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Using a Multidisciplinary Team and Clinical
Redesign to Improve Blood Pressure Control

in Patients With Diabetes
Hae Mi Choe, PharmD, CDE; Steven J. Bernstein, MD, MPH;
David Cooke, MD; David Stutz, MD; Connie Standiford, MD

Objective: Optimal blood pressure (BP) control
in patients with diabetes poses a challenge in
primary care clinics because of the complexity of
the disease and competing patient care demands.
We used a multidisciplinary team to standardize
and improve hypertension care for patients with
diabetes by implementing a visual and
action-oriented high BP prompt, collaborative
practice agreement, medication intensification
protocol, and home BP monitoring machine loan
program. Design: Prospective, pre-/poststudy.
Setting: General medicine clinic affiliated with a
large academic healthcare system. Patients: Two
hundred sixty-three patients with type 2 diabetes
mellitus. Results: Hypertension control (ie, BP <

135/80 mm Hg) in patients with diabetes improved
from 53.6% to 69.3% (P < .001) after implementing
a standardized BP assessment and treatment
process. There was also a significant decrease of 4
mm Hg in both the mean systolic and diastolic BPs
after the intervention. The improvement in BP
control was associated with an increase in the
average number of antihypertensive medications
from 1.56 to 1.93. Conclusions: The use of a
process-oriented clinical redesign and a
multidisciplinary team approach resulted in
improved BP management in patients with
diabetes in a primary care setting.
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D iabetes mellitus is a common and dev-
astating disease that has enormous im-
pact on quality of life, mortality risk, and
economic costs. Cardiovascular disease is

the leading cause of death among patients with dia-
betes and is responsible for significant morbidity and
expense.1,2 Optimizing blood pressure (BP) control
among patients with diabetes is critical to preventing
cardiovascular and renal disease.3 Optimal treatment
of hypertension in patients with diabetes mellitus is
one of the most beneficial treatments in medicine.4

To encourage aggressive treatment of hypertension
in patients with diabetes, the National Committee
on Quality Assurance recently adopted hyperten-
sion control as a performance measure. The United
Kingdom Prospective Diabetes Study and the Hyper-
tension Optimal Treatment trial demonstrated that
for patients with diabetes with marked hyperten-
sion, improved BP control substantially decreased
both macrovascular and microvascular diabetic com-
plications, including visual impairment, end-stage
renal disease, and cardiovascular disease.5,6 Unfortu-
nately, despite its demonstrated importance, BP con-
trol is suboptimal in many of these patients. The level
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defining optimal BP control in patients with diabetes
has been gradually moving lower in the past several
years. Initially, a level below 140/90 mm Hg was con-
sidered adequate; today, some groups are advocating
that the threshold should be below 130/80 mm Hg.
With this change the proportion of patients consid-
ered to have their BP controlled has declined from
59%7,8 to as low as 35%.9–11

Improving BP control, however, has proven chal-
lenging. Physicians face the competing demands of
managing both chronic illnesses and acute problems
during a clinic visit. Interventions focusing on im-
proving physician education and reminders have had
only limited success.12 The exact reasons for this
have not been clearly identified, but “clinical inertia”
remains a major challenge in providing optimal
care.13

An alternative approach to improving care of pa-
tients with chronic disease has focused on im-
proving workflow processes and assigning tasks to
nonphysician healthcare providers. Because busy
physicians frequently do not have the time to manage
both chronic care needs and acute problems during
clinic visits, a team-based approach with delegation
of some responsibilities and tasks to other profession-
als and staff offers many opportunities for improving
care. A team-based approach is being promoted by
many organizations nationally and is a component
of the advanced medical home.14,15 Clinical pharma-
cists are valuable members of the healthcare team
and several studies have shown that they help im-
prove care. The professional training and experience
of pharmacists seem particularly well-suited for the
management of hypertension, given its emphasis on
medication-based interventions.16–20

