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BACKGROUND: Effective hypertension self-management
interventions are needed for socially disadvantaged Afri-
can Americans, who have poorer blood pressure (BP) con-
trol compared to others.
OBJECTIVE: We studied the incremental effectiveness of
contextually adapted hypertension self-management in-
terventions among socially disadvantaged African
Americans.
DESIGN: Randomized comparative effectiveness trial.
PARTICIPANTS: One hundred fifty-nine African Ameri-
cans at an urban primary care clinic.
INTERVENTIONS: Participants were randomly assigned
to receive (1) a community health worker (“CHW”) inter-
vention, including the provision of a home BPmonitor; (2)

the CHW plus additional training in shared decision-
making skills (“DoMyPART”); or (3) the CHW plus addi-
tional training in self-management problem-solving
(“Problem Solving”).
MAIN MEASURES: We assessed group differences in BP
control (systolic BP (SBP) < 140 mm Hg and diastolic BP
(DBP) < 90 mmHg), over 12 months using generalized
linear mixed models. We also assessed changes in SBP
and DBP and participants’ BP self-monitoring frequency,
clinic visit patient-centeredness (i.e., extent of patient-
physician discussions focused on patient emotional and
psychosocial concerns), hypertension self-management
behaviors, and self-efficacy.
KEY RESULTS: BP control improved in all groups from
baseline (36%) to 12 months (52%) with significant de-
clines in SBP (estimated mean [95% CI] − 9.1 [− 15.1, −
3.1], − 7.4 [− 13.4, − 1.4], and − 11.3 [− 17.2, − 5.3]mmHg)
and DBP (− 4.8 [− 8.3, − 1.3], − 4.0 [− 7.5, − 0.5], and − 5.4
[− 8.8, − 1.9] mmHg) for CHW, DoMyPART, and Problem
Solving, respectively). There were no group differences in
BP outcomes, BP self-monitor use, or clinic visit patient-
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centeredness. The Problem Solving group had higher
odds of high hypertension self-care behaviors (OR
[95% CI] 18.7 [4.0, 87.3]) and self-efficacy scores (OR
[95% CI] 4.7 [1.5, 14.9]) at 12 months compared to
baseline, while other groups did not. Compared to
DoMyPART, the Problem Solving group had higher
odds of high hypertension self-care behaviors (OR
[95% CI] 5.7 [1.3, 25.5]) at 12 months.
CONCLUSION: A context-adapted CHW intervention was
correlatedwith improvements inBP control among social-
ly disadvantaged African Americans. However, it is not
clear whether improvements were the result of this inter-
vention. Neither the addition of shared decision-making
nor problem-solving self-management training to the
CHW intervention further improved BP control.
TRIAL REGISTRY: ClinicalTrials.gov Identifier:
NCT01902719
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INTRODUCTION

African Americans have poorer blood pressure (BP) control
compared to other racial groups.1 Interventions tailored to
support patients’ BP self-management by addressing individ-
uals’ social and cultural barriers to care have been widely
advocated as a potential mechanism to address disparities in
BP control.2

Socially disadvantaged African Americans often face sev-
eral barriers to achieving hypertension control which could
require tailored interventions. These barriers include subopti-
mal self-management skills or support, cultural beliefs about
treatment, or logistical barriers to care.3–6 Previous studies
have suggested beneficial effects of community health
workers, BP self-monitoring, decision-support, and self-
management training on BP control.5, 7–11 However, it is
unclear whether these interventions, when tailored to their
social contexts and combined, could help socially disadvan-
taged African Americans address these barriers and better
engage in their hypertension self-management and clinical
care.
Urban primary care clinics with limited resources often

deliver hypertension care to socially disadvantaged African
Americans with substantial comorbid illness.12, 13 Studies
comparing the effectiveness of tailored interventions to im-
prove hypertension self-management in urban primary care
settings could provide evidence needed to support interven-
tions’ judicious deployment. We conducted a randomized
comparative effectiveness trial to study the effectiveness of
three BP self-management interventions tailored to address
material, social, and self-management skills needs of socially
disadvantaged African Americans receiving hypertension care
in an urban primary care clinic.

METHODS

The Achieving Blood Pressure Control Together (ACT) study
was a 12-month pragmatic, randomized comparative effec-
tiveness clinical trial (ClinicalTrials.gov [NCT01902719]).
The Johns Hopkins and Duke Medicine Institutional Review
Boards approved all protocols, consent, and data analysis
procedures. Study enrollment occurred between September
2013 and June 2014.

