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A Cluster Randomized Trial to Evaluate
Physician/Pharmacist Collaboration to
Improve Blood Pressure Control

Barry L. Carter, PharmD;-2 George R. Bergus, MD;?2 Jeffrey D. Dawson, ScD;3 Karen B. Farris, PhD;!
William R. Doucette, PhD;! Elizabeth A. Chrischilles, PhD;# Arthur J. Hartz, MD, PhD?

This was a prospective, cluster randomized con-
trolled trial in patients with uncontrolled hyper-
tension aged 21 to 85 years (mean, 61 years).
Pharmacists made recommendations to physicians
for patients in the intervention clinics (n=101)
but not patients in the control clinics (n=78). The
mean adjusted difference in systolic blood pres-
sure (BP) between the control and intervention
groups was 8.7 mm Hg (95% confidence interval
[Cl], 4.4-12.9), while the difference in diastolic
BP was 5.4 mm Hg (CI, 2.8-8.0) at 9 months.
The 24-hour BP levels showed similar effects,
with a mean systolic BP level that was 8.8 mm
Hg lower (CI, 5.0-12.6) and a mean diastolic BP
level that was 4.6 mm Hg (CI, 2.4-6.8) lower

in the intervention group. BP was controlled in
89.1% of patients in the intervention group and
52.9% in the control group (adjusted odds ratio,
8.9; CI, 3.8-20.7; P<.001). Physician/pharmacist
collaboration achieved significantly better mean
BP values and overall BP control rates, primarily
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by intensification of medication therapy and
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ypertension is a serious problem throughout
the world, affecting more than 1 billion per-
sons.? Uncontrolled blood pressure (BP) is thought
to contribute to 7 million deaths worldwide each
year.” Controlling BP can reduce heart failure by
>50%, stroke by 35% to 40%, and myocardial
infarction by 20% to 25%.3 The reasons for poor
control are multifactorial and include patient, phy-
sician, and care delivery factors.*® Reports suggest
that many physicians do not adhere to hypertension
guidelines.®'> One common finding is that medica-
tions are frequently not used optimally when BP
remains uncontrolled.*® These problems contribute
to the finding that in 2003 to 2004, hypertension
was only controlled in about 37% of the 65 million
Americans with this condition.'3
Studies have evaluated numerous approaches
to improving BP control and have generally found
that education is important but may be an insuf-
ficient strategy.'*'” Various analyses have found
that changing the organization of office practices,
including adding pharmacists, may improve out-
comes for chronic conditions including hyperten-
sion.'®22 An international review of best practices
to effect change in improving practices suggested
that expanding pharmacists’ roles led to better
prescribing behavior.'® An analysis of clinical trials
conducted by the Stanford-UCSF Evidence-Based
Practice Center for the Agency for Health Care
Research and Quality (AHRQ) found that the
most effective strategies include interdisciplinary
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management of hypertension.!®> These analyses
found that using clinical pharmacists in case
management resulted in improvements in BP con-
trol.2>?° Many previous studies, however, were
small single-site studies; involved only one inter-
vention pharmacist; did not control for many
patient, physician, or clinic variables; and/or did
not use an unbiased BP measurement technique.
There was also a suggestion of publication bias
because most studies were small.!

The purpose of the present efficacy study was
to evaluate the ability of a physician/pharmacist
collaborative model to improve BP control while
maintaining high internal validity. We hypoth-
esized that in patients cared for using this model,
lower mean BP values and higher rates of BP con-
trol as defined by the Seventh Report of the Joint
National Committee on Prevention, Detection,
Evaluation, and Treatment of High Blood Pressure
guidelines (JNC 7)° would be achieved.

METHODS

Study Sites

This study was a prospective, cluster randomized,
controlled efficacy trial involving 5 clinics oper-
ated by one university. General internists or family
physicians staffed all clinics. Two clinics had clini-
cal pharmacist practitioners for many years, while
3 clinics had never had a pharmacist in the office.
The clinics with or without clinical pharmacists
were randomized separately to control (n=3, 1
with clinical pharmacists previously) or interven-
tion clinics (n=2, 1 with a clinical pharmacist pre-
viously). Randomization of clinics was performed
using a table of random numbers. Randomization
at the clinic level was used to minimize contamina-
tion at the physician level. A new clinical phar-
macist was assigned to the one intervention site
that previously had not had a pharmacist in the
office. The 3 clinical pharmacists in the control site
abstained from making recommendations for any
patients in the control group, but they continued
to answer general treatment questions from physi-
cians in their clinic.

Patients, Physicians, and Data Collection
Educational lectures were provided to physicians in
all § clinics (control and intervention sites) by one
investigator (BLC) immediately before patients were
enrolled and after clinic randomization. The majori-
ty of participating physicians attended these training
sessions. Handouts, slides, and the JNC 7 express
version were supplied to all physicians, including
those who were unable to attend these sessions.
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To reduce variation due to physician train-
ing, only patients cared for by faculty physicians
were included in the study. One control and one
intervention clinic were located in the Family Care
Center at the university. These clinics were distinct,
and patients did not move between these clinics.
The other 3 clinics were located approximately 4
(intervention), 6 (control), and 15 (control) miles
from the university.

