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IMPORTANCE Only about half of patients with high blood pressure (BP) in the United States
have their BP controlled. Practical, robust, and sustainable models are needed to improve BP
control in patients with uncontrolled hypertension.

OBJECTIVES To determine whether an intervention combining home BP telemonitoring with
pharmacist case management improves BP control compared with usual care and to
determine whether BP control is maintained after the intervention is stopped.

DESIGN, SETTING, AND PATIENTS A cluster randomized clinical trial of 450 adults with
uncontrolled BP recruited from 14 692 patients with electronic medical records across 16
primary care clinics in an integrated health system inMinneapolis-St Paul, Minnesota, with 12
months of intervention and 6months of postintervention follow-up.

INTERVENTIONS Eight clinics were randomized to provide usual care to patients (n = 222)
and 8 clinics were randomized to provide a telemonitoring intervention (n = 228).
Intervention patients received home BP telemonitors and transmitted BP data to pharmacists
who adjusted antihypertensive therapy accordingly.

MAIN OUTCOMES ANDMEASURES Control of systolic BP to less than 140mmHg and diastolic
BP to less than 90mmHg (<130/80mmHg in patients with diabetes or chronic kidney
disease) at 6 and 12months. Secondary outcomes were change in BP, patient satisfaction,
and BP control at 18months (6months after intervention stopped).

RESULTS Atbaseline,enrolleeswere45%women,82%white,mean(SD)age,61.1(12.0)years;mean
systolicBP, 148mmHg;diastolicBP,85mmHg.TheproportionofpatientswithBPcontrol at both
6and 12monthswas significantly greater in the telemonitoringgroup than in theusual caregroup.

BP control

Telemonitoring
Intervention Usual Care Differential Change

From Baseline, %
(95%CI)

P
ValueNo. % (95% CI) No. % (95% CI)

6 and 12 mo 113 57.2 (44.8-68.7) 58 30.0 (23.2-37.8) 27.2 (13.4-40.0) .001

6 mo 148 71.8 (65.6-77.3) 89 45.2 (39.2-51.3) 26.6 (19.1-33.1) <.001

12 mo 141 71.2 (62.0-78.9) 102 52.8 (45.4-60.2) 18.4 (7.9-27.0) .005

18 mo 135 71.8 (65.0-77.8) 104 57.1 (51.5-62.6) 14.7 (7.0-21.4) .003

Comparedwith theusual care group, systolic BPdecreasedmore frombaseline amongpatients in
the telemonitoring interventiongroupat6months (−10.7mmHg [95%CI, −14.3 to−7.3mmHg];
P<.001), at 12months (−9.7mmHg [95%CI, −13.4 to−6.0mmHg];P<.001), andat 18months
(−6.6mmHg [95%CI, −10.7 to−2.5mmHg];P = .004).

CONCLUSIONS AND RELEVANCE Home BP telemonitoring and pharmacist casemanagement
achieved better BP control compared with usual care during 12 months of intervention that
persisted during 6months of postintervention follow-up.

TRIAL REGISTRATION clinicaltrials.gov Identifier: NCT00781365
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H igh blood pressure (BP) is the most common chronic
condition for which patients visit primary care phy-
sicians, affecting about 30% of US adults, with esti-

mated annual costs exceeding $50 billion.1,2 Decades of re-
search have shown that treatment of hypertension prevents
cardiovascular events; andmanywell-tolerated, effective, and
inexpensive drugs are readily available.3 AlthoughBP control
has improvedduring thepast 2 decades, it is controlled to rec-
ommended levels in only about half of US adults with
hypertension.4

Many types of interventions have been tested to improve
BP control. Even though most studies showed modest im-
provements in BP, recent systematic reviews summarizing
more than 3 decades of research concluded that themost po-
tentmethods to improve BP involve a reorganization of clini-
cal practice and empowerment of nonphysician practitioners
to adjust antihypertensive therapy.5-7 Nurses and pharma-
cists are botheffective in team-based care forhypertension.7,8

Home BP monitoring also has been identified as a useful
adjunct to team-based care for hypertension.9 Measurement
of BP in a patient’s home predicts cardiovascular risk better
than office BP measurement,10 and telemonitoring elimi-
nates underreporting of high home BP readings.11 Several re-
cent studies12-16 suggest that a combined intervention of tele-
medicinewithnurse- or pharmacist-led caremaybe effective
for improving hypertensionmanagement, but none included
postintervention follow-up. Also, previous studies excluded
patientswithcomorbiditiesandmoreseverehypertension.The
objectiveof theHomeBloodPressureTelemonitoringandCase
Management toControlHypertension (HyperLink) studywas
to determine the effect and durability of home BP telemoni-
toring with pharmacist case management in patients repre-
sentative of the rangeof comorbidity andhypertension sever-
ity in typical primary care practices.

