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Abstract

Purpose of Review To evaluate how self-measured blood pressure (SMBP) monitoring interventions impact hypertension
equity.

Recent Findings While a growing number of studies have recruited participants from safety-net settings, racial/ethnic minor-
ity groups, rural areas, or lower socio-economic backgrounds, few have reported on clinical outcomes with many choosing
to evaluate only patient-reported outcomes (e.g., satisfaction, engagement). The studies with clinical outcomes demonstrate
that SMBP monitoring (a) can be successfully adopted by historically excluded patient populations and safety-net settings
and (b) improves outcomes when paired with clinical support. There are few studies that explicitly evaluate how SMBP
monitoring impacts hypertension disparities and among rural, low-income, and some racial/ethnic minority populations.
Summary Researchers need to design SMBP monitoring studies that include disparity reduction outcomes and recruit from
broader populations that experience worse hypertension outcomes. In addition to assessing effectiveness, studies must also
evaluate how to mitigate multi-level barriers to real-world implementation of SMBP monitoring programs.

Keywords Hypertension - Blood pressure - Disparities - Self-measured blood pressure - Telemonitoring

Introduction

Disparities in hypertension continue to be a major chal-
lenge in public health contributing significantly to mortal-
ity worldwide [1, 2]. Within high-income countries, persons
with low-income, including those with Medicaid insurance
within the USA, are more likely to have uncontrolled blood
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pressure (BP) and its associated morbidity and mortality
[3—6]. In the USA, racial and ethnic minority groups have
lower rates of BP control with Black patients frequently hav-
ing the highest prevalence and experiencing worse outcomes
compared to all other racial/ethnic populations [1, 6-8].
There are also geographic and neighborhood-level dispari-
ties in the burden of hypertension. Individuals who live in
rural areas in the USA are more likely to develop hyper-
tension [9]. Hypertension is also growing in importance
in low- and middle-income countries (LMICs), where the
prevalence of hypertension has risen significantly [2]. This
growing prevalence is particularly concerning since only 8%
of people residing in LMICs have their BP controlled, which
contributes to the higher rates of morbidity from hyperten-
sive heart disease [2, 10]. While these data refer to essential
hypertension, similar patterns also appear for pregnancy-
related hypertensive disorders [11-13].

Factors contributing to hypertension disparities occur
at the level of the community/neighborhood, healthcare
system, and individual. Community factors such as access
to healthy food or underinvestment in rural areas or neigh-
borhoods with predominantly non-white populations are
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associated with higher blood pressure in individuals who
live in those neighborhoods [14—16]. These community fac-
tors (e.g., unsafe built environment, poor public transporta-
tion options, closing of low profit clinical settings) cause
individual behaviors, such as limited physical activity, high
salt diet, or poor adherence to scheduled appointments or
prescribed medications that also impact hypertension man-
agement [17, 18]. Limited health literacy or educational
attainment also inhibit patient activation, which is crucial to
self-management of a chronic disease like hypertension [19].

Although these socio-economic factors contribute to
poor outcomes, hypertension disparities are by no means
inevitable or static. They can be made better or worse by
the way we deliver care. Healthcare process factors that are
controlled or influenced by the health system, such as infre-
quent follow-up and suboptimal prescribing of medication
treatment for hypertension, are major barriers to achiev-
ing BP control [20-22]. For example, health systems that
have implemented team-based care where non-physician
team members can make treatment decisions, standardized
treatment algorithms, and frequent follow-up have achieved
improved BP control across their patient population regard-
less of race or income [23-29]. Conversely, we have noted
the potential for an increase in hypertension disparities dur-
ing the COVID-19 pandemic when access to in-person clinic
visits was limited and telehealth was not equitably accessi-
ble or usable by historically underserved populations or the
safety-net systems that care for them [30-32].

The Importance of Out-of-Office Blood
Pressure Measurements

Several scientific societies and professional organizations
have recommended out-of-office BP (OOBP) measure-
ment to confirm the diagnosis of and manage hypertension
[33-35]. OOBP measurements include all BP measurements
that are taken outside the clinical setting. For instance, the
2017 Hypertension Clinical Practice guidelines recommends
the use of OOBP measurements to confirm the diagnosis of
hypertension and treat hypertension (Class 1 recommenda-
tion, Level of Evidence A) [34]. OOBP measurements help
to identify BP phenotypes including masked hypertension
and white-coat hypertension [36, 37]. Masked hypertension
is defined as not having high office BP measurements and
having high out-of-office BP values. Conversely, white coat
hypertension is defined as having high office BP measure-
ments and not having high OOBP values.

