March 2020-September 2020
(N=512) (N=477) P value
Age, y, median (interquartile range) 61 (19) 64 (16) 0.79
Female sex, n (%) 280 (54.7) 270 (56.6) 0.40
Non-White race, n (%) 150 (29.3) 232 (48.6) <0.001
Baseline renal function, mean (SD)
Most recent estimated glomerular filtration rate, 79.6 (19.2) 78.4 (18.4) 0.98
mL/min per 1.73m? body surface area
Most recent serum creatinine, mg/dL 0.92 (0.24) 0.92 (0.25) 0.69
Most recent serum potassium, mmol/L 4.18 (0.40) 4.14 (0.42) 0.73
Comorbidities
Atherosclerotic cardiovascular disease, n (%) 118 (23.0) 124 (26.0) 0.13
Type 2 diabetes, n (%) 139 (27.1) 137 (28.7) 0.46
Hyperlipidemia based on uncontrolled low-density | 73 (14.3) 35 (7.3) P<0.001
lipoprotein cholesterol, n (%)
Body mass index, kg/m?, mean (SD) 32.2 (9.6) 31.8(7.2) 0.50
Non-English preferred language, n (%) 19 (3.7) 93 (19.5) P<0.001

the prepandemic period were partly managed during
the pandemic period, we performed a time to mainte-
nance analysis based on patients’ enrollment period
and duration of their participation, censoring patients
who dropped out of the program either by actively with-
drawing or passively becoming unreachable (Figure 2
and Table S3). We found that the probability of entering
maintenance more than doubled at 6 months post en-
rollment and remained significantly higher for patients
enrolled during the pandemic versus prepandemic
period (respectively, 53.4% [95% Cl, 48.4%-58.7%)]
versus 25.3% [95% Cl, 21.0%-29.4%]).There were 244
(47.7%) prepandemic and 234 (49.1%) pandemic pa-
tients with sustained hypertension who did not reach
maintenance. Of these, the majority (76.8%) dropped
out of the program, with 61 (16.6%) actively notifying
the program of their decision to leave and the remain-
ing patients 306 (83.4%) becoming unreachable by
telephone. During the pandemic, overall dropout rate
fell, though this change did not reach statistical signifi-
cance (35.6 during the pandemic period versus 38.5%
in the prepandemic period, P=0.36). Among all patients
who dropped out during the pandemic, the proportion
of patients who actively notified the program of their
decision to withdraw was similar to prepandemic rates
(21.2% versus 12.7%, P=0.08) but lower among pa-
tients who became unreachable by telephone (78.8%
versus 87.3%, P<0.0001). The remaining patients who
did not reach maintenance (27.1% during the pandemic
versus 19.3% prepandemic, P=0.06) were referred
back to their providers or to a specialist because of
medical complexity that included, for example, active
severe or confounding illness, multiple medication in-
tolerances, or resistant hypertension. Despite the fact
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that they did not reach maintenance, these patients
had a notable fall in BP of 3.7/2.0 (10.1/5.6) mmHg.
Program and clinical outcomes are further detailed
in Tables 3 and 4 and Figures 3A and 3B.Compared
with the prepandemic period, patients in the pandemic
period recorded a similar average volume of remote
home BP readings (138.5 [151.9] versus 130.2 [147.3],
P=0.33) even as the average volume of office BP read-
ings fell (6.0 [6.0] versus 7.1 [8.1], P=0.003). On aver-
age, patients during the pandemic measured their BP
at home more frequently: 32.4 (27.0) versus 18.9 (19.5)
readings per patient per month (P<0.0001).

DISCUSSION

In this pre- and postpandemic retrospective obser-
vational study of individuals with uncontrolled hyper-
tension, we report several findings. An entirely remote
hypertension management program was associated
with significant and larger improvements in BP control
despite systemic disruptions in care delivery because
of the COVID-19 pandemic. This program was addi-
tionally associated with significant increases in home
BP monitoring. Critically, these results were achieved
despite enrolling a more traditionally underserved pa-
tient population during the COVID-19 pandemic.

