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Abstract

Background: New approaches are needed to better monitor blood pressure (BP) between 

physician visits, especially for patients in rural areas or for those who lack transportation. We have 

developed a custom-built bi-directional texting platform for home BP measurements that can then 

be managed by clinical pharmacists located remotely. The purpose of this study is to evaluate 

whether the BP texting approach combined with a pharmacist-based intervention improves BP 

management and to determine if the approach is cost effective.

Methods: This study is a randomized, prospective trial in four primary care offices that serve 

patients in rural areas. Subjects will receive standardized research BP measurements at baseline, 6 

and 12 months. The primary outcome will be differences between the intervention and control 

group in mean systolic BP at 12 months. Secondary outcomes will include systolic BP at 6 

months; diastolic BP at 6 and 12 months, number of medication changes and costs.

Conclusions: This study plans to enroll subjects through 2022, follow-up will be completed in 

2023 and results will be available in 2024. This study will provide information on whether a 

combined approach using texting of home BP values and a pharmacist-based telehealth services 

can improve BP control.
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INTRODUCTION

More than 2,200 Americans die of Cardiovascular disease (CVD) every day, or 1 death every 

39 seconds, and many are due to poor blood pressure (BP) control.1 The prevalence of 

hypertension is 45.6%, approximately 108 million adult Americans.2 The 2017 American 

College of Cardiology/American Heart Association (ACC/AHA) guidelines lowered the 

goal BP to <130/80 mm Hg and these authors found BP was controlled in 46.6% of adults 

taking BP medications.2 Rural Americans are a vulnerable population and have higher rates 

of uncontrolled hypertension, especially those with lower socioeconomic status and from 

minority groups.3,4

Clinical inertia has been identified as the primary cause for delays in achieving BP control 

for over 20 years.5–7 Providers often discount office BP readings that may be falsely 

elevated due to measurement error and/or the clinical surroundings (e.g., white coat 

hypertension).8–10 Patients are often seen only once or twice a year to assess their BP. 

Medications are frequently not intensified leading for calls to adopt home BP monitoring.
7,11,12 New approaches are needed for acquiring more BP readings to better monitor and 

titrate treatment between physician visits. These strategies increasingly become more 

important for patients in rural areas or those who lack transportation.

Home BP measurements can facilitate the timely diagnosis of hypertension (HTN) by 

reducing diagnostic uncertainty.11,12 In fact, home measurements are better prognostic 

indicators of stroke and cardiovascular mortality than clinic measurements,13–15 are more 

closely correlated with end-organ damage from HTN than clinic measurements,16,17 are cost 

effective and well-tolerated by patients,18 and generate BP readings that are at least as 

reproducible as clinic readings.12,19

Telemedicine and smart phone application-based approaches have been used to obtain home 

BP data but these strategies require more effort from healthcare workers and patients.20–22 

Workload is particularly intense if the interactions are required to be synchronous, when 

patients and providers need to find a common time to interact. Texting may be particularly 

attractive for patients with limited mobility and those who live in rural areas, farther from 

clinics,23 and in areas where high-speed Internet availability is limited.24 We have designed 

the present clinical trial to evaluate whether our scalable SMS approach combined with a 

pharmacist-based intervention improves BP management and determine if it is cost effective.

RATIONALE AND OBJECTIVES

We developed a custom-built bi-directional SMS-based (short message service, or texting) 

mobile health platform called What’s your BP? (WyBP).25 WyBP is inexpensive (i.e., does 

not require investment in ambulatory blood pressure monitoring equipment and software, 

smartphone technology, or WiFi), acceptable to a broad range of patients (including the 

elderly and medically underserved populations), scalable to subject volume observed in 

large clinical settings, and easily integrated into typical clinic workflows. We demonstrated a 

high rate of adherence in two pilot studies, indicating that patients were willing and able to 

take home BP measurements and send them to our research team via SMS.25,26 However, 
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these additional home measurements did not lead to an increased rate of treatment changes, 

nor did they improve patients’ BP control.