OOBP include ambulatory blood pressure monitoring
(ABPM), which is an automated technique of recording BP,
often over a 24-hour period. Although ABPM is strongly
associated with cardiovascular disease (CVD) related events,
this OOBP technique is poorly-tolerated by patients due to
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interference with daily activities and sleep [38]. Moreover,
ABPM requires provider training and is not widely available
in primary care practices. In contrast, many OOBP measure-
ments are collected similar to in-office blood pressure meas-
urements by either the patient, a caregiver, community health
worker, or healthcare professional. Although there have been
studies that have focused on collection of OOBP measure-
ments by community health workers or healthcare profes-
sionals at community settings (e.g., churches or barbershops)
[39, 40], we limit this review to focus on self-measured
blood pressure (SMBP) monitoring, or home blood pressure
monitoring, when patients (or their caregivers) measure the
patient’s blood pressure out of the office. As with all OOBP
measurements, SMBP readings are more prognostic of CVD,
stroke, and target organ damage than office BP readings
[41-43]. Although we include telemonitoring interventions
(in which telecommunication tools are used to transmit data
for clinician review) in this review, we will primarily use the
term SMBP as many studies do not involve remote transmis-
sion of data, and telemonitoring has not been proven to be
more effective than SMBP with clinical support [44].

Published meta-analyses have demonstrated that SMBP
monitoring in combination with co-interventions including
team-based care, regular support from trained clinicians,
antihypertensive medication titration, lifestyle counseling,
and/or patient education is associated with significant
improvement in BP and reduction of BP [42, 43, 45-49].
Distribution of blood pressure monitors without any of these
additional supports is less effective at improving blood pres-
sure control [26]. Yet, the integration of SMBP in clinical
care to provide the necessary co-interventions is inconsistent
and fragmented [50ee]. Furthermore, the health disparities
impact of SMBP monitoring remains unclear [51].

During the COVID-19 pandemic, there has been a
rapid expansion in SMBP monitoring and the integration
of SMBP monitoring into telemedicine. Telemedicine use
increased rapidly across health systems to address gaps
in clinical care and mitigate the spread of COVID-19.
Although telemedicine has been highlighted as a potential
strategy to address disparities in health care access, there
is also an acknowledgment that digital literacy challenges
and disparities in device and broadband access may further
exacerbate health disparities [31]. However, telemedicine
may be further enhanced and increased in safety by the
integration of remote patient monitoring including SMBP
and clinical support to improve lifestyle, medication adher-
ence, and BP control [52ee, 53]. SMBP monitoring in the
context of telemedicine also has the potential to address
disparities in hypertension control by addressing trans-
portation barriers that are associated with missed visits
and poor BP control [54, 55]. The transmission of SMBP
readings and other clinical information from the patient’s
home to the clinical team is associated with improvement
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in clinical outcomes including BP reduction, and optimiza-
tion of antihypertensive therapy as well as patient-reported
outcomes such as self-management and activation [54, 56].

How SMBP Monitoring Could Address Equity
in Hypertension Control

As noted above, many factors contribute to disparities in
hypertension control. SMBP monitoring programs are par-
ticularly well-positioned to address inequities in hyper-
tension outcomes that result from disparities in access to
in-person clinical care or patient engagement.

Historically excluded populations disproportionately
face time or transportation barriers to accessing brick and
mortar clinical settings that are only open during work
hours. For example, low-income low-wage workers may
be employed at multiple jobs without the ability to take
time off for a healthcare visit; patients who rely on public
transit or reside in rural areas may spend hours commuting
to and from an office visit. These barriers result in fewer
clinical visits and therefore fewer blood pressure measure-
ments and opportunities to identify uncontrolled hyper-
tension [57, 58]; missed visits can result in disparities in
hypertension outcomes [20]. SMBP monitoring facilitates
equity through earlier identification of uncontrolled hyper-
tension and provides more opportunities for clinicians to
intensify medications in response to uncontrolled blood
pressure values.

SMBP monitoring programs also provide opportunities
to address disparities in patient activation. By engaging
in SMBP, patients are empowered to understand and rec-
ognize how individual behaviors (medication adherence,
diet, or exercise behaviors) impact blood pressure control.
Though these individual behaviors play only a small role
in equity, SMBP facilitates increased patient engagement
and may facilitate improved medication adherence, disease
understanding, and lifestyle behaviors as well as nudge
clinicians into providing more timely treatment [59].

Below, we discuss several issues related to SMBP
monitoring and equity. We first start off with a narrative
review of the literature to describe what we know and do
not know about how SMBP monitoring interventions can
improve hypertension equity. Due to differences in health-
care system infrastructure in high-income countries versus
LMICs, we focus on studies conducted within high-income
countries. Based on these studies, we then describe the
issues related to implementing SMBP monitoring inter-
ventions in a way that ensure equity. We conclude with
recommendations to advance the utility of SMBP moni-
toring interventions to mitigate hypertension disparities.

What is Known About the Impact of SMBP
Monitoring on Equity

Despite the potential for SMBP programs to address
hypertension equity, there is limited literature on whether
it improves equity. A 2021 guide from the United States
Centers for Disease Control and Prevention [51] notes that
while SMBP with clinical support is highly effective, there
is insufficient knowledge about its impact on health dis-
parities. This is not surprising since a 2012 paper from the
Agency for Healthcare Research and Quality focused on
research needs in SMBP made no mention of evaluating
the impact of SMBP on equity [60].