Our remote care delivery program demonstrated
striking results in achieving hypertension control. In
our patients with sustained hypertension (whose BP
required medication uptitration) and who reached
maintenance, the proportion who had BP in target in-
creased from 75.8% prepandemic to 94.6% during the
pandemic, despite systemwide disruptions in care de-
livery during the first wave of the COVID-19 pandemic.
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Table 3. Clinical Outcomes of the Remote Hypertension Management Program Among Patients With Sustained
Hypertension

SBP, mmHg 141.8 (14.0) 131.9 (15.7) -9.9 (12.2)

<0.0001

144.7 (14.7) 134.6 (15.3) -101 (7.0) <0.0001

DBP, mmHg 83.4 (9.7) 77.3(9.9) -6.1(6.9)

<0.0001

84.2 (9.3) 78.6 (9.9) -5.6 (6.7) <0.0001

SBP, mmHg 139.8 (11.8) 123.7 (7.5) ~16.41 (11.1)

<0.0001

141.7 (12.1) 125.4 (6.5) -16.3 (11.5) <0.0001

DBP, mmHg 82.2 (8.6) 73.5(6.9) -8.7 (6.7)

<0.0001

81.9 (8.2) 731 (6.5) -8.8(10.7) <0.0001

SBP, mmHg

145.6 (16.8) 143.3 (17.0) ~2.3(11.3)

0.26 147.7 (16.4)

144.0 (15.9) -3.7(2.5) 0.013

DBP, mmHg 85.8 (11.3) 82.7 (11.0) -3.1 (5.5)

0.02

86.5 (9.7) 84.3 (9.6) —2.2(2.5) 0.013

BP indicates blood pressure; DBP, diastolic blood pressure; and SBP, systolic blood pressure. All data are presented as mean (SD).

*P values associated with differences in baseline SBP and DBP in the pandemic versus prepandemic groups were 0.006 and 0.19 respectively.

tThere were 64 and 13 patients in the prepandemic and pandemic groups, respectively, who reached maintenance without reaching their goal BP. Among
prepandemic patients, mean SBP was 136.4 (SD 9.4) at baseline and 128.8mmHg (SD 10.3) at exit (P=0.004); mean DBP was 82.8 (SD 6.9) at baseline and
78.6 (SD 5.7) mmHg at exit (P=0.009). Among pandemic patients, mean SBP was 144.8 (SD 15.6) at baseline and 133.6 mm Hg at exit (P=0.02); mean DBP was

87.4 (SD 10.2) at baseline and 83.3 (SD 2.7) mmHg at exit (P=0.15).

These outcomes contrast with data demonstrating a
marked fall in national BP assessments during virtual
versus office-based visits and 50% fewer overall BP
assessments during the early pandemic.”? They also
outpace recent national estimates of control (=24%
based on the 2017 American College of Cardiology/
American Heart Association guidelines).'® Furthermore,
the decrease in mean SBPF/DBP of ~16/9mmHg
among patients with sustained hypertension is much
greater than typical decreases (3 to 9mmHg SBP) ob-
served for contemporary telemedicine/telemonitoring
hypertension interventions,'®?° nonpharmacological
interventions,'" and even pharmacologic treatment.?!
SBP reductions of this magnitude are associated with
~40% relative risk reduction in major cardiovascular
events and all-cause mortality,? and DBP is also in-
dependently associated with adverse cardiovascular
events, especially in younger people.?®24

