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ABSTRACT
Introduction Hypertension, the clinical condition of 
persistent high blood pressure (BP), is preventable yet 
remains a significant contributor to poor cardiovascular 
outcomes. Digital self- management support tools can 
increase patient self- care behaviours to improve BP. 
We created a patient- facing and provider- facing clinical 
decision support (CDS) application, called the Collaboration 
Oriented Approach to Controlling High BP (COACH), to 
integrate home BP data, guideline recommendations 
and patient- centred goals with primary care workflows. 
We leverage social cognitive theory principles to support 
enhanced engagement, shared decision- making and self- 
management support. This study aims to measure the 
effectiveness of the COACH intervention and evaluate its 
adoption as part of BP management.
Methods and analysis The study design is a multisite, 
two- arm hybrid type III implementation randomised 
controlled trial set within primary care practices across 
three health systems. Randomised participants are adults 
with high BP for whom home BP monitoring is indicated. 
The intervention arm will receive COACH, a digital web- 
based intervention with effectively enhanced alerts and 
displays intended to drive engagement with BP lowering; 
the control arm will receive COACH without the alerts and 
a simple display. Outcome measures include BP lowering 
(primary) and self- efficacy (secondary). Implementation 
preplanning and postevaluation use the Consolidated 
Framework for Implementation Research and Reach- 
Effectiveness- Adoption- Implementation- Maintenance 
metrics with iterative cycles for qualitative integration into 
the trial and its quantitative evaluation. The trial analysis 
includes logistic regression and constrained longitudinal 
data analysis.
Ethics and dissemination The trial is approved under 
a single IRB through the University of Missouri- Columbia, 
#2091483. Dissemination of the intervention specifications 
and results will be through open- source mechanisms.
Trial registration number NCT06124716.

INTRODUCTION
High blood pressure (BP) caused by essen-
tial hypertension is one of the most common 

conditions among adults in the USA).1 High 
BP alone rarely has significant symptoms, but 
sustained high BP, or hypertension, increases 
the risk of heart attack, stroke, heart and 
kidney failure.2 The likelihood of adverse 
cardiovascular outcomes begins to rise at low 
BP of 115/75 mm Hg, and for every 12- point 
increase in average BP, the risk doubles.3 In 
the USA, rates of uncontrolled BP continue 
to increase, with 46% of adults having stage 1 
(130/80–139/89 mm Hg) or worse hyperten-
sion.1 Despite advancements in overall health 
outcomes, BP control has remained poor, 
with less than half of adults with hypertension 
meeting a goal of <140/90 mm Hg.1

Recent studies indicate that effectively 
managing BP involves navigating a narrow 
therapeutic window. Overly aggressive 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ The study’s utilisation of participants solely from 
three academic health centres in the USA might 
restrict the applicability of the results to wider 
demographics.

 ⇒ The eligibility criteria’s exclusion of non- English 
speakers and those not enrolled in patient health 
portals might introduce selection bias, potentially 
limiting the sample’s representativeness.

 ⇒ The study employs a pragmatic trial design, which 
allows for the evaluation of interventions in real- 
world clinical settings, enhancing the generalisabili-
ty of the findings to routine practice.

 ⇒ Statisticians, investigators and auditors collecting 
data are blinded to allocation status, reducing the 
risk of bias in outcome assessment.

 ⇒ The study design, including recruitment strategies, 
aligns with clinic preferences and involves both rou-
tine office visits and population- based identification, 
providing flexibility and maximising the potential 
participant pool.
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treatment increases the risk of significant comorbid-
ities like kidney damage, hypotension and mood disor-
ders.4 Evidence suggests that engaging patients directly 
in intensive goal setting shared care planning around 
non- pharmacological and pharmacological treatments, 
and self- monitoring for effectiveness and adverse events 
reduces the risk of cardiovascular events.5 Appropriately 
lowering BP without minimising adverse events is essen-
tial for optimising cardiovascular health and improving 
patient outcomes. Protocols for BP have remained largely 
driven by manual decision- making and existing clinical 
workflows, improving processes but not outcomes. Digital 
interventions involving Clinical Decision Support (CDS) 
systems can broaden efforts, but the complexity of high 
BP has led to mixed successes.6–10 Hicks et al9 showed no 
significant difference in high BP management using a 
CDS intervention with providers while several other CDS 
trials using multidisciplinary, multifaceted interventions, 
often including patient engagement and support, have 
shown reductions in BP and improved control.6 7 10 11

