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The objectives of this study were to compare indices of 24-
hour blood pressure (BP) following a physician-pharmacist
collaborative intervention and to describe the associated
changes in antihypertensive medications. This was a sec-
ondary analysis of a prospective, cluster-randomized clinical
trial conducted in 6 family medicine clinics randomized to
co-managed (n=3 clinics, 176 patients) or control (n=3
clinics, 198 patients) groups. Mean ambulatory systolic BP
(SBP) was significantly lower in the co-managed vs the
control group: daytime BP 122.8 mm Hg vs 134.4 mm
Hg (P<.001); nighttime SBP 114.8 mm Hg vs 123.7 mm Hg
(P<.001); and 24-hour SBP 120.4 mm Hg vs 131.8 mm Hg

(P<.001), respectively. Significantly more drug changes were
made in the co-managed than in the control group (2.7 vs
1.1 changes per patient, P<.001), and there was greater
diuretic use in co-managed patients (79.6% vs 62.6%,
P<.001). Ambulatory BPs were significantly lower for the
patients who had a diuretic added during the first month
compared with those who never had a diuretic added
(P<.01). Physician-pharmacist co-management significantly
improved ambulatory BP compared with the control group.
Antihypertensive drug therapy was intensified much more
for patients in the co-managed group. J Clin Hypertens
(Greenwich). 2013;15:337–343. ª2013 Wiley Periodicals, Inc.

Approximately 31% of US adults have hypertension.1

High blood pressure (BP) is the most frequent treatable
risk factor for cardiovascular disease, stroke, and
death,2 and it significantly impacts healthcare costs.3–5

It has been reported that 17.8% of deaths in the United
States are attributable to hypertension.5 While the
benefit of appropriate treatment is well known, BP
control rates remain low. According to the 2005–2008
National Health and Nutrition Examination Survey,
only 43.6% of hypertensive patients have their BP
controlled.1 New approaches must be developed in
order to achieve the 2020 hypertension control goal of
61.2% established by the Department of Health and
Human Services.6

In recent years, researchers have investigated strategies
to improve BP management,7–14 including physician-
pharmacist collaborative care, where the pharmacist and
physician work together to develop an individualized
care plan to optimize antihypertensive drug therapy. This
model has been shown to dramatically improve BP
control.15–17 In a systematic review of quality-improve-
ment strategies for hypertension management, the team
care model was found to be associated with the largest
reduction in BP outcomes.18 Moreover, a meta-analysis
that examined the potency of team-based care interven-
tions found greater reductions in clinic systolic BP (SBP)
with pharmacist interventions when compared with
nurse interventions (�8.44 mm Hg vs �4.80 mm Hg

for the median reduction in SBP).19 Clinic BPs may
overestimate response to treatment, and confirmation
with ambulatory BPs is an important validation of the
effect of the intervention. Although the effect of physi-
cian-pharmacist collaborative care on clinic BP has been
demonstrated in other studies, we know of only one other
study of team-based care that evaluated ambulatory
24-hour BP control.20 We previously conducted a
cluster-randomized trial in 5 medical offices operated
by the University of Iowa16 and published the results of
24-hour BP control.20 That study population was
relatively small.

The other study that used 24-hour BP monitoring
reported only the clinic-based research BP control
rates.17 In that study, BP control was significantly better
with physician-pharmacist co-managed care compared
with a control group. The purpose of the present study
is to report the 24-hour BP results of this prospective,
cluster-randomized controlled clinical trial that was
conducted in 6 community-based family medicine offi-
ces throughout the state of Iowa. This is the first study
to detail the changes in specific antihypertensives
associated with the differences in 24-hour BP following
a physician-pharmacist co-management.

METHODS
This study was a cluster-randomized controlled clinical
trial in 6 Iowa community-based family medicine
offices. Each medical office was randomized to a
physician-pharmacist co-managed group (n=3) or to a
control group (n=3). The methods were previously
described but will be briefly reviewed here.17 All 6
offices had clinical pharmacists on their staff who had
worked in these offices for at least 3 years. The study
was approved by the University of Iowa institutional
review board and the institutional review boards for
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each of the 6 medical offices. All patients signed
informed consent.

