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ABSTRACT:

Introduction: At the time of the 2021 Behavioral Risk Factor
Surveillance System survey, an estimated 32.3% of adults in the US
and nearly half (43.4%, 776 000) of adults in West Virginia (WV)
had hypertension. Further, the Interactive Atlas of Heart Disease
and Stroke estimates an increase in the percentage of adults with
hypertension in the US from 32.3% to 47.0%, with hypertension
rates in WV rising as high as 58.7%, indicating a significant public
health concern in the community. Hypertension increases the risk
of several negative health outcomes, including heart disease and
stroke, and leads to increased economic and chronic disease
burden. Although certain unmodifiable factors (sex, age, race,
ethnicity, and family history) increase the risk of developing
hypertension, a healthy lifestyle — including a nutritious diet,
maintaining a healthy weight, avoiding nicotine products, and
participating in regular moderate physical activity — can decrease
the risk of developing hypertension. Self-measured blood pressure
(SMBP) monitoring, or home BP monitoring, when integrated with
a provider's clinical management approach, is linked to
improvements in BP management and control. This study
represents a mid-point assessment of a remote SMBP monitoring
program implemented by Cabin Creek Health Systems (CCHS), a
federally qualified health center, and its impact on BP control.
Methods: CCHS implemented SMBP programming in March 2020
as one element of a developing comprehensive program aimed at
reducing uncontrolled hypertension, and therefore chronic disease
burden, in its service area and patient population. The project,
funded by the Health Resources and Services Administration,
continued to February 2023. This report represents a mid-point
analysis and was based on the retrospective analysis of de-
identified data collected for 234 patients to June 2022, who were
assessed for changes in BP between the date of enrollment and
the most recently available BP measurement. Patients were
enrolled in the SMBP program if they exhibited current or previous
Keywords:

indicators of uncontrolled hypertension (systolic 2140 mmHg
and/or diastolic 290 mmHg), at the discretion of their provider,
and were equipped with an iBloodPressure cellular connected
home BP monitoring system, manufactured by Smart Meter. Their
BP readings were documented in the integration software
TimeDoc Health and electronic health record athenahealth.
Results: At the time of enrollment, 201 (86.0%) patients had
uncontrolled hypertension, with 116 (49.6%) patients having both
uncontrolled systolic (2140 mmHg) and diastolic (290 mmHg)
values. At follow-up, the number of patients with uncontrolled
hypertension decreased from 201 to 98 (41.9%), with only 36
(15.4%) patients having both uncontrolled systolic and diastolic
values. Additionally, 26 (11.1%) patients were in hypertensive crisis
at the time of enrollment, and no patients remained in crisis at the
time of follow-up. The number of patients with BP values in the
controlled range (systolic <140 mmHg and diastolic <90 mmHg)
increased from 33 (14.1%) at enrollment to 136 (58.1%) at follow-
up. Overall, there was a 44.0% increase in the number of patients
with BP values in the controlled range at follow-up, and a
concomitant 44.1% decrease in the number of patients in the
uncontrolled range. These observations were consistent across
multiple demographic indicators, including clinic location, three-
digit zip code, and patient sex.

Conclusion: Systematic implementation of remote BP monitoring,
when integrated into clinician workflows, was associated with a
substantial reduction in the number of patients with uncontrolled
hypertension in this rural federally qualified health center. Further,
CCHS was successful in implementing a remote SMBP monitoring
program in a community challenged with transportation insecurity,
and poor cellular and broadband access, of which lessons learned
are applicable to other health systems interested in pursuing
comparable efforts.

Appalachia, comorbidities, disparate, hypertension, self-measured blood pressure, US, West Virginia.

FULL ARTICLE:

Introduction

West Virginia (WV) experiences one of the highest rates of
hypertension in the US, and consequently has considerable health
and economic burden. Uncontrolled hypertension increases the
risk of negative cardiovascular outcomes, including heart attack
and stroke, and is a significant contributor to morbidity and
mortality worldwide'2. Those living in rural areas display greater
rates of hypertension when compared to the rest of the US, and
are disproportionately impacted by community and neighborhood
disparities at the healthcare system and individual levels'. Optimal
control of hypertension can reduce the risk of both cardiovascular
disease and stroke but, despite the widespread availability of
treatment to reduce BP, many individuals remain subadequately
controlled®3. Factors including limited access to healthy food and

reliable transportation, and distance to clinics, directly impact
individuals' abilities to maintain a healthy lifestyle?-®.

