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Background: Studies have demonstrated that blood pres-
sure (BP) control can be improved when clinical phar-
macists assist with patient management. The objective
of this study was to evaluate if a physician and pharma-
cist collaborative model in community-based medical of-
fices could improve BP control.

Methods: This was a prospective, cluster randomized,
controlled clinical trial with clinics randomized to a con-
trol group (n=3) or to an intervention group (n=3). The
study enrolled 402 patients (mean age, 58.3 years) with
uncontrolled hypertension. Clinical pharmacists made
drug therapy recommendations to physicians based on
national guidelines. Research nurses performed BP mea-
surements and 24-hour BP monitoring.

Results: The mean (SD) guideline adherence scores in-
creased from 49.4 (19.3) at baseline to 53.4 (18.1) at 6
months (8.1% increase) in the control group and from
40.4 (22.6) at baseline to 62.8 (13.5) at 6 months (55.4%
increase) in the intervention group (P=.09 for adjusted
between-group comparison). The mean BP decreased 6.8/

4.5 mm Hg in the control group and 20.7/9.7 mm Hg in
the intervention group (P� .05 for between-group sys-
tolic BP comparison). The adjusted difference in sys-
tolic BP was −12.0 (95% confidence interval [CI], −24.0
to 0.0) mm Hg, while the adjusted difference in dia-
stolic BP was −1.8 (95% CI, −11.9 to 8.3) mm Hg. The
24-hour BP levels showed similar effect sizes. Blood pres-
sure was controlled in 29.9% of patients in the control
group and in 63.9% of patients in the intervention group
(adjusted odds ratio, 3.2; 95% CI, 2.0-5.1; P� .001).

Conclusions: A physician and pharmacist collabora-
tive intervention achieved significantly better mean BP
and overall BP control rates compared with a control
group. Additional research should be conducted to evalu-
ate efficient strategies to implement team-based chronic
disease management.

Trial Registration: clinicaltrials.gov Identifier:
NCT00201019
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R ESULTS OF STUDIES1-5 SUG-
gest that antihypertensive
medications are frequently
not intensified when blood
pressure (BP) remains un-

controlled, termed clinical inertia. One
strategy to improve BP control is team-
based care involving clinical pharma-
cists.6-17 However, many of these investi-
gations were small, single-site studies, did
not use an unbiased BP measurement, or
did not control for important patient, phy-
sician, or clinic variables.

The objective of this study was to evalu-
ate if a physician and pharmacist collabo-
rative model in community-based medi-
cal offices could improve BP control. We
hypothesized that this model would achieve

better guideline adherence, lower mean BP,
and higher rates of BP control compared
with a control group.18,19

METHODS

STUDY DESIGN

This was a prospective, cluster randomized,
controlled clinical trial at 6 community-based
family medicine residency programs in Dav-
enport, Des Moines (2 offices), Mason City,
Sioux City, and Waterloo, Iowa, randomized
to a control group (n=3) or to an interven-
tion group (n=3) using a table of random
numbers. Preliminary data were collected at
baseline, including clinic characteristics and
an audit of medical records for the most
recent BP from a random sample of patients
with hypertension. Educational lectures, pub-
lished national guidelines,19 and clinical trial
evidence20 were provided by one of us
(B.L.C.) to physicians at all 6 clinics before
the study.
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The study was approved by the University of Iowa Institu-
tional Review Board and by the local institutional review boards
for the 6 clinics. The recruitment process was identical in con-
trol and intervention offices. A research nurse employed by each
office reviewed lists and clinic schedules for patients having di-
agnostic codes for hypertension and approached patients to par-
ticipate. The research nurse telephoned patients who met the study
criteria or approached them during a regular clinic visit.

