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Team-based care is one of the key components of the
patient-centered medical home. Studies have consistently
demonstrated that teams involving pharmacists or nurses
in patient management can significantly improve blood
pressure control. These findings have been demonstrated
in several meta-analyses and systematic reviews. These
reviews have generally found that team-based care can
reduce systolic blood pressure by 4–10 mm Hg over usual
care. However, these reviews have also concluded that
many of the studies had various limitations and that addi-
tional research should be conducted. The present state of
the art review paper will highlight newer studies, many of
which were funded by the National Institutes of Health.
Newer strategies involve telephone and/or web-based

management which is an evolving area to improve blood
pressure control in large populations. Social media and
other technology is currently being investigated to assist
pharmacists or nurses in communicating with patients to
improve hypertension management. Few cost-effective-
ness analyses have been performed but generally have
found favorable costs for team-based care when consider-
ing the potential to reduce morbidity and mortality. The
authors will suggest additional research that needs to be
conducted to help evaluate strategies to best implement
team-based care to improve blood pressure management.
J Clin Hypertens (Greenwich). 2012;14:51–65. �2011 Wiley
Periodicals, Inc.

By 2025, it is predicted that more than 1.5 billion indi-
viduals worldwide will have hypertension, accounting
for up to 50% of heart disease risk and 75% of stroke
risk.1 For several decades it has been well known that
lowering blood pressure (BP) with lifestyle modifica-
tion, medications, or both can substantially reduce a
patient’s subsequent risk for disease.2 For each 10-mm
Hg decrease in systolic BP (SBP), the average risk of
heart disease mortality and stroke mortality decreases
by 30% and 40%, respectively.3 Despite clear benefits
that treatment of hypertension reduces cardiovascular
(CV) morbidity and mortality, only half of those with
hypertension have adequate BP control.4 There are
many causes for poor BP control besides lifestyle
choices including suboptimal patient medication adher-
ence5–8 and failure to intensify therapy (clinical inertia)
by clinicians.9,10 One of the most effective strategies to
improve BP control is team-based care, especially with
pharmacists and nurses.11–13

This paper was commissioned by the editorial board
of The Journal of Clinical Hypertension. We review
models of care delivery that are driving health care
reform. We also review key historical papers involving
team-based care strategies to improve BP control with

a focus on more recent controlled trials and systematic
reviews. Because there are hundreds of publications on
team-based care, this will not be an exhaustive review
of the literature. Rather, this paper will focus on rigor-
ously designed controlled clinical trials, studies involv-
ing contemporary technology, cost-effectiveness
analyses, and future models to improve BP control.

CHRONIC CARE MODEL
The Chronic Care Model (CCM) was developed as a
framework for redesigning health care and addressing
deficiencies in the care of chronic conditions, such as
hypertension. Its 6 domains are decision support, self-
management support, delivery design, information sys-
tems, community resources, and health care systems.
Optimizing and integrating these domains has been
shown to lead to activated patients, responsive health
care teams, and improved health services and treat-
ment outcomes, and may be cost-effective (Figure).14–22

This model emphasizes the role of patients with
chronic conditions as being their own principal care-
giver and the importance of provider, family, and
community support in self-management.14,23 In effect,
patients are at the center of the care model, with pro-
viders, family, and community interacting in different
ways to influence and support health decisions. Col-
laborative care has been defined as: (1) collaborative
definition of problems; (2) goal-setting, planning, and
action plans; (3) a continuum of self-management
training and support services; and (4) active and
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sustained follow-up.14,15,17–21,24,25 This model of care
recognizes a collaborative partnership between the
patient, provider, and care team, each with their own
expertise in managing that person’s health and who
share in the decision-making process. This collabora-
tive partnership between patient and provider is impor-
tant in supporting the patient’s management of chronic
disease proactively during planned encounters and
reactively as needed to make changes and adjustments
in the treatment plan to achieve optimal care.

PATIENT-CENTERED MEDICAL HOME AND
TEAMS
The Patient-Centered Medical Home (PCMH) was
designed to replace episodic care based on illness and
patient complaints in order to provide ongoing ‘‘whole-
person’’ comprehensive chronic illness and preventive
care.26 PCMH is endorsed by the American Academy of
Family Physicians, American Academy Pediatrics, and
American College of Physicians, and is broadly
advocated as a potential vehicle for improving health
care quality and mitigating costs.27–29 In support, the
National Committee on Quality Assurance (NCQA) has
developed a tiered set of recognition standards (Table I
and Table II). PCMH emphasizes that patient care be
organized around the needs of the patient and their rela-
tionship with their personal physician, and that physi-
cian-led teams may form and reform according to the
needs of the patient.24,27 The physician delegates
responsibility to other members of the team to perform
a medication history, identify problems and barriers to
achieving disease control, perform counseling on life-
style modification, and adjust medications following
hypertension guidelines. Frequent communication by
team members concerning goal-directed therapy allows
the physician to address more complex problems and
acute concerns. There is early evidence that the PCMH
can be used to improve health care delivery outcomes,
increase physician satisfaction, and decrease the costs of
health care.30,31 The personal relationship between the

patient, physician, and team has also been used to over-
come barriers to care often seen in minorities or other
vulnerable populations.32

HISTORICAL CONTEXT AND SYSTEMATIC
REVIEWS
Several key studies published prior to 2000 will be dis-
cussed. A more comprehensive list of controlled trials
of team-based care can be found in the systematic
reviews, which are also discussed below.

The first study of team-based care was published in
Circulation in 1973 by McKenney and colleagues.33

Patients (n=50) were randomized to traditional phar-
macy services or an intervention group. The community
pharmacist evaluated patients and worked closely with
two physicians in an urban health center in Detroit,
including visiting the clinic to review the medical
records, and the pharmacist made recommendations for
changes in therapy. Patients in the intervention group
were seen monthly for 5 months by appointment with
the pharmacist in 1 of 3 community pharmacies. BP
was measured in the physician’s office, wherein it dete-
riorated in the control group from 163 ⁄ 93 mm Hg to
166 ⁄ 101 mm Hg during the 5 months. However, BP
improved in the intervention group from 157 ⁄ 99 mm
Hg at baseline to 146 ⁄ 90 mm Hg (between group
P<.001). BP control deteriorated in the intervention
group once the intervention was discontinued.

Bogden and colleagues34 evaluated the effect of a
pharmacist working within a medical resident teaching
clinic. Patients with uncontrolled hypertension were
randomized to either a control (n=46) or intervention
(n=49) group. SBP decreased by 23 mm Hg in the
intervention group and by 11 mm Hg in the control
group (P<.001). BP control was achieved in 55% in
the intervention group compared with 20% in the con-
trol group (P<.001).

Borenstein and colleagues35 evaluated physician-
pharmacist comanagement of hypertension within an
integrated health care system. Patients were random-
ized to either the comanaged group (n=98) that
attended a hypertension clinic run by pharmacists or
usual care (n=99). Patients were seen every 2 to
4 weeks, with the pharmacist calling the physician at
each visit with the recommended treatment plan based
on an evidence-based algorithm. SBP was more signifi-
cantly reduced in the comanaged group than in the
usual care group at 6, 9, and 12 months (22 vs 9 mm
Hg, 25 vs 10 mm Hg, and 22 vs 11 mm Hg, respec-
tively, P<.01 at all time points). More patients in the
comanaged group (60%) achieved BP control than in
the usual care group (43%, P=.02).