Eligible patients were identified and approached by a
research nurse in each participating clinic. Patients were
eligible if they were 21 years or older, had a diagnosis of
essential hypertension, were taking 0 to 3 antihyperten-
sive medications without changes in their regimens
within the past 4 weeks, and had an SBP of 140 to 179
mm Hg or a diastolic BP (DBP) of 90 to 109 mm Hg for
uncomplicated hypertension or an SBP between 130 and
179 mm Hg or a DBP between 80 and 109 mm Hg with
diabetes mellitus or chronic kidney disease. The qual-
ifying BP was measured by a trained research nurse
using standardized research technique. We excluded
patients with serious renal or hepatic disease, as well as
those with cognitive impairment, poor prognosis (life
expectancy<3 years), and recent myocardial infarction
or stroke.

A research nurse at each site was trained to measure
the primary research BP measurements using an auto-
mated device (HEM 907-XL; Omron Corporation,
Schaumburg, IL) at baseline and at the 3- and 6-month
visits.

At the baseline and 6-month visits, the research nurse
also initiated a 24-hour ambulatory monitoring session
(90217-A; Spacelabs Medical, Issaquah, WA), placing
the 24-hour BP monitor and instructing patients on its
use. During the training program, the research nurses
were informed that the ideal cuff should have a bladder
length that is 80% of arm circumference and a width
that is at least 40% of arm circumference. The research
nurse measured the arm with a tape measure and used
the following cuffs based on arm circumference: 17 to
26 cm, “small adult”; 24 to 32 cm, “adult”; 32 to 42
cm, “large adult”; and 38 to 50 cm, “extra large adult.”
These cuff sizes were based on the instructions for the
24-hour monitors and also listed on the cuffs. The
nurses were instructed about the potential for overlap in
sizes of some cuffs and to use their discretion if a
patient’s arm fell within an overlap range when
selecting the appropriate cuff. The research nurses were
recertified once a year on proper BP measurement
technique.

During the ambulatory 24-hour BP monitor session,
readings were obtained every 20 minutes during the day
(6 AM to 10 PM) and every 30 minutes at night (10 PM to
6 AM). We did not exclude any 24-hour recordings
unless all the values were in error. The baseline 24-hour
BP results were unavailable to clinic providers until the
patient completed the trial; however, physicians in both
groups did have access to the research nurse-measured
clinic BP values that may have “alerted” physicians that
the BP was not controlled. In this regard, the control
group constituted “enhanced” usual care.

For patients in the co-managed group, clinical phar-
macists within the intervention offices evaluated med-
ications and BP at baseline and 1 month, and by
telephone at 3 months, with the option of more
frequent contact if BP remained poorly controlled.

Pharmacists identified problems leading to poor BP
control, created a care plan, and made specific recom-
mendations to the patient’s physician regarding changes
in drug therapy. Recommendations were most com-
monly made face-to-face with the physician, and all the
therapy changes had to be accepted by the physician
before being implemented. Antihypertensive drug ther-
apy recommendations were documented by intervention
pharmacists in study case report forms and in the
patient’s medical record.

Patients in the control group received usual care;
however, clinical pharmacists in control offices did not
make therapy recommendations for study patients
except for typical drug information questions. Patients
in both groups were given written information about
managing BP, and physicians in the control sites were
also provided with research BP values.

Medical records were abstracted in both the control
and co-managed offices to assess drug therapy changes
using methods developed by the principal investiga-
tor.21,22 Patients who did not complete a baseline
ambulatory 24-hour BP measurement (12 patients
[6%] in the control group and 16 patients [8%] in the
co-managed group) were excluded from our analysis.
However, patients who refused to complete the
second 6-month 24-hour ambulatory BP measure-
ments were included in the present study using an
intention-to-treat analysis. We used two approaches to
handle missing 6-month data to determine whether
the results were robust. In the first analysis, we
imputed the missing values with the mean 6-month
ambulatory BP of the clinic where the patient received
care. This analysis might bias in favor of the co-
managed group since the clinic mean BP may not
represent BP in patients who withdrew from the study
or refused the follow-up 24-hour BP session. There-
fore, we then conducted a second analysis in which
we imputed the baseline ambulatory BP value for the
missing 6-month values in the co-managed group and
the clinic mean 6-month value for the missing 6-
month values in the control group. This second
analysis was conservative because we imputed baseline
BP values in the co-managed group and all baseline
values were invariably higher since baseline clinic BPs
were all uncontrolled. Because BP improved at
6 months even in control offices, using the clinic
mean for missing data in the control group would
favor better BP in the control group.