Patients in the active study groups provided written in-
formed consent. Men or women older than 21 years having a
diagnosis of essential hypertension taking 0 to 3 antihyperten-
sive medications were eligible if they did not have diabetes melli-
tus and their systolic BP (SBP) was between 140 and 179 mm Hg
or their diastolic BP (DBP) was between 90 and 109 mm Hg. Pa-
tients with diabetes mellitus having an SBP of 130 to 179 mm Hg
or a DBP of 80 to 109 mm Hg were eligible. Exclusion criteria
included dementia, pregnancy, unstable angina, cognitive im-
pairment, serious renal or hepatic disease, BP of 180/110 mm Hg
or higher, poor prognosis (life expectancy �3 years), evidence
of hypertensive urgency or emergency, New York Heart Asso-
ciation class III or IV heart failure, myocardial infarction or stroke
(6 months before screening), and antihypertensive medication
or dosage change within 4 weeks of the baseline visit.

We also performed a medical record audit of patients with
hypertension from intervention clinics who met the same inclu-
sion criteria but who did not receive the intervention, termed
the passive observation group. The goal of evaluating this group
was to determine if BP improved throughout the entire practice.

The primary aim was to evaluate if guideline adherence im-
proved more in the intervention group than in the control group
using a tool validated for this study.21-23 Once the patients com-
pleted the trial, the research nurses performed a structured medi-
cal record abstraction process for all patients that included all clinic
progress notes, laboratory values, and medications and records
from hospitalizations or emergency department visits. For pa-
tients in the passive observation group, an index date was se-
lected, and data were abstracted for 6 months before and 6 months
after the index date. One of us (G.A.) visited each clinic and evalu-
ated a sample of the case abstracts against the medical record to
ensure that data were being completely abstracted by each re-
search nurse. Guideline adherence was determined by the per-
centage of 22 eligible criteria met by each patient using a com-
puterized algorithm developed by the investigators.21-23

The research nurses were trained to measure BP using stan-
dardized guidelines and were certified to properly measure BP
at baseline and then once yearly.24,25 Blood pressure was mea-
sured 3 times using an automated device (HEM 907-XL; Om-
ron Corporation, Schaumburg, Illinois). The second and third
values were averaged and used as the study BP. At the end of
the baseline visit, the research nurse placed a 24-hour moni-
tor (90217-A; Spacelabs Medical, Issaquah, Washington) set
to measure BP every 20 minutes during the day and every 30
minutes during sleep.26 These baseline 24-hour results were un-
available to the physician or the clinical pharmacist until the
patient completed the trial. Finally, patients in both groups were
given written information about hypertension from the Na-
tional Heart, Lung, and Blood Institute.19,20,27

The following patient data were collected at the baseline visit:
age, sex, height, weight, race/ethnicity, educational status, mari-
tal status, alcohol intake, smoking status, insurance status, an-
nual household income, and history of coexisting conditions.
Race/ethnicity was self-declared by the patient. The nurse per-
sonally administered a validated self-reported questionnaire
about medication adherence28,29 and a questionnaire devel-
oped for another study about symptoms that might indicate ad-
verse reactions (potential score range, 0 [best]-188 [worse]).8,30

Patients returned at 3 months and at 6 months for addi-
tional BP measurements. At the 6-month visit, the nurses per-

formed all of the same procedures as performed at the base-
line visit, including adverse reaction and medication adherence
surveys. Patients received $100 if they completed both 24-
hour BP measurements to reimburse them for the inconve-
nience of wearing the monitors. Patients were telephoned be-
fore clinic visits to encourage adherence with study visits.