Our program’s effectiveness was most likely de-
pendent upon our extensive experience with delivering
fully remote hypertension care before the pandemic.
Our program was piloted among 130 patients in
2017, scaled throughout 2018, and fully operational
in 2019.'416 This growth permitted development of
our full-service delivery model’'s key evidence-based
features: frequent and active home BP monitoring;
proactive, interdisciplinary teams including patient nav-
igators as the main patient contacts and pharmacists;
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and frequent medication management supported by
clinical algorithms. Each of these features has proven
more effective in achieving BP control and modestly
lowering BP than usual care, self-monitoring, or tele-
monitoring without medication adjustment.'®1920.25-27
Our program’s intervention combines many of these
evidence-based components, which may explain its
association with larger reductions in BP. Experience
building a completely remote hypertension care pro-
gram also readied our team to adapt and refine our
model when the COVID-19 pandemic completely dis-
rupted the broader health care system. As a prime
example, we recognized severe patient hesitancy
around laboratory testing because of fear of expo-
sure to COVID-19. The clinical algorithm was therefore
modified to prioritize calcium channel blockers before
ACEI/ARBs and thiazide diuretics, to avoid necessary
laboratory monitoring of renal function and serum
electrolytes.?® In contrast to our team’s nearly seam-
less transition to scaled, fully remote care, most sys-
tems were only minimally using telemedicine before the
pandemic and were forced to launch new programs
in days to weeks, without time to plan, pilot test, and
refine.?®

As health systems turn to building sustainable re-
mote or hybrid models of care for the ongoing pan-
demic era and beyond, successful examples can
serve as templates. One particularly important driver of
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A
* *
* *
N=512 N=477
B
* *
* *
N=265 N=241

Figure 1. Blood pressure changes in participants with sustained hypertension
in the remote hypertension management program before and during the
COVID-19 pandemic.

A, Changes in all participants who were found to have sustained hypertension.
B, Changes only in those participants with sustained hypertension who reached
maintenance. *P<0.0001. SBP indicates systolic blood pressure; and DBP, diastolic
blood pressure.
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Figure 2. Time to maintenance analysis by enroliment period.

Each data point indicates the cumulative probability that a patient enters maintenance based on the duration of their participation
in the program (days from enrollment). Patients who dropped out of the program are censored. Colored shading indicates 95% Cls.

our observed outcomes was likely frequency of inter-
action. Our program was able to support =2 clinical in-
teractions with patients per week because of the novel
incorporation of nonlicensed navigators in our team
structure. These navigators implemented medica-
tion management according to our clinical algorithm.
Unlike advanced practice practitioners (eg, nurse
practitioners and/or pharmacists) who are engaged in
clinical duties, patient navigators had time to provide
key continual support, including reminders to monitor
BP at home and lifestyle counseling.'® This type of fre-
quent provider-initiated interaction can improve adher-
ence (typically a barrier for approximately one third of
hypertensive patients managed in traditional settings)®°

through increased accountability and patient—provider
trust.3' In contrast, hypertension management through
traditional models of care was characterized by infre-
quent visits before the COVID-19 pandemic®3® and
significantly reduced in-office BP assessments during
the pandemic.’?

Another major finding of our study is that remote
hypertension management programs can vyield a ro-
bust set of BP measurements through engaging
patients in HBPM. Society guidelines recommend 1-
month in-office reassessment intervals." ' However, in
practice, visits for hypertension management usually
occur fewer than 5 times per year,*? and office BP as-
sessments decreased by 50% in the early phase of the

Table 4. Overall Program Outcomes of the Remote Hypertension Management Program Among Participants With

Sustained Hypertension

Prepandemic Pandemic
September 2019-March 2020 March 2020-September 2020
(N=512) (N=477) P value
Reached maintenance, n (%) 265 (51.8) 241 (50.5) 0.60
Reached BP goal 201 (39.3) 228 (47.8) <0.001
Did not reach BP goal 64 (12.5) 13 (2.7) <0.001
Exited without reaching maintenance, n (%) 244 (47.7) 234 (49.1) 0.54
Dropped out, n (%) 197 (38.5) 170 (35.6) 0.36
Referred back to referring provider, n (%) 47 (9.2) 64 (13.4) 0.06
Still under active titration at study end, n (%) 3(0.4) 2(0.4) 0.48

“Maintenance” is defined as the phase of participation in which active titration terminates because of achievement or close approximation (within 1-2mmHg)

of goal blood pressure.