Two sample t tests were used to compare differences
in mean daytime, nighttime, and overall 24-hour
ambulatory SBPs in the two study groups. Daytime
hours were defined as 6 AM to 10 PM and nighttime hours
from 10 PM to 6 AM. Chi-square tests were used to
compare control rates at baseline and at 6 months, with
controlled ambulatory SBP defined as <135 mm Hg for
daytime, <120 mm Hg for nighttime, and <130 mm Hg
for the overall 24-hour period.23 Mean changes in
ambulatory BP from baseline to 6 months within groups
were compared with paired t tests.
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Drug therapy changes were grouped into 6 categories:
diuretic added, nondiuretic added, switch within same
class, dose increased, dose decreased, and drug discon-
tinued. The frequency of drug changes in each category
was calculated for the baseline to 1-month, 1- to 3-
month, and 3- to 6-month time periods. Differences in
frequency of changes between the co-managed and
control groups were compared using chi-square tests.
We further performed two sample t tests to compare the
ambulatory BPs for patients who were not taking a
diuretic at baseline but had a diuretic added at one of
the 3 time periods (baseline to 1 month, 1 to 3 months,
3 to 6 months) with those who were not taking a
diuretic at baseline and never had a diuretic added at
any period during the trial. All analyses were performed
using SAS version 9.2 (SAS Institute Inc, Cary, NC).

RESULTS
A total of 402 patients were enrolled in the main study.
Baseline ambulatory BP measurements were obtained
from198control and176co-managedpatients (Figure1).
Table I summarizes the baseline demographic data.
Comparedwith co-managed patients, those in the control
groupwere significantly less likely tobemarried (P<.001);
they were significantly more likely to have diabetes

(P<.001) or a history of myocardial infarction (P<.001),
they had significantly more coexisting conditions
(P<.001), and they were significantly more likely to have
an annual household income <$25,000 (P<.001) and to
self-pay for their care (P<.001). Despite these imbalances,
there was no significant difference between groups for
eithermeanbaselineambulatoryBPmeasurementor inthe
percent of patients with controlled baseline ambulatory
pressures (Table II). In the main study cohort previously
reported, clinic BP was controlled in significantly more
patients in the co-managed group (63.9%) than the

Clinics Randomized to 
control or intervention 

3 co-managed clinics 3 control clinics 

568 patients appeared eligible 674 appeared eligible 

Co-Managed GroupControl Group 

62 not enrolled   
   56 - BP did not meet criteria  

160 not enrolled   
   160 - BP did not meet criteria  

210 enrolled into study 192 enrolled into study  

176 had baseline 24-hour 
BP measurement 

198 had baseline 24-hour 
BP measurement 

153 had 6-month 24-hour 
BP measurement 

108 had 6-month 24-hour 
BP measurement 

198 included in the 
analyses

176 included in the 
analyses

-23 withdrew or lost to 
follow-up

-22 refused 24-hour BP 

-18 withdrew or lost to 
follow-up

-50 refused 24-hour BP 

254 patients consented370 patients consented

6 - had white coat (24 hr BP)

FIGURE 1. Flow of patients through the study protocol.

TABLE I. Demographic Characteristics of Study
Participants

Characteristics

Controla

(n=198)

Co-Manageda

(n=176) P Value

Sex

Female 109 (55.1) 108 (61.4) .22

Male 89 (45.0) 68 (38.6)

Race/ethnicity

White 153 (77.3) 157 (89.2) .009

African American 39 (19.7) 13 (7.4)

Native Hawaiian

or Pacific Islander

2 (1.0) 0 (0.0)

American Indian

or Alaska native

2 (1.0) 1 (0.6)

Asian 1 (0.5) 2 (1.1)

Mixed or other 1 (0.5) 3 (1.7)

Age, mean (SD), y 59.4 (14.0) 57.2 (14.5) .14

Married 86 (43.4) 116 (65.9) <.001

Education beyond

high school

70 (35.7) 59 (34.5) .81

Annual household

income <$25,000

102 (51.8) 37 (21.4) <.001

BMI, mean (SD) 33.9 (8.7) 32.1 (6.9) .030

Coexisting conditions,

mean (SD), No.

