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Abstract
Context—Treating hypertension decreases mortality and disability from cardiovascular disease;
but most hypertension remains inadequately controlled.

Objective—To determine if a new model of care that uses patient Web services, and adds home
BP monitoring and pharmacist-assisted care, improves blood pressure control.

Design—The Electronic Communications and Home Blood Pressure Monitoring (e-BP) study
was a three-arm randomized controlled trial based on the Chronic Care Model and delivered over
a secure patient website from June 2005 to December 2007.

Setting—Integrated group practice in Washington state.

Participants—778 participants age 25–75 with uncontrolled essential hypertension and Internet
access.

Interventions—Participants were randomly assigned to: (1) usual care (UC); (2) home BP
monitoring and secure patient website training (BPM-Web); (3) this plus pharmacist care
management delivered through Web communications (BPM-Web-Pharm).

Main Outcome Measures—Percentage of patients with controlled BP (<140/90 mm Hg) and
changes in systolic and diastolic BP at 12 months.
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Results—730 patients (94%) completed the 1-year follow-up visit. Patients assigned to BPM-
Web had a nonsignificant increase in the percentage with controlled BP (<140/90 mm Hg)
compared to UC (36%; [95% CI, 30% to 42%] versus 31% [95% CI, 25% to 37%], P = .21).
Adding Web-based pharmacy care to home BP monitoring (BPM-Web-Pharm) significantly
increased the percentage with controlled BP (56% [95% CI, 49% to 62%]) compared to usual care
(P <.001) and home BP monitoring (P <.001). Diastolic BP was also decreased with BPM-Web-
Pharm compared to UC and BPM-Web; and systolic BP was decreased stepwise from UC to
BPM-Web to BPM-Web-Pharm. For patients with baseline systolic BP ≥160 mm Hg, BPM-Web-
Pharm had greater net reduction in systolic BP (−13.3 mm Hg [95% CI, −19.5 to −7.1], P <.001)
and diastolic BP (−5.1 mm Hg [95% CI, −8.5 to −1.8], P <.001), and BP control improved by
34.2% (95% CI, 15.7% to 50.2%).

Conclusions—Pharmacist care management delivered through secure patient Web
communications improved BP control in patients with hypertension.

Hypertension is one of the leading causes of death worldwide.1 Almost one in three U.S.
adults have hypertension, defined as a sustained blood pressure (BP) of ≥140/90 mm Hg.2,3
Lowering BP with antihypertensive medications decreases mortality and major disability
from cardiovascular and renal disease. Hypertension, however, remains inadequately treated
in the majority of affected individuals.4–6 In recent meta-analyses7,8 of quality
improvement strategies to lower BP, those targeting patients (education and self-monitoring)
or adding a healthcare team member, such as a nurse or a pharmacist, to focus specifically
on hypertension had the largest BP reductions. Optimal methods for integrating these
strategies into routine care were less certain.

Electronic medical records (EMRs) and secure patient websites increasingly let patients
view portions of their medical record, access healthcare services, and communicate with
their healthcare team online. Over 75% of adults nationally have Internet access9 and most
want to use the Internet to contact doctors, make appointments, refill prescriptions, and
receive laboratory results.10 However, little is known about the effectiveness of Web
services in the care of chronic conditions.

Web-based care might be particularly suitable for improving hypertension care.
Conventional office BP measurement is subject to error and bias11–13 and physicians often
make medication decisions based on one or two office measurements, despite the known
variability of BP.14 Self-monitoring of BP by patients provides similar accuracy, is less
expensive, and provides direct feedback as to BP control.14,15

We hypothesized that hypertension care could be provided asynchronously and remotely
over the Web without in-person clinic visits. Electronic Communications and Home Blood
Pressure Monitoring (e-BP) was a three-arm randomized controlled trial designed to test
whether hypertension control improved with home BP monitoring and training to use patient
Web services, or this plus care management by a pharmacist over the Web.

METHODS
Design

A complete description of the design and methods of the e-BP study has been published
elsewhere.16 A brief description follows.

