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Meta-analyses provide strong evidence that blood pressure (BP) control improves with
“team-based” hypertension care provided by a health professional such as a pharmacist or
nurse, separate from physician care.1 Few studies have analyzed whether team care leads to
sustained BP reductions after the end of an intervention.

In the Electronic Communications and Home Blood Pressure Trial (e-BP),2 patients with
uncontrolled BP were registered to use an existing patient website (with a patient-shared
electronic health record [EHR] and secure e-mail) and randomly assigned to receive the
following interventions: (1) usual care (UC), (2) home BP monitoring (BPM) and website
training, or (3) BPM and website training plus pharmacist team-care delivered via the
website (Pharm). At the end of the 1-year intervention, Pharm patients were twice as likely
to have controlled BP.2 Our objective was to determine if BP reductions were sustained after
the intervention ended.

Methods
Details of the study design3 and main study results2 have been previously published. The
Group Health institutional review board approved all study procedures.

We collected all BPs available in the EHR from participants’ primary care visits between 18
and 30 months after randomization (approximately 6 to 18 months after completion of all
interventions). If more than 1 BP was available, the BP closest to 24 months (defined as 1-
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year after intervention) was used. Primary outcomes included change in baseline systolic BP
(SBP) and diastolic BP (DBP) and BP control at 1 year after intervention. Secondary
outcomes, including number (by class)2 and adherence to4 antihypertensive medications and
utilization of health care services, were calculated using automated data. Preplanned
subanalyses included assessments of the patients with a baseline SBP of 160 mm Hg or
higher.

Analysis was limited to trial participants with a BP measurement in the EHR from a primary
care visit in the defined period (N=618, after 160 were excluded). Linear regression models
were used to evaluate changes in BP from baseline. A modified Poisson regression
approach, using generalized linear models with a log-link linear and a robust sandwich
variance estimator, was used to estimate the relative risk (RR) of BP control5 (SBP <140
mm Hg and DBP <90 mm Hg). Regression models were adjusted for baseline BP, sex,
prestudy home BP monitoring use, clinic, and time between the end of the intervention and
the EHR BP measurement. To protect against multiple comparisons, the Fisher protected
least significant difference approach was used; pairwise comparisons were made between
intervention groups only if the overall omnibus test result was significant.6 Analyses of
secondary outcomes were unadjusted. All analyses used Stata statistical software, version
12.0 (StataCorp).

Results
Of the 778 patients enrolled in the trial, 725 (93%) remained enrolled in Group Health (49
had disenrolled and 4 had died) and 618 (79%) had a BP measurement recorded in the EHR
1-year after intervention. Characteristics of the 618 patients with BPs were comparable
across randomization groups and were similar to those excluded, except for less prestudy
home BP monitoring prior to the study in those excluded.

At 1-year after intervention, all 3 groups had lower SBP and DBP compared with baseline
(Table), with the Pharm group having significantly larger decreases in SBP than UC and
BPM (difference in adjusted mean change, −3.6 mm Hg [P=.02], and −6.8 mm Hg [P < .
001], respectively). Change in DBP did not differ between groups. The Pharm group had
higher rates of BP control compared with the UC group (P=.11) and had significantly higher
rates of BP control compared with the BPM group (P=.01) (UC, 52%; BPM, 48%; and
Pharm, 60%).

In patients with a BP of 160mmHg or higher at baseline, BP control was 34%, 23%, and
56% in the UC, BPM, and Pharm groups (adjusted relative risk of controlled BP [Pharm vs
UC], 1.87 [95% CI, 1.06 to 3.17]), with an adjusted difference in mean change in SBP of
−10.5 (95% CI, −18.3 to −2.7 mm Hg) (Pharm vs UC).

The mean number of antihypertensive classes was significantly higher in the Pharm and
BPM groups compared with the UC group. Adherence was high for all groups but
significantly higher in the Pharm and BPM groups than in the UC group (eTable). Primary
care and hospital utilization did not differ by group (eTable).

