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BACKGROUND: Clinical Pharmacy Specialists (CPSs)
and Registered Nurses (RNs) are integrally involved in
the Patient Aligned Care Teams (PACT) model, especially
as physician extenders in the management of chronic
disease states. CPSs may be an alternative to physi-
cians as a supporting prescriber for RN case manage-
ment (RNCM) of poorly controlled hypertension.
OBJECTIVE: To compare CPS-directed versus physi-
cian-directed RNCM for patients with poorly controlled
hypertension.
DESIGN: Non-randomized, retrospective comparison of
a natural experiment.
SETTING: A large Midwestern Veterans Affairs (VA)
medical center.
INTERVENTION: Utilizing CPSs as alternatives to phy-
sicians for directing RNCM of poorly controlled hyper-
tension.
PATIENTS: All 126 patients attended RNCM appoint-
ments for poorly controlled hypertension between 20
September 2011 and 31 October 2011 with either CPS
or physician involvement in the clinical decision mak-
ing. Patients were excluded if both a CPS and a
physician were involved in the index visit, or they were
enrolled in Home Based Primary Care, or if they
displayed non-adherence to the plan.
MAIN MEASURES: All data were obtained from review
of electronic medical records. Outcomes included
whether a patient received medication intensification
at the index visit, and as the main measure, blood
pressures between the index and next consecutive
visit.
KEY RESULTS: All patients had medication intensifi-
cation. Patients receiving CPS-directed RNCM had
greater decreases in systolic blood pressure compared
to those receiving physician-directed RNCM (14±
13 mmHg versus 10±11 mmHg; p=0.04). After
adjusting for the time between visits, initial systolic
blood pressure, and prior stroke, provider type was no
longer significant (p=0.24). Change in diastolic blood
pressure and attainment of blood pressure < 140/
90 mm Hg were similar between groups (p=0.93,
p=0.91, respectively).

CONCLUSIONS: CPS-directed and physician-directed
RNCM for hypertension demonstrated similar blood
pressure reduction. These results support the utiliza-
tion of CPSs as prescribers to support RNCM for
chronic diseases.
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INTRODUCTION

Cardiovascular disease is a common cause of disability and
death in the United States and around the world. Hyperten-
sion, a major cardiovascular disease risk factor, affected
30.4 % of the adult population of the United States between
2003 and 2010.1 Controlling hypertension decreases the
risk of cardiovascular disease including myocardial infarc-
tion, stroke, heart failure, and death; however, over 50 % of
patients with hypertension do not have adequate control of
their blood pressure.1 This often occurs despite access to
healthcare and health insurance.1

The Community Preventive Services Task Force recom-
mends team-based care to improve hypertension manage-
ment in primary care clinics.2 Patient Aligned Care Teams
(PACT) is the Veterans Affairs (VA) approach to
implementing patient-centered, team-based primary care
throughout the VA.3 One of the pillars of the PACT model
is to increase access to care for patients via a coordinated
team effort centered on the patient–primary care provider
relationship.3 Services such as pharmacist and registered
nurse case management (RNCM) are designed to support
this goal of increased access to care for patients with
chronic diseases such as hypertension. Although there are
increasing data supporting registered nurse (RN) and
pharmacist involvement in chronic disease care manage-Published online April 9, 2014
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ment,4–12 little information is available on how to best
integrate pharmacist capabilities with those of nurses in new
patient-centered primary care models such as PACT.
One potential problemwith RNCM is the need for additional

support from a prescribing healthcare provider in the case of
medication adjustments or renewals, laboratory orders, and
referrals. Utilizing Clinical Pharmacy Specialists (CPSs) as
prescribing professionals may enhance RNCM by reducing
bottlenecks in the clinic flow driven by limited physician
availability to RNs, which commonly occurs when RN case
managers are involved in chronic disease state management.
This model of RNCM, outlined in Fig. 1 and described in more
detail below, is in place at one VA Medical Center.
In this facility, patients are referred to their assigned PACT