The intervention was modeled after other studies.6,8 Inter-
vention physicians and pharmacists underwent team-building
exercises conducted by 2 of us (B.L.C. and W.R.D.) using pre-
viously described strategies.8,31 All 6 offices employed clinical
pharmacists who had been at the office for at least 8 years. The
clinical pharmacists had all received a doctor of pharmacy
(PharmD) degree and completed a clinical pharmacy resi-
dency in primary care. At 5 of 6 sites, the clinical pharmacists
were funded 50% by the medical office (to provide family medi-
cine physician resident education and patient care) and 50%
by the College of Pharmacy (for pharmacy student teaching).
At 1 control site, the clinical pharmacist was funded entirely
by the medical office’s health system. Most of the pharmacists’
time was spent on pharmacy student, medical resident, and staff
physician education about drug therapy, with less time de-
voted to direct patient management before the study. All of the
pharmacists were well versed in hypertension treatment. How-
ever, 2 initial 90-minute training sessions were provided to the
intervention pharmacists by 1 of us (B.L.C.) to ensure that a
consistent intervention was provided.

All study visits with intervention pharmacists occurred in
the medical office; pharmacists were encouraged to assess medi-
cations and BP at baseline and at 1 month and by telephone at
3 months and more frequently if necessary. The pharmacists
made recommendations consistent with national guide-
lines.18,19 Blood pressure control was defined as a clinic BP of
less than 130/80 mm Hg for patients with diabetes mellitus or
chronic kidney disease and less than 140/90 mm Hg for all other
patients.18 Physicians and pharmacists in the intervention of-
fices decided how to best implement the intervention, and they
were not required to perform the suggested intervention visits
for this pragmatic trial. The pharmacists almost always pro-
vided face-to-face recommendations to the patient’s physi-
cian. The pharmacist provided physician education if neces-
sary, and all therapy changes were approved by the physician.

Clinical pharmacists at control sites abstained from provid-
ing care for study patients but continued to answer general treat-
ment questions from physicians. Patients in the control group
also received BP measurements at baseline, 3 months, and 6
months. The primary care physician determined when office
visits for routine care or BP measurements should occur.

DATA ANALYSIS

Data were entered into case report forms by the research nurses.
Individual data elements were double entered into a database
(Access; Microsoft, Redmond, Washington) and were ana-
lyzed by a separate data management team chaired by the bio-
statistician (J.D.D., C.L.F., or Y.X.).

Power calculations were performed based on a 2-sample t test
to compare SBP, assuming mean (SD) effect sizes of 6 to 10 (16-
19) mm Hg of SBP.9,14,32,33 With a sample size of 200 patients
per group (400 total), a 2-sided test (�=.05) would have 88%
to 100% power. Because this approach ignores random effects
due to physician and clinic, this may overstate the power.

Descriptive statistics (means [SDs]) were performed on base-
line data, and comparisons between groups were made using
the t test and Fisher exact test. Preliminary analysis revealed
that the response variables were correlated within subjects, but
there was no significant clustering within physicians and little
clustering within clinics, similar to previous findings in an-
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other study.8 However, we included clinic as a random effect
in our analyses of response variables, consistent with the study
design. For continuous responses (BP), likelihood-based mixed
models with random patient and clinic effects were fit in a sta-
tistical software program (SAS Proc Mixed; SAS Institute, Cary,
North Carolina) to incorporate all available data from base-
line through 6 months in an intent-to-treat analysis. For BP con-
trol, a generalized estimating equation model using the bino-
mial distribution and the logit link was fit in another program
(SAS PROC GENMOD) that accommodated the correlations
within clinics. For both models (mixed and generalized esti-
mating equation), contrasts were estimated to test for the treat-
ment effect adjusted for the following baseline values: BP, age,
sex, race/ethnicity, educational degree, insurance status, an-
nual household income, marital status, smoking status, alco-
hol intake, body mass index, number of coexisting condi-
tions, number of antihypertensive medications, and medication
adherence. Medication adherence was determined using the in-
strument validated by Morisky et al.28,29 Poor medication adher-
ence was defined as answering yes to 3 or more of 5 questions.