Self-measured blood pressure (SMBP) monitoring is quickly
becoming an international standard of care, with a wealth of
evidence demonstrating its efficacy in rural communities?1011,
Cabin Creek Health Systems (CCHS), a federally qualified health
center in southern rural WV, implemented SMBP as part of a
developing comprehensive program aimed at improving care and
outcomes in patients with hypertension and other chronic
conditions. As with all healthcare programs, sustainability of care
requires the dissemination of data and the collection of resources.
With the goal of developing and sustaining a new and improved
standard of care, the aim of this work was to perform a mid-point
analysis of the SMBP program implemented by CCHS, and its



impact on BP control.
Methods

This research represents a mid-point analysis of SMBP
implementation at CCHS. Data were retrospectively collected from
the electronic health record athenahealth (Athenahealth;
https://www.athenahealth.com), by the West Virginia University
School of Public Health, Office of Health Services Research. At the
time of analysis, six clinic sites in CCHS's service area were
participating in the SMBP program: Cabin Creek, Clendenin,
Kanawha City, Riverside, Sissonville, and Sunnyside. The SMBP
program, funded by the Health Resources and Services
Administration, was initially funded in March 2020, and was funded
to February 2023, with a final in-depth evaluation completed in
July 2023. Patients qualified for enrollment if they demonstrated
current or historical uncontrolled hypertension (systolic

>140 mmHg and/or diastolic 290 mmHg) following a clinical visit
with a provider. Once enrolled, patients were equipped with a
proprietary iBloodPressure cellular home BP monitoring system,
manufactured by Smart Meter (Smart Meter,
https://smartmeterrpm.com/solutions). BP values were
documented in the integration software TimeDoc Health
(TimeDoc, https://timedochealth.com), and athenahealth. For the
purposes of this assessment, patient enrollment dates began in
January 2021 and ended in November 2022, with evaluation values
recorded between August 2021 and June 2022.

Patient data were extracted from athenahealth and analyzed using
Microsoft Access. At the time of analysis, 356 patients were
enrolled in the SMBP program, but 122 patients were excluded
from analyses because they did not have current or historical

1. Clinical visit with a systolic
reading 2140 and/or diastolic
reading 290

2. Patients enrolled in the SMBP
program between January 2021
and November 2022 (N = 356)

uncontrolled hypertension at the time of enrollment, or had too
few BP values documented to determine pre-enrollment and post-
enrollment changes. Patient dropout ranged from 13 to 33
individuals per site, with 21 of 77 individuals excluded from Cabin
Creek (27.3%), 25 of 84 individuals excluded from Clendenin
(29.8%), 33 of 73 individuals excluded from Kanawha City (45.2%),
13 of 32 individuals excluded from Riverside (40.6%), 30 of 39
individuals excluded from Sissonville (76.9%), and 0 of 9 individuals
excluded from Sunnyside (0.0%). Dropout rates were relatively
consistent across clinic sites, with the exception of Sissonville and
Sunnyside, which exhibited the highest and lowest dropout rates
of the six participating clinics.

The average duration of participation in the SMBP intervention was
123 days, with a total of 15 567 remote readings taken and an
average of 170 readings per patient (range 10-555). A flowchart
detailing the enrollment processes followed, and the criteria used
to determine if patients were eligible/ineligible for evaluation are
outlined in Figure 1. Pre-enrollment values were calculated as an
average of all available systolic and diastolic values taken on the
date of enrollment, and post-enroliment values were calculated as
an average of all available systolic and diastolic values on the date
that readings were last available. Both measures represent each
patient’s average blood pressure for a single day. Following
exclusions, 33 patients whose BP was controlled at the time of
enrollment demonstrated a history of BP fluctuations reaching into
the uncontrolled range, indicating the potential for improved BP
control. In total, 234 remaining patients were used to assess the
SMBP program'’s impact on BP control using paired pre-enrollment
and post-enrollment BP values. Demographic indices including five
or fewer patients were excluded to protect patient confidentiality.

