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Empowering Low-Income Patients with Home
Blood Pressure Monitors to Improve Hypertension
Control
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Introduction: Effective management of hypertension (HTN) is a priority in primary care. With tele-
health now considered a staple care delivery method, uninsured and low-income patients without
home blood pressure (BP) monitors may need additional attention and resources to achieve successful
HTN control.

Methods: This prospective study at an underserved community clinic assessed the impact of distrib-
uting free BP monitors on patients’ HTN control and therapy adherence. Enrollees were randomized
into 2 groups, both completing 4 primary care physician (PCP) visits over a 6-month study period.
Intervention participants collected home BP readings to report to their PCP and comparison partici-
pants completed an equivalent number of visits without having home BP data available for their PCP to
review. Both groups completed an initial and final Therapy Adherence Scale (TAS) questionnaire.

Results: 263 patients were invited and 200 participants (mean age 50, 60% female, 19% Black, 67%
Hispanic) completed the study. Intervention and comparison subjects featured comparable initial BP
levels and TAS scores. After adjusting for age, race, ethnicity, sex, presence of diabetes and therapy ad-
herence, intervention participants experienced higher odds of controlled HTN (OR 4.0; 95% Confidence
Interval 2.1 to 7.7). A greater proportion of participants achieved BP control in the intervention arm
compared with the comparison arm (82% vs 54% of participants, P< .001). TAS scores were higher in
the intervention group (Mean¼ 44.1 vs 41.1; P< .001).

Discussion: The provision of free home BP monitors to low-income patients may feasibly and effec-
tively improve BP control and therapy adherence. ( J Am Board Fam Med 2024;37:187–195.)
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Introduction
As hypertension (HTN) represents the commonest
chronic condition seen in adult primary care prac-
tices, every touchpoint of patient interaction presents
an opportunity to improve blood pressure (BP)

control and reduce cardiovascular disease risk.1

Although the diagnostic threshold of HTN differs
throughout guidelines, a BP of 140/90mmHg or
higher for adults ages 18 to 59 is universally con-
sidered uncontrolled.2,3 Low-income individuals
are 3 times more likely to have poor BP control
compared with the average American.4 As uncon-
trolled HTN increases the risk of heart disease,
kidney disease, stroke, and cognitive decline, BP
management is one of the most important roles of
primary care physicians (PCPs).

Since the onset of the COVID-19 pandemic,
family physicians have been challenged by the goal
of safely and effectively managing patients’ chronic
medical conditions. Although telephone and video
communication are widely available to conduct pri-
mary care visits, successful virtual care remains
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limited by availability of objective data such as vital
signs. With telehealth persisting as a staple modality
of delivering care, more physicians rely on home BP
monitoring (HBPM) to manage patients’ HTN.5

Atop considerable other health inequities, home
ownership of BP machines is an economic barrier
for low-income and medically underserved patients
at community health centers throughout the nation.
Furthermore, receiving care at a publicly funded
primary care clinic is associated with lower medica-
tion adherence.6 Another notable consideration for
patients of safety-net health care systems is higher
clinical inertia – whereby limited access to clinicians
results in suboptimal dosage intensification.7

At the time of writing, limited studies have
assessed the role of virtual BP management on ther-
apy adherence and BP control within low-income
and other medically underserved people. One small
study used a multidisciplinary team of specialists and
pharmacists to intensively manage 31 patients using a
similar design.8 Those patients were older than 65
and a small fraction of participants were enrolled
from a community health clinic environment.

Literature on the effects of HBPM on HTN con-
trol have shown mixed results. In one review, HBPM
was associated with a moderate increase in achieving
BP targets when patients were permitted to self-
titrate medication dosages and were provided coun-
seling, education, and adherence contracts.9

In a review of telemedicine interventions on
chronic conditions, a significant and clinically
meaningful impact on BP levels was not observed.10

In patients with high engagement and health liter-
acy, virtual primary care visits were preferred by
patients and led to better BP control.11 HBPM has
not been widely used or studied in medically under-
served settings due to device costs. Physicians are
more likely to recommend HBPM to patients who
have insurance, high health literacy and high ther-
apy engagement levels.12

Two factors have been theorized to contribute
the most to HTN control – clinician prescription
of an adequate number and dosage of antihyper-
tensive medications and patient adherence with
therapy recommendations.13,14 This campaign
evaluated the benefit of providing free BP moni-
tors to low-income, primarily Hispanic, patients
with uncontrolled HTN. The study’s 2 hypothe-
ses were (1) subjects in the intervention group
with access to home BP readings will achieve
control in greater proportion than patients in a

comparison group and (2) intervention group
participants will achieve better therapy adher-
ence as measured by a validated tool.

