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Percentage-uncontrolled was 25% non-Hispanic Black, 21% Hispanic, and 20%
among non-Hispanic White patients. Compared to non-Hispanic White patients with
high RPM utilization, patients with no BP transmission had higher odds of uncon-
trolled BP: White (OR=1.72; 95% CI: 1.07-2.75), Black (OR=2.11; 95% CI: 1.32—
3.39), and Other race (OR=2.36; 95% CI: 1.41-3.96). Similar patterns were observed
for low clinician interactions and low portal use.

Conclusion

Disparities in RPM utilization and BP outcomes in our study parallel reported ineq-
uities in digital technology utilization and uncontrolled BP in the U.S. Future studies
should aim to understand how utilization trends among various vulnerable popu-
lations influence HTN outcomes. Such findings may help inform efforts aimed at
streamlining access and utilization of RPM to reduce utilization disparities and pro-
mote better BP control.

Introduction

Hypertension (HTN) is a significant public health concern in the United States [1].
Approximately 116 million adult Americans have HTN, and greater than 70% of these
have uncontrolled HTN [2,3]. Among these, racial/ethnic minority groups are signifi-
cantly and disproportionately impacted relative to their non-Hispanic White coun-
terparts [4,5]. While available evidence suggests that HTN control rates, which are
linked to increased cardiovascular morbidity and mortality, have decreased in recent
years across all racial/ethnic groups, the risk of adverse cardiovascular sequelae is
particularly pronounced among racial/ethnic minorities [6,7].

The COVID-19 pandemic triggered the rapid diffusion of telemedicine, which
spurred increased participation in HTN telemonitoring programs, including remote
patient monitoring (RPM) [8]. HTN- RPM programs use information and telecommu-
nication technologies to remotely monitor and manage diverse aspects of the HTN
treatment process [9,10]. RPM has shown significant promise for lowering BP levels
and improving clinical outcomes across a range of conditions, including HTN, diabe-
tes, weight management, etc. [11-13].

At New York University Langone Health (NYULH), an urban academic medical
center in New York City, RPM programs offer multiple treatment components for
HTN management, including remote BP measurement transmission, which are
self-measured BP readings transmitted directly to clinicians’ electronic health record
(EHR) for real-time monitoring [14]. The program encourages increased and consis-
tent engagement with clinicians through video and telephone visits and asynchronous
messaging. It provides an easy-to-use online patient portal, which enables access
to lab results, secure patient-clinician communication, electronic bill paying, and
other essential components of treatment. In addition, NYULH’s RPM program offers
digital modules that support symptom monitoring and provide a range of resources,
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including educational materials, reminders, alerts, and disease-specific instructions to inspire engaged and proactive
self-management practices.

While emerging evidence supports the efficacy and utility of digitally-enabled treatment programs, [12,15,16] various
minority populations are excluded from reaping its benefits due to the existing digital divide. For example, diverse popula-
tions across rural and urban contexts, including racial/ethnic minorities, rural residents, people with lower levels of income
and education, people with disabilities, older adults, and people in tribal lands, are adversely impacted by limited access
to quality internet, including broadband connectivity, and digital devices [17—19]. Digital disenfranchisement of these
populations inhibits critical engagement with increasingly routinized service delivery technologies, platforms, solutions,
and healthcare access points [20—22]. An emerging literature has explicitly reported on the impact of digital inequities on
racial/ethnic minorities’ ability to participate in RPM programs. This is further exemplified by the recent expansion of tele-
medicine, which largely showed increased adoption by non-Hispanic White patients relative to their racial/ethnic minority
counterparts [23].

Prior research has examined the frequency of RPM utilization by race/ethnicity across process measures such as
BP reading transmissions [24—26]. One study assessed self-measured BP by race/ ethnicity, coupled with adjunctive
strategies such as educational initiatives and observed significant reductions in BP outcomes (Systolic BP 19.1 mm Hg/
Diastolic BP 14.8 mm Hg) among non-Hispanic Black and Hispanic men relative to baseline assessments [27]. Another
clinical trial examined average reductions in self-measured BP compared with usual care among racial/ethnic minorities
and found self-measured BP monitoring to be comparable to usual care (intervention group: 14.7 mm Hg vs control group:
14.1mm Hg; P=0.70) [28]. However, no study to our knowledge has explored the explicit associations between race/eth-
nicity and multiple RPM engagement metrics and BP outcomes.

The primary aim of this exploratory study is to assess whether the strength of the association between RPM utilization
and uncontrolled BP differs by racial/ethnic group. We examined race/ethnicity as an effect modifier across three distinct
and widely used RPM program utilization indicators: self-measured BP transmission, interactions with clinicians, and
engagement with patient portals. To confirm the results, we also assessed the presence of effect measure modification
using an alternative threshold for uncontrolled BP.

Methods
Participants

In this retrospective cohort study, we queried all hypertensive patients from NYULH’s Epic EHR (Verona, WI) database
systems to identify patients who met our inclusion criteria. (Table 1) Eligible patients were all hypertensive patients 18
years and older who were currently or had previously been enrolled in an HTN RPM program between January 1, 2018
and January 1, 2024. The study’s baseline was defined as the first in-office BP measurement after enroliment into the
program. Patients were identified using a primary diagnosis of HTN in patients’ electronic medical records using ICD-10
codes. Since we aimed to assess the influence of our engagement metrics within the context of a digitally-enabled pro-
gram, participants were included regardless of utilization history (i.e., participants with high RPM use and no RPM use
in the program were likewise included). Participant engagement was assessed over a 3-month study period. Individuals

Table 1. Study inclusion criteria.

Inclusion Criteria

All patients above 18 years old

Had a primary diagnosis of HTN that was recorded by ICD-10 codes

Participant's RPM episode was not “Resolved” before three months

Had or did not have a history of RPM utilization during the study period
https://doi.org/10.1371/journal.pone.0334887.t001
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whose RPM episodes were resolved before the 3-month mark were not included. A total of 2,920 participants were
deemed eligible for inclusion. Demographic, clinical, and RPM utilization information were extracted from NYULH’s Epic
databases for all patients.

Measures
Primary outcomes

We used the Seventh Report of the Joint National Committee (JNC 8) guidelines [29] to define our primary outcome
variable. The JNC-8 guidelines prescribe uncontrolled BP as >140 mm Hg systolic BP (SBP) and >90 mm Hg diastolic

BP (DBP). We extracted outcome measures after two follow-up periods: the first follow-up period reflects the first 3
months following the 3-month exposure ascertainment period. The second follow-up period corresponds to BP outcome
extractions up to 12 months after the first follow-up period, reflecting a combined 15-month outcome ascertainment
period. Clinic-based BP values were prioritized and extracted at the first follow-up period or after, if they were available. If
clinic-based BP values were not available, we extracted the most recently submitted self-measured BP values by taking
an average of the most recent 3 or 2 measurement transmissions, depending on availability. We extracted the averaged
values up to 15 months after the exposure ascertainment period. If there were no clinic-based BP values and < 2 BP
transmissions, we used the most recently submitted BP measurements, up to 15 months. A 12-month extension period
was provided following the 2020 National Quality Forum Measure 0018 (NQF0018) guidelines for BP outcome assess-
ment [30,31]. While this measure uses a 12-month performance period to assess BP outcomes, we provided an additional
three months due to the overall lack of BP value submission in our cohort. We dichotomized the extracted values using
the above-referenced JNC-8 diagnostic criteria for uncontrolled BP (>140 SBP/>90 DBP) as those who met the threshold
for uncontrolled BP vs those who did not. Additionally, participants who had no BP measurements within the established
15-month BP outcome assessment period were also classified as uncontrolled (yes vs. no), following the NQF0018
guidelines.

Secondary outcomes

Our secondary endpoint followed the same analytical procedure, but using the American College of Cardiology and

the American Heart Association (ACC/AHA) definition [32] for uncontrolled HTN: SBP>130 mm Hg/ DBP >80 mm Hg.
Similarly, outcomes were dichotomized based on whether participants met the threshold for uncontrolled BP or not (yes
VS. nO).

Primary exposure

BP measurement transmission is defined as any BP transmission vs no BP transmission during the study period. Record-
ing and transmitting BP values involve the use of remote BP cuffs to record and upload BP measurements by manual
input or by using Bluetooth-connected RPM devices, which automatically transmit BP values to the clinician’s EHR sys-
tem. Given very low BP transmission in our cohort (76% or 2,219 of 2920 had no BP transmission), we dichotomized this
measure, using the “any vs. none” definition as opposed to more explanatory definitions owing to data skewness and zero
inflation. No BP transmission was coded as “no transmission” and > 1 transmission coded as “high BP transmission.”