Lists of patients with diagnostic codes for
hypertension were obtained, and the research
nurses screened medical records of all patients
with hypertension. Patients who met the study
criteria were sent a postcard and asked to contact
the research nurse. In addition, research nurses
periodically screened daily schedules for patients
with hypertension. Finally, physicians could refer
patients to the study. Patient recruitment began in
January 2004, and patients were assigned to the
control or intervention group by virtue of the clin-
ics’ randomization. The last patient completed the
trial in October 2006.

Men and women aged 21 to 85 years with a diag-
nosis of hypertension were eligible if they did not
have diabetes and their clinic systolic BP (SBP) level
was between 145 and 179 mm Hg or their clinic dia-
stolic BP (DBP) level was 95 to 109 mm Hg. Patients
with diabetes who had a clinic SBP level between
135 and 179 mm Hg or a clinic DBP from 85 to 109
mm Hg were eligible. Exclusion criteria included BP
medication or dose change within 4 weeks of the
baseline visit, enrollment in the 24-hour BP moni-
toring consult service within the previous 6 months,
stage 3 hypertension (BP >180/110 mm Hg), evi-
dence of hypertensive urgency or emergency, recent
myocardial infarction or stroke (within 6 months
before enrollment), New York Heart Association
class IIl or IV congestive heart failure, unstable
angina, serious renal or hepatic disease, pregnancy,
poor prognosis (life expectancy <3 years), dementia,
or cognitive impairment.

Prior to this study, there were no clinical trials of
this model that randomized by clinic. Thus, several
fixed and random effects that affect power were
unknown a priori, such as within- and between-
patient variability, between-physician variability,
and between-clinic variability. Therefore, we used
several techniques to estimate power and sample
size. First, we powered the study by letting sigma
denote the population standard deviation of the
change scores averaged across physicians within
each clinic for a given quantitative outcome (eg,
mean BP) and assumed an o0=.05 (2-sided). The
power for detecting a 3.4-sigma difference between
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2 intervention clinics and 3 control clinics would be
80%, and a 3.9-sigma difference will be detected
with 90% certainty. Even with this uncertainty, the
clinical effect was known from previous studies to
be 10 to 12 mm Hg SBP."® We assumed a typical
2-sample comparison of normal data and a 2-tailed
test with oo and B of .05 and .95, respectively. The
estimated sample size was 47 patients per group. As
noted above, because this was a longitudinal study
with several fixed and random effects, we inflated
the sample size to 90 patients per group (180 total)
in consideration of this unknown variability.

The study was approved by the University of
Iowa Institutional Review Board, and all patients
signed informed consent. Patients and physicians
were aware that there were control and interven-
tion groups as part of the consent process, but
this fact was not emphasized by the investigators
and research nurses. Nonetheless, most physi-
cians and patients likely recognized their group
assignment. Both physicians and patients were
blinded to the 24-hour BP results, however, so
the 24-hour results were the most important for
analysis purposes. Two different research nurses
were dedicated to patients in either control sites or
intervention sites to minimize contamination. The
research nurses were employed by the investiga-
tors specifically for this study. The research nurse
collected the following data at the baseline visit:
patient age, sex, race, education level, insurance
status, household income, marital status, smoking
status, alcohol intake, and history of coexisting
conditions. They measured the patient’s height and
weight; calculated a body mass index; recorded all
antihypertensive medications, doses, and dates of
last refills; and performed a pill count of BP medi-
cations. The nurse personally administered ques-
tions on adverse reactions.?’ The adverse reaction
questionnaire was developed for another study
and included 47 questions of typical medication
adverse effects.3? For each potential reaction, the
patient was asked, “In the past 4 weeks, how much
have you been bothered by . . .” The patient could
rate the potential reaction as follows: 0 (not at all),
1 (a little bit), 2 (somewhat), 3 (quite a bit), or 4
(very much). The responses for each patient were
summed (potential range, 0-188).

Research nurses were specially trained to measure
BP using American Heart Association guidelines
and the process used in the African American Study
of Kidney Disease and Hypertension (AASK).31:32
Specifically, the nurses measured the participants’
BP 3 times at each data collection visit using a
mercury sphygmomanometer and standardized
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techniques from clinical BP trials.3!-3?> The second
and third values were averaged and used as the
clinic BP. The nurses were certified quarterly in
their ability to accurately position patients and
measure BP to ensure consistent and valid readings.
The clinic BP values were provided to the physician
and/or clinical pharmacist for patients in both the
control and intervention groups. The clinical phar-
macist then interviewed patients at intervention
sites (see Intervention section below). Patients in
both the control and intervention groups saw their
physicians at the baseline visit.