Methods
This study was conducted at an urban, underserved
community health center which serves as the conti-
nuity clinic for a family medicine residency pro-
gram. Eight attending physicians and 22 resident
physicians were briefed on the use of a standardized
protocol. Four faculty and 6 resident physicians
elected to participate in this study. Patients were
screened for enrollment as they presented to the
clinic for regularly scheduled primary care visits.
Two hundred BP monitors were purchased
through philanthropic grant funding.

Subject Enrollment

Participants were offered inclusion into the study if
they were ages 18 to 59 with uncontrolled HTN -
defined as a SBP >140 or DBP >90mmHg during
the current, in-office PCP visit with a known his-
tory of HTN. For patients that consented to
enrollment, that initial PCP visit was considered
their first study visit. The upper age limit served
to ensure a consistent BP target across various
clinical guidelines. Patients with obesity, diabe-
tes and chronic kidney disease were included.
Patients were excluded if they were pregnant,
homeless, incarcerated, had uncontrolled psychi-
atric illness, had a stroke in the past 30 days, or
were on dialysis.

Enrollees’ preferred languages were English or
Spanish. Participants received care through a
county-funded financial assistance program for
low-income, uninsured, and medically underserved
patients. Enrollees’ household incomes were gener-
ally below 150% of the Federal Poverty Level. Due
to cost barriers, nearly all patients at the study site
did not own a home BP monitor machine.

Description of the Intervention

Two hundred participants were randomized into an
intervention group (n ¼ 100) and a comparison
group (n ¼ 100). Randomization occurred at the
time of enrollment into the study based on whether
the last digit of the patient’s medical record number
was odd or even. Subjects in both groups completed
a total of 4 PCP visits addressing HTN within a
study period of 6 months. For all participants, the
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first and fourth visits occurred in-office whereas the
second and third visits were conducted virtually
with the patient at home. In accordance with simi-
lar studies, a 35-day grace period was available to all
participants to accommodate study completion bar-
riers such as access to care, reliable transportation,
time off work and the global pandemic.15

During the initial visit, participants in both
groups signed a written informed consent form,
completed a preintervention therapy adherence
scale (TAS) survey, and recorded an initial in-office
BP reading (Table 1). To maximize consistency, BP
data utilized for statistical analysis were collected
in-office by a trained medical assistant. Patients
were counseled on accurate data collection methods
for their home readings. Patients were not observed
collecting their own readings.

For all participants, the second and third PCP
visits were conducted virtually. In the fourth visit,
approximately 6 months after the initial visit,
patients completed a postintervention TAS survey
and recorded a final, in-office BP reading as the
postintervention outcome variable.

Participants in the intervention group received a
free BP monitor during their initial PCP visit and
were instructed to record 4 BP measurements
weekly—2 morning readings and 2 evening read-
ings. Patients in the intervention group reported

these 4 BP readings to their physician during their
second and third PCP visits. Comparison group
members received the usual standard of virtual care
during their second and third visits, which may
have included assessing for symptoms of end organ
damage as a proxy for BP readings. Physicians were
not blinded to participants’ group membership as
intervention group subjects revealed their home BP
readings to their provider as part of the interven-
tion. Comparison group patients received a free BP
monitor after their study period.

Participants in both groups were encouraged
to follow standard pharmacologic and nonphar-
macologic recommendations such as reducing
salt intake and attending follow-up appoint-
ments. Treatment and management of patients
in either group did not differ in any proscribed
way. Providers followed evidence-based treat-
ment algorithms for subjects in both groups
using low-cost, single daily dose, guideline-rec-
ommended medications, prescribed with a 90-
day supply. Study providers were asked to apply
consistent clinical decision making and follow-up
appointment scheduling for all participants.
Members of both groups received informational
handouts regarding the consequences of uncon-
trolled HTN and nonpharmacologic strategies
to lower blood pressure.

Table 1. Therapy Adherence Scale (TAS) Questions

Scoring:
1. All of the Time
2. Most of the Time
3. Some of the Time
4. None of the Time

Dietary Compliance
1. How often do you eat salty food?
2. How often do you shake salt on your food before you eat it?
3. How often do you eat fast food?

Appointment Keeping
4. How often do you make the next appointment before you leave the doctor’s office?*
5. How often do you miss scheduled appointments?

Medication Adherence
6. How often do you forget to take your high blood pressure medicine?
7. How often do you skip your high blood pressure medicine before you go to the doctor?
8. How often do you forget to get prescriptions filled?
9. How often do you decide NOT to take your high blood pressure medicine?