The e-BP study was a three-armed randomized controlled trial designed to compare two
interventions to improve hypertension control. Patients who had uncontrolled hypertension
and were on antihypertensive medication were randomly assigned to: (1) usual care (UC);
(2) home BP monitoring and secure patient Web services training (BPM-Web); or (3) this
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plus pharmacist care management delivered through Web communications (BPM-Web-
Pharm). The study design was based on the Chronic Care Model.17 The model specifies six
domains: self-management support, clinical information systems, delivery system redesign,
decision support, healthcare organization, and community resources. According to the
model, paying attention to these domains and integrating them can produce system changes
in which informed activated patients interact collaboratively with prepared practice teams.
The primary study outcomes were change in systolic and diastolic BP, and percentage of
patients with controlled BP (<140/90 mm Hg) at 12 months. Secondary outcomes included
changes in number of classes of antihypertensive medications, aspirin use, body mass index
(BMI), physical activity, health-related quality of life, satisfaction with the health plan, and
utilization of health care services from baseline until the 12-month follow-up. The
institutional review board and a data safety monitoring board (DSMB) approved the
protocol and monitored adverse events.

Setting
The trial was a single-site study conducted at 10 medical centers within Group Health, a
large, nonprofit, integrated group practice that provides both medical coverage and care to
more than 530,000 residents of Washington State and Idaho. A commercially available
EMR integrated with patient website services was available at all Group Health-owned
primary care clinics and hospitals at the beginning of the study. Patient Web services include
the ability to refill medications, make appointments, view portions of their EMR (current
health conditions, laboratory test results, clinic visit summaries, and lists of allergies,
immunizations, and medications), and use secure messaging to contact healthcare team
members.18

Recruitment and Baseline Assessment
We used clinical and administrative data sources to identify patients age 25–75 with a
hypertension diagnosis and on antihypertensive medications, with no diagnoses of diabetes,
cardiovascular or renal disease, or other serious conditions. Research assistants telephoned
potential participants to confirm eligibility, including the ability to use a computer, regular
access to the Web, an email address, and willingness to attend screening visits and obtain all
their antihypertensive medications at Group Health-owned pharmacies. Eligible and willing
patients were invited to two screening visits at their clinic where a research assistant
measured BP using the validated Omron Hem-705CP automated monitor.19,20 If mean BP
(last two of three BP recordings, with the first measurement dropped) was 90–109 mm Hg
diastolic or 140–199 mm Hg systolic at both screening visits, the participant was eligible for
the study and written informed consent was obtained.

To assure blinding for the primary outcomes—changes in systolic and diastolic BPs and
control of BP—at baseline (T0), BP measurements from both screening visits (four
measurements total) were averaged and recorded before consent and randomization.
Baseline height, weight, and self-reported data were also obtained prior to randomization.
Randomized patients had only one more study-related clinic visit, at 12 months (T1), to
obtain blinded outcome assessments. Study interventions were provided via the secure
patient website.

Randomization
We used a single-blind block independent randomization design to ensure balance within
medical centers and baseline systolic BP measurements. We stratified participants into two
groups: baseline systolic BP 160–199 mm Hg and 140–159 mm Hg. Within these two
groups, we randomly assigned sequential blocks of three, six, or nine to the three study
groups. To assure the research assistant was blinded to study group assignment during initial
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training interventions, random assignment occurred in two steps. After consent, the research
assistant opened a sequentially numbered opaque envelope with the pre-assigned random
study group allocating patients to either the UC group or the combined intervention group.
After receipt of the BP monitor and Web training, a second opaque envelope was opened
assigning them to BPM-Web or BPM-Web-Pharm.

Interventions
Before randomization, all participants were registered to use Group Health’s secure patient
Web services if they had not already done so. Patients in all groups also received Group
Health’s hypertension pamphlet (“High Blood Pressure and You”), which describes
definitions for BP control, the importance of medication, and lifestyle behaviors that
influence BP and cardiovascular risk (i.e., sodium intake, weight, and physical activity) and
Group Health’s pamphlet (“The No-Waiting Room”), which describes the patient website
and utilities available to registered users. After the first randomization, those assigned to UC
were told their BP was not in control and were encouraged to work with their physician to
improve it. Those assigned to the other two study arms received additional interventions.