Clinician interactions were defined as the frequency of clinician interactions using video and telephone visits and
secure messaging within the study period. This measure did not include in-person visits, as we aimed to measure digitally
enabled RPM interactions with clinicians. Encounter data for each interaction point was collected and stored using an
activity-log system within NYULH’s larger Epic ecosystem and later transmitted and stored in NYULH’s data warehouse.
We dichotomized this measure at the median number of interaction events, which were 2 interaction events (< 2 interac-
tions coded as low clinician interaction vs. 22 interactions coded as high clinician interaction).
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Patient portal interactions were defined as the frequency of logins to NYU’s MyChart patient portal account. Patient
portal interaction data were extracted from recorded time-stamped frequency logs, which are routinely captured by Epic
and stored in NYULH’s data warehouse. This measure was dichotomized at the median threshold, or 22 portal interaction
events (< 22 interactions coded as low portal interactions: Quartile 1 and 2 vs. 222 interactions coded as high portal inter-

actions: Quartile 3 and 4).

Covariates

Based on our a priori assessments, including our review of the available literature, [28] we determined that the following
covariates were potential confounders for the relationship between our exposure and outcome variables: age, sex, insur-
ance status, smoking status, office visits, number of anti-hypertensive medications, comorbidities (obesity, type 2 diabe-
tes, chronic kidney disease, hyperlipidemia) and clinical practice types. Age was operationalized as a continuous variable
in our statistical models, but was categorized in Table 2 for illustrative purposes across the following categories: 18-24,

Table 2. Frequency and percentage of sociodemographic characteristics, BP outcomes, and RPM utilization by race/ethnicity, with corre-

sponding p-values from Chi-squared tests.

Demographics Total Non- Non- Hispanic Other/unknown | P-value
Hispanic Hispanic
White Black
2920 (100) 693 (24) 776 (27) 1142 (39) 309 (11)
Sex <0.001
Male 1197 (41) 314 (45) 229 (30) 514 (45) 140 (45)
Female 1721 (59) 378 (55) 547 (70) 628 (55) 169 (54)
Age <0.001
18-24 19 (1) 5(0.72) 6 (0.80) 6 (0.52) 2 (0.64)
25-29 321 (11) 70 (10) 99 (12) 100 (9) 52 (17)
40-54 767 (26) 121 (17.5) 232 (30) 341 (30) 73 (23)
55-64 721 (25) 162 (23.4) 221 (28.5) 273 (24) 65 (21)
>65 1092 (37) 335 (48) 218 (28) 422 (37) 117 (38)
Insurance status <0.001
Private 1027 (35) 315 (45) 327 (42) 229 (20) 156 (50)
Public 1593 (55) 293 (42) 403 (52) 774 (68) 123 (40)
Other 300 (10) 85 (12) 46 (6) 139 (12) 30 (10)
BP Categories <0.001
Normal 109 (4) 44 (6) 19 (2) 24 (0.08) 22 (7)
Elevated 79 (3) 46 (7) 10 (1) 12 (1) 11 (4)
Stage 1 1258 (43) 322 (46) 302 (39) 491 (43) 143 (46)
Stage 2 + 1452 (50) 273 (39) 443 (57) 610 (53) 126 (41)
Unknown 22 (0.8) 8 (1) 2 (0.26) 5(0.44) 7(2)
BP control (JNC-8 definition of control BP 140/90) 0.001
Controlled 2258 (77) 557 (80) 583 (75) 904 (79) 214 (69)
Uncontrolled 662 (23) 136 (20) 193 (25) 238 (21) 95 (31)
Frequency and percentage of RPM utilization by race <0.001
High BP transmission (21) 714 (24) 280 (40) 166 (21) 173 (15) 95 (31)
High clinician interactions (22) 1235 (42) 424 (61) 362 (47) 306 (27) 143 (47)
High patient portal interactions (222) 1440 (49) 464 (67) 384 (49) 422 (37) 170 (55)
Chi-squared tests were used to compare categorical variables across race/ethnicity
https://doi.org/10.1371/journal.pone.0334887.t002
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25-29, 40-54, 55-64,>65. Since we anticipate that participants with advanced stages of HTN may be higher utilizers

of RPM, we adjusted for baseline severity of HTN across 4 stages: normal (<120/80 mm Hg), elevated (120—129mm
Hg/<80mm Hg), stage 1 high BP (130—-139mm Hg/ 80—89 mm Hg), stage 2 and beyond high BP (= 140/=90mm Hg). [40]
Further, to isolate the direct influence of each exposure measure, we controlled for two of the three utilization measures
in each statistical model. Our study period spanned January 1, 2018, to January 1, 2024, reflecting a 6-year observation
period. To assess the influence of the pandemic on BP outcomes, we conducted a priori analyses across two distinct
periods: January 1st, 2018, to March 23rd, 2020, vs March 24th, 2020, and onwards, reflecting our pre- vs post-pandemic
assessment periods. January 1, 2018, to March 5th, 2023, vs March 6, 2023, to January 1, 2024, represented our pre-/
during- vs post-pandemic periods, with March 23, 2023, serving as the end date for the pandemic period as declared by
the World Health Organization [33]. Periods that were marked by statistically significant differences in BP outcomes were
controlled for in our statistical models.

Multicollinearity assessments

We conducted pairwise correlation and generalized variance inflation factors (GVIF) assessments to evaluate potential
multicollinearity. We utilized coefficients from GVIF analyses in logistic regression models, which included the main effects
from our utilization indicators, race/ethnicity, and all adjustment covariates. In addition, we assessed the internal consis-
tency of each utilization domain by calculating Cronbach’s alpha coefficients to ascertain the reliability of our RPM utiliza-
tion indicators.

Data analysis

We conducted our analyses using R version 4.4.3 [34]. Descriptive analyses were performed to characterize participants’
demographic characteristics. Frequencies and percentages were computed using Chi-squared tests, which are reported
with p-values. (Table 2) We used logistic regression (i.e., specifying the family as binomial and using the logit link), to
estimate the adjusted and unadjusted relationships for two-way interactions between race and RPM utilization intensity in
their effects on BP control, using JNC-8- and ACC/AHA-defined outcome variables. The race/ethnicity categories include
Hispanics, non-Hispanic Whites, non-Hispanic Blacks, and Other/unknown. Due to small sample sizes, the following
groups were collapsed into the Other/unknown category: Asians, American Indians and Alaska Natives (NI/AN), Native
Hawaiians and Pacific Islanders (NH/PI), and unknown observations. Multivariable logistic regression models were used
for covariate adjustments.

We also examined adjusted odds ratios (OR) for uncontrolled BP by race/ethnicity and utilization group combination, with
high-utilization non-Hispanic White as the reference category. Each model compared combinations of race/ethnicity and
our healthcare utilization measures against the reference group of the high-utilization non-Hispanic White combination. The
adjusted odds ratios, 95% confidence intervals (Cl), and p-values are shown for both the primary and secondary outcomes.

Sensitivity analysis

To support our primary analyses, we conducted a principal component analysis (PCA) to derive a composite engagement
score from the three utilization variables. This score was then included in logistic regression models adjusted for demo-
graphics, comorbidities, and baseline BP, and tested for interaction with race/ethnicity.

Ethics approval and data accession

This study was approved by the New York University Institutional Review Board, which waived requirements for informed
consent for analysis of de-identified data. Data for this work was accessed on May 17, 2024. Full access to patient data
was granted only to our lab’s data analyst and the first author (JMM) until the data were de-identified. All data were stored
on a secure, institution-provided computer or laptop.
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Fig 1. CONSORT diagram of study sample inclusion.

https://doi.org/10.1371/journal.pone.0334887.9001

Results

Of 2920 participants (Fig 1) in the analytical sample, 721 (59%) were females. Seven hundred and sixty-seven (26%)
were between the ages of 40 and 54 years old and 721 (25%) were between the ages of 55 and 64 years old. Among
race/ethnicity groups, 1142 (39%) were Hispanic, 776 (27%) were non-Hispanic Black, 693 (24%) were non-Hispanic
White and 309 (11%) patients were categorized as Other/unknown. Private insurance coverage was highest among
non-Hispanic White patients, 315 (45%), followed by non-Hispanic Black and Hispanic patients, 327 (42%) and 229
(20%), respectively, while public insurance was highest among Hispanic patients 774 (68%), followed by non-Hispanic
Black and non-Hispanic White patients 403 (52%) and 293 (42%), respectively.
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A-priori assessments of pandemic influence on BP outcomes

Our a-priori analyses demonstrated no statistically significant differences in BP outcomes between our pre- and post-
pandemic periods: unadjusted OR 0.95 (95% CI: 0.72—1.24) and adjusted OR 0.99 (95% CI: 0.73—1.33). However, there
were statistically significant differences between our pre-/during-pandemic and post-pandemic cohorts. These differences
were adjusted for in our analytical models: Unadjusted OR 3.33 (95% CI: 2.71-4.09), and adjusted OR 4.13 (95% ClI:
3.30-5.18).

Correlational analyses

Pairwise correlations revealed moderate associations among the three RPM utilization variables: clinician interactions and
patient portal interactions (r=0.54); BP transmission and patient portal interactions (r=0.43), and BP transmission and
clinician interactions (r=0.33). GVIF values were all below 2 across exposures and covariates, indicating no concerning
multicollinearity. Additionally, Cronbach’s alpha for the three utilization measures was 0.697, reflecting moderate internal
consistency and interrelatedness without too much redundancy.