J Am Heart Assoc. 2023;12:e027296. DOI: 10.1161/JAHA.122.027296
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Figure 3. Enrollment and follow-up (through March 2021) of patients in the remote hypertension management program.
A, Enrollment during the prepandemic period (September 2019-March 2020). B, Enroliment during the pandemic period (March-

September 2020).

COVID-19 pandemic.”? In contrast, the average num-
ber of BP measurements obtained by most patients
who engage in HBPM is at least 1 per month.®* HBPM
has superior risk prediction of long-term cardiovascu-
lar disease outcomes compared with office-based BP
measurement.®® Increasing the volume of home BP
measurements helps improve patient engagement and
medication adherence, especially when combined with
other strategies, such as telephone-based counseling
by nurses or pharmacists or app-based coaching.®63"
Increasing HBPM additionally facilitates better medical
management of hypertension, enhancing providers’
ability to assess response to therapy and potential ad-
verse effects.

Implementation of HBPM was valuable in detect-
ing the white coat phenomenon in 15% to 27% of
our patients whose average baseline home BP was
controlled. Recognizing this diagnosis prevented ex-
cessive medication and potential adverse effects in
these patients, especially important during the pan-
demic, given limited access to laboratory monitoring.
During the pandemic period, patients with white coat
hypertension/effect in our study were more likely to

J Am Heart Assoc. 2023;12:e027296. DOI: 10.1161/JAHA.122.027296

be White and trended toward a greater likelihood of
being female, consistent with previously established
demographic and clinical profiles of patients with
white coat hypertension.®® The higher prevalence of
white coat hypertension among our patients com-
pared with other cohorts®® may be related to lenient
referral criteria (office BP >130/80 mmHg) designed
to support referring providers, especially during the
pandemic.

A final major finding of our study was the expan-
sion of the program’s ability to reach vulnerable pa-
tient populations. During the pandemic period, the
proportion of non-White patients increased by almost
60%, and the proportion of non-English speaking pa-
tients increased more than 5-fold. This contrasts with
data on the digital divide during the early pandemic,
demonstrating that patients with these characteristics
(among others such as older age and insurance type)
were less likely to complete ambulatory telemedicine
visits.*® Our results were partly driven by concurrent
expansion of the program’s Spanish-speaking nav-
igator team. The program’s more inclusive care was
also supported by a strategic relationship developed
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with our health system’s Population Health group
and with interpreter services, which increased aware-
ness of our program for non-English speaking people
among providers caring for underserved patients. We
offered several types of devices, all at no cost, in-
cluding cellular-based units that did not require home
Wi-Fi, the downloading of apps, or pairing of devices,
to facilitate use among patients of older age and low
socioeconomic status who might have less comfort
with digital technologies. These patients, in addition to
members of racial and ethnic minority groups and non-
fluent English-speaking patients, have been shown to
have worse hypertension outcomes with traditionally
delivered care.4'-43