To better understand how SMBP impacts equity, we
reviewed studies that met one of the following criteria:
(a) ensured adequate inclusion (or target recruitment of)
patient populations that experience worse hypertension
outcome or (b) explicitly reported outcomes focused on
disparity reduction in key clinical or process outcomes.
Within Table 1, we highlight a few SMBP studies that have
centered equity. Although we used these broad criteria to
focus on literature related to equity in SMBP, there have
been an insufficient number of large, high-quality studies
to reach any definitive conclusions. Instead, research in
this area is nascent and often includes pilot studies with
limited sample size and where the primary outcome is
related to feasibility. However, from these pilot studies
and the handful of larger, high-quality studies, there are
some broad themes.

Most SMBP-related studies that have focused on hyper-
tension equity have done so by either prioritizing recruit-
ment of disadvantaged populations or conducting the study
in health centers or settings that disproportionately care for
patient populations that experience worse health outcomes.
Many pilot studies have specifically focused on racial/eth-
nic minority patient populations, with the greatest num-
ber of studies focused on improving hypertension control
among Black patients [61e, 62—64, 65, 66—69, 70e, 71].
There are a smaller number of studies that included Latinx
populations [66, 70e, 72], and there is a dearth of studies
in Asian, Pacific Islander, or Indigenous populations [73].
Despite the high prevalence of uncontrolled hypertension
in lower socioeconomic status or rural populations, there
have only been a handful of published studies focused on
these populations [65e, 74e, 75, 76e].

We found that many equity-focused SMBP monitoring
studies reported engagement in monitoring programs or
adherence to monitoring activities. Consistent with other
digital health interventions for hypertension management
[56], equity-focused SMBP studies also found patient
interest and ability to engage in remote blood pressure
monitoring programs [77e]. Few studies have explicitly
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evaluated for a reduction in disparities in clinical out-
comes, or even the process outcomes that are the mecha-
nisms through which SMBP monitoring could improve
equity, such as medication adherence, medication inten-
sification, or blood pressure ascertainment. Without bet-
ter information on process outcomes, we do not have suf-
ficient understanding of the mechanisms through which
improved clinical outcomes are achieved; without informa-
tion about why specific interventions work, who they work
for, and in what settings they work, we will be limited in
our ability to achieve equity. As noted by advocates for
equity in cardiovascular disease, there is a need to bring
an implementation science lens into this field [78].

Along these lines, many studies that have explicitly cen-
tered equity have paired self-monitoring interventions with
other intervention components (such as community health
workers or medication reminders). While these types of
multi-component interventions are often more successful in
improving disease outcomes, it makes it difficult to ascertain
how much improved clinical or process outcomes can be
attributed to SMBP monitoring versus other components of
the intervention.

Although some studies have conducted practice-level
analyses or support for bringing SMBP into routine clini-
cal care [76e, 77¢], studies have disproportionately focused
on individual-level analyses and addressing patient-facing
barriers to SMBP adoption [79e]. As noted in the National
Institute on Minority Health and Health Disparities Research
Framework, disparities manifest in several levels of influ-
ence (e.g., individual, interpersonal, community) [80, 81].
Most studies we found focused on SMBP as a patient-level
intervention without addressing other levels of influence
(notably clinical teams and healthcare systems) that are
necessary to support effective SMBP implementation, espe-
cially when adoption is needed in safety-net systems that
may have challenges to adopting new innovations [82].

We identified few studies that explicitly measured the
impact of monitoring programs on disparities. Hirshberg
et al. [61e] described how a SMBP program reduced dis-
parities in blood pressure ascertainment in postpartum
patients. Cummings et al. [65¢] evaluated for disparities in
medication intensification after implementation of hyperten-
sion telemonitoring data. Cené et al. evaluated the impact
of a multi-component quality improvement intervention on
systolic blood pressure (SBP) change in white versus Black
participants [76e]. (See Table 1 for more details about these
studies.)

While most studies reported the impact of these programs
on clinical or process outcomes, there was rarely specific
evaluation of disparity reduction. Although improvement in
clinical/process outcomes is important, if the difference in
these outcomes is not measured between the advantaged and
disadvantaged population, it is possible that the improvement

in the population experiencing disparities is smaller than the
advantaged population, thereby widening the disparity. This
phenomenon has been called an intervention-generated ineq-
uity and is a common occurrence for digital health inter-
ventions, particularly since digital health tools may be less
accessible to populations that experience disparities in health
outcomes [83]. Many of the studies focused on equity also
exclusively recruited historically excluded populations [64,
65e, 68, 69, 72, 74e]. While greater inclusion of marginal-
ized and historically excluded populations in clinical trials
is necessary [84], it is difficult to know the impact of any
implemented intervention on disparity reduction if the more
advantaged population is not also included in the study.