0.9 (1.1) 0.5 (0.8) <.001

Insurance status

Private insurance 63 (31.8) 103 (58.5) <.001

Medicare or

Medicaid

81 (40.9) 62 (35.2)

Self-pay or other 54 (27.3) 11 (6.3)

Smoker, within

past 15 y

80 (40.4) 57 (32.4) .11

>2 Alcoholic drinks

per wk

8 (4.3) 5 (2.9) .46

History of coexisting

conditions

Diabetes mellitus 74 (37.4) 33 (18.8) <.001

Stroke 16 (8.1) 10 (5.7) .36

Chronic kidney

disease

4 (2.0) 2 (1.1) .50

Myocardial

infarction

13 (6.6) 0 (0.0) <.001

Abbreviations: BMI, body mass index (calculated as weight in

kilograms divided by height in meters squared); SD, standard

deviation. aData are reported as number (percentage) of patients

except as noted.
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control group (29.9%) (P<.001). The odds ratio (OR) for
controlledBPwas3.2(95%confidence[CI],2.0–5.1)after
adjustment for covariates.17 Clinic BP was controlled in
32.4% of patients without diabetes in the control group
and 68.8% in the co-managed group (adjusted OR, 3.9;
CI, 3.1–5.0; P<.001). Clinic BP was controlled in 26.1%
and45.5%of patientswith diabetes in the control and co-
managed groups, respectively (adjustedOR, 4.7; CI, 1.7–
13.1; P=.003).17 These findings suggest that the baseline
imbalances between groups did not explain the better BP
control in the co-managed group.

At the end of the study, 24-hour ambulatory BP
measurements were obtained from 153 control patients
and 108 co-managed patients (Figure 1). Forty-one
patients withdrew before the 6-month final visit (23
control and 18 intervention patients). In addition, 22
patients in the control group and 50 in the co-managed
group refused to have the follow-up 24-hour monitoring
performed. It is not known why more patients in the co-
managed group refused the repeat 24-hour monitoring.
While we did not systematically assess these refusals, the
most frequently cited reasons given to the research
nurses was pain or discomfort that occurred during the
baseline monitoring session or the inconvenience of
conducting a second 24-hour monitoring session.

The mean number of readings were 19.9�5.4 (range
2–28) per session in the control group and 20.6�4.7
(range 6–41) per session in the intervention group.
When considering all time points, 73.3% of patients had
more than 20 BP readings per session.

At 6 months, the co-managed group had a signifi-
cantly lower mean ambulatory BP across all the 3 time
periods (daytime, nighttime, and overall 24-hour) com-
pared with the control group (Table II). Mean (SD)
overall ambulatory SBP decreased from 135.6 (15.4)
mm Hg to 120.4 (15.3) mm Hg in the co-managed
group and from 137.0 (16.3) mm Hg to 131.8 (16.9)
mm Hg in the control group (P<.001 for between-group
comparison of 6-month BPs). The reduction in 24-hour
SBP values (15.2 in the co-managed group vs 5.2 in the

control group) was consistent with the previously
reported reduction in office-based research SBP values
(20.7 in the co-managed group vs 6.8 in the control
group).17 The above analyses were based on imputing
the clinic mean values at 6 months for missing data for
both the control and co-managed groups. In the second,
more conservative analyses where we imputed baseline
BP values for missing data in the intervention group but
clinic mean BP in the control group, the results
remained statistically significant. In this analysis, mean
(SD) for overall SBP decreased from 135.6 (15.4) mm
Hg to 127.1 (17.3) mm Hg in the co-managed group
and from 137.0 (16.3) mm Hg to 131.8 (16.9) mm Hg
in the control group (P=.009 for between-group com-
parison of 6-month BPs).