An essential component of controlling high BP involves 
empowering patients to manage their condition them-
selves by regularly monitoring their BP at home and 
adjusting their approach based on frequent readings. 
Review of these home data by the patient’s healthcare 
team is an evidence- based component of hypertension 
management but has been historically difficult to inte-
grate into the care team’s workflow.12 13 Personalisation 
of BP care plans based on patient needs and experi-
ence is also required.12 14–17 Patients are encouraged to 
change health behaviours such as limiting salt intake,18 
losing weight,16 stopping smoking,16 adhering to phar-
macological treatment plans and simultaneously self- 
monitoring for adverse effects. Engaging patients in a 
process to self- monitor and manage conditions has been 
extensively studied. Team- based interventions with consis-
tent support for motivation, a focus on self- efficacy and 
consideration of affective, or emotional language, may 
be the key to enhancing engagement.19 However, uptake 
is limited, and these approaches are expensive.20 Digital 
interventions may be able to provide similar effects, but 
so far have had less success.21 This protocol describes a 
digital intervention study that combines motivational 
messages with education, counselling and support to 
increase patient BP knowledge and self- management 
capacity.13 22 Given our enhanced capability to provide 
patient- facing CDS23 and enhanced electronic care 
planning, integrating CDS thoughtfully into patients’ 
self- management routines is expected to improve their 
self- efficacy and improve control of chronic illness. Inte-
gration requires addressing traditional barriers to CDS 
integration addressing five rights—right person, right 
format, right time, right channel and right information—
and avoiding reminder fatigue and enhancing motivation 
with digital interventions.19

This intervention is a patient- facing high BP CDS web- 
based digital tool known as the Collaboration Oriented 
Application for Controlling High BP (COACH). COACH 

uses the Fast Healthcare Interoperable Resource (FHIR) 
standard to incorporate eight extant national and inter-
national guidelines23 into standardised, interoperable 
CDS and uses the Agency for Healthcare Research and 
Quality (AHRQ) Patient- Centred CDS framework24 to 
engage patients, caregivers and care teams in a collabo-
rative implementation process. The trial will implement 
COACH across multiple clinic sites spanning three major 
health systems and in the nation’s two leading elec-
tronic health record (EHR) vendor platforms: EPIC and 
Oracle. Our primary objective is to evaluate the effective-
ness of the application at lowering BP via a randomised 
controlled trial (RCT) comparing two versions of COACH 
that provide reminders and displays with high affective 
content (enhanced COACH) versus low affective content 
(basic COACH) to test improved engagement and results. 
We will employ a mixed- methods design, with qualita-
tive inquiry nested within the RCT, secondary Reach- 
Effectiveness- Adoption- Implementation- Maintenance 
(RE- AIM), and social cognitive theory (SCT) outcomes, 
and iterative qualitative evaluation of implementations 
across sites.

COACH was developed with a broad range of patient 
and clinician viewpoints by (1) incorporating input from 
patients and providers throughout the entire lifecycle of 
CDS25 26; (2) customising the COACH CDS to align with 
patient and care team preferences, values and objec-
tives and (3) disseminating the open source application 
and underlying logic. The application is intended to be 
scalable through standard implementation frameworks, 
CDS artefacts and implementation guides27 that can be 
adopted beyond this protocol. For interoperability, we use 
a standard- based, structured process that re- uses concept 
and value sets from standard terminologies whenever 
possible while using robust techniques to develop new 
sets and make them available for future innovators.

Trial design
The COACH study is a patient randomised multisite, 
single- blind, hybrid type III implementation design28 
pragmatic trial leveraging mixed methods29 using imple-
mentation science and informed by SCT to test the effec-
tiveness of the enhanced COACH application versus 
basic COACH at lowering BP. The trial plans to enrol 
550 participants who will be randomly assigned in a 1:1 
ratio to the intervention or the control arm (275 per 
arm), stratifying by 3 enrolment sites. Outcomes will be 
collected from home BP measurements entered manu-
ally or via Bluetooth link into the COACH application 
by study participants and via electronic questionnaires 
completed by participants at baseline, 8 weeks (2 months) 
and 24 weeks (6 months).