Lastly, studies focused on SMBP used a variety of com-
munication modalities to return the blood pressure values
back to the clinical team, including telephone phone calls,
short-messaging system (SMS)/text messaging, mobile phone
applications, and patient portals [85]. Frequently, the choice
of communication modality was designed with feedback
from participants to ensure accessibility for the population.
There were no clear findings on the effectiveness of one
communication tool over another; specifically, no studies
indicated greater effectiveness of using telemonitoring
approaches (where data transmission occurs automatically
and digitally) over SMBP with telephonic or text-messaging—
based communication of blood pressure values.

Forthcoming Studies About SMBP
Monitoring and Equity

Given the growing interest in SMBP monitoring, we also
wanted to understand the research questions being explored
in yet to be published studies. In Table 2, we describe trials
registered on ClinicalTrials.gov that were identified based
on searching for hypertension monitoring trials focused
on equity or disparities. We had hoped these upcoming or
recently completed trials would begin to advance knowl-
edge in the areas outlined above. However, we found that
upcoming trials continue to largely replicate prior gaps in
the literature.

Specifically, while there continues to be a focus on Black
patients, other patient populations (e.g., rural, Indigenous,
Asian, Pacific Islander, or Medicaid insured) that experi-
ence hypertension disparities have poor representation (or
unknown representation if this information is not collected).
Moreover, no studies have proposed measuring a reduction
in disparity as a primary or secondary outcome for clinical
or process outcomes. All these interventions included SMBP
monitoring with several other components, and it is unclear
if studies will evaluate which components of each interven-
tion are most responsible for any changes in outcomes. For
example, are improved clinical outcomes driven primarily by

@ Springer



Current Hypertension Reports (2022) 24:599-613

604

[onuod amssaid poolq yiuow-9

a1B0-J[9s uorsualIadAy
{3urIojiuowW-J[os YIm juowaesuo juedronred
‘o3ueyd 4g

syiuow 9 3¢ AJrT o AYend) pareroy YeoH
SYJUOW g J8 [0NU0D Jg

juousnipe uonedIpaw jo Aouanbai
‘syuuow 71 18 4gS ur o8uey)

ainssaxd poo[q O1[0IsAs ur a3uey)

[onuod amssaxd poorg

uone)IIoey ddndeIJ

OIJBI SSQUIATIORYJD JSOD [BIUSWAIOU]
¢$3500 uonejuawduy

{[oNU0d g Jo sy

jstoeurreyd e £q juowsnlpe

uonedIpaw pue ‘Suriojruow ainssaid poorq

Qjowal ‘wed) Areurjdrosipninu © yrm
[I[EaY2[9} BIA 9¥o1)s © 1o)je dn-mof[oy Areq

MHD

‘dde oy 03 souAs jey) JoyUOW Jg SwWoy

{S9[Npow uonEeINpP? Y3noIy) juswegeueut
-J19s sajowoud yeyy dde NILH iHLIVA

Surasunod asinu pue ‘Furioyuowt Jg

owoy ‘dde juswraSeurWI UOT)BOIPIUT ‘SUOTSSIS

UOIBONPS PAseq-qoM SuIpnjour UONUIAINUI
paqeus A3o[ouyo9) Jusuodwod-nnw y

soSessowr

JOPUTWAI PUR ‘[BUONBANOW ‘[RUOTIRINPD

IIM SITRSSIUI 1X3) QALIIAI OS[R [[IM

syuedronred ‘syjuow 71 J0J A[rep 901m1 pasn
9q 0} JOJIUOW Jg WOy B 9A191 syuedionreq

uorsuayradAy juorard

0] sIyIom jeay Aunwwod pue JGINS

‘(ow3Ayds) uoneorjdde Furioyruoware)
© SOpN[OUI JeY) UONUIATAUI [9A[-NNW

SUONIPUOS SIUOIYD J[dnnu Jo sawoNno
oy} aaoxdwr 03 sysroewreyd pue (SA\HD)
SIIOM J[eay AJTunurwod Jurpnjour Aq
a1BD paseq-wed) sojerodioour werdoid
9y, "(ow3Ayds) wioperd Suriojiuoware)
e M (INdgH) Surroyruow arnssaid
poojq awoy Junul] £q [9A9] 2onoe1d oY)
Je souoAlul Jeyp) 109fo1d [eAsl-nNw v
IOYIOM [I[eay
Ayunwiwod e Jo 9sn pue ‘Jurioyiuowt Jg
QWOY “JUAWIITBURW ISBD ISINU :SUOTIUIAIUT
PaSLQ-00UIPIAD [OAS]-N)NUI 9IIY) JO
uoneyuawe[dwr y1oddns 0) uoney[IoR) 20M108IJ