Similarly, ambulatory BP control rates at 6 months
were significantly higher in co-managed vs control
patients for all periods (daytime, nighttime, and overall
24-hour). In particular, the control rates for ambulatory
SBP were 75.6% in the co-managed group vs 50.0%
in the control group (P<.001 for between-group
comparison).

A total of 467 drug therapy changes were initiated by
either the pharmacist or physician in the co-managed
group, with the largest number occurring from baseline
to the first month (54.4%). The mean number of
antihypertensive medications increased during the
6-month trial from 1.3 to 2.3 in the co-managed group
and from 1.9 to 2.2 in the control patients (P<.001 for
the comparison of increase in number of antihyperten-
sive agents). In addition, significantly more drug
changes occurred in the co-managed group than in the
control group (mean 2.7 vs 1.1, respectively; P<.001 for
between-group comparison). During the trial, interven-
tion clinic pharmacists made a total of 368 recommen-
dations for changing antihypertensive drug regimens,
and 95% of the pharmacist recommendations were
accepted and implemented by physicians.

Table III summarizes the specific drug therapy changes
during the trial. A significantly greater percentage of

TABLE II. Comparison of 24-Hour Systolic Blood Pressures and Control Rates at Baseline and 6 Months

Daytime Nighttime Overall 24-Hour

Baseline 6 Months Baseline 6 Months Baseline 6 Months

Mean 24-hour systolic blood pressurea (SD)

Control 139.9 (16.0) 134.4 (17.1) 129.1 (19.0) 123.7 (18.8) 137.0 (16.3) 131.8 (16.9)

Co-managed 138.9 (15.2) 122.8 (15.4) 126.1 (18.3) 114.8 (17.9) 135.6 (15.4) 120.4 (15.3)

P valueb 0.53 <0.001 0.14 <0.001 0.39 <0.001

Patients with controlled systolic blood pressures, %c

Control 38.9 57.6 37.6 48.1 35.4 50.0

Co-managed 40.9 79.6 39.6 67.9 39.8 75.6

P valued 0.69 <0.001 0.69 <0.001 0.38 <0.001

aData are given as mean (standard deviation [SD]) mm Hg. bP value for comparing mean blood pressure between the control group and the co-managed

group. cData are given as the percentage of patients. Controlled systolic blood pressure is defined as follows: daytime, <135 mm Hg; nighttime,

<120 mm Hg; overall, <130 mm Hg. dP value for comparing the control rate between the control group and the co-managed group.
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co-managed patients had a diuretic added (41.5% vs
15.2%, P<.001), a nondiuretic drug added (64.8% vs
20.2%, P<.001), a dose increased (55.7% vs 30.8%,
P<.001), or a dose decreased (15.9% vs 5.1%, P<.001)
during the 6 months. While a similar percentage of
patients in both groups were taking a diuretic at
baseline, significantly more co-managed patients were
taking a diuretic (79.6% vs 62.6%, P<.001) or chlor-
thalidone (7.4% vs 0%, P<.001) at 6 months
(Table IV).

Among the study patients who were not taking a
diuretic at baseline (n=161), the 6-month ambulatory
SBPs (daytime, nighttime, and 24-hour) were signifi-
cantly lower for patients who had a diuretic added
between baseline and 1 month and continued it through-
out the remainder of the study compared with patients
who never had a diuretic added (Table V). Mean (SD)
overall ambulatory SBP decreased from 134.2 (15.0) mm
Hg to 127.4 (17.1) mm Hg in the no diuretic-added
group and from135.4 (14.2) mmHg to 119.2 (13.1) mm
Hg in the diuretic-added group (P=.002 for between-
group comparison of 6-month BPs). When all patients
who had a diuretic added at any time point were
combined, a significant difference was detected in night-
time and overall 24-hour BPs, even though the two
groups had similar ambulatory SBPs at baseline.