Study Setting and Participants

Participants were recruited from an academically affiliated
community-based primary care clinic in East Baltimore,
Maryland. We identified potentially eligible patients by
screening clinic electronic health records. Eligible patients
were English-speaking adults aged 18 or greater who received
care in the clinic, self-identified themselves as African Amer-
ican, and had uncontrolled hypertension (at least twomeasures
of systolic BP (SBP) ≥ 140 mmHg or diastolic BP (DBP) ≥
90 mmHg obtained at the clinic within the 6 months prior to
screening and recruitment). We excluded patients from partic-
ipating if they were pregnant for ethical, safety, and compli-
ance reasons. Study participants’ physicians provided consent
to have clinic visit conversations audio-recorded.

Study Interventions

We developed ACT study interventions to address social con-
texts of residents of East Baltimore with input from commu-
nity and clinic stakeholders.14–18 Stakeholders wanted all
study participants to interact with CHWs and receive self-BP
monitors.14 One group (“CHW”) received no additional inter-
vention. A second group (“DoMyPART”) received the CHW
intervention plus training in how to engage in shared health
decision-making about hypertension self-care. A third group
(“Problem Solving”) received the CHW intervention plus 9
weeks of Problem Solving behavioral self-management train-
ing in the clinic.
A complete description of ACT Study protocols is pub-

lished elsewhere.14, 19 Two CHWs from the Baltimore com-
munity trained in community health education20 visited par-
ticipants in their homes and provided them with a home BP
monitor (Omron 10 Series BP791IT or Life Source). During
the home visit, CHWs trained participants to use monitors and
counseled them about hypertension self-management behav-
iors. CHWs visited participants in a scheduled and ad hoc
manner throughout the study through in-person and telephone
contacts. Each participant saw the same CHW throughout the
study. CHWs helped participants check their BP monitors to
verify BP control and linked participants to clinic nurses if
their home BP was not under control. CHWs reinforced self-
management behaviors and helped participants address bar-
riers to hypertension care, including clinic appointment adher-
ence, managing acute care transitions, and contextual barriers
(e.g., financial or transportation) to care.
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In addition to the CHW interaction, “DoMyPART” partici-
pants received a one-time training just prior to a routinely
scheduled clinic visit with their primary care provider to en-
courage shared decision-making with their physicians by fol-
lowing four key “PART” steps (“P”repare for their visits; “A”ct
during their visits; “R”eview key recommendations; and “T”ake
recommendations home). The interventionist helped partici-
pants practice skills and provided participants with a workbook
and a reminder card reviewing the PART steps.
In addition to the CHW interaction, “Problem Solving”

participants were invited to attend nine weekly structured
group sessions held in the clinic and led by a trained interven-
tionist where they received hypertension self-management
education and problem-solving skills training to overcome
barriers to self-management.

Participant Enrollment and Randomization

Study staff contacted potentially eligible patients via tele-
phone. Interested patients provided verbal consent and com-
pleted a telephone questionnaire to preliminarily ascertain
their eligibility. Within 21 days of the telephone questionnaire,
participants attended a clinic enrollment visit to confirm eligi-
bility. At this time, participants provided written consent for
enrollment procedures, study interventions, and follow-up
assessments. Participants were subsequently visited at home
by a CHW and research staff member. During this visit, they
were randomly assigned to intervention groups in a 1:1:1 ratio,
using a computer validated algorithm generated by a study
statistician who was not involved in participant group assign-
ment or outcomes assessments. Participants could not be
blinded to their treatment groups. Data collectors, who were
blinded to participants’ intervention assignment and not in-
volved in analyzing data, assessed behavioral and BP out-
comes using objective measures 4 and 12 months after ran-
domization. Participants were reimbursed for their time com-
pleting study questionnaires ($50-$75 per questionnaire), at-
tending study examination visits ($20 per visit), and for at-
tending DoMyPART training ($25 for the one time training)
and Problem Solving classes ($25 for each of the 9 classes).

Study Measures

At baseline, we assessed participants’ sociodemographic char-
acteristics via telephone. We measured health literacy during
the enrollment visit using the validated 6-item Newest Vital
Sign measure.21 Study data were collected by trained inter-
viewers and managed using Research Electronic Data Capture
(REDCap) tools hosted at Johns Hopkins University.22

BP for all study assessments was measured by trained and
certified study staff using an automatic oscillometric monitor
(Omron HEM-907XL) programmed with a 5-min delay
followed by three measurements separated by 30 s. The staff
recorded all three measures and the average at each visit. At
the enrollment home visit, CHWs recorded participants’ med-
ications. During study examinations performed in the clinic,

trained research assistants measured participants’ BP, height,
and weight, and obtained serum and urine laboratory assess-
ments later processed in a standard laboratory. At baseline, we
assessed participants’ diabetes status as the presence of any of
the following characteristics, including a diabetes diagnosis in
the electronic health record (ICD-9-CM codes 250.0-250.9), a
hemoglobin A1c > 6.5 mg/dl, a fasting serum glucose of > 126
mg/dl, or participants’ prescribedmedications for diabetes.We
assessed CKD as eGFR < 60 mL/min/1.73m2 or albumin-to-
creatinine ratio > 30 mg/g as having CKD.23 We also assessed
participants’ self-reported comorbid conditions, as well as
their use of alcohol or illicit drugs, physical activity, and
antihypertensive medication use.24–26

When patients attended routinely scheduled clinic visits,
study staff downloaded data from participants’ home BPmon-
itors to ascertain the times and dates of each measure. Study
staff also audio-recorded discussions between study partici-
pants and their consenting physicians during participants’ first
routine clinic visit post-study enrollment.