A second approach focuses on increasing patients’
knowledge about their clinical condition. For hyper-
tension, 1 way to increase patient awareness of their
hypertension is through self-monitoring of BP. Al-
though home BP monitoring is a relatively inexpen-
sive means to monitor BP levels, there are signifi-
cant barriers to its adoption. Home BP monitoring
machines are not a covered benefit for many insur-
ance plans. In addition, patients are concerned about
purchasing a home BP monitoring machine they may

never use. A home BP monitoring machine loan pro-
gram for patients with hypertension would reduce
both of these barriers. By borrowing a BP monitoring
machine, patients can determine whether they would
use the machine and whether they found the informa-
tion of value to them without having to first purchase
the machine.

In this article, we report on the use of both of these
approaches by our multidisciplinary team to improve
hypertension control among patients with diabetes in
a general internal medicine clinic at an academically
owned practice serving a community population.

METHODS

Process development and implementation

In January 2006, we formed a multidisciplinary
team composed of medical assistants, clerical staff,
physicians, and a clinical pharmacist. The team used
a series of rapid plan-do-study-act or clinical redesign
cycles to develop and implement a patient care algo-
rithm and treatment protocol (Table 1) to standardize
hypertension care for patients with diabetes. The pa-
tient care algorithm assisted staff in triaging patients
with elevated BP. To foster collaboration, we made
significant changes in team member roles and re-
sponsibilities. The hypertension treatment protocol
guided physicians and the clinical pharmacist in se-
lecting cost-effective medications and an appropriate
medication titration schedule. Our goal for patients
with diabetes was of BP less than 135/80 mm Hg
on the basis of our evidence-based institutional di-
abetes mellitus clinical care guideline.21

On the day of clinic appointment, all patients with
diabetes are automatically identified through our
health system’s computerized registry. Each morn-
ing, medical assistants print out patient-specific clin-
ical reminder sheets for the physicians. This 1-page
sheet lists diabetes examinations (eg, foot and eye),
tests (eg, LDL-cholesterol and hemoglobin A1c), and
medications (eg, antihypertensive and antiglycemic
medications and aspirin) that need to be addressed.
When the patient arrives, the medical assistants take
each patient’s BP manually and flag those patients
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Table 1

STEPWISE PHARMACOLOGIC TREATMENT OF HYPERTENSION IN PATIENTS WITH DIABETES

Patients with microalbuminuria Patients without microalbuminuria

Step 1. Elevated BP (systolic BP ≥ 135 and/or diastolic BP ≥ 80) uncontrolled by prior lifestyle modifications

Initiate therapy with an angiotensin-converting enzyme
(ACE) inhibitor

Initiate therapy with a thiazide diuretic

Lisinopril 10 mg daily Hydrochlorothiazide 12.5 mg daily
Titrate by doubling dose every 2–4 weeks until the blood

pressure goal is met (maximum dose: 40 mg)
Titrate by doubling dose in 2–4 weeks

Patients with contraindication to ACE inhibitors
(hypersensitivity reaction and angioedema) or
documented persistent cough should alternately be
initiated on an angiotensin II receptor blocker

If blood pressure goal not met (maximum dose—25 mg)

Irbesartan (Avapro) 150 mg daily
Titrate by doubling dose in 2–4 weeks if blood pressure

goal not met (maximum dose—300 mg)

Step 2. If dose is optimized on 1 of the agents from Step 1 and patients’ blood pressure remains ≥ 135/80 then add
thiazide diuretic or ACE-I/angiotensin II receptor blocker to the first agent.

Consider combination therapy, that is, lisinopril and hydrochlorothiazide, hydrochlorothiazide and irbesartan (Avalide).

Step 3. If above agents are contraindicated or dose is optimized and patient blood pressure remains ≥ 135/80 mm Hg.

Initiate therapy with a β-blocker
Metoprolol tartrate 50 mg bid
Titrate by doubling dose every 2–4 weeks until blood pressure goal met (maximum dose—200 mg)
OR
Atenolol 25 mg daily
Titrate by doubling dose every 2–4 weeks until blood pressure goal met (maximum dose—100 mg)

Step 4. If above agents are contraindicated or dose is optimized and patient blood pressure remains ≥135/80 mm Hg.