We have pioneered physician-pharmacist collaborative management (PPCM) as a strategy 

for team-based care that has been shown to decrease clinical inertia and improve BP control.
27–32 In this model, pharmacists embedded within the medical office perform BP 

management. The pharmacists are able to assess patients’ needs and give recommendations 

to physicians regarding treatment changes, providing patients with timely therapy 

adjustments.29,31 We have demonstrated that these strategies are cost-effective33,34 but many 

medical offices do not have the resources to hire onsite clinical pharmacists. Additionally, 

there was a great deal of variability in effectiveness of implementation of these on-site 

clinical pharmacy services which may have been complicated by inability or unwillingness 

of patients to make frequent clinic visits.35

To address some of these barriers, we developed a “virtual”, remote clinical pharmacy 

service conducted primarily by telephone with patients.36,37 Pharmacists monitor patients 

remotely and transmit recommendations to busy clinicians directly via the electronic 

medical record (EMR). In our recent study of remote pharmacists providing telehealth 

services, 95% of the pharmacists’ recommended changes in therapy were accepted by 

physicians.37

Our prior work demonstrated that texting is an efficient method for obtaining home BP 

measurements; clinic-based pharmacist-assisted interventions can improve BP; and that 

providers routinely accept remote pharmacists’ recommendations. We have theorized that 

combining our texting platform with home BP monitoring may allow our remote pharmacist 

team to focus on improving BP management by improving access and avoiding the common 

and costly need to play “phone tag” with patients. However, we do not know if the 

combination of texting and the use of remote pharmacists will lead to better BP control, 

especially in a rural population. Furthermore, the intervention may be clinically successful 

but prove too costly to implement outside research settings. Thus, further research is needed 

to address these gaps in our knowledge.

The objective of this study is to evaluate whether our scalable SMS approach combined with 

a pharmacist-based intervention improves BP management and if it is cost effective. In order 

to accomplish these objectives, we have established the following specific aims and 

hypotheses:

Aim 1: Determine if our intervention leads to decreases in BP.

1.1 Hypothesis: Mean systolic BP in the pharmacist-intervention group will be 

significantly lower than mean systolic BP in the control group at 12 months 

(primary outcome).

1.2 Hypothesis: Mean systolic BP in the pharmacist-intervention group will be 

significantly lower than mean systolic BP in the control group at 6 months 

(secondary outcome).
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1.2 Hypothesis: Mean diastolic BP in the pharmacist-intervention group will be 

significantly lower than mean diastolic BP in the control group at 6 and 12 

months (secondary outcomes).

Aim 2: Determine if our intervention leads to intensification of therapy.

2.1 Hypothesis: Subjects in the pharmacist-intervention group will have more 

treatment changes, on average, than those in the control group.

Aim 3: Determine the cost effectiveness of the intervention.

3.1 Hypothesis: The intervention will be cost effective when compared to the control 

group.

Subject Inclusion/Exclusion Criteria—Subjects who are English or Spanish speaking 

males and females, 21 – 100 years of age will be eligible for the study. Each subject must 

have a clinic measured BP of ≥ 145 mm Hg systolic BP or ≥ 95 mm Hg diastolic BP at two 

previous clinic visits or one previous clinic visit and on the day of enrollment. Previous 

clinic visit BPs must be within the past 18 months and measured at least 2 weeks apart from 

each other. Subjects must live in a zip code that is scored as a 4–10 on the Rural-Urban 

Commuting Area (RUCA) Codes.

Subjects will be excluded if they are currently pregnant or planning to become pregnant in 

the next year, have an upper arm circumference over 50 cm (20 in), are prisoners or they are 

unable to provide own informed consent.

Study Design—The PharmText BP study was funded by the National Heart, Lung, and 

Blood Institute (NHLBI) of the National Institutes of Health (NIH) in September 2019. The 

study is a prospective, randomized controlled trial conducted in primary care medical offices 

in Iowa.

The study will last 5 years and involve recruitment of 420 subjects from 4 clinics within 35 

miles of University of Iowa Hospitals and Clinics. All subjects will live in areas that are 

considered rural by Rural-Urban Commuting Area Codes. The study aims to enroll at least 

125 subjects (30%) who represent minority populations.