10. How often do you run out of high blood pressure pills?
11. How often do you miss taking your high blood pressure pills when you feel better?
12. How often do you miss taking your high blood pressure pills when you feel sick?
13. How often do you take someone else’s high blood pressure pills?
14. How often do you miss taking your high blood pressure pills when you are careless?

*Reverse coding.
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As standard of care, comparison group partici-
pants were welcome—and even encouraged—to
purchase a BP machine or check their BP at a pub-
lic amenity at any time. If any patient elected this
route, they were asked to notify their provider to
discontinue participation in the study.

By inclusion, participants from both groups had
initial BP levels in the uncontrolled range. This
study’s primary outcome was achievement of BP con-
trol defined as a final reading ≤140/90mmHg. This
threshold is aligned with the national Health care
Effectiveness Data and Information Set (HEDIS)
benchmarks. Physicians in this study targeted a BP
lower than 140/90mmHg for all patients.

The secondary outcome was change in therapy ad-
herence scale (TAS) score over a 6-month period for
participants undergoing HBPM compared with subjects
practicing the usual standards of care without BP data.

Acquisition of BP Monitors and BP Readings

BP monitors were purchased through community
research grants. Home BP was self-measured in
intervention group participants with a validated,
automatic oscillometric device (Omron model 3-se-
ries, Omron Corp, Tokyo, Japan) according to the
current guidelines.16 Intervention group members
were provided with materials on obtaining accurate
home BP readings.17

Participants in the intervention group were pro-
vided a written log to record their readings.
Subjects in either group were permitted to check
their BP at any time. As the availability of BP infor-
mation was a variable being specifically evaluated in
this study, participants in the usual care group were
asked to report whether they elicited any BP data
outside the study parameters. Although checking
BP was not discouraged, those usual care partici-
pants would be excluded from data analysis.

Direct integration of BP measurements from the
monitor into an electronic medical record (EMR)
was not feasible in this study. A substantial number
of participants do not own smartphones with requi-
site Bluetooth capabilities. In addition, the Omron 3-
series monitor was selected due to low cost and sim-
ple usage. Validated BP monitors at the entry-level
price range do not have EMR embedding features.

Therapy Adherence Scale Data

In the initial visit, participants from both groups
completed a preintervention questionnaire about
their baseline therapy adherence according to the

validated, 14-item Hill-Bone Compliance with
High Blood Pressure Therapy scale.18 In this study,
the compliance survey is referred to as the Therapy
Adherence Scale (TAS).

The questionnaire consists of 14 items with 3
domains: (1) reducing sodium intake, (2) appointment
keeping, and (3) medication taking, with each item
rated on a 4-point Likert scale (1¼ all the time,
2¼most of the time, 3¼ some of the time, and
4¼ none of the time). The score ranges from a mini-
mum of 14 to 56 (maximum). The sodium domain
consists of 2 items to assess dietary intake of salty foods;
the appointment keeping domain consists of 3 items to
assess appointments for doctor visits and prescription
refills, and the medication-taking domain consists of 9
items to assess medication-taking behavior.

Although shorter medication adherence ques-
tionnaires, like the 4-item Morisky Green Levine
Scale, have been studied, the selected TAS offers a
comprehensive and multi-dimensional view of ther-
apy adherence beyond pharmacologic adherence.19

Statistical Analysis

BP data utilized in our statistical analysis was col-
lected in-office by a trained medical assistant follow-
ing established principles of accurate data collection.
The endpoints for each patient were defined as the
in-office BP and TAS recorded on their last visit.

We initially examined the raw unadjusted changes
in proportion of patients controlled and changes in
SBP and DBP using standard 2-group comparisons
(Chi-Squared test). As patients could be seen by dif-
ferent providers, it was not possible to account for
individual provider effects.

To conduct an adjusted analysis, a multivariable
logistic regression analysis was performed using BP
control as a binary dependent variable and study arm,
patient age, sex, race, ethnicity, and presence of dia-
betes as independent variables. We performed a sec-
ond multivariate logistic regression analysis with
study arm (intervention or comparison group) and
baseline therapy adherence scales (dichotomized as
low or high adherence) as predictors and postinter-
vention therapy adherence (low or high adherence)
as the outcome. Akin to other studies using the TAS,
high adherence was defined as a score equal to or
greater than the group mean score.20

Data analysis was performed using SPSS, version
28. This study was approved by the Baylor College
of Medicine IRB and passed administrative review
by Harris Health System.
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Results
Two hundred sixty-three patients that met inclu-
sion criteria were approached to participate in the
study (Figure 1). Two hundred one patients were

consented and enrolled between April 2021 to
January 2023. The most often-cited reason for
declining participation was uncertainty of ability to
attend 4 appointments within the study period.