[211] (TVOLAIA) 210ns
1)}V [0XUOD) 2INSsaId poo[q ur sentiedsiq

SSQIPPY 0} UOIIUSAISIU] PISBG-OPIA

uorsudyradAy jo
SISouSeIp pue ayoxs Juadal YIm sjuaned Jnpy

SI9U)D)
yiresH payreng) Aferopay Sunedronred

je ored Arewrrid SurA1e091 uorsualredAy

s sjuaned UBOLIOW-URILIJY USXIS

[T11] sueorowy-ueoryy Suowry
uorsudlrodAH aao1dwi] 0 UOTIUSAIIU]
[I[BSH 9[IQOJAl SATIRAOUU] UR JO S

[ort]
uorsud)radAy (d9-VINLLAO) [0hu0) g Pue 20uIaypy
)M PIO SIBdA ()G < sjuaned uedLIOWY-UBdLIYY  UONERdIPIJA dA01dwy 0 A3ojouyos], Surzrundo

somurpo eyse[y Sunedronred
J& IBD POATOJDI JABY OUM UBIPU] UBILIOUIY
1O QATIRN BYSB[Y St SUIAJIIUapI S)npy

[60T] (NVOI-d€D) °1dood 2AnEN e3se[y
Suowry jonuo)) Juraoxdwy amssaid poorg

[8011]
(d9-ATINTIT) 2anssaid poorg 2aoxdwiy 03

SIOIOM WEOH ANunwwo) yp aaNNIT
SuLI0)IUOWR[ ], 2INSSAIJ POO[g QWOH

oTuedSIH JO ‘UBOLIOWY-UBOLIJY OruedsTH-uou
‘AQIYAA OtuedsIH-uou se JUIAJIuapI SINPY

[Lo1]

(STIVAH-AENID) sentredsiq yesy

90npay 03 SULIOITUOWA[S, YI[ESH O[IOIN

pue y1oddng Ayrunwwio)-[eoTuI[) YIrm
payurT werSold YIedH dI[0qeIoWoIpIe)

oruedsty 10
/PUB UBOLIOWY UBOLIJY Soeg otuedsiH-uou
“QIYAA OTuedSTH-uou St SUTAJIIUapI SINpy

INISEING gAY §
MAN M pajer[ge seonoead ared Arewnid (g
Jo auo Je ared Arewrid SuIA1903I SyNpe Yoe[g

[£8] syoeld Ut (d9-SSHIAAQY) [0HU0D
aInssa1g poorg 1oy 1roddng pareys ur o3e3ug

pue Sy ur senLedsiq 9sea1d9(] 0) SUONIY

SQWI09INO ATRWILIJ

juouodwod UONUIAINU]

uone[ndod juaneq QUIBU [L) [BOIUI]D)

srern Suriojruow JNS paIe[dwos Apuadsar pue ‘Surtoguo ‘Furwoodn g djqel

pringer

Qs



Current Hypertension Reports (2022) 24:599-613

605

digital communication, or is human-coaching and intensive
in-person support a crucial aspect to improved outcomes?

Fortunately, there are upcoming studies focused on
how to implement SMBP in real-world clinical care. The
importance of this evaluation has been brought to light by the
COVID-19 pandemic and the well-documented challenges
safety-net systems faced in implementing remote patient
monitoring tools [86]. For example, the ADDRESS-BP
trial plans to provide practice facilitation to support imple-
mentation of SMBP monitoring (and other evidence-based
interventions) and is evaluating both effectiveness and
implementation outcomes [87]. This attention to real-world
implementation is encouraging and should be continued in
other trials.

What we Still Need to Learn About SMBP
Monitoring and Equity

Given the early literature in this space and still limited
number of future studies in this space, there are many areas
that require further investigation to understand the impact
of SMBP monitoring programs on hypertension equity. We
outline three broad areas for future study.

Better Defining and Broadening Evaluation
of Populations that Experience Hypertension

There is a need for larger, high-quality studies that include
a greater diversity of participants that experience worse
hypertension outcomes. While there are a growing number
of studies focused on Black/African—American participants,
there are fewer focused on other racial or ethnic groups that
experience worse hypertension outcomes, including Latinx,
Pacific Island, Indigenous, and some Asian ethnicities.
Furthermore, more studies should evaluate interventions
in populations with low income (or Medicaid insured as a
proxy) and limited educational attainment. Unfortunately,
this information is not always collected by researchers dur-
ing clinical trials. Despite the nearly 10% disparity in hyper-
tension control between rural and urban populations, studies
are more frequently conducted in urban areas where most
research centers are based.

Explicitly Evaluating Disparities in Clinical
and Process Outcomes

As noted above, while it is crucial that equity studies focus
on BP outcomes or key process outcomes (e.g., medica-
tion adherence, medication intensification) that result in
BP change, it is also necessary to explicitly measure the
disparities between populations. Without measurement of
the disparity between populations, it is difficult to know if

interventions will advance equity. We acknowledge that it
can be challenging (although very possible) to power a pri-
mary outcome based on disparity reduction; however, at the
very least, researchers with an eye towards equity should at
least plan to evaluate and measure the impact of interven-
tions on disparities. This therefore requires researchers to
recruit from both the advantaged and disadvantaged pop-
ulations; moreover, to power a clinical trial on a primary
outcome of disparity reduction, research trials will need to
include a large enough sample size from both populations.