Prevalence of RPM utilization by race and ethnicity (Table 2)

Among the study sample, only 714 (24%) submitted BP measurements throughout the study period. Chi-squared tests
showed that non-Hispanic White patients had the highest proportion of BP transmission (p<0.001): 280 (40%, 95% CI:
37—44), followed by non-Hispanic Black and Hispanic patients: 166 (21%, 95% CI: 19-24%) and 173 (15%, 95% CI:
13-17%), respectively. Similar trends in utilization were observed for clinician interactions, where non-Hispanic White
patients had 424 (61%, 95% CIl: 57-65%) clinician engagements, compared to non-Hispanic Black and Hispanic patients
at 362 (47%, 95% Cl: 43-50%) and 306 (27%, 95% CI: 24—-27%), respectively. Non-Hispanic Whites similarly had the
highest patient portal interactions, 464 (67%, 95% CIl: 63—70%), followed by non-Hispanic Black patients and Hispanic
patients, 384 (49%, 95% CI: 46-53%) and 422 (37%, 95% Cl: 34—40%), respectively.

Effect modification assessments of RPM utilization and race/ethnicity, using JNC-8 primary outcome (BP >140/90)

We tested for effect modification across strata of race/ethnicity. Significant interaction effects were observed for Hispanic
patients in two domains. Specifically, the interaction between high BP submission and Hispanic ethnicity was statistically
significant (interaction OR = 2.00, p=0.029), indicating that the association between high BP transmission and BP control
was twice as strong for Hispanic patients compared to non-Hispanic White patients. Similarly, the interaction between
high portal interaction and Hispanic ethnicity was also significant (interaction OR = 1.98, p=0.010), suggesting that the
association of high patient portal engagement on BP control was more pronounced among Hispanic patients. In con-
trast, no statistically significant interactions were observed for clinician interaction or for any other racial/ethnic group (all
p-values>0.13). These results suggest that the relationship between RPM engagement and BP control may vary by race/
ethnicity, particularly among Hispanic patients.

Table 3 provides both unadjusted and adjusted race-specific associations between RPM utilization and uncontrolled
BP (the primary outcome). For BP transmission, “no BP transmission” was associated with significantly increased odds of
uncontrolled BP (OR = 1.71, p=0.025) among non-Hispanic White and (OR = 1.93, p=0.013) among non-Hispanic Black
race, respectively, compared to those with high BP transmission of the same race/ethnicity group. We observed statis-
tically significant associations between clinician interaction and uncontrolled BP across all race/ethnicity groups: (OR =
2.37, p=0.00) for non-Hispanic White, (OR = 2.75, p=0.00) for non-Hispanic Black, (OR = 1.61, p=0.020) for Hispanic,
and (OR = 2.90, p=0.000) for patients categorized as “Other,” respectively, compared to those with high clinician inter-
actions of the same race/ethnicity group. Similar findings were observed for portal interactions, except among Hispanic
ethnicity.
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Table 4 reports unadjusted and adjusted associations between RPM utilization and uncontrolled BP across race/ethnic-
ity, using our ACC/AHA outcome definition. For BP transmission, adjusted analyses demonstrated statistically significant
associations between no BP transmission and uncontrolled BP across all racial groups (except Hispanic ethnicity): (OR
=1.84, p=0.002) for non-Hispanic White, (OR = 1.55, p=0.036) for non-Hispanic Black, and (OR = 2.03, p=0.020) for
“Other” racial groups, respectively, compared to those with high BP transmission at a stricter level of BP control of the
same racial group. Similar and statistically meaningful associations between clinician interactions and uncontrolled BP
were observed among all race/ethnicity groups: (OR = 1.72, p=0.004) for non-Hispanic White, (OR = 2.11, p =<.0001) for
non-Hispanic Black, (OR = 1.68, p=0.001) for Hispanic, and (OR = 2.84, p=0.000) for “Other” racial group, respectively.
Similar patterns were observed for portal interactions among non-Hispanic White, Hispanic and “Other” race/ethnicity
groups, but not among non-Hispanic Black patients.

In Table 5, we report adjusted odds ratios for uncontrolled BP by race/ethnicity and utilization group combination, with
high-utilization non-Hispanic White as the reference category for both outcomes. Each model compares combinations of
race/ethnicity and healthcare utilization against the reference group of high-utilization non-Hispanic White patients. We
observed significantly higher odds of uncontrolled BP among patients from other racial/ethnic groups with low engage-
ment across all three utilization domains. For example, in Table 5, among patients with low clinician interaction, the odds
of uncontrolled BP were over three times higher for non-Hispanic Black patients (adjusted OR = 3.08, 95% CI: 1.99-2.78)
and more than 3.6 times higher for patients categorized as “Other” (adjusted OR = 3.69, 95% CI: 2.27-6.01) compared
to the reference group. Similar patterns were observed for low patient portal interaction, particularly among non-Hispanic
Black and “Other” racial groups. These disparities remained consistent when using a stricter outcome definition in sensitiv-
ity analyses (secondary outcome).

Sensitivity analyses

We conducted a sensitivity analysis using a composite RPM engagement score based on the first principal component
(PC1). The findings were consistent with our main results: Lower PC1 scores—indicating lower overall engagement—
were significantly associated with higher odds of uncontrolled BP (OR = 1.77; 95% CI: 1.52-2.10; p<0.001). We also
observed a significant interaction between PC1 and race/ethnicity (p=0.006), indicating that the protective association
between RPM engagement and BP control was strongest among non-Hispanic White patients and attenuated among
Hispanic patients.

Discussion

The present study sought to descriptively characterize disparities in BP outcomes among a diverse sample of NYULH
hypertensive patients and assess the presence of effect modification by race in the relationship between RPM utilization
intensity and uncontrolled BP. Our findings illustrate existing disparities in utilization between non-Hispanic Whites and
non-Hispanic Black, Hispanic and “Other” race/ethnicity groups across measures of RPM utilization. We observed dif-
ferences in uncontrolled BP prevalence, with non-Hispanic White patients having the lowest prevalence of uncontrolled
BP (20%) relative to Hispanic (21%) and non-Hispanic Black patients (25%). We observed statistically meaningful effect
modification according to race for the associations between low RPM utilization intensity and uncontrolled BP. Particularly,
our findings suggest that, when compared to other groups, Hispanic patients are least poised to benefit from increased
engagement with RPM utilization metrics. Additionally, when facilitating direct comparisons with a common reference
group, high-utilization non-Hispanic Whites, significantly increased odds of uncontrolled BP was observed for non-
Hispanic Black and “Other” racial groups.

Our findings of increased RPM utilization among non-Hispanic White patients across all utilization measures are consis-
tent with existing studies demonstrating disparities in telemedicine utilization across race/ethnicity groups. A preponderance
of scientific evidence emerging from the recent pandemic has shown that non-Hispanic White patients utilize telemedicine

PLOS One | https://doi.org/10.1371/journal.pone.0334887 November 6, 2025 10/17




PLO\Sﬁ\\.- One

700 Z88¥c€0du0d euInol/| /€101 /010 10p//:SURY

"a|dwes ay} Jo} dnolb soualajel sy} aie sjusied a)iypp oluedsiH-uou,

(YO—€D ‘suonoelaul zzz) ybly "sa (zo—10O ‘suoloeisiul Zz>) Mo| Se paziiobajed sem asn |epod jusijeds

‘alnseaw ainsodxa yoes 4oy dnoib Juaisyas sy} si uoneziin ybiH,

"‘BH wWw 06> d9a / BH WWw ot L< 49S :[0J3U02 Jo uoiiuyap g-ONI 8y} U0 paseq 4g pa||0juodun “SA paj|0Jiuod Se paziuojoyolp S18M SaWOoNo 49,