RN for either face-to-face or telephone follow-up appoint-
ments for a variety of chronic disease states including
hypertension. During visits for patients with poorly controlled
hypertension, the RN assesses each patient independently. If
hypertension remains poorly controlled or changes are
indicated, the RN presents the case either to a physician or a
CPS to collaboratively design a plan of care, which may
include patient education on the self-management of their
disease, changing medication therapy, consulting referral

services, laboratory test ordering and/or arranging follow-up.
The RN may chose to discuss the case with either a CPS
(designated as “CPS-directed RNCM”) or a physician
(designated as “physician-directed RNCM”), based either on
availability of the provider or complexity of the patient. The
RN then returns to the patient and communicates any changes
in the plan to the patient.
This study aims to assess these expanded CPS and RN

roles, taking advantage of a naturalistic innovation de-
scribed above. The primary objective was to compare blood
pressure between CPS-directed and physician-directed
RNCM. Comparable blood pressure changes between
groups, regardless of prescriber type, would suggest that
CPS-directed RNCM may be an acceptable alternative to
physician-directed RNCM in PACT.

METHODS

Study Design

This study was a non-randomized, retrospective comparison
of a natural experiment.

Figure 1. VA Ann Arbor Healthcare System (VAAAHS) model for RNCM of poorly controlled hypertension.
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Sampling

Institutional Review Board approval was achieved, then
lists of patients with RNCM appointments from 1 May
2011 to 1 November 2011 were obtained via a report
generated in VISTA (VHA Information Systems & Tech-
nology Architecture) searching for the note title “Primary
Care Nursing,” which is utilized in RNCM encounters.
Next, each patient’s chart was reviewed against inclusion
and exclusion criteria beginning with those who had
appointments on 1 November 2011 and proceeding in
reverse chronological order until 20 September 2011, when
the pre-specified sample size of 63 patients per group was
achieved. Patients were eligible for inclusion in the study if
they had face-to-face or telephone appointments with an RN
case manager for poorly controlled hypertension with either
physician-directed or CPS-directed clinical decision making
at the index encounter, as noted on the RN documentation
of the clinic visit. Patients were excluded for any of the
following reasons: neither a physician nor a CPS was listed
as the designated provider on the index encounter note, both a
physician and a CPS were involved in the same index RNCM
encounter, the patient displayed non-adherence to treatment or
follow-up, or the patient was enrolled in Home Based Primary
Care. Provider type was determined by either an electronic
signature from a CPS or a physician on the progress note
associated with the RNCM visit, or a notation from the RN on
the progress note indicating the prescribing provider. Non-
adherence to treatment was determined if it was explicitly
documented in the RNCM encounter or if no follow-up visit
occurred after the index visit. Non-adherence to laboratory
monitoring was determined by review of laboratory results
after the index RNCM appointment. Included patients were
placed into one of two study groups based on the type of
provider collaborating with the RN during the visit: CPS-
directed or physician-directed RNCM. Using a minimum
average blood pressure change of 4 mmHg (SD=8), alpha
level of 0.05, and 80 % power, the required sample size was
calculated to be 63 patients per group.

Data Collection

All data were collected by manual review of progress notes
in the electronic medical record.

Measures

Demographic data collected included: age, sex, race, smoking
status, body mass index and estimated renal function.13 The
number of antihypertensive agents at index visit was collected,
as well as comorbidities including diabetes, previous stroke or
myocardial infarction, coronary artery disease, and dyslipid-
emia. Documentation from the index visit was reviewed to

determine changes to the therapeutic plan recommended at the
RNCM visit. To assess the main measure, blood pressure
measurements at index and the next consecutive RNCM visit
were collected for each patient. In the case of telephone
encounters for patients who monitored their home blood
pressure, the average blood pressure of multiple documented
readings was used for the analysis. For face-to-face clinic
appointments, home blood pressure cuff readings were included
if it was documented that these were used instead of clinic blood
pressure readings to determine progress to blood pressure goal,
such as in the case of patients with “whitecoat hypertension.”
The following process measures were also collected: home
blood pressure monitor prescriptions, time between visits,
relevant laboratory tests, and referrals generated at the visit.
Relevant laboratory monitoring was defined as a basic
metabolic panel within 4 weeks of initiation or intensification
of a diuretic, angiotensin converting enzyme inhibitor, angio-
tensin receptor blocker, or aldosterone antagonist.