RESULTS

The general operations of all 6 sites were similar, and the
office served as the model office for a distinct family medi-

cine residency. All 6 programs met the institutional re-
quirements of the Accreditation Committee for Gradu-
ate Medical Education and the program requirements for
family practice set out by the Accreditation Committee
for Graduate Medical Education and its Residency Re-
view Committee. All faculty physicians were board cer-
tified in family practice. The faculty physicians spent 3.4
(mean range and mode range, 2-5) half-days per week
seeing patients in their clinic. The scheduled times in the
clinic for first-, second-, and third-year family medicine
physician residents were 1 to 2 half-days, 2 to 4 half-
days, and 3 to 5 half-days per week, respectively. The re-
mainder of the family medicine residents’ time was spent
on clinical rotations in the affiliated hospital. Physicians
in each office admitted patients to a distinct community
hospital that operated and funded a significant portion
of each residency program. Table 1 summarizes the de-
mographics and staffing at the participating clinics. Be-
fore the study, there was a wide range of BP control rates
(28.6%-70.0%), higher at the control sites (55.7%) than
at the intervention sites (41.9%). These values were com-
parable to BP control rates of 28% to 48% in managed
care plans during the same period.34

Table 1. Characteristics of the Clinics at Baseline Before the Studya

Characteristic

Control Office Intervention Office

A B C D E F

Outpatient visits per year 27 000 20 700 18 389 38 343 29 236 13 612
Faculty physicians 5 6 5 8 6 4
Resident physicians 17 30 17 17 24 18
Clinical pharmacists 1 1 1 1 1 1
Pharmacy residents 1 0 0 1 0 0.1b

No. of medical record audits (BP control %) 50 (70.0) 50 (50.0) 49 (46.9) 49 (28.6) 49 (49.0) 50 (48.0)

aPatient, physician, and pharmacist data were collected in 2000 and blood pressure (BP) data in 2001 as preliminary data for the study grant application.
bOne resident per year spent 5 weeks in this office.

Clinics randomized to
control or intervention

Control clinics3 Intervention clinics3

Patients appeared eligible674 Patients appeared eligible568

Not enrolled (BP did not meet criteria)160 Not enrolled62
BP did not meet criteria56
Had white coat hypertension (24-hr BP)6

Passive observation group
(intervention sites only)

Assigned191

Active study control group
Consented370

Active study intervention group
Consented254

Enrolled into study210 Enrolled into study192

Completed baseline visit only23
Completed through 3 mo only13

Completed baseline visit only16
Completed through 3 mo only18

Included in the intent-to-treat analyses
(guideline adherence, research BP, 24-h BP)

210 Included in the intent-to-treat analyses
(guideline adherence, research BP, 24-h BP)

192 Included with a medical record abstraction
(clinic BP from medical record)

191

Figure. Flowchart of patients through the study protocol. BP indicates blood pressure.
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The first patient was enrolled on August 16, 2005, and
the last patient completed the trial on April 9, 2008. In
the control group, 173 of 210 patients (82.4%) com-
pleted the 3-month visit, and 174 of 210 patients (82.9%)
completed the 6-month visit; in the intervention group,
173 of 192 patients (90.1%) completed the 3-month visit,
and 158 of 192 patients (82.3%) completed the 6-month
visit (Figure). Pharmacists made a mean (SD) of 1.6 (1.4)
additional visits or contacts per patient, including 83.9%
of the specified 1-month telephone calls, and these con-
tacts were controlled for in the analyses. When adjusted
for the intervention effect, the within-clinic interclass cor-
relation coefficients at 6 months were 1.7% for SBP, 11.3%
for DBP, and 10.4% for guideline adherence scores.

At baseline, patients in the control group were sig-
nificantly less likely to be married (P� .001) and were
more likely to have diabetes mellitus (P� .001), self-
pay for their care (P� .001), have more coexisting con-
ditions (P� .001), have an annual household income be-
low $25 000 (P � .001), take more antihypertensive
medications (P� .001), and have a history of myocar-
dial infarction (P=.002) or angina (P=.003) (Table 2).
These variables were covariates in the analyses.