Research assistants (RA) employed by the study team will review the EMR for patients who 

are scheduled to visit each of the participating clinics. They will screen the record for the 

past 18 months to ensure that the eligibility criteria are met and that no exclusionary criteria 

exist. All subjects will have an initial screening/enrollment/baseline visit conducted by a 

RA, followed by a second visit at 6 months, and a final visit at 12 months with a RA. Each 

in-person visit will include research BP measurements (Omron HEM 907-XL), interviews, 

and medical record review. The LifeSource, UA-789AC Automatic BP Monitor with an 

extra large cuff will be used for obese subjects. Each research BP will be measured 

following standardized research technique.32 Subjects are asked to refrain from smoking for 

20 minutes prior to the BP measurement. The arm circumference will be measured and the 

appropriate cuff will be selected. Cuffs will be placed over a bare arm and subjects will be 

seated in a chair, with back supported, legs uncrossed with feet flat on the floor. The arm 
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will be placed on a desk at heart level with palm facing upward. Subjects will remain seated 

for at least 5 minutes pror to the BP measurement. The RA will palpate the brachial artery in 

the antecubital fossa and place the arrow of the cuff over the pulsation, ½ to 1 inch above the 

inner side of the elbow joint. The first BP measurement is determined but not used since the 

first reading is frequently higher than subsequent readings. Two more BP measurements are 

made 1 minute apart and these readings are averaged for the outcome measurement. If the 

2nd and 3rd values are more than 4 mmHg apart, a 4th value is taken and the two nearest 

values are averaged.

In addition to the in-person visits, all subjects will be provided with a home BP cuff (Omron 

5 Series), enrolled in our bi-directional text-messaging platform, WyBP, and asked to submit 

7 morning and 7 evening BP measurements via text message following the baseline visit. 

Text message prompts asking for these BP measurements will stop after the 14 

measurements have been submitted, or after 15 days, whichever occurs first. Following the 

home BP measurements, subjects will be randomized to either the pharmacist intervention 

arm or the texting-only control arm using a randomized block design with variable block 

sizes. Randomization will be stratified according to clinic. The methods for assigning 

subjects is described below. A timeline for the study procedures is provided in Table 1.

Once a potential subject has been identified, the RA will notify the appropriate medical staff 

that the patient is eligible for the study. If the medical staff confirms that the BP study is 

appropriate for the patient, they will inform the patient about the study during the 

appointment and ask for permission for the RA to explain the study further. If the patient is 

interested in learning more, the RA will either meet with the patient in the examination room 

or move the patient to a research-dedicated room, whichever has a lesser impact on clinic 

flow for that day. The screening questions will be reviewed again with the patient to ensure 

accuracy. If all eligibility criteria are confirmed and they wish to participate, the RA will 

describe the study, give the patient time to read the consent form, and answer any questions 

that the patient may have. If the patient agrees to participate, they will sign written informed 

consent.

Baseline Data Collection: After the consent form has been signed, the RA will continue 

with the other baseline activities. Together, the RA and subject will complete the 

demographic information that is collected and populate the study Data REDCap form.

Trained RAs will measure the subject’s BP and document it on the Baseline Data REDCap 

form. Each research BP will be measured following standardized research technique.32

The RA will record all BP medications (and dosage) that the subject is taking at the baseline 

appointment in the REDCap BP Medication Form. This REDCap form is linked to the 

Master Drug Data Base Clinical Drugs BioPortal Ontology Service so that when a RA 

begins typing a medication name, an appropriate spelling of the drug and all of the available 

dosages will automatically populate. This will substantially reduce data entry mistakes. If a 

subject is taking more than one BP medication, the REDcap form will allow them to create 

multiple entries. The RA will use the updated Drug Codes for Antihypertensive Agents form 
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used in the CAPTION trial to help them determine which of the patient’s medications are 

appropriate to record.32

The subject will then be enrolled in WyBP so that they can send home-BP measurements via 

text message. The RA will then educate the subject about the proper methods to measure BP 

using standardized technique as recommended by the American Heart Association.11,38 The 

RA will then provide each subject with a BP device for their home use. All subjects will be 

asked to text their BP values for the first 14 days prior to randomization. These texted values 

will be obtained in both groups to establish a baseline and ensure that both the control and 

intervention groups receive at least some education about their BP. Once the subject has 

completed the baseline visit, they will be mailed $50.