Next, a 24-hour BP monitor set to measure
BP every 20 minutes during the day and every 30
minutes during sleep was provided (SpaceLabs
90217-A, SpaceLabs Medical, Redmond, WA).33
The 24-hour results were used as a blinded objec-
tive outcome and were not made available to either
the patient’s physician or the clinical pharmacist
until the patient completed the trial. Finally,
patients in both groups were given written infor-
mation on hypertension from the National Heart,
Lung, and Blood Institute (NHLBI). The research
nurses encouraged all patients (control and inter-
vention) to follow the lifestyle modifications (diet,
exercise, smoking cessation) as described in these
resources. Patients were also made aware of their
goal BP level.

Patients returned at 2, 4, 6, and 8 months for
follow-up data collection visits with the research
nurses at which clinic BP measurements, adverse
reaction assessments, and pill counts were repeat-
ed. At the 9-month visit, the nurses performed
all of the same procedures as performed at the
baseline visit, including repeating the 24-hour BP
assessment. Patients received $100 if they complet-
ed both 24-hour BP measurements to compensate
them for the inconvenience of wearing the 24-hour
monitors and the extra time required to return the
monitors. Patients were telephoned before clinic
visits to encourage adherence with study visits.

Intervention

Intervention physicians and pharmacists under-
went team-building exercises conducted by 2
investigators (KBE, WRD) using previous strate-
gies.>* The sessions explored strategies to inves-
tigate suboptimal treatment, poor medication
adherence, potential adverse reactions, drug
interactions, and other barriers to success. If
there was disagreement, the physician made the
final decision and these instances were recorded
to determine the degree of acceptance of the
pharmacists’ recommendations.
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There were 5 intervention clinical pharmacists,
4 of whom were faculty or clinical pharmacy resi-
dents in the university family medicine intervention
site. The fifth was placed into the community-based
intervention clinic that had never had a clinical
pharmacist on staff before this study. We hoped to
increase the generalizability of the study by includ-
ing § different clinical pharmacists and one site that
had not previously had a clinical pharmacist. The
pharmacists were well versed in hypertension treat-
ment; however, 2 initial 90-minute training sessions
were conducted by one investigator (BLC) to ensure
that intervention pharmacists provided a consistent
intervention. These training sessions included the
JNC 7 guidelines, strategies to improve BP control,
methods to optimize therapy, and strategies to
improve medication adherence. Follow-up discus-
sions were held at least quarterly with the pharma-
cists to ensure fidelity to the intervention.

The intervention protocol specified a patient
interview at baseline by the clinical pharmacist.
The pharmacist assessed the patient’s regimen,
suggested a goal BP value, and provided recom-
mendations to improve BP control. BP control was
defined as an office BP level <130/80 mm Hg for
patients with diabetes or chronic kidney disease
and <140/90 mm Hg for all other patients.? The
protocol specified that pharmacists should recom-
mend therapies consistent with JNC 7 guidelines
and educate the physician by providing back-
ground information if necessary.’ The primary
focus of the pharmacists was to address subopti-
mal medication regimens. For instance, pharma-
cists suggested adding thiazide diuretics if not in
the regimen, increasing medication doses to at least
moderate levels, utilizing appropriate combination
regimens based on pharmacology, and utilizing
agents for coexisting conditions when appropriate
(eg, angiotensin-converting enzyme inhibitors for
patients with diabetes).

The second major area of the intervention
protocol was for patients with poor medication
adherence. The pharmacist recommended adher-
ence aids if poor adherence was unintentional. If
poor adherence appeared to be intentional, the
pharmacist tried to negotiate a strategy to improve
adherence. The pharmacists educated all patients
using written information from the NHLBI and/
or taught them to perform home monitoring.
All study visits with intervention pharmacists
occurred in the medical office clinic. Pharmacists
were encouraged to attend each clinic visit (2, 4,
6, and 8 months), and they were encouraged to
initiate additional visits or telephone contact if

VOL. 10 NO. 4 APRIL 2008

BP remained uncontrolled. The results of these
interviews served as the basis for patient-specific
recommendations and feedback to the physician.
Pharmacists could not independently prescribe
therapy, so all changes were approved by the physi-
cian. Most recommendations to the physician were
performed face-to-face during the patient visit, but
some physicians provided the authority for phar-
macists to make dosage changes and then inform
them immediately after the visit. Every encounter
with the pharmacist was recorded on a case report
form that included all recommendations made by
the pharmacist. We confirmed how the physician
reacted by reconciling the recommendation with
the medication list and dose the research nurse col-
lected at each study visit. In the control group, we
examined the baseline medication list and dosages
and examined changes at each study visit to deter-
mine changes by physicians in the control group.

Data Management and Statistical Analysis

All patient data were entered into case report
forms by the research nurses. Individual data ele-
ments were double-entered into a database by a
blinded data management team that included data
technicians, the data manager, and the biostatisti-
cian (JDD).