Discussion
Web-delivered pharmacy team care resulted in greater reductions in SBP and improved BP
control 6 to 18 months after the completion of interventions. Similar to Wentzlaff et al7 and
Carter et al,8 the control group (UC) continued to improve, and differences between groups
narrowed. In our study team care, BP benefits occurred mainly in those with more severe
hypertension at baseline, with Web-based pharmacist team patients almost twice as likely to
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have controlled BP. Limitations included reliance on a single EHR BP measurement9 and no
EHR BP measurement recorded in 21% of study participants. However, significant
differences in BP persisted in sensitivity analyses that assumed that BP remained unchanged
from baseline for those without EHR BP measurements. More studies are needed to assess
BP and clinical outcomes at longer intervals and whether team-care booster interventions
improve these outcomes.

Acknowledgments
Funding/Support: This research was funded by a grant from the National Heart, Lung, and Blood Institute of the
National Institutes of Health (Electronic Communications and Blood Pressure Monitoring [e-BP]: grant R01-
HL075263).

Role of the Sponsor: The funding agency had no role in the study design, analysis, or interpretation of data;
decision regarding publication; or preparation of this article.

References
1. Task Force on Community Preventive Services. [December 30, 2012] The community guide:

Cardiovascular disease prevention and control: team-based care to improve blood pressure control.
http://www.thecommunityguide.org/cvd/teambasedcare.html

2. Green BB, Cook AJ, Ralston JD, et al. Effectiveness of home blood pressure monitoring, Web
communication, and pharmacist care on hypertension control: a randomized controlled trial. JAMA.
2008; 299(24):2857–2867. [PubMed: 18577730]

3. Green BB, Ralston JD, Fishman PA, et al. Electronic communications and home blood pressure
monitoring (e-BP) study: design, delivery, and evaluation framework. Contemp Clin Trials. 2008;
29(3):376–395. [PubMed: 17974502]

4. Karter AJ, Parker MM, Moffet HH, Ahmed AT, Schmittdiel JA, Selby JV. New prescription
medication gaps: a comprehensive measure of adherence to new prescriptions. Health Serv Res.
2009; 44(5 Pt 1):1640–1661. [PubMed: 19500161]

5. Zou G. A modified Poisson regression approach to prospective studies with binary data. Am J
Epidemiol. 2004; 159(7):702–706. [PubMed: 15033648]

6. Levin J, Serlin R, Seaman MA. A controlled, powerful multiple-comparison strategy for several
situations. Psychol Bull. 1994; 115(1):153–159.

7. Wentzlaff DM, Carter BL, Ardery G, et al. Sustained blood pressure control following
discontinuation of a pharmacist intervention. J Clin Hypertens (Greenwich). 2011; 13(6):431–437.
[PubMed: 21649843]

8. Carter BL, Doucette WR, Franciscus CL, Ardery G, Kluesner KM, Chrischilles EA. Deterioration
of blood pressure control after discontinuation of a physician-pharmacist collaborative intervention.
Pharmacotherapy. 2010; 30(3):228–235. [PubMed: 20180606]

9. Fishman PA, Anderson ML, Cook AJ, et al. Accuracy of blood pressure measurements reported in
an electronic medical record during routine primary care visits. J Clin Hypertens (Greenwich).
2011; 13(11):821–828. [PubMed: 22051427]

Green et al. Page 3

JAMA Intern Med. Author manuscript; available in PMC 2014 July 08.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://www.thecommunityguide.org/cvd/teambasedcare.html


N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Green et al. Page 4

Ta
bl

e

B
lo

od
 P

re
ss

ur
e 

(B
P)

 O
ut

co
m

es
 1

 Y
ea

r 
A

ft
er

 I
nt

er
ve

nt
io

ns
a

V
ar

ia
bl

e
U

C
B

P
M

P
ha

rm

P
 V

al
ue

s 
fo

r 
D

if
fe

re
nc

es
 B

et
w

ee
n 

G
ro

up
s

O
ve

ra
llb

U
C

 v
s 

B
P

M
c

U
C

 v
s 

P
ha

rm
c

B
P

M
 v

s 
P

ha
rm

c

A
ll 

e-
B

P 
pa

rt
ic

ip
an

ts
 (

N
 =

 6
18

),
 N

o.
20

2
20

9
20

7

 
SB

P,
 m

ea
n 

(9
5%

 C
I)

, m
m

 H
g

 
 

U
na

dj
us

te
d 

m
ea

n
13

7.
7 

(1
35

.4
 to

 1
40

.0
)

14
0.