METHODS
Pragmatic design
The pragmatic trial aspects include broad inclusion 
criteria, no scheduled research visits, tailored workflows 
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within clinic care teams, no clinical staff responsibilities to 
deliver the intervention and flexibility in delivery within 
each site. We employed the PRECIS- 2 tool (Pragmatic 
Explanatory Continuum Indicator Summary) to compare 
the trial to routine care settings.30 Figure 1 highlights 
scores from 9 PRECIS- 2 domains, where 1 is explana-
tory, idealised clinical trial conditions and 5 is pragmatic, 
closely matching routine care conditions. Eligibility (5) 
and recruitment (4): All patients with high BP seen in 
primary care in the last year will be eligible; these thresh-
olds are standard for determining ongoing home BP 
monitoring. Setting (4): Primary care practices at the 
participating sites. Organisational impact (5): The trial will 
require no additional staff or modifications to usual care. 
Flexible delivery for the practice (5) and adherence for 
the patient (5): The delivery of the application aligns with 
standard practice for home BP monitoring. The interven-
tion offers initial training for providers to orient them to 
referral and clinical workflows. Follow- up (4): There are 
no scheduled research visits. Most measurements (clinic 
encounters, BP data, events and messaging) will be gath-
ered from the EHR. Some additional measures outside 
usual care (eg, self- efficacy) will be collected on remotely 
administered surveys. Measurement (4): Measurements 
will be part of routine care and the COACH application 
and will not require additional care team time or effort.

Preimplementation implementation science evaluation
In preparation for the trial, we conducted a pre- evaluation 
to explore implementation readiness at each interven-
tion site, including patient perspectives (see online 

supplemental appendix 1, 2). We used a qualitative 
design and employed patient coinvestigators, informed 
by the Consolidation Framework for Implementation 
Research (CFIR)31 domains: innovation, outer setting, 
inner setting, individual and implementation process. 
Results from this evaluation included dozens of program-
ming and implementation recommendations to improve 
COACH integration. The research and development 
teams made programming modifications to the COACH 
application and applied the implementation recom-
mendations, where possible, to ensure the protocol was 
pragmatic. Implementation recommendations included 
referral, intervention design, safety monitoring, integra-
tion into care and ongoing monitoring. Programming 
changes included more guidance for patients, simpler 
text, more streamlined workflow and higher contrast 
display screens.

PATIENT INVOLVEMENT
Patient involvement was integral to the development of 
the COACH clinical trial, as our funded patient co- in-
vestigators (Co- Is) actively contributed to incorporating 
patient preferences. Through focus groups in the preim-
plementation phases, patient feedback refined the devel-
opment process, enhancing the usability of the COACH 
app and facilitating smoother implementation. Co- Is also 
played a pivotal role in grant writing, offering essential 
insights into app usability and priorities. Their involve-
ment extended to building recruitment materials and 

Figure 1 PRagmatic Explanatory Continuum Indicator Summary Tool- 2 (PRECIS) diagram.
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enhancing the COACH app. Continuously engaged, 
they shape plans for disseminating study results to linked 
communities, ensuring a patient- centred and inclusive 
approach throughout the study process, from planning 
dissemination to sharing findings.

STUDY SETTING
Participants are identified from primary care practices 
associated with three academic health centres (sites) in 
the USA. The three sites are Oregon Health & Science 
University (OHSU), University of Missouri- Columbia 
(MU) and Vanderbilt University Medical Center (VUMC). 
Participating primary care practices will include family 
medicine and internal medicine practices affiliated with 
each institution. Funding for the study spans from July 
2022 to June 2025, with enrolment scheduled to begin in 
January 2024.