PRIMARY OUTCOMES

The mean (SD) guideline adherence scores improved mod-
estly (8.1%) in the control group from 49.4 (19.3) at base-
line to 53.4 (18.1) at 6 months (Table3). The mean (SD)
guideline adherence scores improved 55.4% in the inter-
vention group from 40.4 (22.6) at baseline to 62.8 (13.5)
at 6 months (P=.04 for unadjusted and P=.09 for ad-
justed between-group comparisons). After adjustment for
the covariates, the mean difference between groups for the
improvement in guideline adherence scores was 9.6 (95%
confidence interval [CI], −2.3 to 21.5) (Table 4).

Blood pressure was controlled among significantly more
patients in the intervention group (63.9%) than in the con-
trol group (29.9%) (P� .001), with an odds ratio of 3.2
(95% CI, 2.0-5.1) after adjustment for covariates (Table 4).
Blood pressure was controlled in 32.4% of patients with-
out diabetes mellitus in the control group and in 68.8%
of patients without diabetes mellitus in the intervention
group (adjusted odds ratio, 3.9; 95% CI, 3.1-5.0; P� .001).
Blood pressure was controlled in 26.1% of patients with
diabetes mellitus in the control group and in 45.5% of pa-
tients without diabetes mellitus in the intervention group
(adjusted odds ratio, 4.7; 95% CI, 1.7-13.1; P=.003).

The mean BP was reduced by 6.8/4.5 mm Hg in the con-
trol group and by 20.7/9.7 mm Hg in the intervention group
(P� .05 for between-group SBP comparison). The ad-
justed mean difference (control group minus interven-
tion group) in 6-month SBP was −12.0 (95% CI, −24.0 to
0.0) mm Hg, while the adjusted mean difference in 6-month
DBP was −1.8 (−11.9 to 8.3) mm Hg (Table 4). The mean
difference in 24-hour BP was −10.3 (−23.7 to 3.1) mm Hg
for SBP and −3.1 (−9.0 to 2.8) mm Hg for DBP.

We performed a sensitivity analysis to determine the
robustness of our findings in the presence of informative
dropout. We repeated our analysis under a scenario that
all 70 subjects who dropped out had uncontrolled BP at
the end of the study and found that BP control rates in the

intervention and control groups would be 52.6% and
24.8%, respectively (adjusted odds ratio, 3.2; 95% CI, 2.0-
5.2; P� .001). More pessimistically, we considered the sce-
nario in which all 34 dropouts in the intervention group
had uncontrolled BP and all 36 dropouts in the control
group had controlled BP. In this situation, the respective
BP control rates would be 52.6% and 41.9% (adjusted odds
ratio, 3.0; 95% CI, 2.0-4.5; P� .001).

SECONDARY OUTCOMES

We identified 197 patients for the passive observation group
from the 3 intervention clinics. We did not compare this
group statistically with the active intervention group be-
cause the outcome measures were different (research nurse–

Table 2. Patient Demographics at Baseline

Demographic

Control
Office

(n=210)

Intervention
Office

(n=192)

P Value
for

Difference

Sexa .19
Female 117 (55.7) 120 (62.5)
Male 93 (44.3) 72 (37.5)

Race/ethnicitya .04
White 163 (77.6) 165 (85.9)
Hispanic 0 8 (4.2)
African American 41 (19.5) 13 (6.8)
American Indian 2 (1.0) 1 (0.5)
Mixed or other 4 (1.9) 5 (2.6)

Age, mean (SD), y 59.2 (13.8) 57.3 (14.3) .19
Marrieda 91 (43.3) 130 (67.7) �.001
Education beyond high schoola 76 (36.2) 65 (33.9) .75
Annual household income

�$25 000a
109 (51.9) 41 (21.4) �.001

Insurance statusa �.001
Individual or group plan 68 (32.4) 108 (56.3)
Medicare or Medicaid 85 (40.5) 71 (37.0)
Self-pay or other 57 (27.1) 13 (6.8)