9 
(1

38
.6

 to
14

3.
1)

13
4.

3 
(1

32
.1

 to
 1

36
.6

)
<

.0
01

.0
5

.0
4

<
.0

01

 
 

A
dj

us
te

d 
m

ea
n 

ch
an

ge
d

−
14

.1
 (

−
16

.3
 to

 −
11

.9
)

−
10

.9
 (

−
13

.1
 to

 −
8.

7)
−

17
.7

 (
−

19
.9

 to
 −

15
.5

)
<

.0
01

.0
4

.0
2

<
.0

01

 
D

B
P,

 m
ea

n 
(9

5%
 C

I)
, m

m
 H

g

 
 

U
na

dj
us

te
d 

m
ea

n
80

.1
 (

78
.7

 to
 8

1.
6)

80
.5

 (
79

.1
 to

 8
1.

9)
78

.5
 (

77
.1

 to
 8

0.
0)

.1
3

.7
1

.1
2

.0
6

 
 

A
dj

us
te

d 
m

ea
n 

ch
an

ge
d

−
9.

2 
(−

10
.5

 to
 −

7.
9)

−
8.

4 
(−

9.
7 

to
 −

7.
1)

−
10

.2
 (

−
11

.5
 to

 −
8.

9)
.1

7
.3

8
.3

1
.0

6

 
B

P 
co

nt
ro

lle
d

 
 

U
na

dj
us

te
d,

 %
 (

95
%

 C
I)

52
 (

46
 to

 5
9)

48
 (

42
 to

 5
5)

60
 (

54
 to

 6
7)

.0
4

.4
0

.1
1

.0
1

 
 

A
dj

us
te

d 
R

R
 (

95
%

 C
I)

e
1 

[R
ef

er
en

ce
]

0.
93

 (
0.

77
 to

 1
.1

3)
1.

18
 (

0.
99

 to
 1

.4
0)

.0
2

.4
7

.0
6

.0
1

e-
B

P 
pa

rt
ic

ip
an

ts
 w

ith
 b

as
el

in
e 

SB
P 

≥1
60

 m
m

 H
g 

(n
 =

13
2)

, N
o.

44
43

45

 
SB

P,
 m

ea
n 

(9
5%

 C
I)

, m
m

 H
g

 
 

U
na

dj
us

te
d 

m
ea

n
14

4.
9 

(1
39

.7
 to

 1
50

.0
)

14
8.

9 
(1

43
.7

 to
15

4.
1)

13
5.

9 
(1

30
.8

 to
 1

41
.0

)
.0

02
.2

8
.0

2
<

.0
01

 
 

A
dj

us
te

d 
m

ea
n 

ch
an

ge
d

−
21

.1
 (

−
26

.6
 to

 −
15

.6
)

−
20

.4
 (

−
26

.0
 to

−
14

.9
)

−
31

.6
 (

−
37

.0
 to

 −
26

.3
)

.0
06

.8
6

.0
09

.0
05

 
D

B
P,

 m
ea

n 
(9

5%
 C

I)
, m

m
 H

g

 
 

U
na

dj
us

te
d 

m
ea

n
79

.9
 (

77
.0

 to
 8

2.
8)

81
.1

 (
78

.2
 to

 8
4.

1)
78

.9
 (

76
.0

 to
 8

1.
8)

.5
6

.5
6

.6
2

.2
8

 
 

A
dj

us
te

d 
m

ea
n 

ch
an

ge
d

−
10

.1
 (

−
12

.9
 to

 −
7.

2)
−

9.
7 

(−
12

.6
 to

 −
6.

9)
−

11
.8

 (
−

14
.5

 to
 −

9.
1)

.5
4

.8
6

.4
0

.3
0

 
B

P 
co

nt
ro

lle
d

 
  

U
na

dj
us

te
d,

 %
 (

95
%

 C
I)

34
 (

20
 to

 4
8)

23
 (

10
 to

 3
6)

56
 (

41
 to

 7
0)

.0
08

.2
7

.0
5

.0
05

 
 

A
dj

us
te

d 
R

R
 (

95
%

 C
I)

e
1 

[R
ef

er
en

ce
]

0.
92

 (
0.