Confirm patient
interest and obtain
verbal consent to
receive remote
monitoring device

Patient is enrolled in
BP and is
considered
“enrolled”

3. Participant enrollment status is
dependent on continued remote
monitor usage

Patient uses remote
monitor at least once

every 30 days and
meets evaluation criteria

Patient does not use monitor at least
once every 30 days; less than two
weeks of use; fewer than 10 remote
readings; or does not have uncontrolled
hypertension at enroliment

4. Patient evaluation is
dependent on inclusion criteria
for PRE and POST values

(N = 234)

Status remains
“enrolled”

Status changes to “enrolled no
device” if there is no documented
usage for 30 days, but the patient

still meets inclusion criteria

5. Patients do not meet inclusion
criteria at enrollment and are not
evaluated (N = 122)

i p: , including
group.

status

Status changes to “excluded”, and if
the patient did not meet evaluation
criteria (i.e., non-adherence, not
uncontrolled at enroliment)

and the criteria for inclusion/exclusion for assessment purposes, are visualized with the sample sizes for each

Figure 1: Self-measured blood pressure program and evaluation flowsheet."

Statistical methods

All statistical methods were performed in Microsoft Excel. Data
normality for pre-enrollment and post-enrollment BP readings was
assessed using a Jarque-Bera test, which relies on assessments of
data skewness (Microsoft Excel function SKEW) and kurtosis
(Microsoft Excel function KURT). A Jarque—Bera test was performed
using the equation JB=(n/6) * (S2 + (C2/4)) where S and C are
values acquired from the skewness and kurtosis tests respectively.

Significance was calculated using Microsoft Excel function
CHISQ.DIST.RT(JB, 2) to determine normality. Normality
assessments for pre-enrollment systolic (p=0.0017), post-
enrollment systolic (p<0.0001), pre-enrollment diastolic (p =
0.9809), and post-enrollment diastolic (p=0.0024) samples
indicated that the data overwhelmingly did not follow a normal
distribution. Due to its robust nature, a two-tailed, paired,
student's t-test was used to evaluate changes in the average pre-
enrollment and post-enrollment systolic and diastolic BP readings.



All laboratory results are reported as mg/dL, and data are reported
as mean + standard deviation.

Ethics approval

The retrospective collection of data from patients enrolled in SMBP
programming at CCHS was approved by the WVU Institutional
Review Board as non-human subjects research (IRB number
2204555632).

Results

Patient demographics are identified in Table 1. Patients were an
average age of 57 years, and the majority were female (53.6%).
Average laboratory values for triglycerides (187.3+143.9 mg/dL),
very low-density lipoprotein (30.9+18.5 mg/dL), and hemoglobin
Alc (7.1£2.0%) were higher than the recommended range and
were reflective of the International Classification of Diseases
(ICD)-10 diagnoses of enrolled patients (Table 1). Of the 234
patients assessed, 219 (93.2%) had a diagnosis of essential
(primary) hypertension (Table 1). Optimal laboratory analyte ranges
follow the recommendations made by the American Board of
Internal Medicine and are provided for reference.

Table 2 uses the American Heart Association BP categorization
system to determine the number of patients who meet the criteria
for each BP control category. At enrollment, three (1.3%) patients
had ‘normal’ BP (systolic <120 mmHg and diastolic <80 mmHg),
increasing to six (2.6%) at follow-up (Table 2). Another seven (3.0%)
patients had ‘elevated’ BP (systolic 120-129 mmHg and diastolic
>80 mmHg) at enrollment, increasing to 16 (6.8%) (Table 2). The
number of patients with stage 2 hypertension (systolic

>140 mmHg and/or diastolic 290 mmHg) decreased from 201
(85.9%) to 98 (41.9%), with subsequent increases in patients with
stage 1 hypertension (systolic 130-139 mmHg and diastolic