Randomization and Subject Assignment: The biostatistician created randomization lists 

for each clinic site that were uploaded to a website created by our software developer 

(unblinded). Subjects are randomized in a 1:1 ratio and no stratification will be used. When 

the 14 day BP texting period has ended, a study pharmacist will log into this website using a 

unique username and password. They will input the Record ID and clinic site name for the 

subject they will then determine if the subject was randomized to the control or intervention 

group. The website will inform the pharmacist of group assignment and they will record that 

in the REDCap form. The website will store a log with a date and time stamp of which 

pharmacist randomized each subject to ensure that pharmacists do not intentionally or 

unintentionally alter the biostatistician’s randomization in any way. This strategy should 

ensure that a relatively equal number of intervention and control subjects are enrolled at 

each clinic.

The Control Group: Once the research pharmacist is informed of the subject’s group 

assignment, they will contact the subjects. For subjects randomized to the control group, the 

pharmacist will discuss their home BP measurements and only provide general education on 

hypertension. If the BP values are elevated on home monitoring, the pharmacist will advise 

the subject to make an appointment with their physician to address BP elevations. This will 

be the only pharmacist contact for the control group. While the 14-day baseline BP texting 

and the one-time pharmacist education may improve BP in the control group, we expect that 

the effect will be modest when compared to the intervention group.

The Intervention Group: Subjects randomized to the intervention group will receive a 

second set of subscriptions so that they can send their BP values for 3 days of each month 

for the remaining 11 months of study participation. These subscriptions will be created by 

our software developer (unblinded). He will check REDCap once per week to see which new 

subjects have been randomized to the intervention group. Then, he will create subscriptions 

for them to send 3 days of BPs each month beginning on the date that the subject was 

enrolled (i.e., if a subject was enrolled on August 15, they will submit their first day of BPs 

on the 15th, 16th, and 17th of each month throughout follow up). This strategy will allow the 

pharmacists to see a variety of BPs from different days of the week.

Two pharmacists who are certified hypertension clinicians designated by the American 

Society of Hypertension will provide the interventions. Pharmacists will provide telephone, 
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text message, and email support for intervention subjects and communicate with physicians 

via the electronic medical record (EMR). The pharmacists will have access to the 

intervention subjects’ EMRs, all information collected by the research interns, and the home 

BP values that are submitted via text message. Pharmacists will employ a patient-centered 

approach to improve subject’s BP by providing support, education, and recommendations 

for treatment intensification, as necessary. They will communicate with subjects via phone, 

text message, or email, based on subject preferences. They will not follow a specific 

protocol, but will base treatment decisions on current BP guidelines.39 They may schedule 

more home BP measurements than the 3 days per month specified as the minimum in the 

research protocol.

The pharmacists will review the home BP values with the intervention subjects. If the home 

BP values are controlled, the pharmacist will continue to monitor home BP values. However, 

if the pharmacist identifies issues such as poor medication adherence, inability to afford 

medications or other issues, they will work with the subject and physician to optimize 

therapy, recommend lifestyle changes and/or reduce cost. If the pharmacist suspects white 

coat hypertension in which BP is only elevated in the clinic, they will make a 

recommendation to the physician to refer the subject to the University of Iowa ambulatory 

blood pressure service. Recommendations to physicians will primarily be made through the 

EMR to quickly improve BP control. Pharmacists will also recommend laboratory testing if 

indicated (e.g., serum potassium or creatinine).