45
 to

 1
.8

9)
1.

87
 (

1.
13

 to
 3

.1
0)

.0
01

.8
2

.0
2

.0
2

A
bb

re
vi

at
io

ns
: B

PM
, h

om
e 

bl
oo

d 
pr

es
su

re
 m

on
ito

ri
ng

; D
B

P,
 d

ia
st

ol
ic

 b
lo

od
 p

re
ss

ur
e;

 e
-B

P,
 E

le
ct

ro
ni

c 
C

om
m

un
ic

at
io

ns
 a

nd
 H

om
e 

B
lo

od
 P

re
ss

ur
e 

T
ri

al
; P

ha
rm

, p
ha

rm
ac

is
t t

ea
m

-c
ar

e;
 R

R
, r

el
at

iv
e 

ri
sk

;
SB

P,
 s

ys
to

lic
 b

lo
od

 p
re

ss
ur

e;
 U

C
, u

su
al

 c
ar

e.

a T
he

 B
Ps

 w
er

e 
av

ai
la

bl
e 

in
 th

e 
el

ec
tr

on
ic

 h
ea

lth
 r

ec
or

d 
be

tw
ee

n 
6 

an
d 

18
 m

on
th

s 
af

te
r 

th
e 

e-
B

P 
st

ud
y 

en
de

d.

b P
 v

al
ue

 f
ro

m
 a

n 
F 

te
st

 f
or

 c
on

tin
uo

us
 o

ut
co

m
es

 a
nd

 li
ke

lih
oo

d 
ra

tio
n 
χ2

 te
st

 f
or

 b
in

ar
y 

ou
tc

om
es

 f
or

 th
e 

om
ni

bu
s 

te
st

 f
or

 a
 d

if
fe

re
nc

e 
be

tw
ee

n 
an

y 
of

 th
e 

3 
st

ud
y 

gr
ou

ps
.

JAMA Intern Med. Author manuscript; available in PMC 2014 July 08.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Green et al. Page 5
c P

 v
al

ue
 f

ro
m

 a
 W

al
d 

t t
es

t f
or

 c
on

tin
uo

us
 o

ut
co

m
es

 a
nd

 a
 W

al
d 

z 
te

st
 f

or
 b

in
ar

y 
ou

tc
om

es
 c

om
pa

ri
ng

 a
 d

if
fe

re
nc

e 
be

tw
ee

n 
th

e 
2 

in
te

rv
en

tio
n 

gr
ou

ps
.

d E
st

im
at

ed
 m

ea
n 

ch
an

ge
 in

 th
e 

B
P 

ou
tc

om
e 

fr
om

 b
as

el
in

e 
in

 a
 li

ne
ar

 r
eg

re
ss

io
n 

m
od

el
 a

dj
us

te
d 

fo
r 

ba
se

lin
e 

ou
tc

om
e,

 s
ex

, B
PM

, c
lin

ic
 (

w
ith

 m
ea

n 
ba

se
lin

e 
co

va
ri

at
e 

va
lu

es
 b

as
ed

 o
n 

th
e 

en
tir

e 
ra

nd
om

iz
ed

po
pu

la
tio

n)
, a

nd
 ti

m
e 

to
 f

ol
lo

w
-u

p 
B

P 
m

ea
su

re
m

en
t.

e E
st

im
at

ed
 R

R
 c

om
pa

ri
ng

 e
ac

h 
in

te
rv

en
tio

n 
gr

ou
p 

w
ith

 U
C

 f
or

 th
e 

ou
tc

om
e 

of
 c

on
tr

ol
le

d 
B

P 
in

 a
 m

od
if

ie
d 

Po
is

so
n 

re
gr

es
si

on
 m

od
el

 a
dj

us
te

d 
fo

r 
ba

se
lin

e 
SB

P,
 s

ex
, B

PM
, c

lin
ic

, a
nd

 ti
m

e 
to

 f
ol

lo
w

-u
p 

B
P

m
ea

su
re

m
en

t.

JAMA Intern Med. Author manuscript; available in PMC 2014 July 08.