Initiate therapy with a dihydropyridine calcium channel blocker
Amlodipine (Norvasc) 5 mg daily
Titrate by doubling dose in 2–4 weeks if blood pressure goal is not met (maximum dose—10 mg)

with a BP greater than or equal to 135/80 mm Hg,
our target goal, by placing a bright green sticker on
the billing/disposition form. This sticker had 2 func-
tions (1) it prompts the physician to recheck the BP
when they see the patient and (2) it instructs clerical
staff to schedule a follow-up BP assessment appoint-
ment with the physician or clinical pharmacist in 2
to 4 weeks.

At the follow-up appointment, the clinical phar-
macist provides basic education regarding lifestyle

and pharmacologic hypertension management skills.
This includes counseling on the importance of setting
self-management goals. Such goals focus on lifestyle
modifications, adherence to medications, and mon-
itoring of treatment efficacy and tolerability. In ad-
dition, on the basis of a collaborative practice agree-
ment with the practice’s physicians, the pharmacist
might initiate and adjust medications, on the basis of
the medication protocol, as well as order laboratory
tests. The pharmacist may also contact the patient
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by phone if more frequent assessments are needed.
All management changes by the pharmacist are
documented and the physician informed of their pa-
tient’s status.

To raise awareness and engage patients in manag-
ing their BP, we developed a home BP monitoring
machine loan program, using 8 automated home BP
monitoring machines purchased with healthcare cen-
ter funds. Each machine was loaned for a period of 2
to 4 weeks. The loan procedure required the patient to
provide a $20 refundable deposit. A process to clean
the machines between borrowers was developed by
the infection control program. Patients were taught to
use the home BP monitoring machine by the clinical
pharmacist. They were also provided written instruc-
tions on home BP monitoring machine use and given
a daily BP log sheet that they were asked to either
bring back with them at their follow-up visit in 2 to
4 weeks or to fax the home BP readings to the clini-
cal pharmacist. The medical assistants played a vital
role in loaning and maintenance of the BP monitoring
machines.

Study population and data collection

Before our implementing this new process, there
were 362 patients with diabetes managed at our
clinic. Patient volume increased to 523 patients over
the 18-month period (January 2006–July 2007) fol-
lowing our process launch. For evaluation purposes,
this article will focus on the 267 patients who were
managed during both pre- and postintervention peri-
ods (paired analysis).

Data were extracted from our diabetes registry,
which is stocked by the health system’s electronic
medical record and includes BPs of patients. We also
surveyed those patients who participated in the home
BP monitoring program regarding their understand-
ing of BP, ease of BP monitoring machine use, fre-
quency of using the home BP monitoring machine,
how helpful the BP monitoring machine loan pro-
gram was, and their interest in buying a home BP
monitoring machine on a 5-point Likert scale rang-
ing from strongly disagree to strongly agree or not at
all helpful to very helpful.

Data analysis

Descriptive analysis is presented using means and
standard deviations for continuous data. Frequency
data are presented using count and percentage infor-
mation. To compare our pre- and postintervention pe-
riods a paired t test (continuous data) or a McNemar’s
test (categorical data) was used.

RESULTS

Of 267 patients with paired data, the mean age was
57.9 ± 11.7 and 51% of the patients were male. The
proportion of patients whose BP was less than 135/80
mm Hg increased from 53.6% in the preinterven-
tion period to 69.3% following the intervention (P <

.001; Table 2). There was also a significant decrease of
4 mm Hg in both the mean systolic and diastolic BPs
after the intervention (Table 3). However, there was
no significant change in either the mean hemoglobin
A1c or mean LDL-cholesterol levels, areas not targeted
by the intervention. Thus, whereas the intervention
improved BP control, it had no significant impact on
these other outcome measures. The improvement in
BP control was associated with an increase in the av-
erage number of medications used to treat hyperten-
sion, increasing from 1.56 in the preintervention to
1.93 in the postintervention period (P < .001), among
the 267 patients followed up in both periods. As ex-
pected, therefore, the proportion of patients receiv-
ing 2 or more antihypertensive medications also in-
creased from 48.7% to 54.7% (P < .05).