‘AioBayeo uoneziin yoes 1oy 4g pa|jouooun jo abejusoiad 0} s1ojel "uoodun %,

‘AioBeyeo uonezin yoes ul sjuedionied Jo Jaquinu 8y} 0} SIsyel U

(zz>)
(1000 > (1000 > (1000 > (00070 ((45740) (1000 > 1(000°0 (1000 > suofjoelajul
‘TS7€8L) | 'L09-6€°T) ‘0z'Z9e’L) | ‘ThzeTl) '€¥'1-298°0) | ‘€8'2-6G'L) ‘96°2-9¢'L) | Lv'e-8LL) lepod
88'C 8L'¢ 99| 6¢l €Ll 59'L 9 | 0ZL L %4 25 | zeg 18°1 672 9t | 62z | jusned mo7
(zz3)
suoljoesajul
- leydod
1o ‘1o ¥€ | 011 FEX| FEX| ve | 22y FEN| FEN| ¥e | v8¢ FEN| FEN| 9z | 9v | uaned ybiy
(z>)
(0000 (1000 > (Lo00 (Lo00" > (1000 > (1L000"> (¥00°0 (1L000"> suonoeIdjUL
‘8Y'v-99'L) | ‘0V'9-L¥'T) ‘0€'Z€TL) | ‘6GT8¥ L) ‘e6'2-25°L) | ‘0ee€e8l) ‘06°Z6L°L) | ‘GE€GLL) uedIUId
¥8'C 86'¢ ¥9 | 991 89'L 96') G¥ | 9¢8 1Lz 'z €S| vy zLL e S¥ | 692 mo
(2?)
suoljoelajul
ueuld
Jod Jod Le | eyl Jod PEX| 0g | 90¢ Jod o ze | 29¢ FEX| oy Sz | vy » UBIH
(0200 (0000 (02970 (rz1o (9g0°0 (6000 (zooo| (000" >‘c0E
‘€9evLL) | L9-99°L) ‘6G°L-¥20) | ‘Z8°1L-€6°0) ‘GeZ-€0°L) | ‘LeTeLl) ‘0L2°92°1) -€G°L) uoissijwsuel}
€02 112 95| viz 601 0g’l cr | 196 6L 19°1 9 | 019 v8'L 91z 59| €y dg oN
(12
uoissiwsuelty
FEN| FEN| ze| <6 FEN| FEN| 9¢ | €/l 1o FEX| ¥€ | 991 FEX| FEX| 0€ | 08¢ > dg UbIH
(anjea-d (anjea-d (anjea-d
(enjea-d (anjea-d add ‘19 %S6) (enjea-d adg ‘19 %S6) (enjea-d add ‘19 %S6) (anjea-d od€
‘19 %S6) | ‘1D %S6) | "uodun ¥0 ‘19 %G6) | ‘uodun o] ‘19 %G6) | ‘uodun ¥0o ‘19 %S6) | ‘uodun
¥O pasnipy | YO ‘fpeun % | U paisnipy |  yO ‘fpeun % | <u| pasnlpy | Yo ‘fpeun % | <u| pasnlpy Yo Ipeun % | eu
sainseaw
syoe|g Sejlym |  uonezinn
umouyun/1d3y}o sojuedsiHy ojuedsiH-uoN , oluedsiH-uoN WdY

*3W09IN0 Juaidjal ay) Si [0J3U0D dg “ulewop yoes 1oy Alobajes asuaiagal ay) si uonezijiin Ndy Y6IH "siojesipul uonezijizn Ndy
om} Buluiewau ayj pue ‘Buiwi olwspued ‘S}SIA 9210 JO JaqUINU ‘SUOIIBIIPaW JO Jaquinu ‘dg auljeseq ‘@dA} aonoead |eotul]d ‘sanjipiqiowod ‘snjejs Bujows ‘@doue
-Insuj ‘xas ‘abe 10} pajsnlpe sjopow uoissaibaa 213s160] 9|qeIBAI}N|A *|0J}UO0D dg JO UoIHUYAP VYHV/DIV 2y} Buisn ‘sdnoub s1uyja/jeioes ssoloe ainseaw uoljezi|in
INdY Yyoes 1o} (syO) sonjes sppo Buipuodsaliod pue dg pajjos3uosun jo asusjerald ayj sjuasaid ajqe} siyl *(06/0€1 1043u0d ainssaid poojlq Jo uoniuyap YHY/DIV)
a9ea Aq payjijeu)s {(pajjoajuoa "SA pajjoijuodun) |013u09d (dg) ainssaid poojq pue Ajisuajul uonezi|iin Ndy usamiaq suoijeloosse pajsnipeun pue pajsnipy “y ajqeL

1717

PLOS One | https://doi.org/10.1371/journal.pone.0334887 November 6, 2025


https://doi.org/10.1371/journal.pone.0334887.t004

PLO\Sﬁ\\.- One

Table 5. RPM utilization combinations with race/ethnicity for primary and secondary outcomes, using the non-Hispanic Whites and high utili-
zation combination as the reference group, for each of the three domains: BP transmission, Clinician interaction, patient portal interaction.

Primary outcome: JNC-8 definition Secondary outcome: ACC/AHA
BP>140/90 definition BP>130/80
Race-utilization | Adjusted 95% ClI P-value | Adjusted 95% ClI P-value
combination Odds Ratio Odds Ratio
The reference group: White-High utilization (separately for each domain: BP transmission,
Clinician interaction, patient portal interaction)
BP transmission White-No 1.72 (1.07-2.75) | 0.024* 1.84 (1.25-2.70) | 0.002*
(No transmission vs. High: 2 1 transmission) transmission
Black-No 2.1 (1.32-3.39) | 0.002* 2.01 (1.37-2.95) | 0.002*
transmission
Hispanic-No 1.05 (0.65-1.67) | 0.853 1.36 (0.93-1.98) | 0.109
transmission
Other-No 2.36 (1.41-3.96) | 0.001* 2.82 (1.82-4.37) | <.0001*
transmission
Black-High 1.10 (0.65-1.84) | 0.771 1.30 (0.80-2.10) | 0.291
Hispanic-High 1.17 (0.65-2.9) 0.599 1.25 (0.78-2.00) |0.348
Other-High 1.72 (0.87-3.43) |0.122 1.39 (0.78-2.46) | 0.265
Clinician interaction White-Low 2.37 (1.52-3.70) | 0.000* 1.72 (1.19-2.50) | 0.004*
(Low: <2 interactions vs. High: 22 interactions) | gjack-Low 3.08 (1.99-478) | <.0001* 222 (1.55-3.19) | <.0001*
Hispanic-Low 1.50 (0.99-2.28) |0.053 1.47 (1.06-2.04) | 0.020*
Other-Low 3.69 (2.27-6.01) |<.0001* |3.26 (2.11-5.03) | <.0001*
Black-High 1.12 (0.70-1.79) | 0.631 1.05 (0.74-1.51) |0.773
Hispanic-High 0.93 (0.58-1.52) | 0.783 0.88 (0.60-1.27) | 0.487
Other-High 1.27 (0.70-2.30) |0.426 1.15 (0.72-1.82) |0.558
Patient portal interaction White-Low 2.27 (1.45-3.57) | 0.000% 1.79 (1.12-2.63) | 0.003*
(Low <22 interactions vs. High: 2 22 interactions) | gjgck-Low 293 (1.91-450) | <.0001* |2.06 (1.44-2.94) | <.0001*
Hispanic-Low 1.23 (0.81-1.86) | 0.337 1.37 (0.98-1.91) | 0.065
Other-Low 3.24 (1.96-5.16) | <.0001* |4.26 (2.67-6.78) | <.0001
Black-High 1.10 (0.70-1.71) | 0.685 1.17 (0.83-1.64) |0.367
Hispanic-High 1.06 (0.69-1.62) | 0.786 0.93 (0.67-1.31) | 0.709
Other-High 1.48 (0.88-2.49) |0.078 1.31 (0.86-1.99) | 0.202

https://doi.org/10.1371/journal.pone.0334887.t005

in greater proportions relative to racial/ethnic minorities, though this is often context-specific [35—-38]. Furthermore, our
findings support the notion that disparities in utilization may potentially be linked to BP outcomes, as patients with lower
utilization across all representative groups had a higher prevalence of uncontrolled BP. These findings lend credence to the
resounding claims that the expansion of telemedicine exacerbated existing health inequities during the pandemic [39,40].
While research is still scarce on the particular drivers of inequities in BP transmission, for instance, there is available
research highlighting disparities in patient-clinician interactions, which are associated with worse HTN and cardiovascular
outcomes, including medication adherence and atherosclerosis among racial/ethnic minorities [41—46]. Disparities in patient
portal use are well documented and have been widely associated with the term “intervention-generated inequalities” (1Gl) in
informatics research [47—49]. |Gl relates to inequities that arise when digital interventions are designed to benefit segments
of the population that are more advantaged and predisposed to using those interventions [50].

While the prevalence of uncontrolled BP in our sample was below nationally representative estimates, [1] our find-
ings on disparities in HTN control are still microcosmic of existing disparities in HTN outcomes. There is a wide body of
research showcasing that non-Hispanic White patients often experience better BP control rates relative to racial/ethnic
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minorities [5,51-55]. Furthermore, our study showed that non-Hispanic Black patients had the highest rates of uncon-
trolled BP relative to other groups, which is widely documented in the HTN disparities literature [5,51,53,56]. Hispanic
patients had a near parity prevalence of uncontrolled BP relative to non-Hispanic Whites while having lower utilization
compared to all other groups. This is consistent with available literature showing that Hispanic patients utilize telemedi-
cine at lower rates while simultaneously experiencing HTN outcomes at parity or better than non-Hispanic White patients
[53,57-60]. However, utilization patterns among racial/ethnic populations are not uniform across all contexts and patient
populations [57,61]. The paradoxical findings observed among Hispanic patients are commonly referred to as the “His-
panic Health Paradox,“ whereby Hispanic patients are reported to have better than expected health outcomes despite
experiencing lower average SES and other impediments to healthcare, including language and digital access barriers
[59,62]. Efforts aimed at reducing health and utilization disparities among this population should center on transforming
our current healthcare delivery system into a more digitally, culturally, and linguistically responsive system.