If BP values are elevated, the pharmacist will assess medication adherence, ability to pay for 

medications and whether the regimen is optimal to control BP based on subject 

demographics and co-existing conditions. The pharmacist will communicate 

recommendations for lifestyle and other changes directly to the subject. If medication 

changes are needed, the pharmacist will communicate to the physician through the electronic 

medical record. The pharmacist may recommend increased medication dose, addition of a 

medication, discontinuation of a medication, or modification of the regimen to optimize 

therapy, improve convenience (e.g., fixed-dose combinations) or reduce cost.

All subjects in the intervention group will continue to have access to a study pharmacist for 

the entire 12 months of follow up. Additionally, they will be asked to continue measuring 

and texting BP values (1 morning, 1 evening) for 3 days each month throughout the 12-

month follow up. The pharmacists will typically contact the subjects every 2 weeks while 

BP is not controlled. Once BP is controlled, they will continue monitoring the subject’s 

records and home BPs and make contact at least every 2 months to support adherence and 

reassess BP control. All data obtained by the pharmacists will be recorded in REDCap 

forms.

6-Month Research Visit Procedures: All subjects will be asked to return to the clinic 

where they enrolled for a 6-Month appointment with a RA. To allow for flexibility with 

scheduling, 6-Month appointments will be allowed to occur anytime within a window 

between 5 months and 7 months after the enrollment date. This BP value will be the 

outcome research BP value. If a subject is not able to make it to the clinic during this 

window, but does want to come in after the 7 month date, this will be allowed and all data 
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will be collected, however, it will not be counted in the 6-month outcome and the 6-month 

outcome will be considered missing. In this case, a note will be placed in the subject’s 

record and these data may not be used in analyses.

At the 6-Month appointment, the RA will collect the research BP values, any BP 

medications that the subject is currently taking, the last 3 BP values that were recorded by 

the subject’s home BP cuff, and test the home BP cuff for accuracy. If the home BP cuff 

appears to be measuring inaccurately, it will be replaced. The subject will be sent another 

$50 compensation check. All of the procedures outlined at baseline will be followed again.

12-Month Research Visit Procedures: All subjects will be asked to return to the clinic for 

a 12-Month appointment with a RA. To allow for flexibility with scheduling, 12-Month 

appointments will be allowed to occur anytime between 11 months and 13 months after the 

enrollment date. If a subject is not able to make it to the clinic during this window, these data 

will be missing.

At the 12-Month appointment, the RA will collect the research BP values, any BP 

medications that the subject is currently taking, a 12-Month Exit Survey asking for the 

subject’s feedback about the study, and send another $50 compensation check. All of the 

procedures outlined at baseline will be followed again. Subjects will also be asked about any 

hospitalizations or emergency room visits that occurred over the 12-month follow up period, 

especially those that occurred outside of the University of Iowa system.

Additionally, the research team will conduct a 12-Month Medical Record Review for each 

subject. This chart review will occur separately from the 12-Month visit and will not require 

any effort on the part of the subject. A member of the research team will screen the subject’s 

medical record for all clinic/quick care visits (documenting reason), any emergency room 

visits (documenting reason), and any hospitalizations (documenting reason and length of 

stay). These data will be recorded on the REDCap forms.

Study Outcomes—The study will have one primary outcome and five secondary outcome 

measures for the three specific aims. The primary outcome is the mean difference in systolic 

BP (SBP) 12 months between the control and the intervention group. The secondary 

outcomes are mean differences SBP at 6 months and the mean difference in diastolic BP 

(DBP) at 6 and12 months, the number of medication changes as a measure of treatment 

intensification, and the additional cost of the intervention.

Aim 1:  Determine if our intervention leads to decreases in SBP.

Our working hypothesis is that there will be lower mean SBP among the pharmacist-

intervention group than among controls. The primary outcome measure for Aim 1 will be 

the difference in mean SBP between the control and intervention groups at 12 months.

Aim 2:  Determine if our intervention leads to intensification of therapy.