So far, we have loaned BP monitoring machines to
42 patients. Thirty-five patients completed a postloan

Table 2

CHANGES IN BLOOD PRESSURE GOAL
ATTAINMENTa

Blood pressure
controlled Pre Post P

Yes 143 (53.6%) 185 (69.3%) < .001
No 124 (46.4%) 82 (30.7%)

a Comparison performed using McNemar’s test.
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Table 3

DIABETES QUALITY INDICATORSa

N Preb Postb 95% CI P

Blood pressure 263
SBP 127.6 ± 15.1 123.8 ± 14.4 1.6 to 5.9 .001
DBP 73.6 ± 10.6 69.8 ± 9.8 2.5 to 5.2 < .001
Hemoglobin A1c 234 7.4 ± 1.5 7.5 ± 1.7 −0.3 to 0.1 .225
LDL 210 86.6 ± 26.6 84.1 ± 25.2 −1.1 to 6.1 .176

Abbreviations: DBP, diastolic blood pressure; LDL, low-density lipoprotein; SBP, systolic blood pressure.
aBetween-group comparisons were performed using a paired t test.
bContinuous data are reported as mean ± SD (range).

survey. Thirty-three patients (94%) reported that bor-
rowing the home BP monitoring machine was very
helpful and the remaining 2 patients (6%) reported
it was somewhat helpful and no patient believed it
was not helpful. Thirty-three patients (94%) agreed
or strongly agreed that they have a better understand-
ing of their BP since using the home BP monitoring
machine. Fourteen patients subsequently purchased
a home BP monitoring machine, 14 additional pa-
tients are considering purchasing a machine, and the
remaining 7 patients declined to purchase a machine
because of cost.

DISCUSSION

In this study, clinical redesign using medical assis-
tants to identify and provide BP reminder prompts,
follow-up with a clinical pharmacist, and self-
management promotion through a home BP monitor-
ing program was implemented. These efforts resulted
in 69% of our patients with diabetes achieving their
BP target. This represents a substantial incremental
improvement in BP control at our study site as com-
pared with our entire institution where BP control is
57%.

Many quality improvement strategies have been
reported to improve hypertension control.22 These
strategies include reminders to healthcare providers,
facilitated relay of clinical data, audit and feedback,
healthcare provider education, patient education, pa-

tient reminders, promotion of self-management, and
organizational change. Studies focusing on organiza-
tional change or patient education, alone or in combi-
nation with other strategies, report greater improve-
ment in BP control as compared with studies that
did not include either of these strategies.23 Patient re-
minders and audit and feedback to clinicians, either
alone or when used together, show less improvement
in BP control as compared with other interventions.24

In general, the majority of quality improvement stud-
ies focusing on hypertension control use more than
1 strategy.

In addition to the targeted efforts reported in this
article, other strategies are utilized for all patients
with diabetes at our institution to enhance BP control.
These strategies include healthcare provider educa-
tion, audit and feedback, and patient reminders. Prior
to this study all primary care clinicians received ed-
ucation on the diabetes mellitus clinical care guide-
line including target BP for patients with diabetes
and recommended medication intensification proto-
cols. In addition, patient-specific audit data on sev-
eral diabetes quality measures, including BP control,
are sent to clinicians semiannually and are displayed
in comparison with peers and the overall health sys-
tem average, as well as used in annual performance
evaluations. Finally, patients with diabetes receive
reminder letters annually to see their physician if
their last recorded BP is greater than 150/90 mm Hg.
Despite these strategies BP control at our institution
remains suboptimal at 57%.
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Are higher levels of BP control achievable at our
health center? We believe that although there may
be some additional room for improvement, that it is
limited. Why? First, patient nonadherence with anti-
hypertensive medications may result in elevated BP
at the time of the visit. Second, some patients can-
not receive higher doses of medications despite an
elevated systolic pressure as their diastolic pressure
may be too low (eg, BP < 70 mm Hg) and additional
medications may increase a patient’s risk of hypoten-
sion or adverse outcomes. Third, some patients may
already be on 4 or more antihypertensive medications
and physicians may be reluctant to prescribe more
medications or patients may not want to take addi-
tional medications. There are no randomized-control
trials that demonstrate that using more than 4 an-
tihypertensive agents to lower the BP leads to bet-
ter patient-related outcomes. In our study patients
with diabetes were only on an average of 1.56 an-
tihypertensive medications prior to the intervention
and 1.93 antihypertensive medications postinterven-
tion. Hence, there may be opportunity for additional
medication intensification.