Outcomes

Our primary outcome was BP control defined by the seventh
report of the Joint National Committee on Prevention, Detec-
tion, Evaluation, and Treatment of High Blood Pressure (JNC-
7) guidelines (SBP < 140mmHg and DBP < 90mmHg).27We
also assessed BP control according to JNC-8 which emerged
during the study (SBP < 150 and DBP < 90 for participants
age 60 years or older; SBP < 140 and DBP < 90 for partici-
pants younger than 60 years).28 We also assessed participants’
change in SBP and DBP.
We captured intermediary outcomes reflecting proximal

effects of each intervention. For CHW and monitoring, we
assessed the number of participant-CHW interactions and
participants’ average number of home BP cuff measures
(number of days per month each participant’s BP monitor
indicated a BP had been taken, divided by the total number
of days in each month). CHWs also recorded the reason for
each CHW visit using structured case report forms. For
DoMyPART, we assessed the patient-centeredness of patient-
physician interactions by coding audio recordings of partici-
pants’ first routinely scheduled clinic visit after enrollment
using the validated Roter Interaction Analysis System (RIAS).
Patient-centeredness was computed as a ratio reflecting emo-
tional and psychosocial exchange in the numerator relative to a
denominator that is characterized by medical condition, treat-
ment, and procedural exchange (lower ratios indicating less
patient-centered encounters).18, 29–33 For Problem Solving, we
used three subscales (score range for each 0–80) of the vali-
dated Hypertension Self-care Profile to measure participants’
self-reported self-management knowledge, behaviors, and
self-efficacy.34 We considered participants’ self-reported self-
management behaviors and self-efficacy to be “high” if sub-
scale scores were > 60.34 We also assessed medication adher-
ence using the validated Morisky Medication Adherence
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Scale.35 We measured participants’ self-management prob-
lem-solving skills using the validated Health Problem-
Solving Scale (score range 0–200; greater scores indicating
better skills).36, 37

Statistical Analysis

We described participants’ baseline characteristics.We quantified
differences in the probability of BP control at follow-up between
groups using JNC-7 and JNC-8 criteria and assessed differences
in changes in SBP and DBP using generalized linear mixed
models and incorporated random intercepts for participants’ phy-
sician at baseline, the CHWassigned at baseline, and to account
for repeated measurements on participants over time. In sensitiv-
ity analyses, we performed multiple imputation for all primary
models to account formissing data.We also fit constrainedmixed
models assuming a common baseline BP across groups.38, 39

Additive interventions were designed to increase partici-
pants’ capacities to engage with their health care providers on
decisions around hypertension care (DoMyPART) and to en-
hance their hypertension self-management skills (Problem
Solving). We therefore hypothesized a priori that the
DoMyPART and Problem Solving groups would each achieve
incremental improvements in BP control compared to the CHW
group.We estimated the CHWinterventionwould result in 50%
BP control9 and calculated that a sample size of 336 participants
would achieve 98% power to detect 75% and 80% BP control
in DoMyPART and Problem Solving arms, respectively.14

Despite their uncontrolled clinic BPs at screening, some
participants had controlled BP measured by study staff at
enrollment. We therefore conducted a subgroup analysis
among those with uncontrolled BP at the baseline study visit.
We also assessed subgroup effects among participants with
chronic kidney disease (CKD) and/or diabetes (i.e., CKD only,
diabetes only, both CKD and diabetes, or neither condition) by
incorporating interaction terms into primary mixed models.
We compared groups’ home BP monitor use using a

Kruskal-Wallis test. We compared groups’ patient-
centeredness ratios using a linear mixed model adjusted for
clustering of patients among clinic providers and CHW. We
used generalized mixed models described above to compare
groups’ self-management, medication adherence, and prob-
lem-solving. In post hoc analyses, we described characteristics
of participants’ who adhered (versus not) to the DoMyPART
and Problem Solving interventions. We performed analyses
using SAS 9.4 (SAS Institute, Cary, NC) and R 3.3.0 (R Core
Team, Vienna, Austria). All hypothesis tests were two-sided
using a 0.05 significance level.