Home BP Monitor Receipt and Training and Patient Website Training
Patients assigned to active interventions were first given a home BP monitor (the validated
Omron Hem-705CP, with the cuff size based on upper arm measurements19,20 and training
on its use, demonstrating they could use it without help. They were instructed to use this
monitor to check their BP at least two days a week with two measurements each time. They
were told the goal for average home BP was <135/85 mm Hg, lower than the goal for clinic
measurements of <140/90 mm Hg (based on observational data demonstrating that BP
readings in subjects tend to be about 5 mm Hg lower when taken at home).21 Second, they
received training on use of the website. They received a tour of the different utilities (secure
email, refilling medications, viewing portions of their medical record, use of the health
library, and links to Group Health and community resources for lifestyle behavior change).

After the initial training, the second opaque envelope was opened and patients assigned to
BPM-Web were told their BP was not controlled and advised to work with their physician to
improve this. They were given the following verbal and written instructions: “As a
participant in Group 2, you have two additional resources (the home BP monitor and
MyGroupHealth) to help manage your high blood pressure. We encourage you to use the
MyGroupHealth website. It gives you access to a suite of online services so you can e-mail
your doctor, refill prescriptions, request appointments, get test results, and look up health
information. Sending a message to your provider on MyGroupHealth is an easy way to
report your home BP readings”. Those assigned to BPM-Web-Pharm were told a pharmacist
would be assisting them to improve their BP control via home BP monitoring and Web
communications.

Pharmacist Care Management (BPM-Web-Pharm Intervention)
Three Group Health pharmacists performed all pharmacy interventions. They were “clinical
pharmacists” with experience and time separate from “front-line” customer service to assist
with “team-based” care management activities (such as collaborating with physicians and
patients to assure adequate lipid lowering in patients with cardiovascular disease). They
received two half-days of additional training on evidence-based care of hypertension, the
stepped medication protocols used in the intervention [based on Seventh Report of the Joint
National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood
Pressure (JNC 7) and Group Health guidelines],3 and patient-centered techniques for
addressing behavioral issues related to adherence and lifestyle change. The e-BP study
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interventions were included in the pharmacists’ usual daily activities and, depending on their
average patient load (about 50 patients each), took them from two to eight hours a week.

The pharmacist welcomed the patient to the study with a secure message and informed the
patient’s physician of their participation with a staff message. The pharmacist also arranged
a time for one planned telephone visit to obtain a more detailed medication history and
review allergies, intolerances, and cardiovascular risk factors. At the end of the telephone
call, the pharmacist introduced the patient to the “action plan”. Used for Web
communications, the action plan was a template with five components: instructions for home
BP monitoring; a list of current medications; and at least one patient-selected lifestyle
goal(s) from the list in the Group Health hypertension pamphlet (such as increasing physical
activity); recommended medication changes based on the stepped medication protocols; and
the follow-up plan. Each patient and his or her physician received an electronic copy of the
action plan. Then all planned communication occurred over the Web every 2 weeks until BP
was controlled (mean home BP of <135/85 mm Hg) and less often thereafter. Patients were
asked to provide BP measurements, concerns about medications, and progress related to
their lifestyle goal(s). Pharmacists responded with specific recommendations (including
medication changes) and patients were encouraged to provide feedback and collaboratively
change the action plan. All clinical concerns or potential deviations from the medication
protocol were referred back to the patient’s physician. All secure messages between
pharmacists and patients and staff messages between the pharmacist and the patient’s
physician were part of the EMR.