Our working hypothesis is that there will be a greater number of medication changes in the 

intervention group compared to the control group. We will count the number of medication 
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changes (dose increased, dose decreased, drug stopped, drug started) during the 12 months 

following the start of the intervention. Each modification will be counted as one change. The 

total number of medication changes will be the primary outcome measure for Aim 2. In 

addition, we will determine the number of pharmacist recommendations that were accepted 

by physicians. These are process measures: we found in our previous studies that BP 

improvement was primarily related to medication changes. We are assuming that changes 

are a sign of close monitoring. Indeed, we have used this measure previously. However, we 

realize that not all medication changes are equal, and thus we will record both medication 

trends and final treatment for each subject.

Aim 3:  Determine the cost effectiveness of the intervention.

Our working hypothesis is that our intervention will be cost effective when compared to the 

control group. In addition, we will compare these results to previous pharmacist 

interventions. Because much pharmacist time is spent on non-direct subject care activities, 

we are convinced that our bi-directional texting approach will be both labor and cost saving. 

We will compute the incremental cost effectiveness ratio (ICER) using the total costs of 

doctor visits, pharmacist time, medications and medication changes during the 12 months of 

the trial.33 The ICER will be the difference between the control and intervention groups in 

average total cost divided by the difference in average decrease of SBP and DBP. The ICER 

will be expressed in the dollars per mmHg reduction in BP and will be the primary outcome 

in this Aim.

Statistical Design and Power

Aim 1 Analysis:  The analysis will be done on an intent-to-treat basis regardless of the 

number of reported BP readings or the number of pharmacist interactions with the subject. 

Our primary outcome will be a comparison of mean SBP values at 12 months. We will use 

linear mixed effects models (LMMs) with BP as the outcome. We will explore the timing of 

the change by also evaluating BP at 6 months. To test the intervention, we will include time 

(baseline, 6 month, 12 month) as a fixed effect factor and its interaction with treatment arm. 

We will use random effects for clinic and physician nested within clinic to account for 

practice heterogeneity between clinics and providers. Temporal correlation will be 

accounted for by using an autoregressive error structure. This model will also be estimated 

for DBP.

Second, transition to control for subjects who had uncontrolled BP at their baseline visit will 

be modeled using a generalized linear mixed effects model (GLMM) based on the Bernoulli 

distribution with a logistic link. We will test the intervention by including a fixed-effects 

term for the treatment assignment (intervention versus control). As before, we will include 

random effects for provider nested within clinic.

Third, we will assess the duration of the change by modeling the odds of having controlled 

BP at 12 months among those uncontrolled at baseline but controlled at 6 months using a 

GLMM similar to that described above. All three models will contain any covariates (e.g., 

age, sex) that were not sufficiently addressed through randomization. In all analyses, the 
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random effects incorporated into the final model will be chosen via Akaike Information 

Criterion with correction for small sample sizes (AICc).

Power:  Based on prior work with the CAPTION trial, we expect a mean difference of 5.7 

mmHg between the groups with an expected pooled standard deviation of 17.9 with equal 

sized groups.32 We will evaluate the two independent samples with a t-test with two-sided 

type I error rate of 5%. In order to have 85% power to detect a difference of 5.7 mmHg or 

larger decrease in SBP with a standard deviation of 17.9 mmHg, we would need 180 

subjects per arm or 360 subjects total.

In preliminary work in the CAPTION trial, 13.4% of control subjects dropped out or were 

lost to follow-up. 14.0% of subjects dropped out of the intervention arm during the first 9 

months. In order to retain power after 14% drop-out rates over 12 months, we will recruit 

420 patients total. One planned interim analysis will be performed after the outcome data is 

received from the first 210 patients. The interim monitoring method of Lan and Demets will 

be used with the O’Brien Fleming spending function for the interim analyses. The sample 

size calculation is performed taking into account one interim analysis.

Aim 2 Analysis:  The analysis will be done on an intent-to-treat basis regardless of the 

number of reported BPs or the number of pharmacist interactions with the subject. The 

outcome for this analysis will be the number of medication changes over 12 months in the 

control and intervention groups. We will use a GLMM based on the Poisson distribution 

with a log link function, and as in Aim 1 we will incorporate random effects for clinic and 

physician nested within clinic to account for practice heterogeneity between clinics and 

providers. As the observed treatment effects in those clusters are likely to be non-

independent, we will include both random intercept and random treatment effect for the 

intervention factor. The random effects incorporated into the final model will be chosen via 

AICc.