RESULTS

Participant Eligibility, Enrollment, and Retention

Of 402 clinic patients assessed for eligibility, 159 persons were
enrolled and randomly assigned to intervention groups.

Recruitment fell short of our projected estimate due to
prolonged stakeholder engagement and time limitations.19

Thus, we only enrolled 159 participants, yielding 80% power
to detect a statistically significant difference across study arms if
participants achieved BP control rates 60%, 89%, and 94% in
their respective study arms at follow-up. Overall, 77%, 67%,
and 61% of participants in CHW, DoMyPART, and Problem
Solving, respectively, completed their 12 months visits (Fig. 1).

Participant Sociodemographic, Behavioral,
and Clinical Characteristics

Participants had a mean (SD) age of 57 (10.8) years and were
predominantly (73.6%) female, and nearly half (39.0%) had
less than high school education. Over half (53.5%) met the US
Census Bureau poverty threshold standards.40 Nearly half
(48.4%) had inadequate health literacy (score less than 2 on
Newest Vital Sign measure)21. Few (11.9%) participants re-
ported high self-management behaviors at baseline, while over
half (58.5%) reported high self-efficacy with hypertension
self-management. Few (20.1%) scored high on Morisky self-
reported medication adherence. Despite a recent history of
uncontrolled BP in the clinic, more than one third (35.8%)
had BP under control when measured by study staff at enroll-
ment. Participants’ median [IQR] SBP and DBP were 137
(125–152) and 80 (72–89) mmHg, respectively. Nearly half
(47.8%) had diabetes and more than one third (37.7) had
CKD. Most (91.8%) participants were taking anti-
hypertension medications at the time of enrollment. Several
(28.3%) participants were also taking medications to treat
diabetes. These characteristics were similar across study
groups (Table 1). Additional potential correlates of blood
pressure control including participants’ self-reported histories
of cardiovascular disease and other comorbidities, alcohol use,
illicit drug use, exercise, body mass index (BMI), and hyper-
tension medications prescribed were also similar across study
groups (Supplemental Table 1).

Participant Receipt of Interventions

Participants had a median [IQR] 10 [8–14] CHW interactions,
with no group differences. Most interactions focused on self-
care behaviors, clinic appointment adherence, acute care epi-
sodes, and contextual barriers to care (Table 2). Most (85%)
participants assigned to DoMyPART attended the skills train-
ing. Most (85%) participants assigned to Problem Solving
attended at least 1 of 9 group sessions; 64% attended at least
5 of 9 sessions; and 23% attended all 9 sessions. Study staff
who were not CHWs delivered the DoMyPART and Problem
Solving interventions. Participants assigned to either the
DoMyPART or Problem Solving interventions did not inad-
vertently receive other interventions besides the CHW inter-
vention (i.e., there was no “crossover”). Demographic charac-
teristics of participants who completed the DoMyPART or
Problem Solving interventions were similar. (Supplemental
Tables 2 and 3).
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Primary Outcome: BP Control

Among all participants at baseline, 4 months and 12
months, BP control was achieved among 36%, 51%,
and 52% (JNC-7 criteria) and 50%, 65%, and 69%
(JNC-8 criteria), respectively. Cross-sectional assessment
of the percent participants achieving BP control at 12
months was not statistically significantly different
among the three groups according to JNC-7 or JNC-8
criteria (Table 3).
Within each group, there were greater odds of BP control at

12 months compared to baseline, using JNC-7 criteria. This
finding was statistically significant for the DoMyPART and
Problem Solving groups, but it was not statistically significant
for the CHW group. There were no between-group differences

in the odds of achieving BP control over 12 months. Findings
were similar when defining BP control according to JNC-8
criteria (Fig. 2 and Table 4). There were no statistically sig-
nificant interactions in the effect of the interventions by par-
ticipants’ diagnosis of CKD or diabetes.

Secondary Outcome: BP Change

Participants’ mean (SD) SBP and DBP declined 9.7 (21.4)
mmHg and 4.6 (12.6) mmHg, respectively, during follow-up,
but declines did not statistically significantly differ across
study groups. In linear mixed models, predicted mean SBP
and DBP declines were similar for CHW, DoMyPART, and
Problem Solving groups. Participants with uncontrolled BP at
enrollment experienced greater SBP declines, but there were

Figure 1 ACT Study CONSORT flow diagram. *Maximum telephone calls or disconnected telephone number with no updated information;
†CHW = community health worker. All participants received Community Health Worker and home blood pressure cuff plus training.
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no differences between groups. Inferences for primary and
secondary BP outcomes were similar in multiple imputation
and constrained analyses (Table 4).