Statistical Analysis

To assess the main measure, an independent samples t-test was
conducted to compare difference in systolic blood pressure
change between groups. An independent samples t-test was also
conducted to compare diastolic blood pressure, as well as
attainment of blood pressure less than 140/90mmHg, for patients
using CPS-directed RNCM versus physician-directed RNCM.
Additional analyses examined the associations between the

provider type and other patient measures including smoking
status, comorbid conditions and referral services offered.
Crosstab with Pearson’s chi-square test was used to examine
the relationships between categorical variables (sex, smoking
status, race, comorbidities, renal function) and provider type.
Fisher’s exact test was used for associations where counts were
less than five. A t-test was conducted to compare the number of
blood pressure agents between groups. Separate preliminary
regression models were conducted to examine the relationships
between each of the patient measures with the outcomes (systolic
blood pressure change, diastolic blood pressure change, attain-
ment of blood pressure less than 140/90 mmHg), adjusting for
baseline blood pressure measures. Measures that were either
significant at p<0.20 or important for the current study (provider
type, follow-up time, baseline blood pressure) were retained for
inclusion in the multivariate model. All retained measures were
simultaneously assessed using multiple regression models and
were included in the final model if p<0.05. Rejected variables
were re-added to the final model to confirm that they were not
statistically significant or potential confounders. Provider type
was the independent variable of interest, and therefore, was
included in the final model regardless of significance level.
Interactions between provider and patient measures were
examined and included if p<0.05. All analyses used Stata
version 12.1.14

S677O’Neill et al.: Team-Based Hypertension Management by Pharmacists and NursesJGIM



RESULTS

Out of 184 patients evaluated, 126 patients (68.5 %) were
included: 63 each in the CPS-directed and physician-
directed groups. Fifty-eight patients (31.5 %) were
excluded for the following reasons: 14 (24 %) due to
CPS and physician involvement in the same index RNCM

appointment, 21 (36 %) due to non-adherence to either
laboratory monitoring orders or follow-up RNCM visits, and
23 (40 %) due to non-adherence to recommended change in
therapy. Demographic characteristics were similar between
groups except race (p=0.01; Table 1). A greater proportion of
patients in the physician-directed group had a race identified as
“white.” The majority of the sample across both groups was
white (70.5 %); therefore, further analyses compared “white”
versus “non-white.” All patients had medication intensifica-
tion at the index encounter.
Patients in the CPS-directed group had greater average

decreases in systolic blood pressure compared to those in
the physician-directed group, but the groups did not differ
on measures of diastolic blood pressure change (see
Table 2). There were fewer patients with blood pressure<
140/90 mmHg in the CPS group at index appointment (n=
9, 14 %) compared to the physician group (n=13, 21 %),
although this difference was not significant (p=0.35). At
follow-up, the numbers of patients with blood pressure
<140/90 mmHg were similar between the two groups (n=
41, 65 % in the CPS group and n=44, 70 % in the physician
group, p=0.57).
Subsequent tests controlled for potential effects of patient

measures (see Table 1). Each patient measure was evaluated
in separate regression models that controlled for baseline
value of blood pressure (see Table 3). Of the variables
selected for continued testing for systolic blood pressure
change (stroke, white); diastolic blood pressure change
(age, number of blood pressure agents, diabetes, stroke,
estimated renal function); and controlled blood pressure
(age, number of blood pressure agents, diabetes, and
stroke), only stroke was significant and remained in the
final multivariate models for each outcome. Thus, the final
multivariate regression models included provider type,
follow-up time, index visit blood pressure, and prior stroke
(see Table 4). Once these factors were controlled for, there
was no significant effect for provider type on systolic blood
pressure change (p=0.24), diastolic blood pressure change
(p=0.93), or attaining blood pressure<140/90 mmHg (p=
0.91). Regardless of provider type, baseline measures for
both systolic and diastolic blood pressure were significant
predictors of change (p=0.004 and p<0.001); higher initial
values predicted greater reductions in blood pressure during
the study period. Higher baseline systolic (p=0.001) and