Body mass index, mean (SD)b 34.2 (8.7) 32.1 (6.8) .01
Smoker, within past 15 ya 86 (41.0) 65 (33.9) .15
�2 Alcoholic drinks per wka 8 (3.8) 5 (2.6) .58
History of coexisting conditionsa

Family history of premature
cardiovascular event

50 (23.8) 37 (19.3) .28

Diabetes mellitus 80 (38.1) 38 (19.8) �.001
Stroke or transient ischemic

attack
16 (7.6) 12 (6.3) .70

Myocardial infarction 13 (6.2) 0 .002
Coronary artery bypass grafting 5 (2.4) 3 (1.6) .73
Heart failure 4 (1.9) 1 (0.5) .37
Angina 12 (5.7) 1 (0.5) .003
Peripheral arterial disease 4 (1.9) 4 (2.1) �.99
Chronic kidney disease 16 (7.6) 11 (5.7) .55
Left ventricular hypertrophy 3 (1.4) 3 (1.6) �.99

No. of coexisting conditions
�1a 200 (95.2) 173 (90.1) .05
Mean (SD) 3.6 (2.2) 2.8 (1.8) �.001

No. of antihypertensive
medications

�1a 192 (91.4) 127 (66.1) �.001
Mean (SD) 1.9 (1.0) 1.3 (1.2) �.001

Low self-reported medication
adherence, score �3a

19 (9.0) 17 (8.9) �.99

aData are given as number (percentage).
bCalculated as weight in kilograms divided by height in meters squared.
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measured BP in study patients vs medical record–
recorded BP in the passive observation group). At baseline,
the mean (SD) SBP in the passive observation group (149.2
[15.8] mm Hg) was lower than that in the active control

group (150.6 [14.1] mm Hg) and the active intervention
group (153.6 [12.7] mm Hg). By 6 months, the mean (SD)
SBP in the passive observation group was 139.3 (16.9)
mm Hg compared with 143.8 (20.5) mm Hg in the active
control group and 132.9 (15.4) mm Hg in the active in-
tervention group. Blood pressure control rates at 6 months
were 29.9% in the active control group, 39.1% in the pas-
sive observation group, and 63.9% in the active interven-
tion group, which supports the initial hypothesis that BP
control within intervention sites could be improved more
broadly in patients who did not receive the intervention.

The intervention pharmacists made 771 recommenda-
tions, of which 742 (96.2%) were accepted by physicians.
The mean increase in the number of antihypertensive medi-
cations from baseline was higher in the intervention group
than in the control group (1.1 vs 0.3, P� .001). There were
1139 documented antihypertensive medication changes in
402 subjects (mean age, 58.3 years), of which 562 (49.3%)
were new medications, 333 (29.2%) were dosage in-
creases, 195 (17.1%) were cessation of current medica-
tions, and 49 (4.3%) were decreases in dosage. The mean
of overall changes was higher in the active intervention
group (3.6 vs 2.2 changes per subject, P=.001), as was the
number of new antihypertensive medications (1.9 vs 1.0,
P� .001) and possibly the number of discontinued anti-
hypertensive medications (0.6 vs 0.3, P=.05). The num-
ber of dosage changes did not vary significantly between
groups. The mean (SD) number of antihypertensive medi-
cations was not different between the intervention group
(2.4 [1.1] medications) and the control group (2.2 [1.1]
medications) at the end of the study (P=.22).

The mean (SD) percentage of patients with poor self-
reported medication adherence declined from 18.7%
(22.0%) to 14.7% (20.9%) in the control group (P=.60).
The mean (SD) percentage of patients with poor self-
reported medication adherence declined from 17.3%
(27.5%)to14.6%(25.4%)intheinterventiongroup(P=.98).