One of the earliest published studies of nurses
(Logan and colleagues)36 was conducted in the
patient’s workplace and compared BP with that of a
control group managed by the patient’s family physi-
cian. In contrast to the study by Borenstein and
colleagues, the nurses prescribed and changed drug
therapy without physician approval while physicians

FIGURE. Components of the chronic care model.14–22
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reviewed the charts of nurse-managed patients on a
weekly basis. The study involved 457 participants, and
nurse-managed patients were more likely to receive a
new antihypertensive agent (95% vs 63%, P<.001),
receive 2 antihypertensive agents (44% vs 18%,
P<.001), adhere to the medication regimen (68% vs
49%, P<.005), and achieve goal BP at 6 months
(49% vs 28%, P<.001).

Rudd and colleagues37 conducted a randomized con-
trolled trial (RCT) comparing nurse case management
(n=74) with a control group (n=76). Nurses saw
patients at baseline and provided education on use of an
automated BP device, strategies to improve medication
adherence, and identification of adverse drug events.
The nurses performed additional telephone contacts at

1 week and at 1, 2, and 4 months; independently made
medication dosage increases; and contacted the physi-
cian to obtain permission to initiate any new BP medica-
tion. Of note, only patients randomized to nurse case
management received portable BP monitors, which
could have further improved BP control independent of
nurse functions due to greater patient self-monitoring.
SBP declined by 14.2 mm Hg in the intervention group
and 5.7 mm Hg in the control group (P<.01) at
6 months. Patients were taking significantly more medi-
cations in the intervention group and had significantly
more medication changes (223 vs 52, P<.01) than the
control group. Medication adherence at 6 months was
81% in the intervention group and 69% in the control
group (P=.03).

Points

Standard 1: Access and communication

A. Has written standards for patient access and

communicationa

4

B. Uses data to show it meets its standards for

patient access and communicationa

5

Total points 9

Standard 2: Patient tracking and registry functions

A. Uses data system for basic patient information

(mostly nonclinical data)

2

B. Has clinical data system with clinical data in

searchable data fields

3

C. Uses the clinical data system 3

D. Uses paper or electronic-based charting tools to

organize clinical informationa

6

E. Uses data to identify important diagnosis and

conditions in practicea

4

F. Generates lists of patients and reminds patients

and clinicians of services needed (population

management)

3

Total points 21

Standard 3: Care management

A. Adopts and implements evidence-based

guidelines for 3 conditionsa

3

B. Generates reminders about preventive services

for clinicians

4

C. Uses nonphysician staff to manage patient care 3

D. Conducts care management, including care

plans, assessing progress, addressing barriers

5

E. Coordinates care ⁄ follow-up for patients who

receive care in inpatient and outpatient facilities

5

Total points 20

Standard 4: Patient self-management support

A. Assesses language preference and other

communication barriers

2

B. Actively supports patient self-managementa 4

Total points 6

Points

Standard 5: Electronic prescribing

A. Uses electronic system to write prescriptions 3

B. Has electronic prescription writer with safety

checks

3

C. Has electronic prescription writer with cost

checks

2

Total points 8

Standard 6: Test tracking

A. Tracks tests and identifies abnormal results

systematicallya

7

B. Uses electronic systems to order and retrieve

tests and flag duplicate tests

6

Total points 13

Standard 7: Referral tracking

A. Tracks referrals using paper-based or electronic

systema

4

Total points 4

Standard 8: Performance reporting and improvement

A. Measures clinical and ⁄ or service performance by

physician or across the practicea

3

B. Survey of patients’ care preferences 3

C. Reports performance across the practice or by

physiciana

3

D. Sets goals and takes action to improve

performance

3

E. Produces reports using standardized measures 2

F. Transmits reports with standardized measures

electronically to external entities

1

Total points 15

Standard 9: Advanced electronic communications

A. Availability of interactive Web site 1

B. Electronic patient identification 2

C. Electronic care management support 1

Total points 4

aIndicates ‘‘must pass’’ elements. Adapted from the National Committee on Quality Assurance (NCQA).92

TABLE I. NCQA Content and Scoring of Practices on Progress Towards the Patient-Centered Medical Home
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An interesting study conducted by Mundinger and
colleagues38 evaluated care of several conditions
including hypertension delivered by nurse practitioners
compared with physicians. Most patients were His-
panic immigrants and all patients were enrolled after
an emergency department or urgent care visit who
were randomized to either a nurse practitioner
(n=806) or a physician (n=510). The nurse practitio-
ners and physicians had interchangeable roles for pre-
scribing, consulting, referring, or admitting patients
and the primary outcome was quality of life, which
was no different between groups. Diastolic BP (DBP)
was slightly better when provided by nurse practitio-
ners compared with physicians (137 ⁄ 82 mm Hg vs
139 ⁄ 85 mm Hg; P=.28 for SBP and P=.04 for DBP)
during a period of 1 year after baseline.

Several systematic reviews have been conducted to
evaluate various quality-improvement (QI) strategies to
improve BP control. Walsh and colleagues11 in a report
prepared for the Agency for Healthcare Research and
Quality (AHRQ) and subsequently published their find-
ings in 2006. They identified 63 controlled studies of QI
strategies directed at improving hypertension control.11

The majority of the studies combined several strategies,
and a taxonomy was developed for categorizing various
QI approaches. Median SBP reductions for various
approaches were audit ⁄ feedback (1.3 mm Hg), provider
education (2.7 mm Hg), provider reminder systems
(6.8 mm Hg), self-management (3.6 mm Hg), patient
education (8.1 mm Hg), and organizational change
(10.1 mm Hg). These authors found that the largest sta-
tistically significant effects occurred with team-based
care (37 comparisons), where they found a median
reduction in SBP of 9.7 mm Hg and a 21.8% net
increase in SBP control.

Another meta-analysis of pharmacy-based interven-
tions was performed by Machado and colleagues
(2007).39 These authors evaluated 13 studies that
included 2200 individuals and found that pharmacists’
interventions significantly reduced SBP (10.7 standard
deviation [SD], 11.6 mm Hg; P=.002), while controls
remained unchanged.39 These findings confirm the find-
ings of other meta-analyses and systematic reviews.

Another meta-analysis of team-based care by Carter
and colleagues (2009)12 evaluated the potency of either
nurse- or pharmacist-assisted management of hyper-
tension. This analysis found a significantly greater likeli-
hood of controlled BP in studies involving nurses (odds
ratio [OR], 1.69; 95% confidence interval [CI], 1.48–
1.93), pharmacists within clinics, (OR, 2.17; CI, 1.75–
2.68), and community pharmacists (OR, 2.89; CI,
1.83–4.55) compared with usual care. These authors
attempted to isolate the components of team-based care
that were most effective and found the reductions in
SBP (in mm Hg) included: pharmacist-recommended
therapy to the physician ()9.3), patient education
provided by nurse or pharmacist ()8.8), pharmacist per-
formed the intervention ()8.4), medication adherence
assessed ()7.9), nurse conducted the intervention
()4.8), and a treatment algorithm was used ()4.0).