Intermediary Outcomes

Most participants (87%, 74%, and 74% in CHW, DoMyPART,
and Problem Solving, respectively) used their home BP

Table 1 Participant Sociodemographic, Behavioral, and Clinical Characteristics at Baseline

Total CHW self-management only DoMyPART Problem Solving

N = 159 N = 53 N = 53 N = 53

Sociodemographic characteristics n(%) n(%) n(%) n(%)
Age (years), median [IQR] 57 [49.5, 64.5] 55.2 [49, 64.7] 58 [50, 64.6] 56.3 [49.5, 63.1]
Sex, female 117 (73.6) 40 (75.5) 38 (71.7) 39 (73.6)
Marital status
Married/living with a Partner 44 (27.7) 13 (24.5) 16 (30.2) 15 (28.3)
Widowed 22 (13.8) 3 (5.7) 11 (20.8) 8 (15.1)
Separated/divorced 41 (25.8) 18 (34.0) 9 (17.0) 14 (26.4)
Never married 52 (32.7) 19 (35.8) 17 (32.1) 16 (30.2)
Education
Less than high school 62 (39.0) 23 (43.4) 15 (28.3) 24 (45.3)
High school diploma or Equivalency (GED) 89 (56.0) 27 (50.9) 35 (66.0) 27 (50.9)
Some college (associate degree) 5 (3.1) 2 (3.8) 1 (1.9) 2 (3.8)
College graduate or above 3 (1.9) 1 (1.9) 2 (3.8) 0 (0.0)
Employment
Working full time/part time 51 (32.1) 13 (24.5) 23 (43.4) 15 (28.3)
Housekeeping/students 11 (6.9) 3 (5.7) 3 (5.7) 5 (9.4)
Unemployed/laid off/looking for work 18 (11.3) 8 (15.1) 4 (7.5) 6 (11.3)
Retired/does not work due to health reasons 78 (49.1) 29 (54.7) 23 (43.4) 26 (49.1)
Missing 1 (0.6) 0 (0.0) 0 (0.0) 1 (1.9)
Poverty
No 60 (37.7) 17 (32.1) 30 (56.6) 13 (24.5)
Yes 85 (53.5) 31 (58.5) 22 (41.5) 32 (60.4)
Missing 14 (8.8) 5 (9.4) 1 (1.9) 8 (15.1)
Household income
Don’t know 10 (6.3) 4 (7.5) 0 (0.0) 6 (11.3)
Refused 4 (2.5) 1 (1.9) 1 (1.9) 2 (3.8)
Under $20,000 86 (54.1) 30 (56.6) 25 (47.2) 31 (58.5)
$20,000 to $39,999 35 (22.0) 13 (24.5) 14 (26.4) 8 (15.1)
$40,000 or above 24 (15.1) 5 (9.4) 13 (24.5) 6 (11.3)
Insurance
Medicare and Medicaid 18 (11.3) 8 (15.1) 3 (5.7) 7 (13.2)
Medicare only 53 (33.3) 18 (34.0) 20 (37.7) 15 (28.3)
Medicaid only 22 (13.8) 6 (11.3) 5 (9.4) 11 (20.8)
Private health insurance 38 (23.9) 10 (18.9) 15 (28.3) 13 (24.5)
Others 28 (17.6) 11 (20.8) 10 (18.9) 7 (13.2)
Health Literacy
Inadequate literacy 77 (48.4) 27 (50.9) 23 (43.4) 27 (50.9)
Limited literacy 58 (36.5) 20 (37.8) 21 (39.6) 17 (32.1)
Adequate literacy 24 (15.1) 6 (11.3) 9 (17.0) 9 (17.0)
Behavioral characteristics
Self-management knowledge score, median [IQR] 4 [3, 5] 4 [3, 4] 4 [3, 4] 4 [3, 5]
Self-management behavior high* 19 (11.9) 10 (18.9) 4 (7.5) 5 (9.4)
Self-management high* 93 (58.5) 32 (60.4) 36 (67.9) 25 (47.2)
Problem-solving, median [IQR] 19.4 [16.9, 21.6] 19.7 [16.9, 21.6] 20.1 [17.9, 21.9] 18.3 [16.8, 20.7]
Morisky Medication Adherence Scale (MMAS)
Low adherence 60 (37.7) 20 (37.7) 22 (41.5) 18 (34.0)
Medium adherence 57 (35.8) 19 (35.8) 18 (34.0) 20 (37.7)
High adherence 32 (20.1) 12 (22.6) 9 (17.0) 11 (20.8)
No medication 10 (6.3) 2 (3.8) 4 (7.5) 4 (7.5)
Clinical characteristics
Systolic blood pressure (SBP)
Median [IQR] 137 [125, 151.5] 137 [120, 150] 138 [126, 151] 135 [126, 152]
Range (min, max) (96, 209) (109, 189) (98, 171) (96, 209)
Diastolic blood pressure (DBP)
Median [IQR] 80 [72, 89] 81 [75, 87] 79 [70, 90] 80 [75, 89]
Range (min, max) (48, 137) (48, 118) (56, 126) (57, 137)
Hypertension JNC-7† Present 102 (64.2) 31 (58.5) 36 (67.9) 35 (66.0)
Hypertension JNC-8‡ Present 79 (49.7) 25 (47.2) 29 (54.7) 25 (47.2)
Diabetes present 76 (47.8) 20 (37.7) 27 (50.9) 29 (54.7)
CKD present 60 (37.7) 18 (34.0) 20 (37.7) 22 (41.5)
Taking hypertension medications 146 (91.8) 51 (96.2) 49 (92.5) 46 (86.8)
Taking diabetes medications 45 (28.3) 12 (22.6) 17 (32.1) 16 (30.2)