The mean (SD) symptom scores were higher at base-
line in the control group (score, 42.1 [24.2]) compared
with the intervention group (score, 28.0 [23.0]) (P�.001).
Despite the increase in antihypertensive medications in both
groups, the mean (SD) symptom scores declined at 6
months to 39.2 (24.2) in the control group (P=.07 vs base-
line) and 16.6 (12.5) in the intervention group (P� .001
vs baseline or between groups at 6 months).

COMMENT

This team-based approach to the management of BP was
highly effective. Studies16,17 involving pharmacists have
found control rates of 45% to 70% and a difference of
approximately 8 to 14 mm Hg in SBP. The present prag-
matic study achieved BP control (63.9%) and SBP (12
mm Hg) at the higher end of this range but lower BP con-
trol than that in a previous efficacy study (89.1%).8 How-
ever, that study used a 9-month intervention with more
required visits with the pharmacist than the present study.
The 6-month BP control in that study was 73% com-
pared with 63.9% in the present trial. These differences
could be owing to incomplete implementation of the in-
tervention, a less potent intervention, differences in the

Table 3. Clinic Blood Pressure (BP), 24-Hour BP,
BP Control, and Guideline Adherence Scoresa

Variable Baseline 3 Months 6 Months

Control (n=210)
BP, mean (SD), mm Hg

Systolic 150.6 (14.1)b 146.1 (19.6) 143.8 (20.5)b

Diastolic 83.6 (12.3) 81.5 (14.0) 79.1 (14.3)
BP control, % 0 25.4 29.9c

24-h BP, mean (SD),
mm Hg

Systolic 137.9 (15.8) . . . 131.5 (17.7)
Diastolic 77.2 (10.7) . . . 73.7 (10.7)

Total guideline adherence
score, % criteria met,
mean (SD)

49.4 (19.3) . . . 53.4 (18.1)d

Intervention (n=192)
BP, mean (SD), mm Hg

Systolic 153.6 (12.8)b 134.8 (14.6) 132.9 (15.5)b

Diastolic 87.4 (11.9) 79.9 (11.3) 77.7 (11.2)
BP control, % 0 49.7 63.9c

24-h BP, mean (SD),
mm Hg

Systolic 136.2 (14.6) . . . 121.1 (13.7)
Diastolic 78.5 (11.7) . . . 70.2 (8.7)

Total guideline adherence
score, % criteria met,
mean (SD)

40.4 (22.6) . . . 62.8 (13.5)d

aP values are based on between-group differences adjusted for baseline age,
sex, race/ethnicity, educational degree, insurance status, annual household
income, marital status, smoking status, alcohol intake, body mass index,
number of coexisting conditions, number of antihypertensive medications,
and medication adherence. Blood pressure control is defined as less than
130/80 mm Hg for patients with diabetes or chronic kidney disease and as less
than 140/90 mm Hg for patients without diabetes or chronic kidney disease.

bP� .05.
cP� .001.
dP=.04 (unadjusted) and P=.09 (adjusted).

Table 4. Unadjusted and Adjusted Effects of Intervention
vs Control at 6 Monthsa

Outcome
Unadjusted Effect

(95% CI)
Adjusted Effect

(95% CI)b

BP, mm Hg
Systolic −11.9 (−21.6 to −2.2) −12.0 (−24.0 to 0.0)
Diastolic −3.6 (−10.7 to 3.4) −1.8 (−11.9 to 8.3)

BP control odds ratio 4.2 (2.6 to 6.7) 3.2 (2.0 to 5.1)
24-h BP, mm Hg

Systolic −8.0 (−17.8 to 1.9) −10.3 (−23.7 to 3.1)
Diastolic −3.9 (−9.7 to 1.8) −3.1 (−9.0 to 2.8)

Total guideline
adherence score odds ratio

11.1 (0.4 to 21.7) 9.6 (−2.3 to 21.5)

Abbreviations: BP, blood pressure; CI, confidence interval.
aEffects are reported as difference (95% CI) for BP levels and guideline

adherence scores and as odds ratio (95% CI) for BP control in the intervention
group compared with the control group.