Using Implementation Science to Understand
Mechanisms that Improve Equity
and how to Support Implementation

It is also necessary to advance understanding about how best
to implement remote monitoring interventions to advance
equity. Using implementation science tools in SMBP moni-
toring studies would improve understanding of (1) which
intervention components work for which patients, and (2)
how best to implement remote monitoring programs in
under-resourced clinical settings that disproportionately care
for patients that experience hypertension disparities. Due
to the multicomponent nature of many SMBP monitoring
interventions (especially when focused on populations that
experience disparities), researchers need to closely evaluate
which component of these interventions drive change in out-
comes. Moreover, evaluation of clinic or community-level
levers to support implementation is needed. Although some
trials are beginning to conduct pragmatic evaluations of
SMBP monitoring as part of clinical care, there is wide vari-
ation in clinical settings and SMBP monitoring implementa-
tion [77e, 85]. More studies focused on implementation in
diverse health systems and patients will inform understand-
ing of how SMBP monitoring programs can be designed to
ensure equity. In particular, instead of conducting studies
only in the clinical setting, for historically excluded popula-
tions that face challenges in accessing healthcare system, it
can be beneficial to partner with community-based organiza-
tions to support patients in SMBP monitoring [88ee].

Multi-Level Implementation Considerations
to Facilitate Equity

As implementation scientists, we want to highlight this last
point about evaluating implementation outcomes to ensure
equity. While it is necessary to evaluate the efficacy of
SMBP monitoring on reducing disparities, it is also crucial
to explore ways to facilitate effective and equitable imple-
mentation of SMBP monitoring interventions. Findings in
real world settings are frequently different from clinical
trial results and conducting trials in diverse settings can be
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helpful for providing insights on the effectiveness (rather
than efficacy) of interventions. For example, the study team
involved with the Hirshberg et al. study on SMBP for post-
partum patients found that when they implemented their
intervention at a second site, the percentage of their study
population that identified as Black decreased from 70% to
40%. Fortunately, the authors still found that in real-world
implementation, there was similar improvement in process
and clinical outcomes between their Black and non-Black
participants [62]. However, this study underscores that even
if SMBP monitoring interventions improve equity in a study
setting, real-world SMBP implementation may unintention-
ally worsen disparities.

We are particularly concerned about unintended con-
sequences because as with other digital health tools, there
are multiple levels of barriers to implementation that
need to be considered to ensure equity [89, 90]. Figure 1
depicts a simplified process for a patient to participate
in an SMBP monitoring program; even with this simple
depiction, it is clear that there are numerous steps involved
in the workflow of implementing an SMBP monitoring
program. Many steps are needed to engage patients in
self-monitoring at home, such as the matching of devices
to patient needs and skills as well as the motivation and
opportunity to sustain home monitoring in the midst of
everyday life. Similarly, on the clinical team side, there
are new workflows needed that often require multiple care
team members to (1) recommend/encourage monitoring

at home; (2) review the home BP readings from patients
(whether in real-time or at a regularly scheduled interval);
and (3) provide/enact clear and timely treatment plans
based on the home BP readings.

Within this multi-step process, there are possibilities for
drop-off or gaps along the entire spectrum, from onboard-
ing to routine clinical management incorporating home BP
data. These barriers to adoption of this digital health inter-
vention can occur at multiple levels [§9-91]. For example,
individuals from marginalized communities or facing com-
munication barriers within the healthcare system experience
barriers at policy levels (such as cost of Internet at home to
participate in SMBP programs or access only to devices that
do not meet patients’ needs), interpersonal levels (such as
the need for social support or assistance in using devices or
communicating with their care team), and individual levels
(such as differences in language accessibility or health lit-
eracy) [92].

It is well known that patients from racial/ethnic minor-
ity backgrounds and those with low-income are more likely
to receive healthcare from public healthcare or safety net
healthcare settings in the USA, and therefore barriers to
healthcare systems must also be considered [93]. Safety-net
settings are less likely to have robust digital infrastructure in
place to easily facilitate remote monitoring programs, such
as electronic health records that can integrate with remote
BP monitors to ingest data [94-96]. In addition, these set-
tings are often understaffed, which can limit their ability to

Process for SMBP implementation and multi-level barriers at each step
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shift team members to manage home BP readings and/or
communicate with patients remotely about care plans [97].

Moreover, both patients/families and clinical care teams
need digital tools that will meet their needs and preferences,
rather than having to continuously adapt tools not designed
for their use for their setting [98]. At a community/societal
level, technology and device developers need to consider all
patients and clinical systems when developing digital tools.
For example, before the COVID-19 pandemic, only OOBP
values collected through telemonitoring were eligible for
pay for performance programs. This therefore required the
patient to have the skills and access to devices and Internet
to sync their BP monitor with a mobile device or computer
that would relay the blood pressure values to the healthcare
system, which would also have needed to invest in software
that integrated remote data with their electronic health
record. The barriers to this workflow were innumerable and
understandably adoption of SMBP monitoring was very low.