Table 1. Patient Characteristics

CPS-
directed

Physician-
directed

p
value

Patients per group 63 63
Male* 61 (96.8) 62 (98.4) 1.00
Race* 0.01
White 37 (58.7) 52 (82.5)
African American 6 (9.5) 4 (6.4)
Unknown 20 (31.8) 7 (11.1)

Age (years) † 63.4±9.8 63.8±10.0 0.82
Body mass index (kg/m2)† 32.5±6.6 32.6±6.3 0.91
Smoker* 22 (34.9) 18 (28.6) 0.44
Number of blood pressure
agents†

2.3±1.3 2.2±1.2 0.78

Diabetes mellitus* 31 (49.2) 31 (49.2) 1.00
Heart failure* 12 (19.1) 9 (14.3) 0.47
Previous stroke* 8 (12.7) 4 (6.4) 0.36
Coronary artery disease* 21 (33.3) 18 (28.6) 0.56
Previous myocardial
infarction*

6 (9.5) 6 (9.5) 1.00

Dyslipidemia* 52 (82.5) 55 (87.3) 0.46
Estimated glomerular
filtration rate13

(ml/min/1.73 m2)*

1.00

≥90 10 (15.9) 10 (15.9)
60–89 36 (57.1) 37 (58.7)
30–59 16 (25.4) 16 (25.4)
15–29 1 (1.6) 0

Index systolic blood
pressure (mm Hg)†

149±12 145±9 0.03

Index diastolic blood
pressure (mm Hg)†

78±12 78±11 0.94

Index blood pressure<140/
90 mmHg*

9 (14) 13 (21) 0.35

Blood pressure cuff offered
at index visit*

3 (4.8) 5 (7.9) 0.72

Average weeks between
index and follow-up visit†

3.4±1.9 3.4±1.6 0.92

Appropriate laboratory
monitoring ordered*

7 (18.9) 14 (35.9) 0.13

Referrals offered:
Dietitian* 2 (3.2) 6 (9.5) 0.27
Weight loss program* 3 (4.8) 4 (6.4) 0.68
CCHT‡* 2 (3.2) 0 –

*Number of patients (percentage)
†Mean ± SD
‡Care Coordination/Home Telehealth (CCHT) program uses video
technology and messaging devices in the patient’s home to commu-
nicate home blood pressure readings to an assigned RN care
coordinator at the VA facility.15

Table 2. Blood Pressure Change by Provider Type

Systolic blood pressure (mm Hg) Diastolic blood pressure (mm Hg)

CPS Physician p CPS Physician p

Index (Mean ± SD) 149±12 145±9 0.03 78±12 78±11 0.94
Index range 125–197 120–164 55–102 52–98
Follow-up (Mean ± SD) 135±14 135±11 0.89 72±11 73±11 0.85
Follow-up range 104–182 102–172 52–105 50–98
Difference between index and follow-up (Mean ± SD) 14±13 10±11 0.04 6±10 6±7 0.90
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diastolic (p=0.01) blood pressure was also associated with
lower odds of attaining blood pressure <140/90 mmHg. In
addition, patients who had a prior stroke had greater
reductions in both systolic (p=0.007) and diastolic blood
pressure (p=0.04), as well as greater odds of attaining blood
pressure <140/90 mmHg (p=0.05).
In terms of model performance, the final models for

blood pressure change accounted for 14.6 % of the total
variance in systolic blood pressure change (adjusted R2=
0.146) and 18.9 % of the variance in diastolic blood
pressure change (adjusted R2=0.189). The final model for
attainment of blood pressure <140/90 mmHg accounted for
18.8 % of the variance (pseudo R2=0.188). The model
performed reasonably well for distinguishing between
patients who attained blood pressure< 140/90 mmHg versus
those who did not (AUC=78.7 %). Sensitivity was greater
(85.7 %) than specificity (43.9 %), suggesting that the
model performed better at correctly classifying patients who
attained blood pressure < 140/90 mmHg than correctly