Blinded Outcome Assessments
At the 12-month follow-up visit at the patient’s clinic, trained research assistants blinded to
the patients study group measured BP using the same protocol as baseline. Automated
databases were utilized to obtain use of antihypertensive medications, with five pre-defined
classes: diuretics, angiotensin-converting enzyme (ACE) inhibitors and angiotensin receptor
blockers, calcium channel blockers, beta-blockers, and others (alpha-blockers, hydralazine,
minoxidil, clonidine, reserpine, guanethidine, and methyldopa, which were used
infrequently). Use of a medication class was defined as patient procurement of ≥60 days’
supply of medication during a 182-day period. Aspirin use was measured by self-report at
baseline and 12-month follow-up. Health-related quality of life was measured using the
SF-12.22,23 BMI was calculated from height and weight at baseline and weight at the
follow-up visit. Physical activity was measured using the Stages of Change questionnaire by
Marcus et al.24 Satisfaction with the health plan was assessed using the Consumer
Assessment of Healthcare Providers and Systems (CAHPS) instrument.25 Secure message
use was measured by the number of message threads between providers and patients. A
message thread is defined as an initial message sent by either the patient or the provider and
the series of subsequent replies from both parties.26 Utilization of outpatient primary and
specialty care, emergency department, hospital services, and telephone encounters was
obtained from clinical and administrative databases that Group Health maintains.

We collected demographic characteristics and prior use of home BP monitoring at the time
of the telephone survey. When participants chose more than one category for race, coding
precedence was given to African American, Asian American, Other, and Caucasian
categories, in that order.

Sample Size
The study was designed to enroll 780 patients equally to each of the three intervention
groups. The sample size was powered to detect clinically meaningful differences in mean
changes in systolic BP of 4 mm Hg and diastolic BP of 3 mm Hg between UC and BPM-
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Web-Pharm at 12-month follow-up (T1). It was assumed that BPM-Web-Pharm was
equivalent to BPM-Web in the sample-size calculations; therefore, we powered on only one
comparison. This sample size provided 80% and 86% power to detect differences in systolic
and diastolic BP, respectively, and assumed a normal approximation to compare two
independent means, standard deviation for systolic BP of 14.5 mm Hg and diastolic BP of
10 mm Hg, and an 80% follow-up rate. This sample size provided 80% power to detect
11.7% improvement in BP control in BPM-Web-Pharm compared to UC at T1 and assumed
that 20% of the UC group would attain BP control at T1 due to regression to the mean and
changes in treatment regimen, 80% follow-up, and normal approximation without the
continuity correction. The sample size did not take into account adjustment for precision
variables in our primary analyses; therefore, this calculation was conservative.

Statistical Analysis
TABLE 1 presents summary statistics (frequencies, means, and standard deviations) for
baseline patient characteristics—age, sex, race/ethnicity, education, employment, number of
hypertension medication classes, tobacco use, BMI, exercise, having a home BP monitor
prior to study enrollment), clinic, and baseline systolic, and diastolic BP—and stratified by
intervention group and baseline systolic BP ≥160 mm Hg subgroup. To assess for any
differences between intervention groups by baseline characteristics, we performed Pearson’s
chi-square test for categorical variables27 and F-tests for continuous variables.28,29

Following the a priori primary analysis plan, we evaluated the differences between
intervention groups and continuous primary outcomes using linear regression models
adjusted for baseline outcome measures (e.g., systolic BP at T0 for the outcome systolic BP
at T1 and diastolic BP at T0 for the outcome diastolic BP at T1) and baseline characteristics
that were significantly related, at the α = .10 level, to either the outcome of interest or
intervention group. All statistical tests were performed using F-tests. To protect against
multiple comparisons, we used Fisher’s protected least-significant-difference approach.30

This approach makes pair-wise comparisons between the three treatment groups only if the
overall F-test is significant. Pre-specified secondary analyses were also presented for
unadjusted linear regression models.