80-89 mmHg), from 81 (34.6%) to 147 (62.8%) (Table 2). Lastly, 26
(11.1%) patients were in hypertensive crisis (systolic 180 mmHg
and/or diastolic 2120 mmHg) at the time of enrollment, while
none remained in hypertensive crisis at follow-up (Table 2).
Percentages do not sum to 100%, as some patients meet the
criteria for multiple categories. For example, those with
hypertension crisis (systolic 2180 mmHg and/or 2120 mmHg) also
met the criteria for stage 2 hypertension (systolic 2140 mmHg or
diastolic 290 mmHg). Further, both the average systolic and
average diastolic BP values decreased significantly. The average
systolic blood pressure decreased from 154 mmHg to 138 mmHg,
a 16-point decrease (p<0.0001), while the average diastolic blood
pressure decreased from 91 mmHg to 84 mmHg, a seven-point
decrease (p<0.0001).

In Table 3, patients are in four categories indicating BP control,
with BP control assessed within specific demographic indices: ‘met’
(systolic <140 mmHg and diastolic <90 mmHg), ‘systolic not met'’
(systolic 2140 mmHg and diastolic <90 mmHg), ‘diastolic not met’
(systolic <140 mmHg and diastolic 290 mmHg), and 'not met’
(systolic 2140 mmHg and diastolic 290 mmHg). At enroliment, 201
(86.0%) patients had uncontrolled hypertension, with 116 (49.6%)
having both uncontrolled systolic and diastolic values (systolic
>140 mmHg and diastolic 290 mmHg). At follow-up, the number
of patients with uncontrolled hypertension had decreased from
201 to 98 (41.9%), with only 36 (15.4%) patients having both
uncontrolled systolic and diastolic values. The number of patients
with BP in the controlled range (systolic <140 mmHg and diastolic
<90 mmHg) had increased from 33 (14.1%) to 136 (58.1%). Overall,
there was a 44.0% increase in the number of patients in the
controlled range. We also observed consistent improvements in BP
control across all demographic indices including clinic location,
three-digit zip code, and patient sex (Table 3).

Table 1: Participant demographics at enrollment (n=234)"

Characteristic

Age, mean+SD

Male sex, n (%)

Female sex, n (%)

Metabolic syndrome risk score, mean+SD

Chronic count, mean+SD

Body mass index, mean+SD

Laboratory analyte

Triglycerides, mg/dL

High-density lipoprotein, mg/dL

Male: High-density lipoprotein, mg/dL

Female: High-density lipoprotein, mg/dL

Low-density lipoprotein, mg/dL

Male: Low-density lipoprotein, mg/dL

Female: Low-density lipoprotein, mg/dL

Very low-density lipoprotein, mg/dL

Total cholesterol, mg/dL

Hemoglobin A1c, %

ICD-10 diagnosis

Type 1 diabetes mellitus, n (%)

Type 2 diabetes mellitus, n (%)

Essential (primary) hypertension, n (%)

Hypercholesterolemia, n (%)

Heart disease, n (%)

History of myocardial infarction, n (%)

History of heart failure, n (%)

Chronic kidney disease, n (%)

Chronic obstructive pulmonary disease, n (%)

Obesity, n (%)

Value
57+15.6
108 (46.2)
126 (53.6)
0.7+0.54
4.4+32
32.7¢7.5
Cohort range Optimal range
(mean+SD)
183.7+143.9 <100
50.8+16.9 -
45.3+15.4 240
56.3£16.7 250
110.7+37.8 <100
107.4+33.7 -
114.0+41.4 -
30.9£18.5 <30
192.8446.2 <200
7.1£2.0 4.0-56
2(0.9)
169 (71.9)
219(93.2)
223(94.9)
51(21.7)
6 (2.6)
8 (3.4)
41 (17.4)
37 (15.7)
221 (94.0)

* Patient demographics are provided at time of enroliment for all patients enrolled in self-measured blood
pressure programming at Cabin Creek Health Systems.

SD, standard deviation.