classifying patients who did not attain blood pressure < 140/
90 mmHg.
The process measure of laboratory monitoring was

evaluated only in the subset of patients within each group
for whom diuretics, angiotensin converting enzyme inhib-
itors, angiotensin receptor blockers or aldosterone antago-
nists were started or intensified at the index visit.
Laboratory monitoring within 4 weeks was completed in 7
out of 37 possible cases in the CPS group (19 %) and 14 out
of 39 possible cases in the physician group (36 %; p=0.13).
No significant associations between the remaining process
measures and provider type were found (Table 1).

DISCUSSION

This study evaluated a novel model of care using CPSs with
RNs collaboratively in patients with poorly controlled

Table 3. Regression Models for Patient Measures on Blood Pressure Change, Adjusting for Blood Pressure at Index Visit

Systolic blood pressure
change*

Diastolic blood pressure
change*

Blood pressure<140/90

β (95 % CI) p β (95 % CI) p OR (95 % CI) p

CPS-directed 2.91 (−1.14, 6.97) 0.16 0.26 (−2.58, 3.10) 0.86 0.88 (0.40, 1.91) 0.75
White 3.81 (−0.55, 8.17) 0.09 0.33 (−2.80, 3.45) 0.84 1.09 (0.47, 2.52) 0.84
Age (years) 0.09 (−0.12, 0.30) 0.40 0.12 (−0.04, 0.28) 0.15 1.03 (0.99, 1.08) 0.12
Body mass index (kg/m2) −0.07 (−0.39, 0.24) 0.64 0.11 (−0.11, 0.33) 0.32 0.99 (0.93, 1.05) 0.68
Smoker 0.38 (−3.93, 4.69) 0.86 −0.74 (−3.80, 2.32) 0.63 1.06 (0.46, 2.44) 0.88
Number of blood pressure agents −0.14 (−1.76, 1.48) 0.87 1.08 (−0.16, 2.32) 0.09 1.28 (0.92, 1.78) 0.14
Diabetes mellitus 1.25 (−2.76, 5.26) 0.54 2.06 (−0.88, 5.00) 0.17 1.72 (0.79, 3.78) 0.17
Heart failure −3.08 (−8.44, 2.28) 0.26 −0.86 (−4.76, 3.04) 0.66 0.83 (0.29, 2.39) 0.74
Previous stroke 9.68 (2.96, 16.39) 0.01 5.33 (0.59, 10.08) 0.03 3.52 (0.73, 16.98) 0.12
Coronary artery disease 1.81 (−2.54, 6.16) 0.41 1.22 (−1.93, 4.36) 0.45 1.35 (0.58, 3.19) 0.49
Previous myocardial infarction 1.33 (−5.49, 8.16) 0.70 0.59 (−4.28, 5.46) 0.81 1.56 (0.38, 6.35) 0.53
Dyslipidemia 0.81 (−4.82, 6.43) 0.78 1.09 (−2.91, 5.09) 0.59 1.38 (0.47, 4.05) 0.56
Estimated glomerular filtration rate (ml/min/1.73 m2) 0.94 (−2.11, 4.00) 0.54 1.52 (−0.69, 3.74) 0.18 1.28 (0.70, 2.33) 0.42
Average weeks between index and follow-up visit −0.12 (−1.34, 1.11) 0.85 −0.40 (−1.24, 0.43) 0.34 1.15 (0.89, 1.47) 0.28

*Change measures reflect difference calculated as (index – follow-up)

Table 4. Multiple Regression Models to Predict Blood Pressure Change and Blood Pressure < 140/90 mmHg

β or OR SE p 95 % CI

Systolic blood pressure change* (adjusted R2=0.146)
CPS 2.37 2.01 0.24 (−1.61, 6.34)
Weeks between index and follow-up RNCM visits −0.11 0.60 0.85 (−1.3, 1.08)
Baseline systolic blood pressure 0.30 0.10 0.004 (0.10, 0.50)
Prior stroke 9.40 3.40 0.007 (2.67, 16.12)