DISCUSSION
This study confirms the results of a previous study
conducted in a smaller number of patients that evaluated
the impact of physician-pharmacist co-management of
hypertension on ambulatory 24-hour BP control.20

To our knowledge, these are the only two studies of
team-based care that confirmed the clinic-basedBP results
with 24-hour BP measurements. The present study is
unique because we evaluated the relationship between
drug therapy changes to 24-hour BP changes. This study
found lower ambulatory SBPs across the daytime, night-
time, and 24-hour periods and higher achievement of
ambulatory BP control for patients in the co-managed
group compared with the control group. Our findings
suggest that physician-pharmacist collaborative care is an

effective strategy to improve BPmanagement throughout
the 24-hour period.

The mean number of antihypertensive medications in
the two study groups was similar at the end of the study
(2.2 in the control group vs 2.3 in the co-managed
group). However, patients in the co-managed group had
better BP control. It is possible that the clinical
pharmacists suggested different antihypertensive medi-
cations that led to better BP control in the co-managed
group such as more long-acting medications. Alterna-
tively, the results may be caused by higher doses being
recommended by the pharmacists. Only the use of
diuretics changed significantly from baseline, which led
to significant differences between groups at the end of
the study. Of note, a significantly higher proportion of
co-managed patients (7.4%) received chlorthalidone
compared with control patients (0.0%, P<.001) at
6 months. Among the patients who were not taking a
diuretic at baseline, the daytime, nighttime, and overall
24-hour ambulatory BPs were consistently lower at
6 months for patients who had a diuretic added during
the first month compared with patients who never had a
diuretic added. Also, when all patients who had a
diuretic added at any time point were combined, a
significant difference was detected in the 6-month
nighttime and overall 24-hour BPs. This finding suggests

TABLE III. Percent of Patients With Specific
Antihypertensive Medication Changes From Baseline
to 6 Months

Patients, %

P Value

Co-Managed

(n=176)

Control

(n=198)

Diuretic added 41.5 15.2 <.001

Nondiuretic drug

added

64.8 20.2 <.001

Dose increased 55.7 30.8 <.001

Dose decreased 15.9 5.1 <.001

Drug discontinued 18.2 10.1 .024

Switch within class 6.8 2.0 .022

TABLE IV. Antihypertensive Medication Use at
Baseline and 6 Months

Patients, %

Baseline 6 Months

Co-Managed

(n=198)

Control

(n=176)

Co-Managed

(n=198)

Control

(n=176)

Medication

class

Diuretics 47.7 54.0 79.6a 62.6

b-Blockers 28.4b 39.9 42.1 47.0

Angiotensin-

converting

enzyme

inhibitors

25.0a 46.5 51.1 51.5

Calcium

channel

blockers

13.1c 24.8 33.0 29.3

a-Blockers 0.6c 5.6 0.0c 5.6

Angiotensin

receptor

blockers

9.1 10.1 11.9 10.1

Centrally

acting a-

blockers

2.3 2.5 1.1 3.0

Vasodilators 0.0 1.5 0.0 2.0

Aldosterone

receptor

blockers

0.6 1.5 4.0 1.0

aP<.001. bP<.05. cP<.01.
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that diuretics are important in the treatment of hyper-
tension, especially to achieve 24-hour BP control.

Clinical pharmacists are highly utilized in primary
care clinics within managed care clinics, Veterans
Affairs Medical Centers, academic health centers, the
Indian Health Service, and many other settings.24 While
uncommon, clinical pharmacists are increasingly being
included in larger private practice offices. Changes in
healthcare delivery and payment structures imple-
mented with healthcare reform will make team-based
models more practicable.

It is interesting to note the relatively high utilization
of b-blockers in both study groups (Table IV). In a
recent editorial, Dr Michael Weber highlighted several
studies that also found high rates of b-blocker use.25

Axon and colleagues evaluated antihypertensive drug
use in 5668 inpatients and found that 61% received
b-blockers while only 39% received angiotensin-
converting enzyme inhibitors.26 Other agents were
used far less frequently. The authors theorized that
the high use of b-blockers may have been the result of
high rates of coronary artery disease or other co-
existing conditions. The reason for high utilization of
b-blockers in the present trial is not known since few
patients had heart failure or a previous myocardial
infarction. As noted by Dr Weber, it would be
interesting to determine why physicians, and presum-
ably clinical pharmacists, are using b-blockers so
frequently when there are no compelling reasons to
do so unless there are comorbidities such as coronary
artery disease.25