Our models conducting direct comparison between racial/ethnic groups, using high-utilization non-Hispanic White
patients as the reference group, demonstrated increased likelihood of uncontrolled BP for racial/ethnic groups with low
RPM utilization relative to their high-utilization non-Hispanic White counterparts. These findings unveiled disparities in
RPM that mirror underlying inequities within the broader healthcare delivery system. Observed lower RPM utilization
among racial/ethnic groups and disproportionately elevated odds of uncontrolled BP among low utilizing non-Hispanic
Black and “Other” racial groups, consisting of Asians, AlI/NA, NH/PI, illustrate the potential consequences underlying
low participatory engagement in RPM programs for minority populations in a rapidly evolving digital health landscape
[26,62,63]. Furthermore, our results support existing digital health/inequity research, highlighting the benefits of digital
health technologies and advocating the need to address digital inequities with urgency, particularly since we observed no
difference in the likelihood of being uncontrolled when comparing racial/ethnic groups with high RPM utilization to their
high-utilization non-Hispanic White counterparts. [19,64—67] Given these findings, further investigation is warranted on the
independent associations between heightened technology use in the post-pandemic era and clinical outcomes, generally,
and across various sociodemographic subgroups.

Limitation

Findings from this study should be interpreted in the context of several limitations. First, this study examined both self-
measured and clinic-recorded BP measurements for our outcome variables. While home-measured BP is more accurate
than clinic-recorded BP, [68,69] errors occurring during BP ascertainment could have induced measurement bias in the
study. Second, challenges in procuring a digital device could have limited participation among lower-income individuals

who may not be able to afford an iPhone, which is often more compatible with the RPM program components than Android
devices. While we controlled for health insurance as a proxy for SES, patients who struggled to acquire digital devices
needed for the program may have been precluded from participation. As such, our sample may be limited to participants
who are more socio-economically advantaged or more inclined to use digital technologies to manage their health. Fourth, we
used a complete sample of urban-dwelling hypertensive patients from NYULH. Findings, therefore, cannot be generalized
to other patient populations or geographic contexts. Fifth, since OR inflates the risk ratio for disease prevalence above 10%,
the OR estimates observed in our findings are likely inflated in comparison to the risk estimates [70]. Sixth, a wide range of
confounders was controlled for in our study. However, other possible confounders were not adjusted for, such as medication
adherence and social determinants of health factors, including social and physical environments [71] and digital infrastruc-
ture, [72] as these data are seldom captured in the EHR. This may have induced unmeasured confounding in our study.

Conclusion

As RPM programs become increasingly ubiquitous and telemedicine use becomes a routinized part of HTN care pro-
cesses, understanding differential use patterns among vulnerable groups, including racial/ethnic minority populations, will

PLOS One | https://doi.org/10.1371/journal.pone.0334887 November 6, 2025 13/17




PLO\Sﬁ\\.- One

become more salient in the times to come. Our study provides early evidence of differences in uncontrolled BP prevalence
and utilization patterns according to race/ethnicity, and the presence of effect modification by race in the relationship
between RPM utilization intensity and uncontrolled BP among our urban-dwelling HTN patient population. Future research
programs should seek to understand how utilization trends among various vulnerable population groups, including racial/
ethnic minorities, influence HTN outcomes.

Supporting information
S1 File. RPM utilization and Uncontrolled HTN: Variations by race study dataset.
(C8V)

S2 File. RPM utilization and Uncontrolled HTN: Variations by race study codebook.
(DOCX)

Acknowledgments

We sincerely thank Chelsea Twan from the HIBRID Lab for the intensive work she performed in helping us locate and
extract complex RPM data from across the NYU Langone Health enterprise.

Author contributions

Conceptualization: John M. Meddar, Devin Mann, Mark Schwartz, Rachel Engelberg, Maria R. Khan.
Data curation: John M. Meddar, Devin Mann.

Formal analysis: John M. Meddar, Hyung G. Park, Maria R. Khan.

Funding acquisition: Devin Mann, Mark Schwartz.

Investigation: John M. Meddar, Maria R. Khan.

Methodology: John M. Meddar, Mark Schwartz, Hyung G. Park, Rachel Engelberg, Maria R. Khan.
Project administration: John M. Meddar, Devin Mann.

Resources: Devin Mann.

Software: John M. Meddar, Hyung G. Park.

Supervision: John M. Meddar, Devin Mann, Hyung G. Park, Rachel Engelberg, Maria R. Khan.
Validation: John M. Meddar, Hyung G. Park.

Visualization: John M. Meddar, Hyung G. Park, Maria R. Khan.

Writing — original draft: John M. Meddar, Devin Mann, Maria R. Khan.

Writing — review & editing: John M. Meddar, Mark Schwartz, Rachel Engelberg, Maria R. Khan.

References

1. LuY, LiuY, Dhingra LS, Massey D, Caraballo C, Mahajan S. National trends in racial and ethnic disparities in antihypertensive medication use and
blood pressure control among adults with hypertension, 2011-2018. Hypertension. 2022;79:207-17.

2. Carey RM, Moran AE, Whelton PK. Treatment of Hypertension: A Review. JAMA. 2022;328(18):1849—61. https://doi.org/10.1001/jama.2022.19590
PMID: 36346411

3. Facts About Hypertension. https://www.cdc.gov/bloodpressure/facts.htm#:~:text=About%201%20in%204%20adults,22.5%25%2C%2027.0%20mil-
lion).&text=About%20half%200f%20adults%20(45,includes %2037 %20million%20U.S.%20adults. Accessed 2024 April 24.

4. Elnaem MH, Mosaad M, Abdelaziz DH, Mansour NO, Usman A, Elrggal ME, et al. Disparities in Prevalence and Barriers to Hypertension Control: A
Systematic Review. Int J Environ Res Public Health. 2022;19(21):14571. https://doi.org/10.3390/ijerph192114571 PMID: 36361453

PLOS One | https://doi.org/10.1371/journal.pone.0334887 November 6, 2025 14 /17



http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0334887.s001
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0334887.s002
https://doi.org/10.1001/jama.2022.19590
http://www.ncbi.nlm.nih.gov/pubmed/36346411
https://www.cdc.gov/bloodpressure/facts.htm#:~:text=About%201%20in%204%20adults,22.5%25%2C%2027.0%20million).&text=About%20half%20of%20adults%20(45,includes%2037%20million%20U.S.%20adults
https://www.cdc.gov/bloodpressure/facts.htm#:~:text=About%201%20in%204%20adults,22.5%25%2C%2027.0%20million).&text=About%20half%20of%20adults%20(45,includes%2037%20million%20U.S.%20adults
https://doi.org/10.3390/ijerph192114571
http://www.ncbi.nlm.nih.gov/pubmed/36361453

PLO\Sﬁ\\.- One

5. Abrahamowicz AA, Ebinger J, Whelton SP, Commodore-Mensah Y, Yang E. Racial and Ethnic Disparities in Hypertension: Barriers and Opportuni-
ties to Improve Blood Pressure Control. Curr Cardiol Rep. 2023;25(1):17-27. https://doi.org/10.1007/s11886-022-01826-x PMID: 36622491

6. Fan Z, Yang C, Zhang J, Huang Y, Yang Y, Zeng P, et al. Trends and influence factors in the prevalence, awareness, treatment, and control
of hypertension among US adults from 1999 to 2018. PLoS One. 2023;18(9):€0292159. https://doi.org/10.1371/journal.pone.0292159 PMID:
37768964

7. Abdalla M, Bolen SD, Brettler J, Egan BM, Ferdinand KC, Ford CD, et al. Implementation Strategies to Improve Blood Pressure Control in the
United States: A Scientific Statement From the American Heart Association and American Medical Association. Hypertension. 2023;80(10):e143—
57. https://doi.org/10.1161/HYP.0000000000000232 PMID: 37650292

8. Curtis JR, Willig J. Uptake of Remote Physiologic Monitoring in the US Medicare Program: A Serial Cross-sectional Analysis. JMIR Mhealth
Uhealth. 2023;11:€46046. https://doi.org/10.2196/46046 PMID: 37040464

9. Kruklitis R, Miller M, Valeriano L, Shine S, Opstbaum N, Chestnut V. Applications of Remote Patient Monitoring. Prim Care. 2022;49(4):543-55.
https://doi.org/10.1016/j.pop.2022.05.005 PMID: 36357060

10. Whitehead D, Conley J. The Next Frontier of Remote Patient Monitoring: Hospital at Home. J Med Internet Res. 2023;25:€42335. https://doi.
0rg/10.2196/42335 PMID: 36928088

11.  Choi WS, Choi JH, Oh J, Shin I-S, Yang J-S. Effects of Remote Monitoring of Blood Pressure in Management of Urban Hypertensive Patients: A
Systematic Review and Meta-Analysis. Telemed J E Health. 2020;26(6):744—59. https://doi.org/10.1089/tmj|.2019.0028 PMID: 31532328

12. Agarwal R, Bills JE, Hecht TJW, Light RP. Role of home blood pressure monitoring in overcoming therapeutic inertia and improving hypertension
control: a systematic review and meta-analysis. Hypertension. 2011;57(1):29-38. https://doi.org/10.1161/HYPERTENSIONAHA.110.160911 PMID:
21115879

13. Proia KK, Thota AB, Njie GJ, Finnie RKC, Hopkins DP, Mukhtar Q, et al. Team-based care and improved blood pressure control: a community
guide systematic review. Am J Prev Med. 2014;47(1):86-99. https://doi.org/10.1016/j.amepre.2014.03.004 PMID: 24933494