Table 2: Categorization of participant blood pressure (n=234)"

BP category Systolic BP Diastolic BP Number of patients Number of patients
(mmHg) (mmHg) (pre-enroliment) (post-enrollment)

n (%)7 n (%)"

Normal <120 AND <80 3(1.3) 6 (2.6)

Elevated 120-129 AND >80 7 (3.0) 16 (6.8)

High BP (hypertension) 130-139 OR 80-89 81(34.6) 147 (62.8)

stage 1

High BP (hypertension) 2140 OR 290 201 (85.9) 98 (41.9)

stage 2

Hypertensive crisis 2180 AND/OR 2120 26 (11.1) 0(0.0)

T Blood pressure values at the time of enrollment (pre), and the most recently available (post) were categorized using the American Heart

Association standards for blood pressure control.

T Percentages do not sum to 100%, as some patients meet the criteria for multiple categories.

Table 3: Categorization of participant blood pressure by status (controlled or uncontrolled), location, and patient
demographics (n=234)"

Characteristic Total Pre-test! Post-test Pre-test? Post-test" Pre-test! | Post-test! | Pre-test! Post-test
patient | 2140,290 | 140,290 | 2140,<90 | 2140,<90 | <140,290 | <140,290 | <140,<90 | <140, <90
count mmHg mmHg mmHg mmHg mmHg mmHg mmHg mmHg
(n) (n (%)) (n (%)) (n (%)) (n (%)) (n (%)) (n (%)) (n (%)) (n (%))
(All patients)* 234 | 116(49.6) | 36(-34.2) | 68(29.1) | 50(-7.7) | 17(7.3) | 12(=2.2) | 33 (14.1) | 136 (+44.0)
Patient location
Cabin Creek 56 29(51.8) | 8(=375) | 23(41.1) | 13(-17.9) | 2(36) | 2(-0.0) | 2(356) 33 (+55.3)
Clendenin 59 33(55.9) | 13(-33.9) | 15(25.4) | 12(-5.1) | 3(5.1) | 2(-1.7) | 8(136) | 32(+40.6)
Kanawha City 40 15(37.5) | 3(-30.0) | 8(20.0) 7(-2.5) 5(125) | 2(-75) | 12(30.0) | 28(+40.0)
Riverside 19 10(52.6) | 4(-31.5) 1(5.3) 1(-00) | 2(105) | 1(-52) | 6(31.6) | 13(+36.8)
Sissonville 51 22(431) | 6(-313) | 21(412) [ 17(-79) | 5(98) | 4(20) | 3(5.9) 24 (+41.2)
Sunnyside 9 7(77.8) 2(-556) | 0(0.0) 0(-0.0) 0(00) | 1(=11.1) | 2(222) 6 (+44.5)
Zip code
250 88 48(54.5) | 14(-38.6) | 24(27.3) | 17(-80) | 6(68) | 2(-45) [ 10(114) | 55(+51.1)
251 24 13(542) | 5(-334) | 7(292) | 5(-84) 283) | 1(-41) | 2(83) 13 (+45.9)
252 15 5(33.3) 1(-266) | 7(46.7) | 3(-267) 1(67) | 0-67) | 2(133) | 11(+60.0)
253 102 46 (45.1) | 15(-30.4) | 29(28.4) | 24(—4.9) | 8(78) | 9(+1.0) | 19(186) | 54 (+34.3)
Race
White 220 [ 107 (486) | 32(-34.1) | 66(30.0) | 48(-82) | 15(6.8) | 11(-1.8) | 32(14.5) | 129 (+44.1)
Black or African 8 6 (75.0) 3(=375) | 1(125) 1(-0.0) 0(0.0) | 0(-00) | 1(125) 4 (+37.5)
American
Ethnicity
Non-Hispanic or ‘ 230 ‘ 114 (49.6) ‘ 35 (-34.4) ’ 67 (29.1) ‘ 49 (-7.8) ‘ 16 (7.0) ‘ 12 (-1.8) ‘ 33 (14.3) ‘ 134 (+44.0)
Latino
Sex
Male [ 108 | 67(620) | 22(-416) [ 24(222) [ 23(-09) | 4(37) [ 6(+19) [ 13(12.0) [ 57 (+40.8)
Female | 126 | 49(38.9) | 14(-27.8) | 44(34.9) | 27(-13.5) [ 13(10.3) | 6(-55) [ 20(15.9) [ 79 (+46.8)

* Participants were placed into one of four blood pressure categories at the time of enroliment (pre-enroliment) and again at their most recently available
blood pressure measurement (post-enroliment). Blood pressure categories included three ‘not met’ categories (‘systolic not met’ (systolic 2140 and
diastolic <90), ‘diastolic not met’ (systolic <140 and diastolic 290), and ‘not met’ (systolic 2140 and diastolic 290)) and one ‘met’ category (systolic <140

and diastolic <90).