Methods
Design, Setting, and Patients
A2-groupcluster randomizedclinical trial,HyperLink,wascon-
ductedatHealthPartnersMedicalGroup,amultispecialtyprac-
tice in theMinneapolis-St Paul,Minnesota,metropolitan area
that is part of an integrated health system. The trial’s ratio-
nale anddesignhavebeendescribed indetail.17 The studypro-
tocol was approved by the HealthPartners institutional re-
view board.

Electronicmedical recordswereused to identify adult pa-
tients who had elevated BP (systolic BP [SBP] ≥140mmHg or
diastolic BP [DBP] ≥90mmHg, hereafter abbreviated ≥140/90
mmHg) at the 2 most recent primary care visits in the previ-
ous year (Figure). Patients meeting these criteria received up
to 2 recruitmentmailings followed by telephone calls to non-
responders. Patients who responded were screened for eligi-
bility by telephone and in the research clinic.

During the research clinic screening, patients had to have
uncontrolled BP (≥140/90mmHg or ≥130/80mmHg if diabe-
tes or chronic kidney disease was present)3 based on the av-
erage of 3 automated measurements taken using a standard-

ized protocol.17 All patients provided verbal consent to the
telephone screening and signed a full informed consent form
at thebeginningof the research clinic visit. All recruitmentoc-
curred between March 2009 and April 2011.

Medical exclusioncriteria included stage4or 5kidneydis-
ease or ratio of albumin to creatinine of 700 mg/g or greater;
acutecoronarysyndrome,coronaryrevascularization,orstroke
within past 3 months; known secondary causes of hyperten-
sion;pregnancy;NewYorkHeartAssociationclass IIIor IVheart
failure; or known left ventricular ejection fractionof less than
30%.We also required a landline telephone initially, but near
the end of recruitment patients with only a cellular tele-
phone were permitted to enroll.

Of 21 HealthPartners primary care clinics in 2009, 16 had
amedication therapymanagement pharmacist onsite at least
once weekly.18 At these clinics, there was a clinical practice
agreement between pharmacists and primary care physi-
cians that allowed pharmacists to prescribe and change anti-
hypertensivetherapywithinspecifiedparameters.The16study
clinicswerematchedbysizeandclinic-levelBPcontrol atbase-
line and then randomly assigned to either the telemonitoring
intervention (n = 8) or usual care (n = 8).

Fourdoctoralpharmacistsworked in the interventionclin-
ics. Eachpharmacist received8hoursof formal trainingon the
studyprotocol andwasobserved conducting a telephonevisit
on 2 occasions to verify fidelity to the intervention. Patients
were linked to their clinic by self-report and then assigned to
a treatment group. All consenting patients and pharmacists
wereblindedbefore randomization,butwere informedof their
treatment assignment postrandomization.

Interventions
Each intervention patient received a home BP monitor (A&D
Medical 767PCautomatedoscillometric) that storedand trans-
mitteddata toasecurewebsiteviamodem(AMCHealth). Phar-
macists met with patients for a 1-hour, in-person visit, during
whichtheyreviewedthepatient’s relevanthistory,coveredgen-
eral teaching points about hypertension, instructed the pa-
tients on using the home BP telemonitoring system, and pro-
vided patients with an individualized home BP goal 5 mmHg
lower thantheir clinicBPgoal (ie,<135/85mmHgor<125/75mm
Hg for patients with diabetes or chronic kidney disease).19,20

Patientswere instructed to transmit at least 6BPmeasure-
ments weekly (3 in themorning and 3 in the evening). During
the first 6 months of the intervention, patients and pharma-
cistsmet every 2weeksvia telephoneuntil BPcontrolwas sus-
tained for 6 weeks, and then frequency was reduced to
monthly. During intervention months 7 through 12, tele-
phone visits occurred every 2 months. After 12 months, pa-
tients discontinued use of the telemonitors, returned to the
care of their primary physicians, and no longer received sup-
port fromastudypharmacist.Aprevious analysis21 found that
patients sent at least 6 BPmeasurements in 73% of theweeks
during the first 6months of the intervention and 88%of tele-
phone visits were conducted.

During telephone visits, pharmacists emphasized life-
style changes and medication adherence. They assessed and
adjusted antihypertensive drug therapy based on an algo-
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rithm (eTables 1 and 2 in Supplement) using the percentage of
home BP readings meeting goal.17 If at least 75% of readings
since the lastvisitmet theBPgoal,nomedicationchangeswere
generally suggested. If fewer than 75%of readingsmet the BP
goal, the algorithm recommended treatment intensification.
Regardless of BP control, if patients experienced adverse ef-
fects, the dosagewould be lowered or the drugwas switched.
Pharmacists communicatedwithpatients’ primary care teams
through the electronic medical record following each visit.