In addition, as with other digital health tools, many organ-
izations have failed to develop SMBP programs that sup-
port patients who speak languages other than English and
are available in digital formats that are easy to use (e.g., do
not require Bluetooth connections or complex mobile apps)
[99]. Investing in tools for diverse populations is critical to
address disparities in uptake and use. At a basic level, it is
crucial that blood pressure devices are validated in diverse
populations to ensure accuracy in diverse populations [100,
101]. This is not just an academic consideration; a study
among Alaska Native and American Indian research partici-
pants specifically identified trust in device performance in
their community as an important consideration in encourag-
ing SMBP monitoring adoption [100].

Lastly, as is clear from the discussion above, the available
evidence about SMBP is not often centered on these patients
or settings. For example, in addition to randomized con-
trolled trials, it is critical to collect real-world evidence on
engagement and adherence to SMBP across patient groups
and in multiple settings to advance our understanding of
how best to implement these programs. Similarly, all stud-
ies should routinely document key characteristics of their
sample related to equity, such as use and effectiveness of
SMBP by race/ethnicity, gender, age, language, socioeco-
nomic status, and health and digital literacy [102].

The Path Forward for Stakeholders to Ensure
SMBP Monitoring Improves Equity

Given the promise of SMBP monitoring programs to
improve hypertension control, but the real challenges to
equitable implementation, we provide the following recom-
mendations to key stakeholders to ensure that SMBP imple-
mentation can improve equity.

Research Funders and Researchers

Researchers and research funders have a clear role to play to
advance equity in SMBP implementation. As noted in the
section on what we still need to learn, funders and research-
ers need to (a) both better define the populations that expe-
rience hypertension disparities and broaden evaluations to
include more of those populations; (b) explicitly conduct
subgroup analyses to evaluate the impact of intervention
implementation on disparities; (c) conduct implementa-
tion-focused studies that increase understanding of how to
implement these programs in real-world settings and which
components of multi-component interventions are most
important for specific populations. Although specific study
designs and methodologies are beyond the scope of this
review, we encourage funders and researchers to utilize
pragmatic hybrid effectiveness-implementation clinical
trials [103] to address and prioritize these implementation
considerations.

Another key aspect to facilitating development of a use-
ful evidence-based is ensuring that researchers collect all
relevant sociodemographic traits (such as income, educa-
tional attainment, and digital literacy) to better understand
for which patients these programs work. While some funders
require reporting of the age, gender, and race/ethnicity of
anticipated research participants, there is little enforcement
of these planned targets during the recruitment process.
Also, funders should provide a larger budget and longer
timeline that acknowledges the additional time, effort, and
resources to recruit historically excluded populations (e.g.,
translation of consent documents, relationship-building
with trusted community-based organizations). Moreover,
there should be consideration of expanding what sociode-
mographic traits (e.g., language, income, literacy, insurance
status/coverage) are collected from participants to under-
stand the applicability of research findings to marginalized
populations.

While there are areas for future research, there are key
steps that other stakeholders can take now to increase equi-
table implementation of SMBP.

Policy Makers and Payors

Policy makers and payors need to acknowledge the innu-
merable barriers that patients and healthcare systems face
to implement a successful SMBP programs. At a basic
level, increasing access to healthcare and health insur-
ance will improve equitable access to SMBP monitoring
programs across the USA. Specific to SMBP monitoring,
payors should not return to pre-pandemic policies that
required SMBP values to be transmitted digitally (i.e.,
telemonitoring) for clinicians to receive “credit” for pay-
for-performance metrics or reimbursement. Given both the
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patient-facing challenges of using telecommunication tools
for remote patient monitioring and health system challenges
(especially in safety net systems) of integrating these data
into electronic health records, it would be inequitable to
force use of only telemonitoring to improve hypertension
outcomes, especially since studies have not demonstrated
the superiority of telemonitoring.

Despite no proven superiority of telemonitoring, we rec-
ognize that many healthcare systems are moving towards
digital communication of BP values. Many patients face
structural barriers to accessing the devices or high-quality
Internet access to utilize these telemonitoring tools. Policy
makers should pursue policies that increase access to low-
cost digital devices and internet access and increase invest-
ment in infrastructure that makes high-quality internet
accessible to all communities. Similarly, if SMBP programs
rely on apps or other digital health tools, regulatory agen-
cies can build in baseline accessibility requirements into
their approval processes to address equity. For example, as
the U.S. Federal Drug Administration (and similar agen-
cies in other countries) begin approving digital therapeutic
tools, there could be requirements related to digital platform
usability and language access.