ELIGIBILITY CRITERIA
Eligible participants are adults aged 18–100 years who 
communicate in English, receive care at a participating 
primary care clinic, enrolled in the site’s patient health 
portal and with a visit in the last year. The participant 
must have elevated BP, defined as a single BP of >140 
(>135 home) systolic (SBP) or >90 (>85 home) diastolic 
at the current visit or the average of the last 4 BPs is >140 
SBP or >90 diastolic and have a clinician recommenda-
tion for a home BP monitoring programme. Participants 
are excluded if they are pregnant at the time of consent, 
have severe cognitive impairment in the opinion of the 
clinician, are on hospice care and/or have a life expec-
tancy of less than 2 years, have end- stage renal disease or 
for whom tight BP control presents a greater than average 
risk for falls, dizziness, electrolyte disturbances, hypo-
tension or active heart failure or patient has any other 
disease or disorder that in the opinion of the investigator 
or the patient’s primary care clinician, could put partic-
ipants at risk and affect trial results, or hinder partici-
pation will exclude them from participating. COACH 
includes participants with secondary hypertension as the 
main objective is to control hypertension, no matter what 
the cause.

INTERVENTIONS
Intervention and control groups will have access to the 
COACH application: intervention will receive enhanced 
features (figure 2), including affective reminders and 
visualisations while the control group will receive simpler 
displays (figure 2). All groups will receive safety- related 
reminders. Reminders include screening, monitoring, 
self- management goal setting and prompts to discuss 
medications (intervention) and significantly high or low 
BP alerts and suspected adverse events (both groups; see 
figure 3). Participants in both groups receive a validated 
dual- channel, Bluetooth- enabled, home BP monitor 

(Omron 7 Series Wireless Upper Arm BP Monitor) with 
instructions for use.

OUTCOMES
The primary outcome measure is BP control, defined as 
office <140/90 or home <135/85 average of the last set of 
BPs (defined as 12 home or 4 office, whichever are most 
recent) at 6 months as recorded by participants via home 
BP measurement and/or at scheduled clinic encounters. 
Control levels for home and office come from the Amer-
ican College of Cardiology and the American Heart Asso-
ciation (ACC/AHA) guidelines.5 Secondary outcomes 
include the average reduction in SBP and diastolic BP 
after 6 months from the initial BP measures at enrolment, 
evaluate demographic factors contributing to BP control 
and changes in key SCT measures using a health beliefs 
survey from baseline to 6 months.32 33 Technology accep-
tance and usability will be measured from the Unified 
Theory of Acceptance and Use of Technology (UTAUT) 
model.34 The UTAUT model was developed as an exten-
sion of the Technology Acceptance Model and is routinely 
used in health science research to understand factors 
associated with successful adoption and sustained use of 
mHealth interventions. UTAUT domains include perfor-
mance expectancy (ie, the belief that using the system 
will be useful or create gains), effort expectancy (ie, the 
perception that the system is easy to use), social influence 
(ie, belief others think they should use the system) and 
facilitating conditions (ie, belief there is sufficient organi-
sational and technical support to use the system).

RE- AIM outcomes: As part of the implementation eval-
uation, we will assess the RE- AIM metrics and concepts 
shown in table 1. Using the CFIR framework as a guide-
line, the evaluation will take a mixed- methods approach, 
with iterative cycles of qualitative and quantitative assess-
ments to understand overall implementation successes 
and challenges. To measure Reach, the total primary 
care populations from each clinic will be compared with 
enrolled participants to understand differences in eligible 
and enrolled populations. Adoption will be measured via 
the COACH app for both patients and clinicians: log- ins, 
consistent BP tracking and interaction with the recom-
mendations. For Implementation, semistructured inter-
views and a clinician survey will be used to understand 
the barriers and facilitators of using COACH in practice. 
Finally, Maintenance will assess the sustainability of the 
application through semistructured interviews.

PARTICIPANT TIMELINE
Procedures for the study are in table 2. Consent is obtained 
through a REDCap e- consent module, and patient 
training is completed online with support by phone and 
email. Once enrolled and randomised, patients are placed 
in the monitoring block for 4 weeks or until they have 
12 BPs. Reminders are provided through the monitoring 
block, with augmented reminders for the intervention 
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arm. Once the monitoring block is over, patients are 
prompted to reflect on goals, including contacting their 
care team. This cycle repeats for up to 6 months. Patient 
surveys occur at baseline, week 8 and week 24; adverse 
event survey links are constantly available.

SAMPLE SIZE AND POWER
The number of participants we plan to enrol and 
randomise is 550 across all three sites. We anticipate that 
40% of participants will come from OHSU (n=225), 40% 
from MU (n=225) and 20% (n=100) from VUMC. Actual 
enrolment may differ, and enrolment will continue until 
550 participants are randomised.