Descriptive statistics (means, standard devia-
tions, and percentages) of patient demographic
and health-related variables were calculated at
baseline for each group. Medication adherence
was calculated from the pill counts as the percent
of predicted doses measured at each study visit.
Baseline comparisons between the groups were
made using Student # test and Fisher exact test.
Preliminary analysis revealed that the response
variables were correlated within-patient, but no
significant clustering due to clinics or physicians
was observed. For continuous responses (SBP and
DBP), likelihood-based mixed models with ran-
dom patient effects were fit in SAS PROC MIXED
to incorporate all available data from baseline
through 9 months in an intention-to-treat analysis.
For BP control, a Generalized Estimating Equation
(GEE) model using the binomial distribution and
the logit link was fit in SAS PROC GENMOD,
accommodating the correlations across patients.
For both of these types of models (mixed and
GEE), contrasts were estimated to test for the treat-
ment effect at 2, 4, 6, 8, and 9 months postbase-
line. Also in these models, we adjusted for baseline
BP level, age, sex, race, education level, insurance
status, household income, marital status, smoking
status, alcohol intake, body mass index, number
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Clinics randomized to
control or intervention
3 Control 2 Intervention
clinics clinics
v \ 4
243 Eligible patients 203 Eligible patients
approached for consent approached for consent
\ 4 v
116 Patients consented 127 Patients consented
v \ 4
38 Were not enrolled 26 Were not enrolled
29 Had BP values that did not meet 22 Had BP values that did not meet
criteria criteria
4 Had WCH (24-h BP) 2 Had WCH (24-h BP)
5 Decided not to continue with the 1 Was not enrolled due to MD request
baseline visit 1 Did not attend baseline visit
\ 4 A\ 4
78 Included in the primary 101 Included in the
analyses primary analyses
\ 4 v
10 Patients withdrew 9 Patients withdrew
2 Attended the baseline visit 1 Attended the baseline visit
only only
5 Attended 2 visits 4 Attended 2 visits
1 Attended 3 visits 2 Attended 3 visits
2 Attended 4 visits 2 Attended 4 visits
\ 4 A\ 4
All 78 were included in the All 101 were included in the
primary intention-to-treat primary intention-to-treat
analyses analyses

Figure 1. Flow of patients through the study protocol. BP indicates blood pressure; WCH, white-coat hypertension.
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Table I. Patient Demographics at Baseline

Sex
Female
Male
Race
Caucasian
Non-Caucasian
Age, y*
Married
Education beyond high school
Household income <$25,000
Insurance status
Individual or group plan
Medicare/Medicaid
Self-pay or other
BMI, kg/m2a
>2 Alcoholic drinks/wk
Family history of premature CV event
Diabetes mellitus
History of stroke or TTIA
History of myocardial infarction
Coronary artery bypass grafting
Heart failure
Angina
Peripheral arterial disease
Nephropathy
Left ventricular hypertrophy
21 Coexisting condition
No. of coexisting conditions®
Taking 21 antihypertensive agent
No. of antihypertensive medications®

Baseline medication adherence score, %

ControL GroOuP (N=78) INTERVENTION GROUP (N=10T1)
42 (53.8) 59 (58.4)
36 (46.2) 42 (41.6)
74 (94.9) 89 (88.1)

4(5.1) 12 (11.9)
61.9 (11.3) 59.6 (13.7)
52 (66.7) 59 (58.4)
42 (53.9) 64 (63.4)
19 (24.7) 19 (18.8)
65 (83.3) 89 (88.1)
12 (15.4) 7 (6.9)
1(1.3) 5 (5.0)
31.8 (14.7) 32.3(7.7)
27 (21.8) 35 (34.7)
18 (23.1) 28 (27.7)
19 (24.4) 25 (24.8)
2 (2.6) 9 (8.9)
5 (6.4) 4 (4.0)
6(7.7) 1 (1.0
0 2 (2.0)
0 2 (2.0)
2 (2.6) 3 (3.0)
0 1 (1.0)¢
2 (2.6) 0
26 (33.3) 34 (33.7)
0.46 (0.78) 0.47 (0.81)
59 (75.6) 85 (84.2)
1.4 (1.0) 1.5 (1.0)
88.6 (20.9) 71.1 (27.0)4

Abbreviations: BMI, body mass index; CV, cardiovascular; TTA, transient ischemic attack. Values are presented as No. (%) unless
otherwise noted. *Mean (SD). ®P=.044, Fisher exact test. ‘Nephropathy was documented in the patient’s problem list, and this
patient had diabetes. 4P<.001, 2-sample 7 test. Unless otherwise indicated, groups were not significantly different.

of coexisting conditions, number of antihyperten-
sive medications, medication adherence, and total
number of visits.

RESULTS

We enrolled 179 patients, and 160 (89.4%) patients
had data at both the baseline and 9-month visit
(P=.47 between groups; Figure 1). Most patients
(87%) completed all 6 study visits (5.7+1.0 in the
intervention group vs 5.5+1.3 in the control group;
P=.43). There were optional visits with the pharma-
cists in the intervention group, resulting in 6.8+1.6
total visits in that group, which we controlled for
in the analyses. When adjusted for the interven-
tion effect, the within-clinic interclass correlation
coefficient (ICC) for SBP at 9 months was 0.0084
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(within-clinic variance, 139.1; between-clinic vari-
ance, 1.2; clinic effect; P=.416). When adjusted for
all relevant baseline covariates, the ICC went from
0.0084 down to 0.0010. Similarly, the physician
effects appeared to be very small, as the within-
physician ICC was 0.0097, within-physician vari-
ance was 138.4, and between-physician variance
was 1.4 (physician effect; P=.418). When adjusted
for the baseline covariates, the between-physician
ICC went from 0.0097 down to 0.0005. These
results demonstrate that there was no clustering of
effect by clinic or physician.