For the binary primary outcome, BP control (BP <140/90 mm Hg), we applied generalized
linear models with a log link and robust sandwich variance estimator using modified Poisson
regression.31 Logistic regression models were not used, because controlled BP was not rare.
We adjusted for baseline characteristics in the same manner as for continuous outcomes. All
P values for binary outcomes are from a chi-square test. Pre-specified unadjusted analyses
are also presented as proportion controlled with Wald 95% CI. 32

For the primary outcomes, we also repeated the planned analyses on the subgroup of
participants with baseline systolic BP ≥160 mm Hg to assess the intervention’s effectiveness
for more extreme hypertension. Secondary outcomes followed a similar modeling scheme to
the primary analyses except all analyses were unadjusted. All secondary outcome analyses
were conducted on the subset of patients who attended a T1 visit.

All analyses were performed using the statistical package R, Version 2.6.133 except for the
modified Poisson regression, which was generated using SAS, Version 9 of the SAS System
for Windows. All reported P values and confidence intervals are two-sided. All analyses
assumed intention-to-treat principles, i.e., comparing patients in the groups to which they
were originally randomly assigned. We attempted follow-up with all patients, and we
included all patients who completed follow-up in their randomized intervention assignment,
regardless of whether they received the intervention, or subsequently withdrew or deviated
from the protocol.34 Our primary analyses apply intention-to-treat principles to those
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patients for whom we obtained complete follow-up. We adjusted those analyses for any
baseline covariates that may influence the outcome, to remove potential bias due to loss to
follow-up, which was low. Because the loss to follow-up was only 6%, these procedures
introduce less bias than the alternative of imputing missing values, which would preclude
adjusting for baseline covariates.

RESULTS
FIGURE 1 shows the flow of participants through the study. Letters were mailed to 9298
patients with an ICD-9 diagnosis of hypertension. Of those answering the telephone survey
questions, 78.2% (1574/7279) were “computer able” (based on the percent answering these
questions). Of those who had a screening appointment and had their BP measured, 60.9%
(1567/2573) had controlled hypertension, making them ineligible. Of the total sample
contacted who remained eligible, 20.4% (778/3810) consented to participate. A total of 778
computer-able patients with uncontrolled essential hypertension were enrolled from 10
medical centers, of whom 730 (94%) completed the 12-month follow-up visit. Completion
rates did not differ significantly by study group and were higher than the assumed 80%
follow-up rate in the sample size determination.

Patient Characteristics
Demographic characteristics of the study groups were comparable at baseline (P >.10),
except for sex and already having a home BP monitor (TABLE 1). To account for these
differences, we adjusted for these variables in the primary analyses. Overall, racial
minorities were better represented than is typical for Group Health and the surrounding
Puget Sound area. By definition, all patients had uncontrolled hypertension: 44.6% had
elevated systolic BP only, 7.6% had elevated diastolic BP only, and 47.8% had combined
systolic and diastolic BP elevation, with a group mean of 151.9 mm Hg systolic and 89.1
mm Hg diastolic BP. Baseline BPs were similar in all three groups. For the pre-specified
subgroup with baseline systolic BP ≥160 mm Hg, mean systolic BP was 167.6 mm Hg and
mean diastolic BP was 90.7 mm Hg at baseline.