In the most recent Cochrane Review (2010) of QI
interventions used to improve control of BP in patients
with hypertension,40 72 randomized RCTs were identi-
fied representing the following 6 intervention types:
(1) self-monitoring; (2) educational interventions direc-
ted to the patient; (3) educational interventions direc-
ted to the health professional; (4) health professional
(nurse or pharmacist) led care; (5) organizational inter-
ventions that aimed to improve the delivery of care;
and (6) appointment-reminder systems. Self-monitor-
ing was associated with a modest net reduction in SBP
(weighted mean difference [WMD] )2.5 mm Hg; 95%
CI, )3.7 to )1.3 mm Hg) and DBP (WMD )1.8 mm
Hg; 95% CI, )2.4 to )1.2 mm Hg). Trials of educa-
tional interventions directed at patients or health pro-
fessionals appeared unlikely to be associated with
large net reductions in BP by themselves. Appointment
reminder systems were heterogeneous and results were
not clear, but the majority of trials increased the pro-
portion of individuals who attended follow-up visits
by almost 2.5 times and in two small trials also led to
improved BP control (OR, 1.85, 95% CI, 1.37–2.44)
favoring the intervention.40 The Cochrane Review
authors conclude that an organized system of registra-
tion, recall, and regular review allied to a vigorous
stepped-care approach to antihypertensive drug treat-
ment appears the most likely way to improve the con-
trol of high BP.41 They also concluded that nurse- or
pharmacist-led care was promising, with the majority
of RCTs being associated with improved BP control
and reduction in mean SBP and DBP.

Chisholm-Burns and colleagues (2010)13 conducted
a meta-analysis and identified 298 studies trials in the
United States that evaluated pharmacist-provided
direct patient care for various chronic conditions.
These authors found significant improvements in BP,
glycated hemoglobin (HbA1c), low-density lipoprotein
cholesterol, adverse drug events, medication adher-
ence, quality of life, and patient knowledge (P<.05).

A recent systematic review and meta-analysis by
Clark and colleagues,42 of trials of nurse-led interven-
tions for hypertension in primary care, focused on

TABLE II. NCQA Scoring and Levels of Certification
for the Patient-Centered Medical Home

Level of Qualifying Points

Must Pass Elements at 50%

Performance Level

Level 3 75–100 10 of 10

Level 2 50–74 10 of 10

Level 1 25–49 5 of 10

Not recognized 0–24 <5

Levels: Level 3 is the highest level recognized by the National Com-
mittee on Quality Assurance (NCQA). Level is determined by the total
points plus the ‘‘must pass’’ elements. A lower level of recognition
will be awarded if all ‘‘must pass’’ elements are not met, regardless
of total points. Practices with a score of <24 or <5 ‘‘must pass’’
elements will not be recognized within the context of the Patient-
Centered Medical Home.92
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establishing whether nurse prescribing is an important
intervention. Interventions that included a stepped-
treatment algorithm showed greater reductions in SBP
(WMD, )8.2 mm Hg; 95% CI, )11.5 to )4.9) com-
pared with usual care. However, this was not associ-
ated with higher achievement of BP targets. Nurse-led
clinics with structured prescribing algorithms in pri-
mary care settings also achieved greater reductions in
SBP and DBP compared with usual care. Interestingly,
when results were pooled, nurse-led interventions sig-
nificantly lowered SBP compared with usual care in
African Americans participants, but there was little
difference for other ethnic minority groups. In general,
this review suggests that hypertension care led by a
nurse leads to improvements in BP compared with
doctor-led or usual care.42

LIMITATIONS OF PREVIOUS STUDIES AND
GAPS IN KNOWLEDGE
The above studies highlight the consistent benefit of
team-based care for improving BP control. However, the
authors of the systematic reviews and others identified
several limitations in the published literature, includ-
ing43,44 small patient sample sizes, single or few pharma-
cist or nurse interventionists, lack of a control group,
lack of intention-to-treat analyses, and not controlling
for potentially confounding covariates. Randomization
does not always eliminate all differences between groups,
particularly for studies with smaller sample size. There-
fore, covariates such as sex, race, education, baseline BP,
and body mass index should be controlled in the analy-
ses. Generally, studies were conducted at single sites,
leading to potential contamination if the intervention
included changing provider behavior and the clinician
had patients in both control and intervention groups. An
advantage of limited number of medical offices or inter-
vention providers is the ability to maintain high fidelity
of the intervention. However, this might also make
results less generalizable. Additionally, in some studies,
the measurement of BP was biased because the measure-
ment was made by the intervention provider or person
invested in the results and thus not blinded. In other stud-
ies, unreliable BP measurements (eg, routine office read-
ings) were used as the outcome variable.

In defense of investigators, the funding sources for
team-based care interventions prior to 2000 was lim-
ited, and large rigorous trials were difficult to conduct.
With increased interest in translation and health care
reform, such funding has become available and recent
and ongoing studies are addressing some of the key
gaps in our understanding of team-based care.

There remain numerous gaps in our understanding
of team-based care, some of which will be addressed
in more recent and ongoing studies we discuss below.
Some of these gaps in the literature include:
• Most studies had durations of 12 months or less

and longer-term effectiveness was not evaluated.
• Little information was available on the sustainabil-

ity of the intervention once it was discontinued.

• Because typical team interventions might change
provider behavior, it is not known how much the
positive effects on BP diffuse to other patients in
the practice who are not directly involved in the
study intervention. Understanding the larger contex-
tual, organizational impacts of such team interven-
tions is essential, particularly when trying to
instigate individual provider QI feedback or use of
‘‘pay-for-performance’’ strategies.

• Very few cost-effectiveness analyses have been pub-
lished and the relative costs and benefits must be
better defined. We do not have an adequate under-
standing of what outcomes should be measured in
cost analyses, nor what would be considered a rea-
sonable return on investment.

• Few studies have actually evaluated a typical team
that might be formulated in primary care practices,
that might not have access to in-house or clinical
pharmacists or nurses, or payment systems that
would allow clinicians to provide this type of care.
Alternatively, larger integrated health care organiza-
tions might be able to form multiprovider teams
that include social workers, nutritionists, and hyper-
tension specialists.

• There is no information on when the patient care
team should engage a hypertension specialist or how
the specialist could be integrated into this team.

• The most efficient utilization of team members has
rarely been evaluated. When and how to engage the
specific expertise of various team members needs
better definition. Few studies have examined the use
and acceptability of nurses and pharmacists follow-
ing medication algorithms to make direct medica-
tion changes.

• Several studies of team-based care have used vari-
ous technologies and ⁄ or self-monitoring; however,
far more research is needed to evaluate Web-based
approaches, the use of social media, and other strat-
egies to better engage patients in their own care.

• Models for reimbursement and subsequent sus-
tainability of programs have not been adequately
examined.

CONTEMPORARY AND ONGOING STUDIES
2005 TO 2014
More recent studies have begun to address some of the
limitations of previous studies and gaps in the literature
of team-based care. This section will briefly review some
of these key studies.

Randomized Trials of Pharmacists
Lee and colleagues45 conducted the Federal Study of
Adherence to Medications in the Elderly (FAME),
which was a multiphase study conducted at Walter
Reed Army Medical Center in 200 patients taking �4
various medications, 92% of whom had hypertension.
Following a run-in phase, all patients received a com-
prehensive pharmacy program to improve adherence,
including education and a prepackaged medication
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adherence aid (blister packs). After 3 to 8 months in
phase 1, patients were randomized to usual care or
continued pharmacy care for an additional 6 months.
Patients randomized to usual care once again received
traditional pill bottles with 90 day supply. Patients
randomized to pharmacy care continued to receive
follow-up every 2 months by the pharmacists plus
medication blister packs to improve adherence. Fol-
lowing the phase 1 period with blister packs and phar-
macy care, SBP improved from 133.2�14.9 mm Hg to
129.9�16.0 mm Hg (P=.02). However, during phase
2, SBP deteriorated back to baseline in patients return-
ing to usual care (133.3�21.5 mm Hg) but improved
further in patients receiving the continued intervention
(124.4�14.0 mm Hg, P=.005 between groups). It is
unclear from this study whether the unit dose packag-
ing, the pharmacist, or both contributed to the success
of the intervention.