All physicians in the study were on the faculty at
the university. Thirty-two physicians had patients
enrolled in the study (15 control, 17 intervention).
Eighty percent of physicians at the control sites
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Table II. Clinic BP, 24-hour BP, and BP Control

VARIABLE

CONTROL GROUP (N=78) BASELINE 2 Mo 4 Mo 6 Mo 8 Mo 9 Mo
SBP 150.349.0 136.6+13.4 134.1£15.5 131.4+15.4 131.4+13.6 133.0+14.2
DBP 85.4+11.0 81.3+11.3 78.1£10.9 77.712.0 78.9+10.6 78.5+10.9
BP control, %? 0 42.1 54.9 59.4 60.9 52.9
24-Hour average SBP 136.0+13.3 — — — — 131.3+11.8
24-Hour average DBP 76.6+£9.9 — — — — 73.7+8.0
INTERVENTION GROUP (N=101)

SBP 153.1£10.0 133.8+13.5 130.7+14.2 126.6£11.9°  125.5£10.5¢  124.2+9.7¢
DBP 84.9+12.0 77.6+10.24 76.2+9.9¢ 76.1£10.3¢ 75.6+10.44 74.7+9.64
BP control, %* 0 52.0 66.7 73.4 84.34 89.14
24-Hour average SBP 135.5+11.3 — — — — 121.2+9.9¢
24-Hour average DBP 76.0£9.8 — — — — 69.1£8.6¢

<P<.01; 4P<.001.

Abbreviations: BP, blood pressure; DBP, diastolic blood pressure; SBP, systolic blood pressure. “Defined as a BP level <130/80 mm
Hg for diabetic patients and <140/90 for nondiabetic patients. P values are based on adjusted between-group differences: *P<.05;

160
155

150 ﬁ\\

145 X

140 -

135 e
130 I

e ----0---"9 —a— Intervention
125 \-\.\1 - - - Control

120
115
110
105 -
100

SBP, mm Hg

Visit

Figure 2. Clinic-measured systolic blood pressure (SBP)
levels by visit.

were internists and 20% were family physicians,
while 100% of physicians in the intervention sites
were family physicians. The mean age of physi-
cians in control sites was 41.5+6.1 years and was
43.249.6 years in the intervention clinics (P=.599).
The percentage of female physicians was 40% vs
35.3% (P=.784), and the mean number of years
in practice was 13.7x7.3 vs 12.9+£8.9 (P=.803) in
the control and intervention sites, respectively.
These physician demographics are very similar to
the demographics for all physicians in these clinics,
including those who did not have patients enrolled
in the study.

Baseline characteristics of the participants are
shown in Table I. The baseline number of anti-
hypertensive medications did not differ between
the intervention (1.5+¢1.0) and control groups
(1.4£1.0). There was no difference between the
control (76%) and intervention (84%) groups in
the percentage of patients who were prescribed
medication at baseline (P=.185).
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Primary Outcomes

Table II displays the BP results at each prespecified
study visit. After adjustment for the covariates,
including baseline BP, the mean difference (control
group minus the intervention group) in 9-month
SBP was 8.7 mm Hg (95% confidence interval
[CI], 4.4-12.9; Figure 2), while the adjusted mean
difference in 9-month DBP was 5.4 mm Hg (CI,
2.8-8.0) (data not shown). The 24-hour BP effect
size was nearly identical, with a mean difference of
8.8 mm Hg (CI, 5.0-12.6) in SBP and 4.6 mm Hg
(CI, 2.4-6.8) in DBP.

At 9 months, BP was controlled in 89.1% of
patients in the intervention group and 52.9% in
the control group (adjusted odds ratio, 8.9; CI,
3.8-20.7; P<.001; Figure 3). BP was controlled
at <140/90 mm Hg in 62.8% of nondiabetics in
the control group and 91.4% in the intervention
group (adjusted odds ratio, 10.2; CI, 3.4-29.9;
P<.001). For patients with diabetes, BP was con-
trolled at <130/80 mm Hg in 23.5% of patients in
the control group and 81.8% in the intervention
group (adjusted odds ratio, 40.1; CI, 4.1-394.7;
P=.002). The data demonstrated that for SBP, DBP,
BP control, 24-hour SBP, and 24-hour DBP, the
adjusted between-group differences were similar to
the crude effects (data not shown).