Diastolic blood pressure change* (adjusted R2=0.189)
CPS −0.13 1.43 0.93 (−2.97, 2.71)
Weeks between index and follow-up RNCM visits −0.34 0.42 0.42 (−1.17, 0.49)
Baseline diastolic blood pressure 0.34 0.06 <0.001 (0.21, 0.47)
Prior stroke 5.19 2.44 0.04 (0.36, 10.02)

Blood pressure<140/90† (pseudo R2=0.188, AUROC=0.787)
CPS 0.95 0.42 0.91 (0.40, 2.26)
Weeks between index and follow-up RNCM visits 1.10 0.16 0.52 (0.83, 1.45)
Baseline systolic blood pressure 0.91 0.02 0.001 (0.86, 0.96)
Baseline diastolic blood pressure 0.95 0.02 0.01 (0.91, 0.99)
Prior stroke 7.12 6.99 0.05 (1.04, 48.75)

*Change measures reflect difference calculated as (index – follow-up)
†Logistic regression
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hypertension within the PACT model. Similar and clinically
significant blood pressure reductions occurred in both the
CPS-directed and physician-directed RNCM groups. Our
results suggest that CPS-directed RNCM achieves blood
pressure reduction comparable to physician-directed
RNCM. Baseline systolic and diastolic blood pressure were
predictors of systolic and diastolic blood pressure change,
regardless of CPS-directed or physician-directed RNCM.
Since patients were only included in the study if they had
hypertension, this observation may be due to regression to
the mean. Our study adds support to the inclusion of CPSs
as an alternative to physicians for directing RN case
managers who are involved in visits that require medication
adjustments for patients with poorly controlled hypertension
in the PACT model.
This study had important limitations. First, the study is a

retrospective evaluation of a naturalistic innovation and thus
is exploratory; this study is not designed to fully address
effectiveness. Second, the VA context, including its primar-
ily male patient population, may limit generalizability.
Thirdly, due to the naturalistic design and retrospective
nature, we were limited to previously documented, unstan-
dardized data from a variety of clinicians. Therefore, we
were unable to control for additional variables that could
affect the primary outcome measure, such as other
medications that affect blood pressure, patient-specific
blood pressure goals, or complementary and alternative
medicine. In addition, we could not control for all variables
that might lead an RN to consult a physician over a CPS or
vice versa. Finally, this study was not designed to assess
safety and adherence of medications, or safety of and
adherence to, this model.
Patients who were non-adherent with treatment or follow-

up recommendations were excluded from the data analysis.
Given that the RN was directly providing the care and the
discussion of the case occurred away from the patient in this
model, adherence differences based on the type of provider
that the RN was collaborating with were not expected.
Nonetheless, if there were adherence differences between
groups, this may affect the primary outcome, and therefore
it is not clear if the results would hold for patients
exhibiting non-adherence with medications or follow-up
instructions. Excluding these patients could have also
affected the secondary measure reflecting appropriate
laboratory monitoring, which appeared to have a low rate
in both groups, but was more pronounced in the CPS group.
This was an unexpected finding, but it remains unclear
whether or not this accurately reflects laboratory monitoring
ordered at the index RNCM visit, because the proportion of
patients excluded from each group for non-adherence to
laboratory monitoring recommendations was not collected.
In our study, patients receiving collaborative team-based

RNCM for hypertension achieved clinically significant
blood pressure reductions whether the prescribing provider

was a CPS or a physician. CPS-directed RNCM may
increase patients’ access to care, not only by adding a new
service available to patients, but it may increase physicians’
availability for other patient care activities, as CPSs
function at a higher level with independent prescribing
privileges within an expanded scope of clinical practice.
These results support an expanded role for CPS-RN teams
within the PACT model. CPSs may be an acceptable
alternative to physicians as supporting prescribers for
RNCM of poorly controlled hypertension.
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