bAdjustment for baseline age, sex, race/ethnicity, educational degree,
insurance status, annual household income, marital status, smoking status,
alcohol intake, body mass index, number of coexisting conditions, number of
antihypertensive medications, and medication adherence.
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patient populations, or other factors. Nevertheless, the
intervention was effective and was consistent with the
chronic care model in which the physician uses team-
based care.35-39 As in the previous study,8 there were more
antihypertensive medication additions herein in the in-
tervention group (1.1 additions) than in the control group
(0.3 addition), which is a likely reason for better BP con-
trol in the intervention group because medication ad-
herence did not differ.

The changes in 24-hour BP values showed reductions
similar to those of the clinic BP values. However, the large
difference between groups was not statistically significant
because of the large number of patients who refused the
second 24-hour monitoring in this pragmatic trial. There-
fore, the power was low for the 24-hour results.

There was greater improvement in guideline adher-
ence scores in the intervention group (55.4%) than in
the control group (8.1%), which was significant in un-
adjusted analyses but not significant in adjusted analy-
ses. This may be due to the notable within-clinic clus-
tering of guideline adherence scores, which would tend
to compromise power in our cluster randomized design
and may have been compounded by adjusting for so many
baseline covariates. Both groups still had room for im-
provement, with more than one-third of the eligible cri-
teria not met in the intervention group and almost half
of the eligible criteria not met in the control group at the
end of the study.

The patients in the control group did not receive usual
care. Instead, they were informed of their BP and the goal
BP they needed to achieve, and they were given written
information about managing BP. In addition, all physi-
cians received educational sessions on strategies to im-
prove BP control. These approaches, along with in-
creased surveillance by the research nurses, achieved BP
control in 29.9% of patients with previously uncon-
trolled BP in the control group.

This study had several strengths, including the use of
standardized research BP measurements,24 intent-to-
treat analyses, and control of numerous baseline covar-
iates. In addition, this was only the second study (to our
knowledge) of team-based care to use 24-hour BP moni-
toring.8 This study was randomized by clinic, which
avoided contamination that might occur with random-
ization by patient or physician, and had one of the larg-
est sample sizes of team-based care for BP.

There were several limitations of the study, includ-
ing few randomized clinics, which may have compro-
mised power for guideline adherence scores and BP lev-
els. As an additional concern, the control group had greater
nonwhite race/ethnicity, lower income, higher body mass
index, and more coexisting conditions, including diabe-
tes mellitus, which could have made it more difficult to
achieve improvements in BP or led to lower medication
adherence. However, we adjusted for all these variables
in our analyses. Blood pressure was controlled in 45.5%
of patients with diabetes mellitus in the intervention group
and in 26.1% of patients with diabetes mellitus in the con-
trol group, suggesting that at least the imbalance of pa-
tients with diabetes between groups probably did not in-
fluence the findings. Our study findings are generalizable
only to community-based family medicine offices. Blood

pressure control rates might be different in other prac-
tice settings or when patients are not required to attend
specific research visits. Also, this study had a higher drop-
out rate than a previous efficacy study.8 Even so, the BP
reductions were still significantly greater in the inter-
vention group, and our sensitivity analysis suggests that
inclusion of the dropouts would not have changed the
conclusions. Finally, because the study enrolled only pa-
tients with diagnosed hypertension, the intervention strat-
egy and results are not generalizable to patients who are
unaware of their hypertension or those yet to receive a
diagnosis of hypertension.

In conclusion, this study used an intervention involv-
ing physician and pharmacist collaboration and found
significant improvement in BP control compared with the
control group. The results of this study suggest that clin-
ics or health systems with clinical pharmacists should con-
sider reallocation of duties to provide more direct pa-
tient management to significantly improve BP control.
Future studies of this model should include more clin-
ics with greater geographic, racial/ethnic, and socioeco-
nomic diversity because these populations are likely to
respond differently to the intervention.
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