Carter and colleagues46 conducted a cluster, random-
ized trial (randomized clinics) with 179 patients
enrolled in a 9-month study intervention. Research
nurses measured BP at baseline and at 2, 4, 6, and
9 months. Ambulatory 24-hour BP was measured at
baseline and 9 months. Pharmacists employed in the
medical offices made specific recommendations to
physicians and patients to improve BP control. The
majority of recommendations were to intensify medica-
tions.47 The mean adjusted difference in SBP was 8.7
mm Hg (95% CI, 4.4–12.9) in favor of the intervention
group, and the difference in DBP was 5.4 mm Hg (CI,
2.8–8.0). The 24-hour BP levels were a mean SBP reduc-
tion of 8.8 mm Hg (CI, 5.0–12.6) and DBP 4.6 mm Hg
(CI, 2.4–6.8) in the intervention group compared with
the control group. BP goal was achieved in 89% of
patients in the intervention group and 53% in the con-
trol group (adjusted OR, 8.9; CI, 3.8–20.7; P<.001).
After this study was completed, these investigators per-
formed a retrospective evaluation of a sample of 103 of
these patients who agreed and re-consented had BP val-
ues at baseline and 9 months during the intervention
and then at 18 and 27 months after baseline (9 and
18 months following discontinuation of the interven-
tion).48 This sample of patients was similar to the larger
study sample. By 27 months (18 months after the inter-
vention was discontinued), SBP was 132.7�11.5 mm
Hg and 143.0�12.2 mm Hg (P<.001) and BP control
was 59% and 31% in the intervention and control
groups, respectively (P=.0048). This study suggests that
the relatively short-term intervention had long-lasting
effects.

A second cluster randomized trial (Carter and col-
leagues) was conducted in 6 family medicine medical
offices in Iowa.49 The study randomized the offices to
control or intervention groups and 402 patients with
uncontrolled hypertension entered the 6-month study.
Clinical pharmacists on the staff of these offices made
drug-therapy recommendations to physicians based on
national guidelines. Research nurses performed BP
measurements and 24-hour BP monitoring. The

adjusted difference in SBP was )12.0 mm Hg (95% CI,
)24.0 to 0.0; P<.05) between intervention and control
group at 6 months. The 24-hour BP levels showed sim-
ilar differences between groups. BP was at goal in
29.9% of patients in the control group and 63.9% in
the intervention group (adjusted OR, 3.2; CI, 2.0–5.1;
P<.001). These authors also conducted a retrospective
evaluation to determine whether the intervention effect
could be sustained once it was discontinued.50 Even
after 18 months following discontinuation of the inter-
vention, BP was 130.0�16.0 mm Hg in the interven-
tion group and 138.1�20.4 mm Hg in the control
group (P=.0023). BP was at goal in 67% of patients in
the intervention group and 36% of those in the control
group (P<.001). This study also suggests that this 6-
month pharmacist intervention had long-lasting effects,
probably related to medication adjustments that
resulted in persistent BP control.

Recently, Bosworth and colleagues initiated a
Veteran’s Affair’s (VA)–funded study focusing on CV
disease (CVD) risk with a focus on medication manage-
ment (eg, BP, HbA1c, lipids, blood clotting) and behav-
ioral outcomes (eg, medication adherence, exercise)
administered by a pharmacist over the telephone. This
study will take place within two VA primary care
clinics. The intervention is tailored to the needs of
vulnerable high-risk patients and addresses multiple
CVD-related behaviors and medication management
risk. The study will enroll 500 patients with CVD who
will be randomized to either the education
control group or the intervention group. Patients
randomized to the intervention group will receive a clin-
ical pharmacist-administered intervention, which
focuses on behavioral and medication management.
Given the national prevalence of CVD and the dismal
rates of risk factor control, interventions such as the one
proposed could improve secondary prevention of CVD
in the VA.

Controlled Trials of Nurse Interventions
There is a reasonable and growing body of literature
that nurses can significantly improve hypertension out-
comes. As mentioned previously, a recent review of
studies from 2005 to 2009 was conducted of 33 RCTs
that included an intervention delivered by nurses,
nurse prescribers, or nurse practitioners designed to
improve BP, compared with usual care. Interventions
for hypertension achieved higher degrees of BP targets
when they included a stepped-treatment algorithm by
a nurse, nurse prescribing, or a nurse leading tele-
phone monitoring.42

Case management by a nurse-led team has been
shown to be an effective strategy to improve manage-
ment of CV risk factors including hypertension man-
agement in many studies.51,52 Nurses, for example,
have demonstrated successful strategies for improving
BP by serving as a bridge to physician care and by
adhering more strictly to management algorithms,
including many counseling features that may not neces-
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sarily be within the time frame of a busy physician in
practice.12,37,52–57 More recent studies that involved
nurses within team care are discussed below.

EXTENDING BEYOND TRADITIONAL CLINICAL
SETTINGS
Improving patients’ hypertension management behav-
iors and medication adherence, while critically impor-
tant, can be complex and time-consuming. In a typical
primary care setting, time limitations, competing
demands, the burden of comorbid illness, and inade-
quate mechanisms for follow-up, all constitute barriers
to effective hypertension risk factor management. Per-
haps for these reasons, prior interventions that sought
to influence physician medication prescribing in a clinic
setting have been mostly ineffective. Most aspects of
hypertension risk reduction, however, do not require a
physical examination, and BP can be measured at home;
thus, much of the care of hypertension could be accom-
plished outside of the traditional confines of office-
based clinical care. Telemedicine or remote monitoring
in patients’ homes has been offered as a plausible solu-
tion to improve ambulatory medical care. However,
current reimbursement models do not encourage these
in-person and remote primary care interventions.

Telemetry can be used to transmit BP measurements
taken at home into a data repository where it can be
used to generate paper reports or link to other data
systems. Telemedicine refers to interactive communica-
tions that can be as simple as telephone-based care or
interactive video and digital technologies, enabling
direct communication between patients and their care
team from remote sites. Automated interactive voice
response (IVR) uses computer technology to telephone
patients, collect data, and provide tailored interven-
tions based on their responses. Team-based applica-
tions of these technologies are described below.

Telephone Interventions
Clinical inertia, the phenomenon of physicians failing
to intensify medication regimens at encounters with
patients who have uncontrolled risk factors, has been
cited to potentially account for a significant proportion
of CVD events,10,58 suggesting that alternative meth-
ods for interventions may be needed. Also, clinic visits
are primarily focused on symptom management, leav-
ing little time for comprehensive risk factor manage-
ment. An intervention that is delivered in patients’
homes may be more successful in non–symptom-based
approaches to health care.

Telephone contact offers one possibility to reduce
health care barriers. Telephone contact has been
shown to be effective in changing multiple patient
behaviors.59–62 Telephone interventions also allow
more patients to be reached, and these interventions
may be more acceptable and convenient than in-person
interventions.63 Delivering an intervention by
telephone may enhance the interventions’ cost-effec-
tiveness, primarily due to reduced intervention costs

and reduced visit rates coupled with the clinicians’
ability to follow a much larger panel over which to
spread fixed-intervention costs than would be possible
with an in-person intervention. Thus, the use of tele-
phones to implement the intervention allows individu-
alized, personal interaction at minimal cost and
without the time and transportation barriers that
accompany in-person programs. This personal interac-
tion allows the intervention to be adapted and tailored
to participants’ current concerns, health goals, and
specific barriers to achieving these goals.