The total sample size was determined based on a test of 
two independent proportions (per cent with controlled 

BP at the end of the trial) assuming a level of significance 
equal to 0.05 (two sided) and power equal to 90%. We 
anticipate the intervention arm will increase from 0% 
controlled at baseline to 40% at 6 months while the 
control arm will increase from 0% to 25%. Under these 
assumptions, 406 evaluable participants are required, 
meaning those with complete data at the 6- month time 
point. We increased the total enrolment projection to 
account for attrition and/or uncertainty in projected 
changes.

RECRUITMENT
Recruitment will take place at primary care practices affil-
iated with the three sites via two methods: population- 
based identification using registries and visit- based 

Figure 2 (A) COACH home page for enhanced arm. (B) COACH home page for control arm. COACH, Collaboration Oriented 
Approach to Controlling High.



6 Dorr DA, et al. BMJ Open 2024;14:e085898. doi:10.1136/bmjopen-2024-085898

Open access 

Figure 3 High BP warning (similar for low BP) for both groups. BP, blood pressure.

Table 1 RE- AIM measures and outcomes

RE- AIM evaluation measures

Component Outcome measures Source

Reach

  Number of eligible enrolled patients CONSORT REDCap—baseline survey

  Differences from the eligible population CONSORT REDCap—baseline survey

Effectiveness

  Intervention effects on outcome Primary Electronic health record, patient portal

Secondary Electronic health record, patient portal

  Increase in patient: Social cognitive theory Patient 2/6 months follow- up survey

Adoption

  Number of home BP recordings entered Counts Electronic health record, patient portal

  Number of encountered study blocks App usage Electronic health record, patient portal

Implementation

  Number of portal/phone messages about BP 
during 6- month intervention period

Electronic health record, patient portal

  Barriers to implementation Interviews CFIR evaluation

  Increased/decreased burden of intervention Interviews CFIR evaluation

  Physician/nurse/patient suggestions Interviews CFIR evaluation

  Participant support needs Email, phone outreach to 
study staff

REDCap ongoing events

Maintenance

  Number of patients who continue to use the 
app and BP cuff

Study participant tracking

  Institutional use of tools beyond trial CFIR Evaluation

BP, blood pressure; CFIR, Consolidation Framework for Implementation Research; CONSORT, Consolidated Standards of Reporting Trials; 
RE- AIM, Reach- Effectiveness- Adoption- Implementation- Maintenance.



7Dorr DA, et al. BMJ Open 2024;14:e085898. doi:10.1136/bmjopen-2024-085898

Open access

identification. Consistent with our pragmatic approach, 
individual sites and practices can prioritise the recruit-
ment method that best suits their environment and 
resources. The target recruitment period is from January 
2024 to June 2025.

Recruitment mechanisms:
1. Routine office visit (primary): Clinicians will identi-

fy a potential participant during a routine office visit 
where the patient’s BP would prompt pharmacological 
treatment according to the ACA/AHA guidelines. The 
clinician can recommend home BP monitoring and 
initiate a standard patient portal recruitment message 
with information and links to complete screening, con-
sent and enrolment.

2. Population- based recruitment: Clinicians or team 
members identify empaneled, active individuals with 
high BP through an EHR- based report. The respon-
sible clinician or authorised care team member will 
send patient portal messages in bulk to a set of selected 
patients, informing them of the study and providing 
links to complete screening, consent and enrolment. 
Population- based chronic condition identification and 
management are employed to varying degrees at each 
of our study sites.

METHODS: ASSIGNMENT OF INTERVENTIONS
Enrolment
After receiving an invitation to participate, patients are 
directed to a REDCap survey for study information. The 
patient reviews an information sheet and then begins 
the eligibility screening process, as defined above. 
Eligible participants must give informed consent (see 
online supplemental appendix 3) by signing an elec-
tronic form in REDCap, then proceed to the baseline 
survey.

RANDOMISATION
On enrolment and after completing the baseline survey, 
participants are randomised with a stratification by site 
to the COACH enhanced intervention arm or COACH 
basic control arm by the central coordinating team at 
OHSU using the randomisation tool in REDCap. The 
randomisation scheme is stratified by the study site and 
implemented using a blocking strategy to ensure equal 
numbers of participants assigned to intervention and 
control arms within each site.