Limitations to our study include a cohort within one
health care system, small sample size, and observa-
tional design. Our program encountered challenges
with patient dropout; about one-third of patients
dropped out of the program before reaching mainte-
nance. Patient adherence with hypertension treatment
is notoriously difficult,®° with well-known demographic,
socioeconomic, medical, behavioral, and therapy-
related contributors. We surveyed a subset of patients
who dropped out of our program and found these
main reasons: belief that their condition was controlled,
preference to work directly with their physicians, lack
of comfort with intensification of medication therapy,
and perception that the program was inconvenient.*
Additional limitations inherent to this program may
have hindered greater persistence. It relied predomi-
nantly upon telephone-based communication during
business hours (after-hours phone calls were made
when possible to accommodate specific requests,
and text messaging was being introduced during this
period). Given prevalent preferences for nontelephonic
modes of communication, we have since expanded
our text messaging capabilities. There was also signif-
icant variation in patient onboarding. Referrals to the
program were expedited via orders placed directly in
the EHR. Patient engagement would likely have been
enhanced if all patients had the benefit of detailed ex-
planation and discussion with their providers. Future
work must focus on the implementation of strategies
to create and maintain high levels of patient engage-
ment. Potential limitations in generalizability must be
acknowledged, given that providing home BP moni-
tors may not be a financially viable option for all insti-
tutions. Finally, our program was unable to address
patients with apparent resistant hypertension during
this study. We have since developed “Hypertension
Plus,” an intensified clinical pathway and extended al-
gorithm that includes phone calls with a nurse practi-
tioner (focusing on risk factors, lifestyle modification,
and medication adherence), weekly rounding with a
supervising physician, and evaluation for causes of
secondary hypertension.

J Am Heart Assoc. 2023;12:e027296. DOI: 10.1161/JAHA.122.027296
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CONCLUSIONS

This observational study in individuals with uncontrolled
hypertension demonstrates the ability to improve re-
mote management of hypertension even during major
disruptions like the COVID-19 pandemic. Integrated
remote hypertension management programs can
dramatically improve BP control and home BP data
quality. Such solutions have significant potential to
transform the delivery of care for chronic diseases.
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Table S1. Full Inclusion and Exclusion Criteria for Enrollment in The Remote
Hypertension Management Program

Inclusion

Massachusetts resident
Primary care physician, cardiologist, endocrinologist, and/or nephrologist
within the Mass General Brigham system with a visit with at least one of these
providers within the last 3 years
Age 26-81 years old
Documented hypertension
e Identified in EHR:
= SBP> 135 mmHgand/or DBP > 85 mmHgon at least 2 of 3 of
the most recent office visits in the last 2 years
e Provider referral:
= SBP > 130 mmHgand/or DBP > 80 mmHgon at least 1 of the
most recent office visits in the last 2 years OR
= Average 24-hour ambulatory BP >130/80 mmHg

Exclusion

Terminal medical condition

High-risk for remote management based on internal physician assessment
Confirmed pregnancy, anticipated pregnancy, or active breastfeeding
Cognitive impairment or degenerative neuropsychiatric condition (e.g.
Alzheimer’s dementia, mixed dementia, other significant memory loss,
schizophrenia)

Blood pressure cuff-weight incompatibility (male weight >290 pounds,
female weight >270 pounds)

Clinical history of major organ transplant or bone marrow transplant
Clinical history of chronic kidney disease with EGFR <=30 (mL/min/1.73
m?2)

End-stage renal disease on hemodialysis or peritoneal dialysis

Clinical history of heart failure with reduced ejection fraction <40%
Clinical history of severe aortic stenosis

Clinical history of bilateral renal artery stenosis

Clinical history of 2nd or 31 degree of atrioventricular block.
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Table S2. Demographic and Clinical Characteristics of Participants with Sustained versus
White Coat Hypertension at Baseline