Primary Outcomes
Compared to patients receiving usual care (UC), the BP control (<140/90 mm Hg) of those
receiving home BP monitoring, Web training, and encouragement to send BP numbers to
their physician (BPM-Web) did not improve; however, they had a nonsignificant trend in
that direction and a modest reduction in systolic BP (net change −2.9 mm Hg [95% CI −5.4
to −0.4], P =.02) (TABLE 2). The addition of Web-based pharmacy care (BPM-Web-
Pharm) resulted in 25% more patients with controlled BP compared to UC and 20% more
patients with controlled BP compared to BPM-Web (UC 31% [95% CI, 25% to 37%]; BPM-
Web 36% [95% CI, 30% to 42%], P <.001; and BPM-Web-Pharm 56% [95% CI, 49% to
62%], P <.001). Adjusted analyses found a 1.8 times increase in BP control for BPM-Web-
Pharm (RR 1.8 [95% CI, 1.5 to 2.3] P <.001) and a 1.2 times increase for BPM-Web (RR
1.2 [95% CI, 0.95 to1.6] P <.001) compared to UC. BPM-Web-Pharm resulted in greater
reductions in systolic BP compared to UC (mean net change −8.9 mm Hg ([95% CI, −11.4
to −6.3] P <.001) and BPM-Web (mean net change −6.0 mm Hg [95% CI −8.5 to −3.5], P
<.001). BPM-Web-Pharm also led to significant decreases to diastolic BP compared to UC
(net change −3.5 mm Hg [95% CI −4.9 to −2.1] P <.001). For the subgroup with baseline
systolic BP ≥160 mm Hg, BPM-Web-Pharm had 3.3 times more patients in BP control (RR
3.3 [95% CI, 1.9 to 5.9], P <.001), −13.2 mm Hg lower systolic BP (95% CI, −19.2 to −7.1,
P <.001), and −4.6 mm Hg lower diastolic BP (95% CI, −8.0 to −1.2, P <.001) compared to
UC.
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Secondary Outcomes
At baseline, patients took a mean of 1.6 antihypertensive medication classes. At 12 months,
there was a stepped increase in mean number of antihypertensive medications classes filled,
with BPM-Web (1.9, SD 0.9) significantly greater than UC (1.7, SD 0.9) (P <.01) and BPM-
Web-Pharm (2.2, SD 0.9) significantly greater than both UC (P <.001) and BPM-Web (P <.
01) (TABLE 3). Aspirin use for BPM-Web-Pharm significantly increased by 1.3 times and
1.2 times compared to UC and BPM-Web, respectively (RR 1.3 [95% CI, 1.1 to 1.5]; 1.2
[95% CI, 1.1 to 1.4]). Aspirin use did not significantly change for BPM-Web compared to
UC. BMI, physical activity, health-related quality of life, and satisfaction with the health
plan did not differ among the three groups.

Secure Messages and Other Healthcare Utilization
In the 12 months after randomization, mean number of message threads (a secure message
and subsequent responses) was higher in the BPM-Web-Pharm group (22.3, SD 10.2) than
in the UC (2.4, SD 4.6) and BPM-Web (3.3 , SD 7.4) groups, because the pharmacists
regularly initiated these threads. Patient-initiated threads increased significantly in the BPM-
Web group compared to UC (P = .01) and in the BPM-Web-Pharm group compared to both
UC (P <.01) and BPM-Web (P <.01) (mean number of patient initiated message threads: UC
1.8, SD 4.2; BPM-Web 2.7, SD 7.1; BPM-Web-Pharm 4.2, SD 6.0). At 12 months, with the
one planned phone encounter excluded, phone encounters were also higher in the BPM-
Web-Pharm (mean 7.5, SD 9.3) compared to the BPM-Web (3.8, SD 5.0) (P <.001) and UC
groups (4.0, SD 4.8) (P <.001). Primary care visits did not differ between patients in the UC,
BPM-Web, and BPM-Web-Pharm groups (with 3.2, 3.0, and 3.2 visits, respectively, over 12
months). There were also no significant differences among patients in any arm with respect
to inpatient and urgent care/emergency use at 12 months. There was a modest but significant
decrease in the percentage of patients in the BPM-Web-Pharm group with office visits to a
specialist in 12 months (P = .04 ) relative to baseline and to patients in the other arms.

Serious Adverse Events
Three people died during the study: two in the BPM-Web group from cancer-related
complications and a third in the BPM-Web-Pharm group from a cardiac arrest. Seven
patients had non-fatal cardiovascular events: two in the UC, four in the BPM-Web, and three
in the BPM-Web-Pharm group. The DSMB and investigators attributed none of the deaths,
cardiovascular events, or other hospitalizations to study participation.