Allocation: concealment mechanism
The automated randomisation system in REDCap can 
obfuscate the allocation of all patients, and—other 
than stratification by site—does not depend on time or 
previous allocation.

BLINDING (MASKING)
Statisticians, investigators and auditors collecting BP 
data from the EHR will be blinded to allocation status. 
Study participants will be told that the study is testing a 
home BP monitoring programme’s effectiveness, but not 
that it is comparing two care models. Clinicians and care 
team members will see the enhanced (or intervention) 
version of COACH. Patients will not be blinded since the 
COACH display is different for each arm. Once the trial 
is over, analysts will be provided data with an obfuscated 
study arm.

METHODS: DATA COLLECTION, MANAGEMENT AND ANALYSIS
Data collection
We will use several techniques to gather data. First, 
COACH itself will gather data through FHIR connec-
tions to the EHR, pulling all relevant clinical information 

Table 2 COACH study visit schedule

Procedure Baseline Week 2 Week 3 Week 4 Week 5 Week 6 Week 8 Week 24

Information sheet, consent, 
screening, randomisation

X

Receive COACH- related 
Instructions/materials

X

Monitoring block (2–4 weeks) If needed post 2 weeks

Goal setting block (1–2 weeks) If monitoring block 
ends in 2 weeks

If monitoring block ends 
in more than 2 weeks

Health Belief Survey X

Digital and Health Literacy X

UTAUT X X

REDCap Alerts

REDCap Alerts (Control)

Adverse Event form* X X

*AE form continuously available.
COACH, Collaboration Oriented Approach to Controlling High; UTAUT, Unified Theory of Acceptance and Use of Technology.

https://dx.doi.org/10.1136/bmjopen-2024-085898
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about the patient. COACH will track home BPs received 
through manual entry and electronic connections to 
the Omron mobile application. COACH will also store 
key information about use, including logins and interac-
tion with recommendations. Second, all surveys will be 
captured through REDCap hosted at OHSU.33 35 REDCap 
is a secure, broadly used research survey tool that has 
been integrated with COACH. Standard surveys include 
the Health Belief Survey; Digital36 and Health Literacy37 
and a modified UTAUT survey focused on COACH; the 
schedule is provided in table 2. Patient demographic 
collection and adverse events will be collected via 
REDCap. Finally, as part of implementation evaluation, 
we will gather qualitative data through clinic site visits, 
observation, focus groups and interviews; these data will 
be recorded and transcribed verbatim.

Data management
All tools used in the study have secure access to the under-
lying data with auditing capabilities for use; in this secure 
network, we will store all versions of the study data, and 
manage secure storage. In addition to extracting data 
directly from the EHR, patients will enter their self- 
reported data. For qualitative transcripts, the original 
recordings will be kept until study completion.

Qualitative data collection
During the implementation and trial, we will conduct 
bimonthly video calls with implementation sites. Imple-
mentation site- identified stakeholders and champions 
will be the participants in the calls. We will use a template 
approach to guide the call to ensure coverage of relevant 
topics, altering the template for the stage of implemen-
tation and known/evolving context and concerns. We 
will encourage all participants to voice unique concerns, 
allowing us to monitor implementation progress, identify 
barriers, troubleshoot problems and identify any new and 
unexpected uses of the tool, including both adverse and 
beneficial outcomes.

Quantitative analysis
The intervention effect on the primary outcome of BP 
control will be tested using a logistic regression model38 
with a binary variable for the intervention arm and health 
system as a categorical variable,39 adjusting for baseline 
BP, as defined above.40 Rates of control in each arm and 
treatment differences will be calculated using mean 
predicted probabilities from the logistic model.41 Because 
randomisation is stratified by site, we will include this as 
a categorical variable for accurate variance estimates and 
will also adjust for baseline BP. Estimates of the proba-
bility of control in each arm and treatment differences 
will be calculated using mean predicted probabilities 
from the logistic model.