*Score > 60; †JNC-7 = seventh report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure29;
defined as systolic blood pressure (SBP) < 140 mmHg and diastolic blood pressure (DBP) < 90 mmHg. ‡JNC-8 = report from the Panel Members
Appointed to the Eighth Joint National Committee which emerged during the study30; defined as SBP < 150 and DBP < 90 for participants age 60
years or older; SBP < 140 and DBP < 90 for participants younger than 60 years
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Table 2 Community Health Worker Engagement with ACT Study Participants over 12 Months

Total
N = 159

Arm 1
N = 53

Arm 2
N = 53

Arm 3
N = 53

Community health worker (CHW) encounters
Total encounters, number 1783 589 570 624
Median [IQR] CHW encounters per person 10 [8-14] 10 [8-13] 11 [8-12] 11 [7-15]
Reason for CHW encounter
Study enrollment home visit 159 (8.9) 53 (9) 53 (9.3) 53 (8.5)
Scheduled follow-up (by CHW)
In-person, clinic 53 (3) 21 (3.6) 14 (2.5) 18 (2.9)
In-person, home 6 (0.3) 3 (0.5) 0 (0) 3 (0.5)
Telephone 279 (15.6) 90 (15.3) 94 (16.5) 95 (15.2)
Ad hoc encounters (participant initiated)
In-person, clinic 287 (16.1) 98 (16.6) 86 (15.1) 103 (16.5)
In-person, home 3 (0.2) 2 (0.3) 1 (0.2) 0 (0)
Telephone 996 (55.9) 322 (54.7) 322 (56.5) 352 (56.4)
Ad hoc* topics addressed in follow-up visits 525 167 165 193
Self-care behavior support
Smoking cessation 18 (3.4) 8 (4.7) 2 (1.2) 8 (4.1)
Diet reinforcement 18 (3.4) 9 (5.3) 3 (1.8) 6 (3.1)
Exercise reinforcement 7 (1.3) 2 (1.2) 3 (1.8) 2 (1)
Medication support 8 (1.5) 4 (2.4) 2 (01.2) 2 (1)
Clinic appointment adherence
Missed routine visit 8 (1.5) 3 (1.8) 1 (0.6) 4 (2.1)
PCP appointment 25 (4.7) 10 (5.9) 5 (3) 10 (5.2)
Acute care transition
Recent hospitalization 63 (11.9) 9 (5.3) 25 (15.1) 29 (15)
Recent emergency room or urgent care visit 40 (7.6) 14 (8.3) 8 (4.8) 18 (9.3)
Contextual barriers to care
Financial concerns 25 (4.7) 6 (3.6) 9 (5.4) 10 (5.2)
Transportation 17 (3.2) 15 (8.9) 0 (0) 2 (1)
Referral to clinic social worker 5 (0.9) 0 (0) 1 (0.6) 4 (2.1)
Housing displaced 1 (0.2) 0 (0) 0 (0) 1 (0.5)
Food assistance 16 (3) 0 (0) 11 (6.6) 5 (2.6)
Dental 4 (0.8) 1 (0.6) 1 (0.6) 2 (1)
Counseling 9 (1.7) 0 (0) 3 (1.8) 6 (3.1)
Medical equipment supplies (e.g., glucose monitor) 2 (0.4) 0 (0) 0 (0) 2 (1)
Medication refill 8 (1.5) 4 (2.4) 3 (1.8) 1 (0.5)
Medication-specific finances 5 (0.9) 1 (0.6) 2 (1.2) 2 (1)
Medication problems 5 (0.9) 3 (1.8) 1 (0.6) 1 (0.5)
Other/not noted 244 (46.2) 80 (47.3) 86 (51.8) 78 (40.4)

*Topics addressed by CHW that were not specifically focused on blood pressure self-monitoring or blood pressure control. CHWs also addressed blood
pressure self-monitoring and blood pressure control during interactions.