COMMENT
Summary

The results of this study indicate that Web-based pharmacy care improved BP control. Our
intervention was particularly effective for those with higher systolic BP (≥160 mm Hg at
baseline), which is typically more difficult to treat and associated with increased
cardiovascular risk.35

Our study findings support previous research that demonstrates encouraging patients to
participate more actively in their own care, combined with care management,36 including
assisted patient review of paper medical records,37,38 leads to improved health outcomes.
Our intervention extends this work by connecting patients and care managers through a
shared EMR over the Web. In our study, providing home BP monitors and Web training
alone did not significantly improve BP control, despite trends in that direction. These results
are consistent with recent meta-analyses7,8,39,40 showing care delivered by an ancillary care
provider, such as a nurse or pharmacist, resulted in larger decreases in BP than did home BP
monitoring and patient education interventions alone.
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Limitations
Our intervention was limited to those with uncontrolled essential hypertension, and patients
were required to have computer, Internet, and email access. We sent letters to more than
9000 patients with a diagnosis of hypertension, but more than two thirds of them were
ineligible. Patients without computer access (22%) were more likely to be older, belong to
racial or ethnic minority groups, and have less education, suggesting a “digital divide”. This
gap between persons with and without access to the Internet may narrow with time as the
population ages, but some patients are likely to remain without access to care over the Web.
41 Patients were also ineligible if they had diabetes, heart disease, or other serious diseases,
as we wanted to keep medications protocols simple for this first test of Web-based care.
Patients also had better BP control than expected, with 60.9% having controlled5,6
hypertension at the recruitment screening visits. These rates of control are better than those
published in peer-reviewed literature,4 but similar to those reported by National Committee
for Quality Assurance (NCQA) Health Plan Employer Data and Information Set (HEDIS®).
42 The e-BP study began shortly after implementation of the EMR, and there were not
enough clinic BP measurements in the EMR for us to use these to pre-identify patients more
likely to have uncontrolled BP. However, now most Group Health adult patients have BP
measurements in the EMR, and these could be used to refine recruitment strategies.

We also did not control for the greater attention BPM-Web-Pharm patients received; BPM-
Web patients might have had similar reductions in BP if we had emailed them reminders to
send BP measurements to their physician. We also do not know whether BP control will be
maintained after the end of pharmacy support. Additionally, the health plan’s characteristics
may have influenced results. Patients in this study received care in a large integrated group
practice, where Group Health was both the insurance plan and the health care delivery
system. Group Health medical centers were paperless; orders, laboratory test results,
medications, and patient encounter notes were part of the EMR and already used clinical
pharmacists for ”team-based” care management. Patients had prescription drug coverage and
received medications for a co-payment from Group Health pharmacies. Independent group
practices or those in an insurance plan network might have greater difficulties in providing
these integrated services.

Strengths
To our knowledge, this is the first large randomized controlled trial to test the use of care
management over the Web, including a pre-existing EMR shared between patients and
providers and additional Web services, to improve chronic disease treatment outcomes. Use
of patient websites is consistent with the Institute of Medicine Crossing the Quality Chasm
report, which states that an essential element for the transformation of healthcare is
“continuous access” (24/7) to healthcare.43

To our knowledge, this is also the first randomized controlled trial that has applied the
Chronic Care Model to the care of hypertension. Systematic reviews have shown that use of
this model can lead to improved health outcomes for other chronic conditions.44,45

Uncertainty persists regarding how best to deliver this model and whether all six domains
are required.

In the e-BP study, a low intensity, self-care management intervention that did not include
ongoing and planned care management support led to some increases in Web
communications and number of classes of antihypertensive medications used, and a modest
reduction in systolic BP. Adding pharmacy care allowed the Chronic Care Model to be
integrated, with further increases in secure messaging, more antihypertensive medication
classes being added, and larger reductions in both systolic and diastolic BP. We believe the
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pharmacists were successful because they provided planned care to a defined population,
consistently applied stepped medication protocols, and used comprehensive information
systems, a patient shared EMR, and Web communications to collaborate with patients and
their physicians.

CONCLUSION
Our findings demonstrate the effectiveness of using home BP monitoring combined with
pharmacy care over the Web to improve BP control for patients with essential hypertension.
More studies are needed to determine whether similar care can be applied to other chronic
diseases, be implemented in other settings, and decrease costs.
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Figure 1.
Flow of e-BP Trial Patients Through Recruitment, Intervention, and Blinded Follow-up
Assessments
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