The secondary outcomes of reduction in SBP and 
diastolic BP after 6 months will be evaluated with a model 
sometimes described as constrained longitudinal data 
analysis, in which the two- time points are treated as panel 

data with an observation for each. The model will include 
a term for time (baseline/final) and an interaction term 
for the study arm, which constrains the arms to the same 
baseline mean as expected in a randomised trial but 
estimates different changes over time. A random effect 
for patients will be included for the correlation between 
baseline/final measurements. This model is statistically 
efficient and accommodates missing measurements, so it 
is a good fit for the intention- to- treat approach.

Continuous secondary outcomes, such as reduction in 
SBP and diastolic BP after 6 months, will be evaluated 
with a mixed- effects regression model38 in which the 
baseline and 6 months time points are treated as panel 
data with an observation for each. This model includes 
a term for time (baseline/final) and an interaction term 
for the study arm. Baseline means are thus constrained to 
be equal as expected in a randomised trial but changes 
over time differ. A random effect for patients will model 
the correlation between baseline/final measurements. 
This model is statistically efficient and accommodates 
missing measurements. No adjustments for multiplicity 
are planned because outcomes are prespecified and 
correlated.

Adherence
Participants will be included in the analysis once the appli-
cation and/or home BP monitoring once randomised. 
Their use of the application will be encouraged by the 
intervention, but analysis will not depend on their use.

Qualitative analysis
After all site visits are complete, we will arrange the tran-
scription of the audio using  Rev. com. All recorded inter-
views will be transcribed, verbatim and deidentified for 
qualitative analysis using the web- based analysis software 
Dedoose V.9.42 Investigators will create case memos with 
the CFIR construct ratings for each site across all three 
health systems and identify CFIR constructs most relevant 
to the planned implementation across all sites. We will 
use the method described by Damschroder and Lowery43: 
(1) assign each site transcript to a pair of analysts who will 
each independently code the transcripts using the CFIR 
framework as a coding template with a deductive qual-
itative analytical approach, (2) develop/build- on case 
memo for each site, (3) large group discussion with inves-
tigators, (4) refine case memo, (5) large group assigns 
construct ratings and (6) case memo with construct 
ratings. In step 5, the large group will come to a consensus 
on CFIR construct ratings and score each case/clinic on 
the identified constructs. It is conventional to rate each 
CFIR construct from −2 (strong negative influence on 
implementation) to +2 (strong positive influence imple-
mentation), including 0 (neutral influence on implemen-
tation). This process will result in a high- level summary 
matrix of clinic implementation sites rated on multiple 
CFIR domains representing positive and negative influ-
ences of implementation influences across the three 
health systems.44
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Data from bimonthly implementation calls will be anal-
ysed in the same manner and will be added to our existing 
preimplementation CFIR case memos to provide a rich 
description of the course of the implementation in each 
context, allowing comparison across sites, giving insights 
into both common themes across sites and context- 
specific differences. This robust synthesis and compar-
ison of experiences across sites and EHR platforms will 
provide valuable system- level information to inform new 
implementations, emphasising common experiences and 
highlighting relevant context- specific facilitators and 
barriers. In addition to the traditional publication of find-
ings, we will leverage the affiliations of our advisory group 
and the AHRQ CDS Connect Community as outlets for 
dissemination.

Data monitoring
The principal investigators (PIs) will be responsible 
for ensuring participants’ safety daily. In addition, the 
study has an empaneled a 12- member advisory board 
composed of national experts, including patient experts, 
to act as a data and safety monitoring board (DSMB) and 
to evaluate the progress of the study, including periodic 
assessments of data quality and timeliness, participant 
recruitment, accrual and retention, participant risk versus 
benefit, performance of trial sites and other factors that 
can affect study outcome. The DSMB will make recom-
mendations to the funder and the PIs concerning the 
continuation, modification or conclusion of the trial. The 
DSMB will review the informed consent and make recom-
mendations on any changes to the protocol. During the 
18- month trial period, the DSMB will meet each quarter 
to review these data.

Harms
We used the Systolic Blood Pressure Intervention Trial 
(SPRINT)4 adverse events (hypotension, dizziness, ED 
visits, acute kidney injury) for our study adverse events 
and provided an alert for when these are detected in the 
EHR to the study team, the patient and the care team. 
Risks to participants include (1) known adverse events 
from increased treatment and lowered BP, (2) psycho-
logical harm and (3) loss of confidentiality. The adverse 
events are those common with medical and non- medical 
treatment of high BP and will be monitored by their 
primary care clinician.