Bosworth and colleagues completed the Take Con-
trol of Your Blood Pressure Study (TCYB) in which
hypertensive patients (N=636) were randomized to 1
of 4 groups: usual care, a nurse-administered behav-
ioral intervention, home BP monitors alone, or a com-
bination of the behavioral intervention and home BP
monitors. Patients were highly adherent in recording
their home BP values. A majority of the 318 patients
in the nurse arm received all 12 intervention encoun-
ters and completed the 24-month follow-up. Patients
randomized to the combined group had the greatest
improvement in BP control (70%–83% at 24 months,
17% relative usual care [P=.01].54 The average cost of
the combined intervention was $416 per patient over
24 months.54 In subanalyses, at 24 months, in the
combined intervention, non-whites had sustained
lower SBP as compared with patients in the usual care
group (7.5 mm Hg; P<.02).64

Health Information Technology Interventions
Dramatic advances in health information technol-
ogy (HIT), including electronic health records (EHRs)
and high-speed communications, provide new
opportunities for improving the care of chronic condi-
tions, including hypertension. HIT is an integral part
of proposed models to reform health care, including
the CCM17,19,20 and the PCMH.27–29,65 Additionally,
the Institute of Medicine’s blueprint for meeting the
Crossing the Quality Chasm66 goals for delivering
state-of-the art health care suggests that ‘‘patients
should receive care when they need it and in many
forms and have unfettered access to their own medical
information and that there should be active collabora-
tion and information exchange between clinicians.’’ In
this section we describe results of studies that have
used these new technologies as tools and strategies to
support team-based care for hypertension.

Artinian67 offered free BP screenings to African
Americans at various community sites, and patients
with uncontrolled BP and a land-line telephone were
randomized to enhanced usual care, including educa-
tion and identifying resources for receiving medica-
tions and clinical care or this intervention plus home
BP monitoring (HBPM) and nurse-managed telemetry.
Nurse-telemetry patients were asked to measure their
BP 3 times a week. Patients uploaded BP data by
attaching the HBPM to a modem unit that automati-
cally dialed a data repository managed by a service
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independent from the patient’s regular clinical care.
Formatted BP reports were reviewed by a registered
nurse who called the patient and provided medication
and lifestyle counseling. Doctors received a copy of
the telemetry report, and they could request that the
patient come in for an appointment if needed. At
12 months, the telemetry nurse group had significantly
decreased SBP compared with enhanced usual care
(net difference )5.5 mm Hg [P=.04]) with nonsignifi-
cant differences for DBP. Change in BP control was
not reported. The cost of the telemetry service was
$1.50 a day. Nurse telephone feedback and counseling
took between 7 and 16 minutes per call, which ini-
tially occurred weekly, then monthly during the last
months of the intervention.

Bosworth56 recently completed and Margolis68 has
an ongoing study that combines HBPM with a modem
to send BP data, combined with nursing care (Bos-
worth) or pharmacist management (Magolis). Bos-
worth69 examined which of 3 interventions was most
effective in improving BP control during 18 months.
Eligible patients were randomized to either usual care
or 1 of 3 telephone-based intervention groups: (1)
nurse-administered behavioral management, (2) nurse-
and physician-administered medication management,
or (3) a combination of both. The intervention tele-
phone calls were triggered based on home BP values
transmitted via telemonitoring devices. Behavioral man-
agement involved promotion of health behaviors. Medi-
cation management involved adjustment of medications
by a study physician and nurse based on hypertension
treatment guidelines. Both the behavioral management
and medication management alone showed significant
improvements in BP control: 12.8% (95% CI, 1.6%–
24.1%) and 12.5% (95% CI, 1.3%–23.6%), respec-
tively, at 12 months, but there was no difference at
18 months. In a subgroup analyses, among those with
poor baseline BP control, SBP decreased in the com-
bined group by 14.8 mm Hg (95% CI, )21.8 to )7.8)
at 12 months and 8.0 mm Hg (95% CI, )15.5 to )0.5)
at 18 months, relative to usual care.

In a recently published study, Magid and associates70

coupled IVR with pharmacist care management.
Patients with hypertension receiving antihypertensive
medication and with uncontrolled BP were identified
using EHRs and invited to a screening visit. Those with
uncontrolled BP at the screening visit were randomized
to receive IVR-enhanced pharmacist care management
or usual care. The IVR pharmacist care group received
computer calls weekly asking them to enter their BP
using the touch-tone keypad. They received feedback as
to their average BP and the opportunity to listen to a
hypertension-related educational message. Clinical
pharmacists reviewed home BP data and EHR medica-
tion adherence and made medication changes if needed
using a preapproved protocol. Pharmacists contacted
patients by telephone and patients’ physicians by a pro-
gress note in the EHR. After 6 months, BP control was
not significantly different between the two groups; how-

ever, SBP was significantly lower in the IVR pharmacist
group (net change, )6.0 mm Hg; P=.006), but differ-
ences between groups deteriorated based on chart
review of BP measurements 6 months after the interven-
tion was completed (12 months after baseline). More
than 90% of the patients uploaded at least one set of
BP measurements, but information on persistence of
communications was not provided. A potential concern
with IVR is hang-ups; however, the pharmacist
attempted to call the patient if the patient did not
respond after repeated IVR attempts and a reminder. A
particular strength of this IVR pharmacist approach
was that the pharmacist only needed to interact with
patients with uncontrolled BP. The cost of the interven-
tion was not reported. IVR systems vary greatly in cost
depending on the sophistication of the computer model,
logic systems used, length of the interactions, and num-
ber of follow-up attempts made if the patients are not
initially contacted.

In the Informatics for Diabetes and Education Tele-
medicine (IDEATel) study, Shea and colleagues71,72 ran-
domized underserved ethnically diverse older patients
with diabetes to either receive a nurse-telemedicine unit
or usual care. The telemedicine unit computer had 4
functions: synchronous videoconferencing, Web access,
and home BP and glucose monitors that could be con-
nected to the unit. Communications were enabled via a
modem connected to a telephone line. Nurse case
managers trained in diabetes care and supervised by dia-
betologists provided care via videoconference visits,
secure-e-mail, clinical data review, computer reminders,
alerts, automated quality-assurance reports, and patient
chat groups. For patients not at recommended targets
for diabetes, including BP, a change in management was
recommended to the patient’s physician by e-mail, fax,
or phone. Those receiving the telemedicine-nurse inter-
vention had significant decreases in both SBP and DBP
compared with usual care at the 1- and 5-year follow-
up assessments (net change at 5 years, )4.3 mm Hg
[)1.9 mm Hg, )6.7 mm Hg] and )2.6 mm Hg [)1.5
mm Hg, )3.7 mm Hg], respectively).