T Data are presented as number of patients (% of total population) for pre-enroliment categories and number of patients (% net change from pre-
enroliment to post-enroliment). Hence, percentages preceded by a + or — sign represent the net change between the percentage of people in each

category of BP control between pre- and post: it

* Demographic indices including fewer than five patients have been removed to protect patient confidentiality (n=10).

Discussion

The aim of this work was to perform a mid-point analysis of an
SMBP program implemented by CCHS, a federally qualified health
center in rural southern WV. These data indicate that the
implementation of SMBP programming at CCHS contributed to
significant improvements in BP control in patients who
demonstrated uncontrolled hypertension at the time of
enrollment.

The implementation of SMBP programming is largely challenged

by the availability of wireless connections for remote data syncing.

CCHS's service area is largely rural, posing issues for the feasibility
of remote BP monitoring. More than a third of WV's population
live in rural areas'?, and the counties served by CCHS exist within
this rural context. Several unique challenges to patient care exist:
reduced workforce or staff shortages'®14, lack of reliable
transportation®8, distance to clinics”"?, poor internet access'16,
poor health literacy'?, and the stigma of receiving health care
Despite these challenges, each of the six CCHS clinic locations
successfully participated in the SMBP program. This widespread
implementation allowed for improved patient—provider
communication and enhanced patient engagement, and shifted
the responsibility for care from the provider to a care team

1819

(primary care physician, physician medical assistant, SMBP
physician lead, SMBP medical assistant lead, and the hypertension
care manager). These interactions are paralleled by improvements
in BP control, and are noteworthy because SMBP rarely focuses on
outcomes in disparate populations, and scant literature is available
assessing SMBP in patients with multiple comorbidities?20. These
data support the use of SMBP programming in improving BP
control in these populations.

In addition to these successes, a few challenges and limitations
exist. Of the individuals excluded due to non-adherence, the
reasons for non-participation remain unknown. Anecdotal reports
from providers suggest that rurality and lack of broadband or
cellular access are important reasons for inconsistent monitor
usage. Also, as a direct result of this mid-point assessment, CCHS
improved the SMBP protocol for enrollment and data tracking.
First, we identified the need for improved accuracy in data
reporting, and data logging issues for criteria such as ‘date of
enrollment’ were corrected retrospectively. Second, some patients
lacked remote BP readings for extended periods of time (no
monitor usage within the previous 30 days), indicating that they
had stopped using their remote monitoring device. In response,
two new enrollment statuses were introduced. The ‘enrolled no



device’ status identifies patients who are enrolled but are unlinked
from their remote monitoring device, and the ‘excluded’ status
designates patients who were both unenrolled and unlinked from
their remote monitoring device. These adjustments improved
accuracy of patient counts and documentation of remote monitor
usage. The last protocol alteration was the inception of monthly
reports containing patients with no remote monitor readings in
the previous 30 days, which is regularly distributed to the
attributed clinical teams to better track remote monitor usage.
Additionally, the SMBP intervention group is being evaluated
internally rather than being compared against a control group
receiving standard of care. Further evaluation is necessary to
determine whether the SMBP system improved BP status more
effectively than the standard of care.

Conclusion

We conducted a mid-point assessment of an SMBP program
implemented in rural southern WV by CCHS and observed
significant improvements in BP control regardless of clinic location,
patient demographics, and comorbidities status. These results
indicate that this rural health system has been successful in
implementing a remote SMBP monitoring program, the findings of
which can be informative to other health systems interested in

pursuing comparable SMBP efforts. Future directions include the
full evaluation of SMBP programming at CCHS and its impact on
more specific disparate populations, including focus on race and
ethnicity, and comorbidities.
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