For all SMBP programs, payors can also address cost-
related barriers for patients by reimbursing for BP moni-
toring devices. Harmonization of policies from all payors
(within the USA, this includes private insurance, Medicaid,
Medicare, and Medicare Advantage) would facilitate equity.
At this time, not all payors have the same policies which
is confusing for both patients and clinical teams; contin-
ued reimbursement for telemedicine visits must be paired
with reimbursement for patient monitoring tools (such as
BP monitors) that support high quality telemedicine visits.
Moreover, with an eye on equity, payors should strongly con-
sider reimbursing for a wider variety of BP monitors, includ-
ing BP monitors with extra lurge cuffs or BP monitors that
ease communication of values back to clinical teams (e.g.,
cellular-enabled BP monitors that allow for data transmis-
sion without advanced digital literacy skills). Reimbursing
for monitors that meet all patients’ needs may help ensure
SMBP monitoring produces equitable improvements in
clinical outcomes.

To address the disproportionate burden that safety-net
systems face in supporting marginalized patients to use
digital tools, payors need to consider how to provide reim-
bursement or compensation for the additional work con-
ducted by the clinical team to support patient monitoring
at home. For example, US payors should continue moving
away from fee-for-service payment models and towards
value-based payment, alternative payment models, and other
approaches where clinical teams can choose the best method
to care for a patient that may include more or less in-
person care based on the patients’ needs. Payors can also
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center equity by prioritizing pay-for-performance metrics
that are focused on disparity reduction.

Digital Tool Developers

Digital tool developers need to begin to specifically inno-
vate for historically excluded populations. This involves
including these patient populations in design conversations
to ensure that tools are usable by patients with limited health
literacy, limited digital literacy, or with communication bar-
riers (such as a non-dominant language preference). Tools
should also be validated in diverse populations, as studies
have shown that ignoring diverse populations clearly leads
to disparities and inaccuracy in clinical decisions [104, 105].

While conversations about digital design equity have
often focused on patient-facing barriers, we want to high-
light that digital tools should also consider challenges faced
by clinicians in underresourced safety-net settings. Given
the importance of both patients and clinicians in success-
ful implementation of SMBP monitoring, any digital tool
used to facilitate SMBP monitoring should be designed
to work well for safety-net systems that have fewer finan-
cial resources to pay for expensive software or hardware,
are more likely to use electronic health records with fewer
advanced features, and are more likely to be understaffed.
Therefore, it is crucial to design tools that can be easily inte-
grated into clinical team workflows and structure in safety
net systems.

Health System Leaders and Clinical Teams

Front-line clinicians and healthcare delivery systems also
can take direct steps to ensure equitable access to SMBP
monitoring programs. Clinicians should recognize that
some patients may need additional support to adopt and use
these tools and be prepared to provide training to patients
as needed. If there is an opportunity to choose different BP
monitors or data submission platforms, clinicians should
choose products with greater usability. For example, by
selecting a cellular-enabled blood pressure monitor that
allows automatic uploading of BP values for clinician review
rather than asking patients to sync via a Bluetooth device or
manually entering values into a patient portal. Clinicians
should also consider avoiding programs that require patients
to have advanced digital literacy skills, which poses unnec-
essary additional barriers to equitable patient participation.

Given the higher proportion of hypertension among
patients with low-income, clinical teams should learn
about payor coverage for BP monitors so they can help
patients secure home BP monitors. While payors can make
this easier for clinical teams by having similar coverage, in
the meantime clinical teams should be prepared to support
patients with acquiring BP monitors by developing explicit
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workflows for acquiring BP monitors and teaching patients
how to use these devices.

Healthcare system leaders must also recognize that
collecting and responding to home blood pressure values
requires significant clinical team time. Instead of expect-
ing clinical teams to do this work between office visits,
healthcare systems that adopt these programs should
create a team-based infrastructure that will optimize the
chances of successful implementation. Investing in hard-
ware, software, personnel, or culture change that makes
this work sustainable for clinical teams will help ensure
accessibility and equal treatment for higher-needs patients.
These investments may include: selecting electronic health
records and other software with advanced features to
facilitate data integration and usable digitally connected
care; reallocating personnel to robustly support population
health panel management; and optimizing performance
reporting and billing processes to capture reimbursement
available with current policies to secure funding that
sustains the infrastructure required to provide equitable
SMBP programs.

Conclusions

SMBP monitoring is a well-known approach to improve
hypertension control, but its impact on equity is under-
studied and largely unknown. Early studies are promising
and suggest that SMBP can be successfully adopted by
historically excluded patient populations and implemented
in community health centers and safety-net settings. Future
research needs to include better representation from more
populations that experience worse hypertension outcomes;
explicitly evaluate the impact of SMBP monitoring pro-
grams on disparities between patient populations; and
evaluate both effectiveness and implementation outcomes
to inform real-world implementation of SMBP monitoring.
There is a role for all stakeholders — including funders,
researchers, policy makers, payors, digital tool develop-
ers, and healthcare teams — to advance implementation of
SMBP monitoring to improve hypertension equity.
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