We performed a sensitivity analysis to check the
robustness of our findings in the presence of infor-
mative dropout. First, we reran our analysis under
a scenario that all 19 patients who dropped out had
uncontrolled BP at the end of the study and found
that the intervention and control BP control rates
would be 81.2% and 46.2%, respectively (adjusted
odds ratio, 6.1; CI, 2.1-17.7; P<.001). More pes-
simistically, we considered the scenario in which all
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dropouts in the intervention group had uncontrolled 100
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By the end of the study, the mean number of anti- ‘g /' ‘ ‘ ‘ ‘ ‘

hypertensive medications was significantly higher e o w6 o e e

(P=.003) in the intervention group (2.4+0.9) com- %;P\\Q DN N

pared with the control group (1.9+1.0). At base- visit

line, medication adherence was significantly better
in the control group compared with the interven-
tion group (89% vs 71%; P<.001). There was no
apparent reason for this baseline difference. By the
9-month visit, there was no difference in medica-
tion adherence (92% in the control group vs 94%
in the intervention group; P=.369).

There was no difference in the adverse effect
score at baseline (mean, 26.5 in the control group
vs 28.8 in the intervention group; P=.397). In spite
of the increase in medication use in both groups,
adverse effect scores declined at 9 months to 18.3
in the control group (P=.003 vs baseline) and 22.2
in the intervention group (P=.014 vs baseline).
There was no difference in adverse effect scores
between groups at 9 months (P=.135).

The clinical pharmacists made 267 recommen-
dations (2.6 per patient) to change BP medications,
and physicians accepted 256 (95.9%). Of all the
drug-therapy changes (n=256) made by physi-
cians on the recommendations of the pharmacists,
the majority were to increase the dose (34%),
add another nondiuretic antihypertensive (30%),
and add a thiazide diuretic (17%). Other recom-
mendations included switching within class (5%),
decreasing a dose (4 %), discontinuing a drug (7 %),
and changing dosing frequency (3%). Most of the
recommendations (60%) occurred at or before
the 2-month visit. Physicians in the control group
changed medications 100 times (1.28 per patient;
P<.001 compared with the intervention group).

The clinical pharmacists made 441 recommenda-
tions concerning lifestyle modifications to patients,
and most involved increasing activity (45%), reducing
weight (27%), or initiating the Dietary Approaches
to Stop Hypertension (DASH) diet (22%). Many of
these recommendations were multiple suggestions to
the same patients at several clinic visits. There were
only 17 (4%) recommendations to improve medica-
tion adherence, which suggests that nonadherence
was rarely a problem. Other than medication adher-
ence, we did not systematically evaluate the degree to
which patients changed their exercise level or diet.
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Figure 3. Blood pressure (BP) control based on clinic
blood pressure values. Goal BP in patients with uncom-
plicated bypertension was <140/90 mm Hg, and in
patients with diabetes or chronic kidney disease, goal
BP was <130/80 mm Hg.

DISCUSSION

We found high BP control rates (89%) and mean
BP reductions in the intervention group; this con-
firms reviews that suggest that interdisciplinary
management of BP is an effective approach.!>??
A systematic review was conducted for AHRQ
that found control rates of 45% to 70% and an
SBP difference of approximately 14 mm Hg when
using clinical pharmacists to assist with BP man-
agement."> Our controlled efficacy trial found a
BP control rate of 89% and a difference in SBP of
8.7 mm Hg for research-measured BP and 8.8 mm
Hg for 24-hour BP.

There are several explanations for the good
BP results in the control group, especially at
2 months, including that the research nurse
reinforced the goal BP, adherence, and lifestyle
modifications and provided written material on
hypertension, which is known to reduce BP (so
education did appear to make some difference).
The protocol required that all patients see their
physicians at the baseline visit, and this increased
surveillance probably caused physicians in the
control group to provide medical care once they
were alerted to the lack of BP control. There was
also the possibility of a Hawthorne effect (due to
being observed in a study) and/or regression to
the mean. Thus, the control group cannot be con-
sidered usual care. Even so, our intervention was
still more effective in achieving BP control. The
effect in the control group appeared to peak at 6
months and then wane at 9 months. In contrast,
BP control rates continued to increase in the inter-
vention group. It is not known whether longer
follow-up would increase the differences between
groups or whether the effect in the intervention
group might also wane with time.
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Controlling BP within 6 months reduces car-
diovascular risks.>® Most of the pharmacists’ rec-
ommendations were made in the first 2 months,
and BP was controlled in 73% of patients at 6
months and in 89% at 9 months. Of importance,
BP was controlled to current standards in 81.8% of
patients with diabetes. Mean BP began to diverge at
the 2-month visit and became significant at 4 to 6
months; this may have been secondary to the phar-
macodynamic delay in antihypertensive response.3

A recent study provided a clinical pharmacist
educational intervention along with unit dose
blister packages, both intended to improve medi-
cation adherence in patients with hypertension.'®
Following a 6-month intervention, SBP decreased
from 133.2+14.9 mm Hg to 129.9+16.0 mm Hg
(P=.02). Patients (N=159) were then randomized
to continued clinical pharmacist intervention with
unit dose medications or usual care with standard
prescription bottles for another 6 months. This
prior study did not attempt to intensify medica-
tion doses but focused on medication adherence.
SBP continued to decline in the intervention group
to 124.4+14.0 mm Hg but deteriorated slightly
in the usual care group to 133.3+21.5 mm Hg
(P=.005). It is not possible, however, to determine
whether the improvement was due to the clinical
pharmacists, the unit dose packaging, or both. It is
interesting that SBP after 12 months was similar to
that in our study at 9 months (133.3 vs 133.0 mm
Hg in the control group and 124.4 vs 124.2 mm
Hg in the intervention group, respectively). Our
baseline SBP values were higher (151 vs 134 mm
Hg), however, and most of our patients exhibited
good medication adherence.