Bove73 enrolled inner-city (Temple University Medi-
cal Center), predominantly African Americans and
rural Caucasians (Geisinger Medical Center) with a
>10% risk of CVD. Patients were randomized to
receive either research nurse management with 4 visits
in 1 year or this plus receipt of telemedicine computer
and access to a personal health record in which they
could review their medication list and laboratory
results; upload HBPM, weight, and pedometer data
weekly; and receive secure messages. Patients received
by telemedicine computer system and mail, and their
physicians by fax, summaries of their BPs, lipids, and
overall CVD risk and recommended targets, which
were discussed at the 4 nurse management visits. All
patients reduced their BP and risk of CVD; however,
there was no difference between intervention groups.
While physicians received faxed reports of BP, nursing
care was not integrated directly into patient care.
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Personal Health Records and Patient Web Portals
Patient-controlled electronic personal health records
and secure patient Web portals linked to EHRs offer
patients and health care teams opportunities to share
health data and communicate asynchronously. Grant
and colleagues74 randomized primary care practices
and their patients with diabetes and an HbA1c >7.0%
to receive a Web-based personal health record
designed for the study or usual care. These authors
found that encouraging patients with diabetes to use
the module did not lead to significant decreases in BP
or improvements in BP control. However, the module
was developed specifically for the study, providers
were not accustomed to using this module, and
patients did not receive team care assistance from a
pharmacist or nurse.

Green and colleagues75 conducted the Electronic
Communications and Home BP Monitoring Study (e-
BP) in an integrated health care system with an exist-
ing EHR linked to a secure patient Web portal. This
study randomized patients with uncontrolled hyperten-
sion, access to the Web, and an e-mail address to
either (1) usual care, (2) this plus an HBPM and a
one-time training session on use of the existing patient
Web portal and encouragement to use these tools to
communicate with their physician to get their BP in
control, or (3) this plus Web-based collaborative phar-
macist care using the existing patient-shared EHR
including asynchronous secure e-mail communications.
Pharmacists used an approved protocol to make medi-
cation changes, contacted the patient’s physician for
clinical concerns or any medication issues not
addressed in the protocol, and documented all care
processes in the EHR. Patients receiving the HBPM–
Web-only intervention had a small, but significant
decrease in SBP (net change, )2.9 mm Hg; P=.02), but
DBP and BP control was not significantly improved
compared with usual care. In contrast, patients receiv-
ing Web-pharmacist care had significant decreases in
SBP and DBP, and improved BP control compared
with both usual care and Web-only (compared with
usual care, net change SBP and DBP )8.9 mm Hg
[P<.001] and )3.5 mm Hg [P<.001] and net improve-
ment in BP control was 25% [P<.001]). Medication
intensification and secure e-mail significantly increased
in the Web-pharmacist group. Long-term changes in
BP after the intervention ended and cost-effectiveness
are being studied. Of note, in the e-BP study, HBPM
data were not electronically uploaded into the EHR.
Patients had to manually enter their BP measurements
into secure e-mail messages. EHRs have the capacity
to interface with telemetry data, but we are unaware
of this being done currently in clinic settings. The e-BP
study provides evidence that HBPM and the ability to
send secure e-mails to your health care team may lead
to small improvements in BP; however, combining this
with team care led to more robust changes.

Similarly, in an Evidence Report and Technology
Review, Barriers and Drivers of Health Information

Technology Use for the Elderly, Chronically Ill, and
Underserved, sponsored by the AHRQ, information
technology interventions were consistently effective if
they included ‘‘complete feedback loops.’’76 Complete
feedback loops included monitoring of the patient’s
current status, interpretation of this based on treat-
ment goals, adjustments of the management plan,
communicating of the recommendations back to the
patient, and this cycle being repeated at appropriate
intervals. This type of complete feedback loop is par-
ticularly well supported by team-based care. Saver and
colleagues are currently conducting a study testing
whether use of HBPM with data sent to an EHR via a
patient-owned personal health record (HealthVault),
combined with team care delivered by a nurse, can be
used to improve BP control in patients with diabetes
and uncontrolled hypertension.

It is unknown the degree to which Web-based com-
munication coupled with a Web-based, tailored disease
management and education program improves risk
factor control beyond traditional telemedicine disease
management provided by health care personnel. To
this end, Bosworth and colleagues are carrying out a
study involving a telemedicine intervention to improve
achieving goals for CV risk factors, particularly
improvements in SBP, among individuals who have
had a myocardial infarction. To evaluate this interven-
tion, 450 patients with a recent myocardial infarction
and hypertension will be enrolled into a three-arm ran-
domized controlled trial. The first arm (n=150) will
receive HBPM plus a nurse-delivered, telephone-based,
tailored patient education intervention and will be
enrolled into Heart360, the American Heart
Association’s interactive Web-based health monitoring
tool. The second arm (n=150) will also receive HBPM
plus a tailored patient education intervention and be
enrolled in Heart360. However, the patient education
intervention will be delivered via a Web-based pro-
gram and will cover identical topics as the nurse-deliv-
ered intervention. Both arms will be compared with a
control group receiving standard care (n=150). All par-
ticipants will have an in-person assessment at baseline
and at the completion of the study, including stan-
dardized measurements of BP, low-density lipoprotein,
and HbA1c (in diabetic patients). The study will com-
pare the cost, scalability, and effectiveness of two
interventions modes compared with usual care.77

Texting and Smartphone Web Communications
Patients can increasingly access the Web via smart-
phones using wireless or high-speed radiowave connec-
tions. Texting services, however, require only standard
radiowave connections and can be accessed using short
message services (SMS). Both provide new opportuni-
ties for patients to communicate with their health care
team. Park,78 in a small quasi-experimental study con-
ducted in Korea, provided obese patients with hyper-
tension access to a Web site via a computer or usual
care. Patients entered BP, weight, and other data into
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the Web site from their computer or a cell phone
weekly. A supervised research nurse reviewed the data
and sent back tailored feedback to the patient via both
the Web site and via cell phone using SMS and text
messages. After 8 weeks, SBP and DBP and weight
were significantly decreased in the active group com-
pared with controls (net change )9.1 mm Hg [P<.05],
)7.2 mm Hg [P<.05], and )1.6 kg [P<.05], respec-
tively). We are unaware of any studies that are cur-
rently using smartphones (such as the iPhone or
Android) applications as a tool for team care–based
hypertension care; however, we expect that any virtual
care that health care systems currently provided over
the Web could be used on Web-enabled phone or
other types of electronic communications systems.

Technology and Potential Disparities
It is important to note that some people do not have
access to or the financial resources to purchase
computers, Web access, or land line and cellular tele-
phones. Additionally, some people cannot use technol-
ogy tools or services because of low literacy or lack of
translation between different languages. Careful atten-
tion to the needs of these groups will be needed, or
the disparities that already exist in relation to com-
puter access, hypertension control, and CV outcomes
will worsen.79 Finkelstein and colleagues80 have
developed and are testing low-cost computers that are
linked to monitoring devices and remote communica-
tions that can be used by people with low-literacy
skills. Other options include allowing patients to have
walk-in access to kiosks at clinics and, if needed, being
assisted by medical assistants or enlisting community
health workers or family member caretakers (such as
the children of elderly people) to assist with self-moni-
toring and electronic communications at community
centers or homes. Alternatively, patients frequently
access computers at local libraries, community centers,
or other locations. Patients might also have different
preferences for the types of communications they
prefer.

Technology and the Future of Team Care
Demand for new patient-centered HIT applications for
improving patient self-care and virtual communications
between patients and their health care team is increas-
ing. New and ongoing studies will help to learn the most
effective approaches for improving hypertension care.
Smartphones, cell phones, bluetooth, texting, personal
health records, patient portals, and electronic computer
games are basically the same—computers linked to elec-
tronic communications. Depending on user needs, all
have the potential to be used for self-monitoring and
communications between patients and health care
teams. Electronic games could be used to assist patients
with self-care management—monitoring BP, medication
adherence, and lifestyle change. HIT can be translated
and used in all languages and adapted to assist people
with disabilities.