STUDY LIMITATIONS
This study had several limitations. The small number of
randomized clinics likely led to unevenness in the two
study groups. The control group had more minority
patients, lower income, and more coexisting conditions,
including diabetes mellitus and myocardial infarction,
each of which might increase the difficulty in achieving
controlled BP. However, when we controlled for all
covariates, there was still significant differences in favor
of the co-managed group.17 In addition, the present
analyses demonstrated similar baseline 24-hour BP
values in the two groups. This imbalance occurred, in

part, because of the cluster-randomized nature of the
study in which the clinics were randomized. This design
was a requirement of the National Institutes of Health
study section that reviewed the original grant applica-
tion. This study resulted from a grant for a request for
applications (RFA) on behavioral interventions to
improve guideline adherence. Unlike blinded drug trials,
randomization at the patient level for a behavioral
intervention directed at patients and physicians would
have led to physicians in both the control and co-
managed group, which would have contaminated the
intervention. Physicians frequently covered for one
another in these offices, so randomization at the
physician level would also have been contaminated.
Ideally, cluster-randomized designs should include at
least 10 clinics, and preferably more. Because this study
was in response to an RFA, the duration and budget
would not allow for more than 6 offices. However,
because of these limitations and the results from this
study, an ongoing study of implementation of this
intervention model is being conducted in 32 primary
care offices throughout the United States. That trial
enrolled the last patient in March 2012, and final results
should be known by late 2014.27

Second, we eliminated the data for the patients with
missing baseline ambulatory 24-hour BP values. We also
modeled the missing 6-month ambulatory BP values
with the mean clinic ambulatory BP in our first analyses,
which could potentially bias in favor of the intervention
group. However, we conducted a second, more conser-
vative, analysis in which we imputed uncontrolled
baseline values for missing data in the co-managed
group, but lower (better) 6-month BP values were used
for missing data in the control group. This approach
should have biased in favor of the control group. Even
so, we still found significantly greater improvement in
the co-managed group compared with the control
group, suggesting that the findings are robust.

A final limitation is the generalizability of our study.
Our findings can only be applied to community-based
family clinics that have existing clinical pharmacists
who work directly with their physician colleagues. Also,
our findings are only generalizable to motivated patients
who participated in the 24-hour monitoring sessions.

TABLE V. The Effect of Adding a Diuretic on Ambulatory Blood Pressure Measurementa

Daytime Nighttime Overall 24-Hour

Baseline 6 Months Baseline 6 Months Baseline 6 Months

No diuretic added (n=89) 137.1 (15.8) 129.6 (18.3) 126.5 (16.2) 121.7 (17.0) 134.2 (15.0) 127.4 (17.1)

Diuretic added first period (n=57) 138.9 (14.0) 122.5 (12.9)b 126.7 (15.9) 111.8 (15.6)c 135.4 (14.2) 119.2 (13.1)

Diuretic added second period (n=8) 151.4 (14.4)d 135.5 (17.3) 140.0 (17.3)d 123.9 (17.0) 148.7 (13.0)b 133.3 (16.0)

Diuretic added third period (n=7) 150.5 (18.5)d 132.3 (17.5) 134.4 (25.0) 124.3 (18.7) 145.2 (20.1) 129.4 (18.1)

Diuretic added any period (n=72) 141.4 (15.1) 124.9 (14.5) 128.6 (17.4) 114.2 (16.5)b 137.8 (15.3) 121.8 (14.6)d

aData are given as mean (standard deviation) mm Hg. The first period is defined as from baseline to the first month, the second period is defined as from

the first month to 3 months, and the third period is defined as from 3 to 6 months. P value for comparing mean blood pressure between diuretic added

(at each time period) group and the no diuretic added group. bP<.01. cP<.001. dP<.05.
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CONCLUSIONS
Physician-pharmacist co-managed patients with uncon-
trolled hypertension achieved significantly better mean
ambulatory BP and higher BP control rates during the
daytime, nighttime, and overall 24-hour periods com-
pared with a control group. Antihypertensive drug
therapy was intensified significantly more frequently
for the patients in the physician-pharmacist collabora-
tive management group compared with the patients in
the control group.
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