Figure 1. Participant enrollment. Abbreviation: BP, blood pressure.

263 poten�al par�cipants 
approached during rou�ne primary 

care appointments

201 subjects consented and enrolled

Inclusion Criteria
- Men and Women, ages 18-59 years 
with uncontrolled hypertension (last 
in-office BP readings >140mmHg 
systolic or >90mmHg diastolic)
- Pa�ents with diabetes, obesity and 
chronic kidney disease were included 
- Preferred language was English or 
Spanish

1 par�cipant excluded from analysis 
for devia�on from study protocol

Exclusion Criteria
- Currently pregnant
- Without stable housing
- Poorly controlled psychiatric illness
- On dialysis
- Recent stroke

2,483 poten�ally eligible pa�ents at 
study site 

101 par�cipants randomized 
to usual care group

100 par�cipants randomized to 
interven�on group

1 par�cipant began dialysis following 
the study period and was included in

analysis
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One subject in the intervention group began di-
alysis shortly after completing their study period.
As they did not meet exclusion criteria during the
time of their participation, their data were included
in the analysis.

One subject in the usual care group was excluded
from the study after their initial visit as they reported
collecting an out-of-office BP reading. Having only
been consented without any follow-up visits or data
collection, the participant was replaced and excluded
from data analysis. No other participants in the com-
parison group reported obtaining extraneous BP
readings outside the study parameters.

A total of 200 subjects successfully completed
the study requirements of 4 appointments within
the study period. At baseline, the intervention and
comparison group featured highly similar demo-
graphic composition with comparable systolic and
diastolic BP levels. [Table 2]

Change in status of BP “control” was the pri-
mary outcome. BP readings of all patients were
uncontrolled in the baseline period. In the interven-
tion group, systolic and diastolic blood pressure lev-
els improved by 13.3% and 11.3%, respectively. In
the usual care group, systolic and diastolic blood
pressure levels improved by 9.1% and 6.8%,
respectively. Stated another way, the proportion of
patients with controlled hypertension was signifi-
cantly higher in the intervention group than in the
control group (82% vs 54% respectively, P< .001).

As a secondary outcome, changes to participants’
TAS scores were evaluated. The mean initial TAS
in the intervention group was 38.7. After the inter-
vention, the final TAS for this group was 42.6.
After adjusting for baseline adherence, the adher-
ence was significantly higher in the intervention

group than in the control group. Considering both
outcomes together, improved therapy adherence
was likely the main driver of increases in blood
pressure control.

In the multivariable logistic regression analysis,
adjusted for age, sex, race, ethnicity and presence of
diabetes, the odds ratio of hypertension control in
intervention versus control group was 4.0 (95%
Confidence Interval 2.1 to 7.7, P value< 0.001).
The value of Akaike Information Criterion (AIC)
for the final model using BP control as a binary de-
pendent variable and study arm, patient age, sex,
race, ethnicity, and presence of diabetes as inde-
pendent variables was 241.5.

Using a previously described approach, we cre-
ated a binary variable describing “good adherence”
as TAS scores above the mean and “poor adher-
ence” referring to scores below the group mean.20

A multivariate logistic regression analysis was per-
formed with study group (intervention/comparison)
and baseline adherence (dichotomized) as predic-
tors and postintervention adherence (dichotomized)
as the outcome. The odds ratio of good adherence
in the intervention versus comparison group was
17.0 (95% Confidence Interval 8.1 to 35.7, P
value< 0.001). [Table 3]

Although statistical trends were observed with
changes to the dietary compliance and appointment
keeping subscales, the medication adherence sub-
scale showed greatest improvement as a result of
the intervention.

Certain TAS items had little variance among
subjects. For example, the item inquiring, “How of-
ten do you take someone else’s high blood pressure

Table 3. Post-Intervention Outcomes (n 5 200)

Intervention
Usual
Care

Systolic BP lowering (%) 13.3 9.1
Diastolic BP lowering (%) 11.3 6.8
Initial Therapy Adherence Score
(mean)

38.7 38.1

Final Therapy Adherence Score
(mean)

44.1 41.1

BP became controlled (<140/90) (%) 82 54
Odds ratio for BP control
(intervention vs usual care)

4.0 (95% Confidence
Interval 2.1 to 7.7)

Odds ratio for good therapy
adherence (intervention vs usual
care)

17.0 (95% Confidence
Interval 8.1 to 35.7)

Abbreviation: BP, blood pressure.