Table 3 Blood Pressure Control Among ACT Study Participants at Enrollment, 4-Month Follow-up, and 12-Month Follow-up

Overall Arm 1 Arm 2 Arm 3 p-diff†

N = 159 N = 53 N = 53 N = 53
Baseline control n(%) n(%) n(%) n(%)
JNC-7* control 0.65
Yes 57 (35.8) 22 (41.5) 17 (32.1) 18 (34.0)
No 102 (64.2) 31 (58.5) 36 (67.9) 35 (66.0)
JNC-8* control 0.69
Yes 80 (50.3) 28 (52.8) 24 (45.3) 28 (52.8)
No 79 (49.7) 25 (47.2) 29 (54.7) 25 (47.2)
Month 4 control 138 47 45 46
JNC-7 control 0.07
Yes 71 (51.4) 30 (63.8) 18 (40) 23 (50)
No 67 (48.6) 17 (36.2) 27 (60) 23 (50)
JNC-8 control 0.23
Yes 90 (65.2) 34 (72.3) 25 (55.6) 31 (67.4)
No 48 (34.8) 13 (27.7) 20 (44.4) 15 (32.6)
Month 12 control 132 44 44 44
JNC-7 control 0.73
Yes 69 (52.3) 21 (47.7) 25 (56.8) 23 (52.3)
No 63 (47.7) 23 (52.3) 19 (43.2) 21 (47.7)
JNC-8 control 0.3
Yes 91 (68.9) 30 (68.2) 34 (77.3) 27 (61.4)
No 41 (31.1) 14 (31.8) 10 (22.7) 17 (38.6)

*JNC-7 and JNC-8: seventh and eighth reports of the Joint National Committee (JNC) on Prevention, Detection, Treatment, and Evaluation of High
Blood Pressure. †p values reflect differences in measures across groups
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monitors. Participants measured their BP a median [IQR] 6
(3–9) days per month, with no statistically significant differ-
ences among groups. Patient-centeredness scores from partic-
ipants’ first routine clinic visit after enrollment (and after
DoMyPART training) reflected that patient-physician discus-
sions focused less on patients’ emotional or psychosocial
concerns and more on their biomedical concerns overall (me-
dian ratio of emotional/psychosocial to biomedical talk [IQR]
0.7 [0.5–0.9] for all participants, with no difference among
groups). Problem Solving participants had statistically signif-
icantly greater odds of high self-reported hypertension self-
care behaviors (OR [95% CI] 18.7 [4.0, 87.3]) and self-
efficacy (OR [95% CI] 4.7 [1.5, 14.9]) scores at 12 months
compared to baseline, while participants in CHW and

DoMyPART did not. Problem Solving participants had
higher odds than DoMyPART participants of achieving
high self-reported hypertension self-care behaviors at 12
months (OR [95% CI] 5.7 [1.3, 25.5]) but there were no
other between-group differences (Table 5). There were no
statistically significant differences in knowledge or medi-
cation adherence among groups. Participants’ overall
mean (SD) problem-solving scores were 19.1 (3.4), 20.3
(3.1), and 20.5 (2.9) at baseline, 4 months, and 12 months,
respectively. Problem-solving scores increased similarly
for all three groups over 12 months (average point in-
crease [95% CI] 1.3 [0.4, 2.1], 1.1 [0.2, 1.9], and 1.5 [0.7,
2.3] in CHW, DoMyPART, and Problem Solving, respec-
tively; p = 0.57).

Figure 2 ACT Study participants’ predicted probability of blood pressure control based on JNC-7 (panel A) and JNC-8 (panel B) at enrollment,
4 months, and 12 months.

Table 4 Odds Ratios for Blood Pressure Control (Defined by JNC-7 and JNC-8 Criteria) and Predicted Mean Changes in Systolic and Diastolic
Blood Pressure at 12 Months Compared to Baseline in Each Study Group