14. Lawrence K, Singh N, Jonassen Z, Groom LL, Alfaro Arias V, Mandal S, et al. Operational Implementation of Remote Patient Monitoring Within a
Large Ambulatory Health System: Multimethod Qualitative Case Study. JMIR Hum Factors. 2023;10:e45166. https://doi.org/10.2196/45166 PMID:
37498668

15. Green BB, Cook AJ, Ralston JD, Fishman PA, Catz SL, Carlson J, et al. Effectiveness of home blood pressure monitoring, Web communi-
cation, and pharmacist care on hypertension control: a randomized controlled trial. JAMA. 2008;299(24):2857—-67. https://doi.org/10.1001/
jama.299.24.2857 PMID: 18577730

16. Kario K, Park S, Buranakitjaroen P, Chia Y-C, Chen C-H, Divinagracia R, et al. Guidance on home blood pressure monitoring: A statement of the
HOPE Asia Network. J Clin Hypertens (Greenwich). 2018;20(3):456—61. https://doi.org/10.1111/jch.13216 PMID: 29450979

17. Chang BL, Bakken S, Brown SS, Houston TK, Kreps GL, Kukafka R, et al. Bridging the digital divide: reaching vulnerable populations. J Am Med
Inform Assoc. 2004;11(6):448-57. https://doi.org/10.1197/jamia.M1535 PMID: 15299002

18. PCRD - The State of the Digital Divide in the United States [Internet]. Available from: https://pcrd.purdue.edu/
the-state-of-the-digital-divide-in-the-united-states/

19. Saeed SA, Masters RM. Disparities in Health Care and the Digital Divide. Curr Psychiatry Rep. 2021;23(9):61. https://doi.org/10.1007/s11920-021-
01274-4 PMID: 34297202

20. Sanders CK, Scanlon E. The Digital Divide Is a Human Rights Issue: Advancing Social Inclusion Through Social Work Advocacy. J Hum Rights
Soc Work. 2021;6(2):130—43. https://doi.org/10.1007/s41134-020-00147-9 PMID: 33758780

21. Campos-Castillo C, Laestadius LI. Racial and Ethnic Digital Divides in Posting COVID-19 Content on Social Media Among US Adults: Secondary
Survey Analysis. J Med Internet Res. 2020;22(7):e20472. https://doi.org/10.2196/20472 PMID: 32568726

22. LopezL, Green AR, Tan-McGrory A, King R, Betancourt JR. Bridging the digital divide in health care: the role of health information technology in
addressing racial and ethnic disparities. Jt Comm J Qual Patient Saf. 2011;37(10):437—45. https://doi.org/10.1016/s1553-7250(11)37055-9 PMID:
22013816

23. Bakhtiar M, Elbuluk N, Lipoff JB. The digital divide: How COVID-19’s telemedicine expansion could exacerbate disparities. J Am Acad Dermatol.
2020;83:€345-6.

24. Swaminathan R, Cohen E, Philley M, Hokanson J, Young K. Impact of self-measured blood pressure monitoring on hypertension management.
Blood Press Monit. 2020;25(5):259-62. https://doi.org/10.1097/MBP.0000000000000455 PMID: 32541258

25. Ewald S, vor dem Esche J, Uen S, Neikes F, Vetter H, Mengden T. Relationship between the frequency of blood pressure self-measurement and
blood pressure reduction with antihypertensive therapy : results of the OLMETEL (OLMEsartan TELemonitoring blood pressure) study. Clin Drug
Investig. 2006;26(8):439—46. https://doi.org/10.2165/00044011-200626080-00002 PMID: 17163276

26. Howard E, Gillispie-Bell V, Olet S, Glenn B, Ammar N, Price-Haywood EG. Evaluating Racial Disparities in Implementation and Monitoring of a
Remote Blood Pressure Program in a Pregnant Population-A Retrospective Cohort Study. Ochsner J. 2024;24(1):22—30. https://doi.org/10.31486/
t0j.23.0111 PMID: 38510223

27. Eck C, Biola H, Hayes T, Bulgin D, Whitney C, Raman R, et al. Efficacy of Hypertension Self-Management Classes Among Patients at a Federally
Qualified Health Center. Prev Chronic Dis. 2021;18:E70. https://doi.org/10.5888/pcd18.200628 PMID: 34264812

PLOS One | https://doi.org/10.1371/journal.pone.0334887 November 6, 2025 15717



https://doi.org/10.1007/s11886-022-01826-x
http://www.ncbi.nlm.nih.gov/pubmed/36622491
https://doi.org/10.1371/journal.pone.0292159
http://www.ncbi.nlm.nih.gov/pubmed/37768964
https://doi.org/10.1161/HYP.0000000000000232
http://www.ncbi.nlm.nih.gov/pubmed/37650292
https://doi.org/10.2196/46046
http://www.ncbi.nlm.nih.gov/pubmed/37040464
https://doi.org/10.1016/j.pop.2022.05.005
http://www.ncbi.nlm.nih.gov/pubmed/36357060
https://doi.org/10.2196/42335
https://doi.org/10.2196/42335
http://www.ncbi.nlm.nih.gov/pubmed/36928088
https://doi.org/10.1089/tmj.2019.0028
http://www.ncbi.nlm.nih.gov/pubmed/31532328
https://doi.org/10.1161/HYPERTENSIONAHA.110.160911
http://www.ncbi.nlm.nih.gov/pubmed/21115879
https://doi.org/10.1016/j.amepre.2014.03.004
http://www.ncbi.nlm.nih.gov/pubmed/24933494
https://doi.org/10.2196/45166
http://www.ncbi.nlm.nih.gov/pubmed/37498668
https://doi.org/10.1001/jama.299.24.2857
https://doi.org/10.1001/jama.299.24.2857
http://www.ncbi.nlm.nih.gov/pubmed/18577730
https://doi.org/10.1111/jch.13216
http://www.ncbi.nlm.nih.gov/pubmed/29450979
https://doi.org/10.1197/jamia.M1535
http://www.ncbi.nlm.nih.gov/pubmed/15299002
https://pcrd.purdue.edu/the-state-of-the-digital-divide-in-the-united-states/
https://pcrd.purdue.edu/the-state-of-the-digital-divide-in-the-united-states/
https://doi.org/10.1007/s11920-021-01274-4
https://doi.org/10.1007/s11920-021-01274-4
http://www.ncbi.nlm.nih.gov/pubmed/34297202
https://doi.org/10.1007/s41134-020-00147-9
http://www.ncbi.nlm.nih.gov/pubmed/33758780
https://doi.org/10.2196/20472
http://www.ncbi.nlm.nih.gov/pubmed/32568726
https://doi.org/10.1016/s1553-7250(11)37055-9
http://www.ncbi.nlm.nih.gov/pubmed/22013816
https://doi.org/10.1097/MBP.0000000000000455
http://www.ncbi.nlm.nih.gov/pubmed/32541258
https://doi.org/10.2165/00044011-200626080-00002
http://www.ncbi.nlm.nih.gov/pubmed/17163276
https://doi.org/10.31486/toj.23.0111
https://doi.org/10.31486/toj.23.0111
http://www.ncbi.nlm.nih.gov/pubmed/38510223
https://doi.org/10.5888/pcd18.200628
http://www.ncbi.nlm.nih.gov/pubmed/34264812

PLO\S\% One

28.

29.

30.

31.

32.

33.

34.
35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Yi SS, Tabaei BP, Angell SY, Rapin A, Buck MD, Pagano WG, et al. Self-blood pressure monitoring in an urban, ethnically diverse population: a
randomized clinical trial utilizing the electronic health record. Circ Cardiovasc Qual Outcomes. 2015;8(2):138—45. https://doi.org/10.1161/CIR-
COUTCOMES.114.000950 PMID: 25737487

Mahajan R. Joint National Committee 8 report: How it differ from JNC 7. Int J Appl Basic Med Res. 2014;4(2):61-2. https://doi.org/10.4103/2229-
516X.136773 PMID: 25143876

Controlling High Blood Pressure. https://qpp.cms.gov/docs/QPP_quality measure_specifications/CQM-Measures/2020_Measure_236_MIPSCQM.
pdf. Accessed 2024 June 21.