Auditing
This study uses a single IRB through the University of 
Missouri- Columbia, #2091483.

DISCUSSION
The Collaboration Oriented Approach to Controlling 
High BP (COACH) trial intends to understand how 
BP control can be improved by increasing adherence 
to patient- facing guideline- based recommendations. 
The focus of the trial is on home BP monitoring, as 

the starting recommendation underscores the key 
aspect of home- based efforts to assess and self- manage 
BP. The intervention also ‘closes the loop’ between 
patient home monitoring, and getting patient data to 
the care team in a way that provides actionable informa-
tion for hypertension management designed to fit the 
care team preferred workflows and management goals. 
The intervention, an enhanced version of COACH that 
includes BP data visualisation, effectively enhanced 
visual summaries, and reminders about BP manage-
ment, is based on core principles of SCT, including 
self- efficacy, social support, outcome expectations and 
self- regulation.32 45–49 The underlying premise is that 
higher affective alerting will increase accuracy in judg-
ments about hypertension control and risk perception 
and motivate patients out of goal range to appropriate 
action, without creating excess anxiety, which will allow 
safe, efficient and effective behavioural and medication 
changes.32 50–52

There have been several other trials that address home 
BP monitoring. Bosworth et al53 54 showed that nurse- based 
telephone support coupled with home BP monitoring 
was more effective for BP control than usual care or tele-
phone support alone. This effect was strongest for non- 
white patients. However, individual team- based coaching 
support is expensive and challenging to scale. Mobile 
health applications have shown promise in providing this 
support for key populations, including those with high 
BP, showing a −4.1 mm Hg drop in SBP in a systematic 
review.20 These trials generally depend on revised systems 
of care to enhance patient engagement, with the digital 
tool a part of the overall intervention COACH is designed 
to be a scalable electronic patient- facing and care team- 
facing intervention that does not require additional 
personnel to implement.

This trial intends to test whether a more advanced, 
tailored digital intervention can overcome these barriers 
in a pragmatic way—in essence, with minimal care rede-
sign. To accomplish this goal, we leverage SCT to drive 
improved patient engagement to measure BPs and accom-
plish goals for BP lowering. We incorporate these princi-
ples along with tailored messaging informed by decision 
psychology into the intervention to drive engagement 
and uptake.

We also adapted the trial design based on substan-
tial preimplementation evaluation. To increase the 
likelihood of generalisable evidence from the trial, we 
performed a multimodal qualitative study. Results from 
the analysis were used to (1) offer ad hoc and population- 
based referral techniques that matched high BP quality 
improvement initiatives in the practices; (2) change the 
intervention itself to ensure care teams were getting 
the information they needed; (3) identify additional 
personnel that participate in BP management, including 
pharmacists, panel coordinators and medical assistants 
and (4) ensure we had good bidirectional communication 
with the practices. Our implementation blueprint incor-
porates these elements and will be useful for researchers 
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looking to implement studies that interdigitate with clinic 
workflow and minimise burden while maximising benefit.

This trial is timely. Information exchange standards 
and regulations are advancing our ability to create highly 
functional digital interventions that can integrate directly 
into care. The 21st Century Cures Act and related regu-
lations require healthcare organisations to release infor-
mation to patients using relevant standards without extra 
effort. The COACH tool uses these standards (FHIR) to 
build a comprehensive and tailored tool that can incorpo-
rate specific patient contexts, overcoming previous gaps 
and enabling easier guidance. Our previous work showed 
that the available data through the EHR FHIR server 
was not sufficient to use standard guideline recommen-
dations without adaptations needed to consider missing 
and inaccurate data24; these adaptations may help expand 
available data since we are exchanging data back to the 
EHR.

The results of this trial will help to understand how 
engagement with digital interventions can be enhanced 
with affective alerts and other design changes; and 
whether these changes can help lower BP in a pragmatic 
way through home monitoring. The flexibility of the 
tool, its adherence to standards and its incorporation 
into a carefully designed implementation blueprint to 
fit into the workflow will be helpful to future researchers 
and innovators. In addition, the explicit goal of placing 
minimal burden on care teams and engaging patients 
in achieving safe and effective BP control is likely to 
generate knowledge useful about how to optimally rede-
sign primary care processes.
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