JNC-7 OR (95% CI) p-diff*

Arm 1 Arm 2 Arm 3

Main analysis 1.45 (0.53, 3.95) 4.3 (1.51, 12.24) 3.31 (1.17, 9.33) 0.709
Sensitivity: multiple imputation† 1.47 (0.57, 3.78) 4.16 (1.54, 11.21) 3.26 (1.23, 8.67) 0.727
Sensitivity: BP constrained‡ 1.86 (0.76, 4.54) 3.6 (1.44, 9.01) 3.04 (1.22, 7.59) 0.523
JNC-8 OR (95% CI)
Main analysis 2.64 (0.94, 7.45) 7.86 (2.53, 24.38) 1.77 (0.65, 4.84) 0.286
Sensitivity: multiple imputation† 2.59 (0.98, 6.86) 8 (2.75, 23.29) 1.63 (0.63, 4.19) 0.175
Sensitivity: BP constrained‡ 2.94 (1.16, 7.48) 6.33 (2.26, 17.71) 1.97 (0.8, 4.83) 0.188
SBP estimate (95% CI)
Main analysis − 9.1 (− 15.08, − 3.13) − 7.36 (− 13.35, − 1.38) − 11.26 (− 17.24, − 5.28) 0.816
Sensitivity: multiple imputation† − 8.99 (− 14.6, − 3.38) − 7.38 (− 12.98, − 1.77) − 11.39 (− 17, − 5.78) 0.787
Sensitivity: BP constrained‡ − 9.6 (− 14.98, − 4.22) − 7.65 (− 13.04, − 2.26) − 10.48 (− 15.87, − 5.09) 0.731
DBP estimate (95% CI)
Main analysis − 4.83 (− 8.32, − 1.33) − 4.01 (− 7.51, − 0.51) − 5.35 (− 8.84, − 1.85) 0.925
Sensitivity: multiple imputation† − 4.83 (− 8.12, − 1.54) − 4.34 (− 7.63, − 1.05) − 5.34 (− 8.63, − 2.05) 0.88
Sensitivity: BP constrained‡ − 4.94 (− 8.22, − 1.66) − 4.4 (− 7.7, − 1.11) − 4.84 (− 8.13, − 1.55) 0.969

*p value for difference in estimates across study arms; †findings from mixed linear models incorporating multiple imputation for missing values;
‡findings from mixed linear models constrained by baseline blood pressure
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DISCUSSION

While all ACT study groups experienced improvements in BP
control over 12 months, neither DoMyPART (designed to
enhance patient engagement with their physicians on deci-
sions around hypertension care) nor Problem Solving training
(designed to enhance patients’ self-management skills) groups
experienced any added blood pressure improvements beyond
those experienced by the CHW group .
The ACT CHW self-monitoring intervention was designed

to have a potent effect through its pairing of CHW support
with BP self-monitoring to address participants’ contextual
barriers to hypertension self-care. Both CHWs and BP self-
monitoring have been previously shown to be effective adju-
vants in hypertension care.7, 8, 41 ACT study findings extend
existing evidence on these interventions by suggesting their
effectiveness among socially disadvantaged African Ameri-
cans in primary care, although it is important to note that since
there was no control group that did not receive the CHW
intervention, it is not clear that the CHW intervention itself
led to improved BP control.
The ACT study was not designed to demonstrate the effec-

tiveness of the CHW intervention itself. However, frequent
contact between trained and supervised CHWs and patients
and the provision of BP monitors may have helped overcome
important social support, and logistical and material resource
barriers for socially disadvantaged individuals. BP improve-
ments were substantial overall, particularly among those with
uncontrolled BP at baseline, suggesting the CHW self-
monitoring intervention may have been an important adjuvant
to routine care. In the context of a low-resource urban primary
care setting, cost of implementing the CHW self-monitoring
intervention may warrant consideration. The CHW self-
monitoring intervention required substantial staff time and
financial resources to purchase BP self-monitors. Despite this,
a recent cost-effectiveness analysis suggested that the financial
costs of interventions resulting in similar BP improvement
could be offset by cost savings gained through improvements
in health.42

While the DoMyPART and Problem Solving interventions
did not appear to substantially improve BP control above and
beyond CHW self-monitoring, they may still have benefits for
socially disadvantaged populations by supporting patients’
capacities to engage meaningfully in hypertension care. Con-
sistent with prior studies, participants receiving the Problem
Solving training experienced significant improvements in self-

management behavior and self-efficacy, suggesting this inter-
vention may add value to hypertension care.43–45

The ACTwas conducted in a relatively small population of
African Americans in a single urban primary care practice,
potentially limiting the generalizability of findings. Further,
recruitment did not achieve planned goals, and we may have
not achieved adequate statistical power. Also, despite screen-
ing potential participants via their electronic health records,
nearly one third to one half had controlled BP at the time of
study enrollment, highlighting the potential pitfalls of this
screening approach. Nonetheless, the percentage of persons
with controlled BP at baseline was similar among all groups,
and our subgroup analyses among those with uncontrolled BP
at baseline were consistent with main findings. Additionally,
only 85% and 64% of participants attended the DoMyPART
and Problem Solving sessions, despite study staff encourage-
ment. This suboptimal completion may provide important
insights regarding adherence to similar interventions in other
primary care clinics. Finally, since the ACT study did not
include a study group receiving only usual primary care, it is
possible that observed BP improvements were the result of
secular trends or regression to the mean, rather than the CHW
intervention.
In summary, socially disadvantaged African Americans

receiving CHWand self-monitoring interventions experienced
significant improvements in BP. While problem-solving self-
management training may have improved patients’ self-
management skills and self-efficacy, neither shared decision-
making nor problem-solving self-management training incre-
mentally improved BP. Studies exploring how BP improve-
ments can be sustained in this population are needed.
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