Larger health care systems are increasingly acquiring
patient Web portals for a variety of business reasons
other than just improving hypertension care. However,
adoption of these systems in smaller community prac-
tices may lag because of the investment required and the
inability to recoup this as a billable service. Incentives
made possible by the HITECH bill, the PCMH, and
Accountable Care organizations provide new opportuni-
ties for use of these technologies to enhance team care.

Summary of Technological Issues
Studies that have utilized HIT and high-speed commu-
nication technologies provide new ways for patients
and their health care teams to electronically share BP
measurements, medications, and lifestyle behaviors
information outside of office visits, allowing opportu-
nities for providing feedback and adjustment of care
plans. Results that have combined electronic technolo-
gies with team care have had the most positive results,
but the studies are heterogeneous. Little is known
about the optimal dose of strategies and their cost-
effectiveness. Additionally, there is no information on
the long-term benefits of technology-enhanced team
interventions, to what degree BP control is maintained
over time, whether continuous or booster interventions
are needed, and their long-term effect on CV out-
comes, quality of life, and the costs of health care.
Results from ongoing and new studies will provide
important information on the optimal efficacy and
value of these strategies.

COST-EFFECTIVENESS ANALYSES
From the perspective of the health care system, with
BP reduction as a goal, understanding the relationships
between interventions and medical costs and their
effects on BP is necessary in making informed program
funding decisions. From the perspective of the patient,
time is a limited resource that should be expended on
activities that yield improvements in health outcomes.
However, there have been few studies to examine the
short- and longer-term cost-effectiveness, team-based
interventions to improve hypertension care. Short-term
costs include the costs of the intervention and offsets
or additional costs as realized by changes in health
care utilization. Long-term costs take into account
benefits and costs accrued over time in terms of pro-
grammatic costs (depending on whether team care is
provided one time, intermittently, or ongoing) and
hypertension-related outcomes, where, from a patient
and societal perspective, most benefit would be
expected to occur. We review below studies that have
reported either direct costs or cost-effectiveness of
team-based interventions to improve hypertension
control.

Investigators from the Veterans’ Study to Improve the
Control of Hypertension (V-STITCH) estimated that
the mean annual total intervention cost per patient was
$112 and ranged from $61 to $259 per patient depend-
ing on the nurse’s salary, the number of patients that the
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nurse can manage, and what indirect costs are allocated
to the intervention.81 Nonetheless, even at the maxi-
mum value, the intervention cost represents, at most,
3% of the total cost that a given hypertensive veteran
incurs during a 2-year period. Lastly, intervention cost
could be lowered substantially if a less-expensive care
provider was used to implement the behavioral inter-
vention. The TCYB study demonstrated statistically and
clinically significant reductions in BP with a tailored
behavioral intervention when combined with HBPM.
However, these interventions are cost-additive to
the health care system. Thrice-weekly BP monitoring
resulted in patient time costs that surpassed the cost of
the intervention.82

These results support the findings of two previous
studies that showed that a telephone-based hyperten-
sion intervention can be implemented at reasonable cost
and be potentially cost-effective. In study of Friedman
and colleagues,60 an interactive computer-based tele-
communication system was used to communicate with
patients in their homes between office visits. They esti-
mated a 6-month intervention cost of $32.50 per
patient, which would be $96 in 2005 dollars. As effec-
tiveness measures, their telephone intervention use led
to an improvement in medication adherence and reduc-
tion in SBP. In a study by Bertera and colleagues,83

usual care was compared with telephone counseling or
face-to-face counseling. Patients in either counseling
arm received counseling sessions every 3 weeks for
6 months that covered a number of hypertension-
education issues. The average cost per patient was $39,
which, given that this study was published in 1981, is
not comparable to the behavioral intervention cost of
more recent studies.83

Okamoto and Nakahiro84 performed a cost analysis in
330 patients and found no difference in clinic visit costs
between pharmacist-managed hypertension ($242.46)
and physician-managed hypertension ($233.20). They
estimated a cost of $1.18 for each 1.0-mm Hg reduction
in SBP. However, this study did not measure or assign
costs to any interactions between physicians and phar-
macists. They also used acquisition costs for medications
that were adjusted for discounts and did not reflect real
drug prices.

Two of the previously mentioned cluster randomized
trials (Carter and colleagues)46,49 of a pharmacist inter-
vention were combined to evaluate cost-effectiveness.85

The study included 496 patients, 244 in the control
group and 252 in the intervention group. The total time
spent by physicians in the intervention group was higher
than in the control group (67.02 [SD=46.29] vs 53.74
[SD=48.47] minutes, P<.001) due to nearly 17 minutes
spent on collaboration. Overall, pharmacists in the
intervention group spent 114.34 (SD=43.42) minutes
per patient over 6 months. Relative to control, the phy-
sician-pharmacist collaboration intervention cost an
average of $249.60 more per patient, resulting in an
incremental cost over 6 months of $1009.3 per addi-
tional patient with BP control and $26.6 per 1-mm Hg

reduction in SBP. The cost to achieve goal BP in one
additional patient was $1009.30. This was one of the
most comprehensive studies regarding all costs, and sug-
gested that the costs of the intervention were higher
than other reports. However, the authors concluded
that these costs were reasonable when considering the
presumed reductions in costs associated with avoided
CV events.

Team-based interventions that used new technologies
have a wide range of costs depending on whether the
technology was developed for the intervention or already
in place. In the IDEATel study telemedicine units cost
$3425 (year 2002).71 However, costs of telemetry have
since come down, and use of existing technologies such
as Skype or FaceTime might be much less costly.

Magid70 did not report the cost of delivering the
interactive voice recognition (IVR) intervention. IVR
systems vary greatly in costs, depending on the
amount of sophistication of the computer model, logic
systems used, length of the interactions, and number
of follow-up attempts made if the patient is not con-
tacted. Modem-based or Web BP telemetry used to
upload measurements from home to a data repository
and collate into reports also incur additional costs,
which are usually less than IVR but vary based mainly
on equipment requirements.

In the e-BP trial, it cost $400 per patient to deliver
the pharmacist intervention over 12 months. This
included the costs of the home BP monitors and phar-
maceutical care. Incremental costs and cost-effective-
ness analyses are currently being conducted. In the e-
BP study, the patient-shared EHR and secure e-mail
systems were already in place prior to the study and
no additional technology resources were required to
deliver the Web-based pharmacist intervention. How-
ever, for a clinic to set-up a system like this, start-up
costs might be substantial. Many of the commercially
available EHRs have the capacity to add a patient
Web portal or secure e-mail, but these features cost
extra money, require staff training, patient promotion,
and technical support to be fully functional. Patient-
controlled EHRs generally incur no costs to patients,
but adding EHR portals, disease management applica-
tions, and secure communications need to be paid for.
Patient Web portals, however, can be used for a vari-
ety of care processes, and along with the new defini-
tions of Meaningful Use of EHRs and the HITECH
bill, provide incentives for health care systems and
clinics to adopt their use.

Because of the heterogeneity of these studies it is
difficult to draw any definitive conclusions as to the
cost-effectiveness of team-based interventions to
improve hypertension control or to compare costs
related to type of interventionist or delivery mode.
However, lessons might be gleaned from other team-
based QI interventions.