Persell SD, Petito LC, Anthony L, Peprah Y, Lee JY, Campanella T, et al. Prospective Cohort Study of Remote Patient Monitoring with and without
Care Coordination for Hypertension in Primary Care. Appl Clin Inform. 2023;14(3):428-38. https://doi.org/10.1055/a-2057-7277 PMID: 36933552

Heidenreich PA, Bozkurt B, Aguilar D, Allen LA, Byun JJ, Colvin MM, et al. 2022 AHA/ACC/HFSA Guideline for the Management of Heart Fail-
ure: A Report of the American College of Cardiology/American Heart Association Joint Committee on Clinical Practice Guidelines. Circulation.
2022;145(18):e895—-1032. https://doi.org/10.1161/CIR.0000000000001063 PMID: 35363499

Sarker R, Roknuzzaman ASM, Nazmunnahar, Shahriar M, Hossain MJ, Islam MR. The WHO has declared the end of pandemic phase of COVID-
19: Way to come back in the normal life. Health Sci Rep. 2023;6(9):e1544. https://doi.org/10.1002/hsr2.1544 PMID: 37674622

R and RStudio | NIH Library [Internet]. Available from: https://www.nihlibrary.nih.gov/resources/tools/r-and-rstudio

Weber E, Miller SJ, Astha V, Janevic T, Benn E. Characteristics of telehealth users in NYC for COVID-related care during the coronavirus pan-
demic. J Am Med Inform Assoc. 2020;27(12):1949-54. https://doi.org/10.1093/jamia/ocaa216 PMID: 32866249

Chunara R, Zhao Y, Chen J, Lawrence K, Testa PA, Nov O, et al. Telemedicine and healthcare disparities: a cohort study in a large healthcare
system in New York City during COVID-19. J Am Med Inform Assoc. 2021;28(1):33—41. https://doi.org/10.1093/jamia/ocaa217 PMID: 32866264

Ryskina KL, Shultz K, Zhou Y, Lautenbach G, Brown RT. Older adults’ access to primary care: Gender, racial, and ethnic disparities in telemedi-
cine. J Am Geriatr Soc. 2021;69(10):2732—40. https://doi.org/10.1111/jgs.17354 PMID: 34224577

Haynes SC, Kompala T, Neinstein A, Rosenthal J, Crossen S. Disparities in Telemedicine Use for Subspecialty Diabetes Care During COVID-19
Shelter-In-Place Orders. J Diabetes Sci Technol. 2021;15(5):986—-92. https://doi.org/10.1177/1932296821997851 PMID: 33719622

Ye S, Kronish |, Fleck E, Fleischut P, Homma S, Masini D, et al. Telemedicine Expansion During the COVID-19 Pandemic and the Potential for
Technology-Driven Disparities. J Gen Intern Med. 2021;36(1):256-8. https://doi.org/10.1007/s11606-020-06322-y PMID: 33105000

Haimi M. The tragic paradoxical effect of telemedicine on healthcare disparities- a time for redemption: a narrative review. BMC Med Inform Decis
Mak. 2023;23(1):95. https://doi.org/10.1186/s12911-023-02194-4 PMID: 37193960

Schut RA. Racial disparities in provider-patient communication of incidental medical findings. Soc Sci Med. 2021;277:113901. https://doi.
org/10.1016/j.socscimed.2021.113901 PMID: 33866084

Schoenthaler A, Knafl GJ, Fiscella K, Ogedegbe G. Addressing the Social Needs of Hypertensive Patients: The Role of Patient-Provider Com-
munication as a Predictor of Medication Adherence. Circ Cardiovasc Qual Outcomes. 2017;10(9):e003659. https://doi.org/10.1161/CIRCOUT-
COMES.117.003659 PMID: 28830861

Fortuna RJ, Nagel AK, Rocco TA, Legette-Sobers S, Quigley DD. Patient Experience With Care and Its Association With Adherence to Hyperten-
sion Medications. Am J Hypertens. 2018;31(3):340-5. https://doi.org/10.1093/ajh/hpx200 PMID: 29253071

Jacobs EA, Rolle |, Ferrans CE, Whitaker EE, Warnecke RB. Understanding African Americans’ views of the trustworthiness of physicians. J Gen
Intern Med. 2006;21(6):642—7. https://doi.org/10.1111/j.1525-1497.2006.00485.x PMID: 16808750

Shen MJ, Peterson EB, Costas-Mufiz R, Hernandez MH, Jewell ST, Matsoukas K, et al. The Effects of Race and Racial Concordance on
Patient-Physician Communication: A Systematic Review of the Literature. J Racial Ethn Health Disparities. 2018;5(1):117—40. https://doi.
0rg/10.1007/s40615-017-0350-4 PMID: 28275996

Okunrintemi V, Spatz ES, Di Capua P, Salami JA, Valero-Elizondo J, Warraich H, et al. Patient-Provider Communication and Health Outcomes
Among Individuals With Atherosclerotic Cardiovascular Disease in the United States: Medical Expenditure Panel Survey 2010 to 2013. Circ Cardio-
vasc Qual Outcomes. 2017;10(4):e003635. https://doi.org/10.1161/CIRCOUTCOMES.117.003635 PMID: 28373270

Richwine C. Progress and Persistent Disparities in Patient Access to Electronic Health Information. JAMA Health Forum. 2023;4(11):e233883.
https://doi.org/10.1001/jamahealthforum.2023.3883 PMID: 37948063

Yoon E, Hur S, Opsasnick L, Huang W, Batio S, Curtis LM, et al. Disparities in Patient Portal Use Among Adults With Chronic Conditions. JAMA
Netw Open. 2024;7(2):e240680. https://doi.org/10.1001/jamanetworkopen.2024.0680 PMID: 38421645

Richwine C, Johnson C, Patel V. Disparities in patient portal access and the role of providers in encouraging access and use. J Am Med Inform
Assoc. 2023;30(2):308—17. https://doi.org/10.1093/jamia/ocac227 PMID: 36451262

Veinot TC, Mitchell H, Ancker JS. Good intentions are not enough: how informatics interventions can worsen inequality. J Am Med Inform Assoc.
2018;25(8):1080-8. https://doi.org/10.1093/jamia/ocy052 PMID: 29788380

Safford MM, Halanych JH, Lewis CE, Levine D, Houser S, Howard G. Understanding racial disparities in hypertension control: intensity of hyper-
tension medication treatment in the REGARDS study. Ethn Dis. 2007;17(3):421-6. PMID: 17985492

King JB, Pinheiro LC, Bryan Ringel J, Bress AP, Shimbo D, Muntner P, et al. Multiple Social Vulnerabilities to Health Disparities and Hypertension
and Death in the REGARDS Study. Hypertension. 2022;79(1):196-206. https://doi.org/10.1161/HYPERTENSIONAHA.120.15196 PMID: 34784734

PLOS One | https://doi.org/10.1371/journal.pone.0334887 November 6, 2025 16 /17



https://doi.org/10.1161/CIRCOUTCOMES.114.000950
https://doi.org/10.1161/CIRCOUTCOMES.114.000950
http://www.ncbi.nlm.nih.gov/pubmed/25737487
https://doi.org/10.4103/2229-516X.136773
https://doi.org/10.4103/2229-516X.136773
http://www.ncbi.nlm.nih.gov/pubmed/25143876
https://qpp.cms.gov/docs/QPP_quality_measure_specifications/CQM-Measures/2020_Measure_236_MIPSCQM.pdf
https://qpp.cms.gov/docs/QPP_quality_measure_specifications/CQM-Measures/2020_Measure_236_MIPSCQM.pdf
https://doi.org/10.1055/a-2057-7277
http://www.ncbi.nlm.nih.gov/pubmed/36933552
https://doi.org/10.1161/CIR.0000000000001063
http://www.ncbi.nlm.nih.gov/pubmed/35363499
https://doi.org/10.1002/hsr2.1544
http://www.ncbi.nlm.nih.gov/pubmed/37674622
https://www.nihlibrary.nih.gov/resources/tools/r-and-rstudio
https://doi.org/10.1093/jamia/ocaa216
http://www.ncbi.nlm.nih.gov/pubmed/32866249
https://doi.org/10.1093/jamia/ocaa217
http://www.ncbi.nlm.nih.gov/pubmed/32866264
https://doi.org/10.1111/jgs.17354
http://www.ncbi.nlm.nih.gov/pubmed/34224577
https://doi.org/10.1177/1932296821997851
http://www.ncbi.nlm.nih.gov/pubmed/33719622
https://doi.org/10.1007/s11606-020-06322-y
http://www.ncbi.nlm.nih.gov/pubmed/33105000
https://doi.org/10.1186/s12911-023-02194-4
http://www.ncbi.nlm.nih.gov/pubmed/37193960
https://doi.org/10.1016/j.socscimed.2021.113901
https://doi.org/10.1016/j.socscimed.2021.113901
http://www.ncbi.nlm.nih.gov/pubmed/33866084
https://doi.org/10.1161/CIRCOUTCOMES.117.003659
https://doi.org/10.1161/CIRCOUTCOMES.117.003659
http://www.ncbi.nlm.nih.gov/pubmed/28830861
https://doi.org/10.1093/ajh/hpx200
http://www.ncbi.nlm.nih.gov/pubmed/29253071
https://doi.org/10.1111/j.1525-1497.2006.00485.x
http://www.ncbi.nlm.nih.gov/pubmed/16808750
https://doi.org/10.1007/s40615-017-0350-4
https://doi.org/10.1007/s40615-017-0350-4
http://www.ncbi.nlm.nih.gov/pubmed/28275996
https://doi.org/10.1161/CIRCOUTCOMES.117.003635
http://www.ncbi.nlm.nih.gov/pubmed/28373270
https://doi.org/10.1001/jamahealthforum.2023.3883
http://www.ncbi.nlm.nih.gov/pubmed/37948063
https://doi.org/10.1001/jamanetworkopen.2024.0680
http://www.ncbi.nlm.nih.gov/pubmed/38421645
https://doi.org/10.1093/jamia/ocac227
http://www.ncbi.nlm.nih.gov/pubmed/36451262
https://doi.org/10.1093/jamia/ocy052
http://www.ncbi.nlm.nih.gov/pubmed/29788380
http://www.ncbi.nlm.nih.gov/pubmed/17985492
https://doi.org/10.1161/HYPERTENSIONAHA.120.15196
http://www.ncbi.nlm.nih.gov/pubmed/34784734