Problems with clinical inertia and the compet-
ing demand of addressing acute and chronic med-
ical care during a clinic visit are potential reasons
why patients’ BP levels are not controlled.25 Engag-
ing the entire healthcare team to assist in care de-
livery is becoming increasingly important and con-
sistent with the Chronic Care Model and Advanced
Medical Home concepts.14,15 There is also signifi-
cant interest in implementing practice redesign and
workflow enhancements to optimize the provision
of care. At our institution, patients with chronic ill-
ness such as diabetes are frequently given a rou-
tine follow-up appointment in 2 to 3 months despite
having chronic medical problems (ie, hypertension,
hyperglycemia, and hyperlipidemia) that are not
under control. To address this clinical inertia, we
implemented a simple sticker system to improve the
timeliness of follow-up appointments in patients not
achieving BP goal. Lack of appointment access to
physicians was addressed by having patients follow
up with the clinical pharmacist within 2 to 4 weeks.
The clinical pharmacist, through a collaborative prac-

tice agreement, had the autonomy to add or change
antihypertensive medications and order follow-up
testing. We are currently piloting this process at other
health centers utilizing clinic nurses to assist in med-
ication titration, using an approved delegated nurs-
ing protocol. Finally, patients were encouraged to
become involved in their self-management through
monitoring their BP levels at home. As many patients
were concerned about investing in a BP monitoring
machine, we implemented a home BP monitor loan-
ing program through the clinic. Patients who partic-
ipated were very satisfied with our pilot home BP
monitoring machine loan program and many found
this to be valuable in making a decision to purchase
a home BP monitoring machine.

There are several limitations to our study. First,
our primary outcome was based on a fixed popula-
tion and may not present what happens with a dy-
namic population (eg, patients entering and leaving
the practice over time). However, when we examined
the overall level of BP control among all patients with
diabetes cared for at the healthcare center in the pre-
and postintervention periods, we found that the av-
erage BP level still decreased by 17%. Second, the
study was not blinded and when healthcare providers
who measure the patient’s BP know that a quality im-
provement study is under way they may be uncon-
sciously biased by an expectation of improvement.
Third, home BP monitoring alone was used only by
a small number of patients, and its independent con-
tribution to BP control among these patients cannot
be assessed. However, on the basis of patient satisfac-
tion survey, patients reported being extremely satis-
fied with the home BP loaning program, and such a
program may be helpful in assisting patients to focus
on BP control. Further studies to evaluate the impact
of home BP monitoring on improving BP goal attain-
ment are needed.

In summary, it is estimated that physicians need
10.6 hours a day, more time than they have available
for patient care, to address the multitude of guideline
recommendations for chronic disease management.26

Many physicians have 15 to 20 minutes for a patient
visit and find it difficult to address all chronic and
acute care needs in this amount of time. In our study
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we developed and implemented a multidisciplinary
team approach to standardize and improve hyperten-
sion care for patients with diabetes. We demonstrated
a significant improvement in BP control by using an
action-oriented process and more intense treatment
of hypertension. Additional studies are needed to de-
termine how best to assist clinicians in meeting pa-
tient needs and ensuring that quality care related to
chronic illness is met.
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