The common strategy to overcome suboptimal
therapy or poor guideline adherence has been to
provide educational lectures and information on
guidelines. These approaches in our study, along
with increased surveillance noted above, achieved
BP control in 53% of patients with previously
uncontrolled BP in our control group. The present
study suggests that educational approaches may
not be optimal. Our findings suggest that poor BP
control was due to suboptimal medication regimens
and support our previous cross-sectional study in
the same group of physicians that found no rela-
tionship between knowledge and BP control.!” The
majority of recommendations in our study involved
adding medications or increasing dosages and doing
this early in the intervention. In most cases, deci-
sions were made collaboratively by the physician
and pharmacist. Physicians agreed with the phar-
macists’ recommendations 95% of the time. We
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did not capture the instances when physicians actu-
ally turned care over to the pharmacists; however,
because pharmacists in our state cannot prescribe
medications independently, any new prescriptions
had to at least be signed by the physician.

It may appear that the interventions to change
drug therapy were simple, and it might be ques-
tioned why physicians did not make these changes
on their own. Berlowitz and colleagues’® found that
physicians frequently did not increase medication
dosages even though patients continued to have
uncontrolled BP in spite of up to 6 physician visits
per year. Oliveria and associates® found that the
primary barrier to BP control was related to physi-
cians who were satisfied with poorly controlled
BP. A recent national Harris Interactive survey
reported that physicians failed to increase or
change medication in almost one-third of patients
in whom BP was not controlled.3” Garg and col-
leagues* evaluated the causes of resistant hyperten-
sion referred to a specialty hypertension clinic. The
most common reasons for resistant hypertension
were drug-related causes (61%, including sub-
optimal regimens), patient nonadherence (13%),
secondary hypertension (7%), and other (18%). In
many of these studies, the addition of or modifica-
tion of a diuretic dosage led to controlled BP.38
These findings are consistent with our study, which
found that the lack of BP control was primarily
due to suboptimal regimens, and diuretics were
frequently added. Primary care physicians are
required to deal with multiple competing priorities
during short office visits. Our intervention was
probably effective because pharmacists could focus
on achieving therapeutic goals in patients taking
medications for hypertension.3’

Of importance, the greater use of antihyperten-
sive drugs in the intervention group did not lead
to higher adverse effect scores, which may seem
counterintuitive. Other studies have demonstrated
increased quality of life and reduced adverse symp-
toms when BP control is achieved following the use
of medications including thiazides.?$:40:41

Patient nonadherence was a less common cause
of poor BP control in our study, which is also con-
sistent with the studies by Garg and coworkers*
and Oliveria and colleagues.® Nevertheless, medi-
cation adherence based on pill counts improved
from 71% to 94% in the intervention group. It is
not known whether this improvement was due to
the counseling by the pharmacists, the increased
attention in the study, or both. It may also seem
unusual that medication adherence was so high
at both baseline and at 9 months, especially in
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the control group. Caro and associates*> found
that medication adherence was 97% after 1 year
of follow-up and 82% after 4.5 years of follow-
up in patients with established hypertension. Our
patients and those of Caro and coworkers contin-
ued to receive care and are likely to be more adher-
ent than patients who have dropped out of care. In
addition, studies have also found that patients tak-
ing more medications may adhere at a higher rate,
which may possibly be explained by the Health
Belief Model.*3

Strengths of the Trial

This study had several strengths, including the
use of standardized clinic BP measurements,3!
24-hour BP monitoring, intention-to-treat analy-
ses, and control of numerous covariables. The
importance of standardized BP measurements is
reflected by the fact that usual office BP measure-
ments are often performed incorrectly.** It might
be assumed that the data on pharmacist-assisted
BP management were already conclusive. A review
of the international literature identified 63 quality-
improvement strategies in hypertension, and 12
involved pharmacy interventions.!* The authors of
these and other studies have suggested that modi-
fying the role of pharmacists to include disease
management may improve outcomes of care.!$21:43
Studies of pharmacist-assisted management of
hypertension had many limitations, however. Few
studies used research nurses to measure BP,>* and
none controlled for baseline covariates or used an
intention-to-treat analysis. In addition, our study
is the first to use 24-hour BP monitoring. Another
strength of this study is that we randomized by
clinic, which avoided contamination that would
have occurred if we had randomized by patient or
by physician. Finally, we studied 5 clinics and used
5 intervention pharmacists, which is more than in
nearly all previous studies of physician/pharmacist
collaboration in hypertension.