Power:  Based on existing work, we expect an average of 4.9 medication changes in the 

intervention group (SD = 5.1) and an average of 1.1 medication changes in the control group 

(SD = 1.6). We would expect a difference of 3.8 changes per year with a pooled standard 

deviation of 3.8 (effect size of 1). Under these assumptions, with the sample size of 180 

patients per group after 14% drop-out rate, the power of the two independent samples t-test 

with a two-sided type I error rate of 0.05 will be more than 95%.

Aim 3 Analysis:  The analysis will be performed on an intent-to-treat basis regardless of the 

number of reported BP measurements or the number of pharmacist interactions with the 

subject. The perspective of this cost analysis is society in general. For each subject 

encounter, pharmacists will record the number of minutes spent in the following activities: 

medical record review, consultation, subject assessment, ordering medications, medical 

education, lifestyle education, BP measurement education, making recommendations, and 

documentation in the medical record. Pharmacist costs will be estimated by multiplying the 

time spent by their compensation rate. Costs for clinic visits will be obtained from the 

university. Utilization measures will be converted to costs per subject using the Medicare fee 

schedule for visits. Pharmacist and physician salaries will be obtained from the Bureau of 
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Labor Statistics.33 The average wholesale drug cost for prescription medications will be 

obtained from Lexicomp Online (https://online.lexi.com). Generic prices will be used when 

available. The drug cost per prescription for each subject will be calculated by multiplying 

the average wholesale price (AWP) by frequency and dose.

We assume that subjects in the intervention and control groups will have similar 

characteristics. However, if there are significant differences between the subjects in these 

groups, costs will be predicted using a multivariate generalized linear model with a gamma 

family and a log link to control for these differences.

We will determine the cost of the intervention by subtracting the average total cost 

(pharmacist, clinic, and drugs) for the intervention group from the average total costs for the 

control group. The ICER is calculated as the cost differential from the intervention divided 

by the outcome differential from the intervention. Our outcome for this analysis will be 

average decrease in SBP, and the outcome differential will be the average decrease in SBP 

for the control group minus the average decrease in SBP for the intervention group. The 

result of this analysis will be an ICER, which gives the additional cost of the intervention per 

mm Hg of SBP decrease.

We will conduct at least two sensitivity analyses. Because the drug costs (average wholesale 

prices) from Lexicomp often overstate the actual prices paid by insurance companies and 

subjects, we will adjust our drug costs and re-estimate our cost-effectiveness analysis. 

Specifically, the Kaiser Family Foundation estimates that average wholesale prices are, on 

average 17% higher than weighted acquisition costs for brand-name drugs, and 80% higher 

than generic drugs. In addition, pharmacist time can be represented by either wages per hour, 

or the amount that pharmacists can bill Medicare for each activity. We will consider both 

ways to measure the value of pharmacists’ time.

Summary—This study will evaluate an accessible, inexpensive, team-based, m-health 

approach to aid in the treatment of patients with a disease that affects 72 million Americans, 

especially from rural areas. The successful completion of our proposed aims will provide a 

more effective approach to help monitor and titrate treatment for hypertension. Finally, our 

results can help inform other team-based, m-health work by determining how to integrate 

remote home health monitoring data into clinical decision-making to improve outcomes 

using team-based care.
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Table 1:

Study Procedures Timeline

Time Activity Control 
Group

Intervention Group

Day 0 Screening
Consent
Baseline Appointment

X X

Day 1 – Days 7–15 Home BP measured and returned via text message X X

Days 7–15 – Day 18 Subjects randomized; Pharmacists review home BP values, contact 
subjects

X X

Day 18 – 6 Months Subjects text home BP values 3 days per month
Pharmacists monitor BP, adjust treatment as needed X

6 Months Subjects return to clinic for appointment X X

6 Months – 12 Months Subjects text home BP values 3 days per month
Pharmacists monitor BP, adjust treatment as needed X

12 Months Subjects return to clinic for appointment X X
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