Table 2. Baseline Characteristics of Participants (n 5

200)

Intervention Usual Care

Age (mean, SD) 50.5 (67.5) 49.9 (67.6)
Female (%) 60 61
Systolic BP (mean, SD) 155 (616) 154 (613)
Diastolic BP (mean, SD) 87 (611) 87 (612)
Therapy Adherence Scale score,
(mean, SD)

39.2 (6.6) 38.1 (7.0)

Black or African American (%) 18 20
Hispanic or Latino (%) 66 68
Comorbid Diabetes (%) 35 30

Abbreviation: SD, standard deviation.
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pills?” was nearly universally recorded as “None of
the time.” Similarly, very few patients admitted to
shaking salt on their food. There was ambiguity
amid many respondents regarding which restaurants
qualify as “fast food.” Survey administrators were
instructed to ask patients to use their best judgment.

Discussion
This campaign demonstrated a potential benefit to
providing free BP monitors to medically under-
served patients with uncontrolled HTN. A signifi-
cantly greater proportion of subjects in the
intervention group achieved BP control compared
with the usual standards group. Our data support
greater therapy adherence as the mechanism for
this difference between groups. This mechanism is
consistent with dozens of previous studies across
various demographic cross-sections.

Notably, the extent to which adherence played
a role in achieving BP control was greater in this
study population—predominantly low-income,
Hispanic and female—compared with data from
practice settings with insured patients.21–23

Several study clinicians reported patients remarked
that they were previously motivated to check their
home BP and simply did not have the financial band-
width to procure a home monitor. Provision of a free
device to individuals already interested in advancing
their self-efficacy likely resulted in a large improve-
ment to BP control.

Patients were more likely to be adherent with their
medications in the intervention group. One proposed
mechanism for this effect is that by measuring their
blood pressure, patients were less likely to forget or
skip their antihypertensive dose. Of the 3 subscales,
Medication Adherence, was found to differ the great-
est among the intervention and comparison group.

Tighter BP control was achieved at least in part
due to better therapy adherence as determined by the
compliance survey. BP reduction may have also been
achieved through clinician titration of antihypertensive
medications. Because physicians had access to BP
measurements obtained throughout the week, physi-
cians were comfortable with up-titrating medications
with no adverse side effects. Effective care and control
of BP cannot be achieved without patient medication
adherence.24 TAS scores are a reliable, valid, and cost-
effective method to assess patient adherence.

For patients with insurance, physicians may con-
sider prescribing a BP monitor. A 2020 joint policy

statement by the American Heart Association and
American Medical Association reviewed insurance
coverage and reimbursement for home BP devices.25

Although there was significant variability in coverage
of BP monitors for patients with commercial or gov-
ernment-sponsored insurance programs, prescription
of BP monitors generally reduced patients’ out-of-
pocket cost. Without insurance, the average cost of a
validated BP device in the US from supermarkets or
drug stores ranges from $40 to $100.26

Limitations

As in any multi-component intervention, it is difficult to
separate how much of intervention effect is attributable
to enhanced patient engagement versus effective virtual
primary care appointments. The study was not blinded,
which could have influenced participants’ reporting of
subjective therapy adherence scores. Reasons for poor
medication adherence were not explored.

The confidence intervals for the 2 reported odds
ratios are wide. The sample size of this study was
limited by available funding to purchase BP moni-
tors. Future iterations of this program aim to pur-
chase 500 BP monitors.

Meta-analyses have demonstrated that, com-
pared with usual care, the use of HBPM alone with-
out cointerventions leads to modest reductions in
systolic and diastolic BP at 6months but no differ-
ence at 12months.27 Further studies should follow
patients longitudinally to see if benefits are sus-
tained beyond a period where patients know that
they are being specifically monitored.

Conclusion
Telemonitoring and virtual care titration provide an
alternative to seeing clinicians in person. This format
is especially helpful when assisting medically under-
served and lower-income patients. Although HBPM
allows for a more practical and convenient way of con-
trolling BP, factors such as cost, insurance coverage,
operator training, and accuracy of readings continue
to pose significant barriers. By empowering patients
with free home BP monitors, clinicians can improve
therapy adherence and achieve superior BP control.

The authors would like to acknowledge the contributions of the
resident and faculty physicians of the Baylor College of
Medicine Family Medicine Residency Program.

To see this article online, please go to: http://jabfm.org/content/
37/2/187.full.
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