PLO\S\% One

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Aggarwal R, Chiu N, Wadhera RK, Moran AE, Raber |, Shen C, et al. Racial/Ethnic Disparities in Hypertension Prevalence, Awareness, Treatment,
and Control in the United States, 2013 to 2018. Hypertension. 2021;78(6):1719-26. https://doi.org/10.1161/HYPERTENSIONAHA.121.17570
PMID: 34365809

Kennel PJ, Rosenblum H, Axsom KM, Alishetti S, Brener M, Horn E, et al. Remote Cardiac Monitoring in Patients With Heart Failure: A Review.
JAMA Cardiol. 2022;7(5):556—64. https://doi.org/10.1001/jamacardio.2021.5090 PMID: 34964805

Mastoris |, DeFilippis EM, Martyn T, Morris AA, Van Spall HG, Sauer AJ. Remote Patient Monitoring for Patients with Heart Failure: Sex- and Race-
based Disparities and Opportunities. Card Fail Rev. 2023;9:e02. https://doi.org/10.15420/cfr.2022.22 PMID: 36891178

Fei K, Rodriguez-Lopez JS, Ramos M, Islam N, Trinh-Shevrin C, Yi SS. Racial and ethnic subgroup disparities in hypertension prevalence, New
York City health and nutrition examination survey, 2013-2014. Prev Chronic Dis. 2017;14:E33.

White-Williams C, Liu X, Shang D, Santiago J. Use of Telehealth Among Racial and Ethnic Minority Groups in the United States Before and During
the COVID-19 Pandemic. Public Health Rep. 2023;138(1):149-56. https://doi.org/10.1177/00333549221123575 PMID: 36113138

Guzman NJ. Epidemiology and management of hypertension in the Hispanic population: a review of the available literature. Am J Cardiovasc
Drugs. 2012;12(3):165—78. https://doi.org/10.2165/11631520-000000000-00000 PMID: 22583147

Borrell LN, Crawford ND. Disparities in self-reported hypertension in Hispanic subgroups, non-Hispanic black and non-Hispanic white adults: the
national health interview survey. Ann Epidemiol. 2008;18(10):803—12. https://doi.org/10.1016/j.annepidem.2008.07.008 PMID: 18922396

Govier DJ, Cohen-Cline H, Marsi K, Roth SE. Differences in access to virtual and in-person primary care by race/ethnicity and community social
vulnerability among adults diagnosed with COVID-19 in a large, multi-state health system. BMC Health Serv Res. 2022;22(1):511. https://doi.
org/10.1186/s12913-022-07858-x PMID: 35428257

Marcondes FO, Normand S-LT, Le Cook B, Huskamp HA, Rodriguez JA, Barnett ML, et al. Racial and Ethnic Differences in Telemedicine Use.
JAMA Health Forum. 2024;5(3):€240131. https://doi.org/10.1001/jamahealthforum.2024.0131 PMID: 38517424

Akinyelure OP, Jaeger BC, Moore TL, Hubbard D, Oparil S, Howard VJ, et al. Racial Differences in Blood Pressure Control Following Stroke: The
REGARDS Study. Stroke. 2021;52(12):3944-52. https://doi.org/10.1161/STROKEAHA.120.033108 PMID: 34470498

Adepoju O, Dang P, Nguyen H, Mertz J. Equity in Digital Health: Assessing Access and Utilization of Remote Patient Monitoring, Medical Apps, and
Wearables in Underserved Communities. Inquiry. 2024;61. https://doi.org/10.1177/0046958024127 1137 PMID: 39323052

Sieck CJ, Sheon A, Ancker JS, Castek J, Callahan B, Siefer A. Digital inclusion as a social determinant of health. NPJ Digit Med. 2021;4(1):52.
https://doi.org/10.1038/s41746-021-00413-8 PMID: 33731887

Schulze LN, Stentzel U, Leipert J, Schulte J, Langosch J, Freyberger HJ, et al. Improving Medication Adherence With Telemedicine for Adults With
Severe Mental lliness. Psychiatr Serv. 2019;70(3):225-8. https://doi.org/10.1176/appi.ps.201800286 PMID: 30651059

Ali SHM, Osman Mohamed AA, Osman HMM, Abdelrahman Ibrahim ME, Hassan Mukhtar MA, Ahmed Mohamed FH, et al. The Role of Telemedi-
cine in Improving Hypertension Management Outcomes: A Systematic Review. Cureus. 2024;16(11):e74090. https://doi.org/10.7759/cureus.74090
PMID: 39568490

Khanijahani A, Akinci N, Quitiquit E. A Systematic Review of the Role of Telemedicine in Blood Pressure Control: Focus on Patient Engagement.
Curr Hypertens Rep. 2022;24(7):247-58. https://doi.org/10.1007/s11906-022-01186-5 PMID: 35412188

Drawz PE, Abdalla M, Rahman M. Blood pressure measurement: clinic, home, ambulatory, and beyond. Am J Kidney Dis. 2012;60(3):449-62.
https://doi.org/10.1053/j.ajkd.2012.01.026 PMID: 22521624

Taher ZA, Khayyat WW, Balubaid MM, Tashkandi MY, Alamoudi SM, Kinsara AJ. Complications of White-coat Hypertension Compared to a

Normotensive and Hypertensive Population. Heart Views. 2021;22(1):8-12. https://doi.org/10.4103/HEARTVIEWS.HEARTVIEWS 64 20 PMID:
34276882

Davies HT, Crombie IK, Tavakoli M. When can odds ratios mislead?. BMJ. 1998;316(7136):989-91. https://doi.org/10.1136/bm|.316.7136.989
PMID: 9550961

Li F, Harmer P, Cardinal BJ, Vongjaturapat N. Built environment and changes in blood pressure in middle aged and older adults. Prev Med.
2009;48(3):237—41. https://doi.org/10.1016/j.ypmed.2009.01.005 PMID: 19297686

Rodriguez JA, Shachar C, Bates DW. Digital Inclusion as Health Care - Supporting Health Care Equity with Digital-Infrastructure Initiatives. N Engl
J Med. 2022;386(12):1101-3. https://doi.org/10.1056/NEJMp2115646 PMID: 35302722

PLOS One | https://doi.org/10.1371/journal.pone.0334887 November 6, 2025 17117



https://doi.org/10.1161/HYPERTENSIONAHA.121.17570
http://www.ncbi.nlm.nih.gov/pubmed/34365809
https://doi.org/10.1001/jamacardio.2021.5090
http://www.ncbi.nlm.nih.gov/pubmed/34964805
https://doi.org/10.15420/cfr.2022.22
http://www.ncbi.nlm.nih.gov/pubmed/36891178
https://doi.org/10.1177/00333549221123575
http://www.ncbi.nlm.nih.gov/pubmed/36113138
https://doi.org/10.2165/11631520-000000000-00000
http://www.ncbi.nlm.nih.gov/pubmed/22583147
https://doi.org/10.1016/j.annepidem.2008.07.008
http://www.ncbi.nlm.nih.gov/pubmed/18922396
https://doi.org/10.1186/s12913-022-07858-x
https://doi.org/10.1186/s12913-022-07858-x
http://www.ncbi.nlm.nih.gov/pubmed/35428257
https://doi.org/10.1001/jamahealthforum.2024.0131
http://www.ncbi.nlm.nih.gov/pubmed/38517424
https://doi.org/10.1161/STROKEAHA.120.033108
http://www.ncbi.nlm.nih.gov/pubmed/34470498
https://doi.org/10.1177/00469580241271137
http://www.ncbi.nlm.nih.gov/pubmed/39323052
https://doi.org/10.1038/s41746-021-00413-8
http://www.ncbi.nlm.nih.gov/pubmed/33731887
https://doi.org/10.1176/appi.ps.201800286
http://www.ncbi.nlm.nih.gov/pubmed/30651059
https://doi.org/10.7759/cureus.74090
http://www.ncbi.nlm.nih.gov/pubmed/39568490
https://doi.org/10.1007/s11906-022-01186-5
http://www.ncbi.nlm.nih.gov/pubmed/35412188
https://doi.org/10.1053/j.ajkd.2012.01.026
http://www.ncbi.nlm.nih.gov/pubmed/22521624
https://doi.org/10.4103/HEARTVIEWS.HEARTVIEWS_64_20
http://www.ncbi.nlm.nih.gov/pubmed/34276882
https://doi.org/10.1136/bmj.316.7136.989
http://www.ncbi.nlm.nih.gov/pubmed/9550961
https://doi.org/10.1016/j.ypmed.2009.01.005
http://www.ncbi.nlm.nih.gov/pubmed/19297686
https://doi.org/10.1056/NEJMp2115646
http://www.ncbi.nlm.nih.gov/pubmed/35302722