Limitations

While the study was designed to have high internal
validity, it does have some limitations. First, we used
a cluster design that randomized a small number of
clinics. This study, however, used the largest num-
bers of clinics to date, and our ICCs for clinics and
physicians were low and not statistically significant;
uneven clinic or physician characteristics did not
likely influence these results. Our design was stron-
ger than randomization at the patient level in which
physicians would have had patients in both the
control and intervention groups, potentially leading
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to serious contamination. Our design resulted in
uneven enrollment between the two groups, but
this did not negatively impact either the ICC or
the overall results. This efficacy study can only be
generalized to clinics that principally utilize faculty
physicians. Our design was used to simulate other
efficacy clinical trials in hypertension to achieve
high internal validity.3!:#¢ It is likely that BP control
rates would be different in other practice settings
and when patients were not required to attend spe-
cific research study visits.

Another limitation is that a cost-effectiveness
analysis was not performed, in part because this
efficacy study included prespecified pharmacist
visits and attempted to have high fidelity to the
intervention. It would be more appropriate to per-
form a cost-effectiveness analysis in an effectiveness
study in which costs are calculated based on actual
practice patterns. While the intervention may be
considered unusual or costly, current guidelines for
the US Department of Veterans Administration/
Department of Defense state: “If BP continues to be
elevated, clinicians should consider . . . management
by a pharmacist in the follow-up and adjustment of
medications to improve BP goal.”*” Future studies
of this model should include more clinics with great-
er geographic, ethnic, and socioeconomic diversity
since these populations are likely to respond dif-
ferently to the intervention. Finally, our study only
lasted 9 months, and future studies should deter-
mine how long such an intervention is effective.

CONCLUSIONS

An intervention involving physician/pharmacist col-
laboration that focused on optimizing and intensi-
fying medications was associated with significant
reductions in BP and improvements in BP control.
This study was the first to include 24-hour BP moni-
toring to objectively confirm clinic pressures. These
improvements were correlated with increased inten-
sity of medication use, which suggests that the model
had an effect to overcome suboptimal medication
regimens. The intervention also improved medica-
tion adherence in the small number of patients with
poor adherence without increasing adverse effects.
This study suggests that for clinics or health systems
that have clinical pharmacists, their reallocation to
provide more direct patient management may sig-
nificantly improve BP control.

Acknowledgments and disclosures: The authors acknowledge
Alan Zillich, PharmD, Janyce Stewart, RN, and Gail Ardery,
PhD (project managers); Karen Kluesner, RN, and Sheryl Eastin,
RN (research nurses); Jessica Milchak, PharmD, Michael Ernst,
PharmD, Cynthia Weber, PharmD, Jennifer Steffensmeier,
PharmD, and Michael Kelly, PharmD (intervention pharmacists);

THE JOURNAL OF CLINICAL HYPERTENSION

269

The Journal of Clinical Hypertension® (ISSN 1524-6175) is published monthly by Le Jacq, located at Three Enterprise Drive, Suite 401, Shelton, CT 06484. Le Jacq is an imprint of Blackwell Publishing, which was acquired by John Wiley & Sons in
February 2007. Blackwell’s programme has been merged with Wiley’s global Scientific, Technical, and Medical business to form Wiley-Blackwell. Copyright ©2008 by Le Jacq. All rights reserved. No part of this publication may be reproduced or
transmitted in any form or by any means, electronic or mechanical, including photocopy, recording, or any information storage and retrieval system, without permission in writing from the publishers. The opinions and ideas expressed in this
publication are those of the authors and do not necessarily reflect those of the Editors or Publisher. For copies in excess of 25 or for commercial purposes, please contact Ben Harkinson at BHarkinson@bos.blackwellpublishing.com or 781-388-8511.

NOTICE




BLE JACQ

270

Yinghui Xu, MS (data management); Carrie Franciscus (data-
base development); and Paul James, MD, Christopher Goerdt,
MD, and David Katz, MD (data and safety monitoring
board). This trial is registered with Clinicaltrials.gov (Identifier:
NCT002010435). The findings of this study were presented, in
part, at the 22nd Annual Scientific Meeting and Exposition of
the American Society of Hypertension, May 19, 2007, Chicago,
IL. Funding for this project was supported by the National
Heart, Lung, and Blood Institute (HL069801). Dr Carter is
also supported by the Center for Research in Implementation
in Innovative Strategies in Practice (CRIISP), Department
of Veterans Affairs, Veterans Health Administration, Health
Services Research and Development Service (HFP 04-149). The
views expressed in this article are those of the authors and do
not necessarily reflect the position or policy of the Department
of Veterans Affairs.

Editor’s Note: This interesting study illustrates what can be
done in clinics or other facilities where nurses and pharmacists
are readily available. There is obviously a cost involved in this
approach and, in fact, most practitioners do not practice in
this type of environment. There is a message, however, that can
be taken away from the findings of Dr Carter and colleagues.
Medications should be added or changed and/or dosages
increased if goal blood pressure levels are not achieved. Some
physicians have been reluctant to do this, with the result, as
noted in the control group in this trial, that control rates are not
as high as they can be.—Marvin Moser, MD, Editor in Chief
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