Pre-Pandemic Pandemic
09/2019-03/2020 03/2020-09/2020
Sustained White Coat P Sustained White Coat P
Hypertension | Hypertension | Value | Hypertension | Hypertension | Value
(N=512) (N=93) (N=477) (N=174)
Age, median 61 (19) 63(14) 0.34 | 64(16) 63.5(14) 0.29
(IQR)
Female sex,n (%) | 280 (54.7) 56(60.2) 0.3 270(56.6) 110(63.2) 0.08
Non-White race,n | 150(29.3) 27(29.0) 0.99 232 (48.6) 71(40.8) 0.04
(%)
Baseline renal
function (mean,
SD)
Most recent 79.6 (19.2) 79.8(16.7) 0.88 78.4(18.4) 82.1(15.6) 0.01
eGFR
Most recent 0.92(0.24) 0.88(0.21) 0.11 0.92(0.25) 0.87(0.20) 0.002
serum
creatinine
(mg/dL)
Most recent 4.18(0.40) 423(041) 024 | 4.14(0.42) 4.14(0.38) 0.94
serum
potassium
(mmol/L)
Comorbidities, n
(%)
ASCVD 118(23.0) 13 (14.0) 0.04 124 (26.0) 36(20.7) 0.12
T2DM 139(27.1) 18(19.4) 0.1 137(28.7) 42(24.1) 021
HLD 73 (14.3) 8(8.6) 0.14 | 35(7.3) 8(4.6) 0.19
BMI, mean 32.2(9.6) 29.6(7.9) 0.005 | 31.8(7.2) 29.4(5.9) <0.001
(SD)
Non-English 19(3.7) 2(2.2) 0.59 93(19.5) 28 (16.1) 0.29
preferred
language, n (%)

eGFR indicates estimated glomerular filtration rate and is given in units of milliliters per minute
per 1.73 square meters of body surface area; ASCVD indicates established atherosclerotic
cardiovascular disease; T2DM indicates type 2 diabetes mellitus; HLD indicates hyperlipidemia;
BMI indicates body-mass index and is the weight in kilograms divided by the square of the

height in meters
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Table S3. Probability of Entering Maintenance based on Period of Enrollment

Pre-Pandemic Pandemic
09/2019 -03/2020 03/2020-09/2020
(N=512) (N=477)

Days from Enrollment | Probability of | 95% CI Probability of | 95% CI
Entering Entering
Maintenance Maintenance
1 Month (30 Days) 2.2% (0.9%, 3.4%) | 2.3% (1.0%, 3.7%)
3 Months (90 Days) 11.1% (8.2%, 13.9%) | 23.8% (19.8%, 27.7%)
6 Months (180 Days) 25.3% (21.0%, 29.4%) | 53.4% (48.4%, 58.7%)
1 Year (360 Days) 52.0% (46.1%,57.3%) | 82.0% (73.8%, 87.6%)
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Figure S1A. Clinical Algorithm for Remote Management of Hypertension before the COVID-19 Pandemic

BP, SBP, and DBP indicate blood pressure, systolic blood pressure, and diastolic blood pressure; CKD indicates chronic kidney
disease, defined by estimated glomerular filtration rate <60 milliliters per minute per 1.73 square meters of body surface area; ACEI
indicates angiotensin converting enzyme inhibitors; ARB indicates angiotensin receptor blockers; CCB indicates dihydropyridine
calcium channel blockers; TD indicates thiazide-type diuretics (e.g. hydrochlorothiazide); TLD indicates thiazide-like diuretics (e.g.
chlorthalidone); BB indicates betablockers; and MRA indicates mineralocorticoid receptor antagonists.
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Figure S1B. Adapted Clinical Algorithm for Remote Management of Hypertension during the COVID-19 Pandemic

* At this stage of the algorithm, screening for secondary causes of hypertension (including plasmarenin activity and aldosterone
concentration and plasma metanephrines) was undertaken to guide treatment. If screening was negative, MRAs were preferred if
serum electrolytes permitted. Otherwise, beta blockers were prescribed. If screening was positive, referral to hypertension specialist
was made.

T Antihypertensive classes requiring laboratory monitoring were initiated and titrated at conservative dosing schedules.
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Figure S2. Detailed Steps for Implementation of Pre-Pandemic Clinical Algorithm

* At this stage of the algorithm, screening for secondary causes of hypertension (including
plasma renin activity and aldosterone concentration and plasma metanephrines) was undertaken
to guide treatment. If screening was negative, MRAs were preferred if serum electrolytes
permitted. Otherwise, beta blockerswere prescribed. If screening was positive, referral to
hypertension specialist was made.
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