Implementation of the PCMH with augmented
physician-nurse and pharmacist teams led to overall
decreases in health care costs, improvement in com-

Official Journal of the American Society of Hypertension, Inc. The Journal of Clinical Hypertension Vol 14 | No 1 | January 2012 61

Role of the Pharmacist, Nurse, and Teamwork in Hypertension Therapy | Carter et al.



posite quality measures, and improved patient and
physician satisfaction after 2 years.30 This study was
conducted in an integrated health care system that
already had many of the resources needed to effec-
tively implement collaborative care; however, both
nursing and pharmacist staffing was increased to more
effectively implement collaborative care. The Medicare
Care Coordination (MCC) demonstration projects,
which tested the cost-effectiveness of 15 care manage-
ment programs for Medicare patients with multiple
comorbidities had mostly negative findings.86 Only
two programs were cost-effective. Change in patient
behaviors and quality of life were minimal. Medica-
tion adherence and physiologic outcomes were not
reported. The two successful programs made more
frequent contact with patients, taught patients to take
their medications correctly, and had more opportuni-
ties to interact directly with the patients’ physicians.
Similarly, Coleman and colleagues87 found that inter-
ventions to improve chronic illness were more effective
when closely integrated with the patient’s source of
primary care.

More research on the long-term benefits and cost-
effectiveness of team care interventions are needed
before the business case can be constructed and policy
changed. However, it is clear that fee-for-service clinics
and physicians who do not receive reimbursements for
using a nurse, pharmacist, or other team member would
be unlikely to be able to implement a QI program to test
this model, unless they received government subsidies,
were a PCMH demonstration site, or were incentivized
by being part of an Accountable Care organization.

THE FUTURE OF TEAM-BASED CARE FOR
HYPERTENSION: PROPOSED MODELS CARE
Once an intervention has been determined to be rea-
sonable in terms of costs and effectiveness, this leads
to the question of who should pay for the intervention.
Patients may be willing to pay for the intervention if
they perceive that they are receiving better care and
because of the convenience it provides, but patients
are unlikely to be willing to cover the entire cost.
Providers do not have an incentive to provide the
intervention since they are currently not reimbursed
for it. The only environments at this time that poten-
tially have an incentive are capitated, integrated health
care systems such as the VA and Kaiser. Without long-
term evidence that team care decreases health care
costs, insurers may have little incentive for adopting
this model. However, other factors may come to bear,
such as regulatory agencies who rank plans by their
success in management of chronic care (including
hypertension control) and employer purchasers who
might be willing to choose an insurance product or
pay more if care potentially reduces sick days. Alterna-
tively, if patient and physician demand exert large
influence on Medicare, Medicaid, and other publically
assisted health care programs, there may be increased
willingness to cover team-based care, such as already

funded by Medicare Part D that provides payment for
medication therapy management.88

The movement towards the PCMH will result in a
shift from an acute care model, or illness model, to a
model for managing chronic conditions proactively or
a wellness model. The team must be supported by
electronic systems and strategies that can identify
patients with uncontrolled BP, track ongoing care and
planned follow-up, and reminders if these events do
not occur, and to allow patients, physicians, and team
members to collaboratively communicate. The PCMH
also includes electronic record support for patients so
that they can examine their records, have access to
schedule their own appointments, e-mail providers,
and receive Web-based support. The PCMH incentives
made possible by the HITECH bill, the PCMH, and
Accountable Care organizations provide new opportu-
nities for use of these technologies to enhance team
care.

We propose a model in which the minimum team
would be a physician, nurse, or pharmacist but should
also include social workers, nutritionists, hypertension
specialist, and community health workers for specific
patients. The model would include the primary care
physician who is responsible for diagnosis and evalua-
tion of hypertension for potential secondary causes,
additional risk factors, and target organ damage. The
physician would also conduct periodic physical examin-
ations and follow-up assessments for target organ dam-
age. If at any point new signs or symptoms develop, the
physician should evaluate the patient. Highly complex
patients, those with resistant hypertension despite
multiple manipulations of appropriate therapy and
those with suspected secondary causes, should be
referred to the hypertension specialist.

This proposed care model would require extensive
communication between the team members. Protocols,
policies, and procedures for communication, triage,
and referral back to the physician so information
transfers are coordinated and complete should be
developed and understood. Accurate and complete
medical record documentation to support team com-
munication will be critical, and scalability would
require the use of electronic medical records.

A nurse or pharmacist with expertise in hypertension
would provide education and counseling and probably
ongoing case management for most patients, especially
those who have achieved and maintain control of their
BP. Education would include thorough discussions
about all lifestyle modifications, smoking cessation, and
how to empower the patient to implement these strate-
gies. The nutritionist, if available, would provide exten-
sive counseling about diet and weight loss strategies. If
a nutritionist is not available, the nurse who specializes
in hypertension management can provide these services.
For patients taking BP medication, a nurse would also
be able to modify medications and adjust dosages. The
pharmacist in the office could also assist with medica-
tion management; titration for patients not at goal,
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designing drug and monitoring regimens for specific
patients; and algorithm development for the practice.
The office pharmacist could assist with management of
patients with multiple coexisting conditions and those
with complex drug regimens who are at risk for adverse
reactions and drug-drug interactions. The pharmacist
could also counsel patients about proper medication
use, administration, storage, and adverse reactions that
might occur. While they are not frequently considered
as team members, community pharmacists could also
assist with such monitoring.33,89,90 Additionally, elec-
tronic communications (both telephone and Internet-
enabled) are likely to be an increasing part of team care,
with HBPM, behavioral support, improved access via
synchronous, and asynchronous communications as a
key part of improving the efficiency75,91 and effective-
ness of hypertension care, making it possible for the
team to function at separate sites virtually.

Patients with hypertension frequently have other
chronic conditions, and secondary to increasing rates
of obesity, progressively at younger ages. When multi-
ple chronic conditions are combined with substance
abuse, poverty, low levels of education, and ⁄ or low
enculturation, health outcomes worsen and care costs
rise rapidly. Team care as envisioned in the PCMH
incorporates whole-person care that takes into account
all of the patient’s chronic conditions, preventive care
needs, and social factors that mitigate the delivery of
optimal and efficient care. Moving from a disease-spe-
cific model to a patient-centered model that includes
team-based care is believed by many to be a key aspect
of health care reform.

CONCLUSIONS
While this review is not exhaustive, there is a strong
body of evidence that teams are effective in treating BP.
Team-based care provides new opportunities for hyper-
tension care to be more patient-centered by providing
care that is more personalized, timely, collaborative,
and patient-empowering and allows physicians more
time to manage complex and urgent issues as they arise.
There is also a growing focus on the PCMH and use of
technology to improve access to care.

The challenges moving forward include not only
improving access, but ensuring the access is of high
quality. Technology needs to be rigorously evaluated
and not viewed as a panacea. Further work is needed
to better understand and evaluate patients’ and provid-
ers’ preference for communication. Policy implications
of team-based care will need to be addressed. For
example: how are teams and technology used
to improve access to the primary care reimbursed?
What is a reasonable return on investment? What are
appropriate indicators of cost effectiveness? And how
should these constructs be evaluated? We encourage
further dialogue and research to address these issues.
Additionally, much more research is needed to deter-
mine the effects of team-based care on specific popula-
tions, optimal dose and intensity of interventions, and

whether ongoing or booster interventions are needed.
More comparative studies are needed to determine the
most efficient, effective, and personalized methods for
providing ongoing team-based care for hypertension.
Results from ongoing studies will provide important
information on the refinements to this model, lead to
increased feasibility of large-scale implementation, and
confirm whether expected long-term effectiveness and
cost-effectiveness benefits are realized.
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