During the study period, usual care patients workedwith
theirprimarycarephysiciansas theyhad in thepast.This could
include referral to a medication therapy management phar-
macist for consultation (1-2 visits without telephone fol-
low-up or prolonged monitoring) and conventional home BP
measurement.

Outcomes
Theprimaryoutcomewas theproportionofpatientswith con-
trolled BP (ie, <140/90 mm Hg or <130/80 mm Hg if diabetes

or chronic kidney disease was present) at both the 6- and 12-
month clinic visits. Other outcomes included change in SBP
andDBPat each timepoint, patient satisfactionwith care, and
BP control at 18months (6months of postintervention follow-
up). Outcomes related to BPwere based only on BPmeasure-
ments taken at research clinic visits.

Allpatientsvisiteda researchclinic for studyscreeningand
enrollment, andat6, 12, and18monthspostbaseline for follow-
up. Research staff were not blinded to study group, but were
trained to treat patients in both groups identically. Demo-
graphic data were collected at baseline, including sex, self-
identified race/ethnicity (white, black, Asian, Hispanic, or
other), education level, household income, and marital sta-
tus. Bloodpressurewasmeasured at each research visit using
a standardized technique with an automatedmonitor identi-
cal to the home BP device. Three measurements were aver-
aged. The number and type of BPmedications were invento-
riedandself-reportedadherencewasrecordedusing the4-item
scale (modified for BP medications) by Morisky et al.22

Figure. Participant Recruitment, Enrollment, and Follow-up

1570 Patients excluded
920 Did not meet inclusion criteria a
442 Refused to participate
152 Unable to reach

56 Did not show up for assessment

12 672 Patients excluded
7361 No response
3126 Not interested
2185 Unable to reach

5 Excluded (did not have medication
therapy management services)

2020 Patients assessed for eligibility

21 HealthPartners primary care clinics
assessed for eligibility

16 Eligible clinics (14 692 potentially
eligible patients)

16 Clinics randomized
(450 eligible patients)

194 Patients included in primary outcome
analysis (8 clinics; median patients
per clinic: 24 [range, 15-36])

34 Patients excluded from primary outcome
analysis (lacked 6- or 12-mo visit)

186 Patients included in primary outcome
analysis (8 clinics; median patients
per clinic: 20 [range, 12-40])

36 Patients excluded from primary outcome
analysis (lacked 6- or 12-mo visit)

8 Clinics randomized to receive telemonitoring
intervention

8 Received intervention as randomized
(228 patients; median patients per clinic:
28 [range, 21-41])

8 Clinics randomized to receive usual care
8 Received intervention as randomized

(222 patients; median patients per clinic:
24 [range, 14-52])

18 Patients lost to follow-up
206 Followed up at 6 mo
197 Followed up at 12 mo
188 Followed up at 18 mo

0 Clinics discontinued intervention

19 Patients lost to follow-up
197 Followed up at 6 mo
191 Followed up at 12 mo
182 Followed up at 18 mo

0 Clinics discontinued intervention

aOf the 920who did not meet
inclusion criteria, 652 did not have
elevated blood pressure, 126 did not
have a landline telephone, 107 had
medical exclusions, and 35 changed
clinics or were not study clinic
patients.
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Survey data collected at research visits included quality
of life and general healthmeasured by theMedical Outcomes
Study Short Form 12 questionnaire (version 2); and self-
efficacy formanagingBPwasmeasuredby a 13-itemsubset of
questions assessingperceived self-efficacy.13,23 Six itemswere
selected from the Consumer Assessment of Healthcare Pro-
viders and Systems adult survey (version 4) regarding satis-
faction with care.24

Safetywas assessed at each research visit by collecting all
reports of hospitalizations and reports of emergency depart-
ment, urgent care, and same-daymedical visits for problems
related toelevatedBP,hypotension, fainting, lossof conscious-
ness, andallergic reactions.Medical recordsof eventswere re-
viewedby a physicianunrelated to the studywith experience
assessing adverse events for trials. The severity of the event
andprobability of its relationship to the study treatmentwere
assessed using 5-point scales.

Direct Program Cost Estimate
All patient encounterswith studypharmacistswere logged in
a database. The pharmacist recorded time spent during en-
counters with patients, previsit time reviewing BP telemoni-
toring data andpreparing for the telephone call, andpostvisit
timedocumenting theencounter.Monthly time logswereused
to reimburse the pharmacy department for the participation
of their staff in the study. The price for home BP telemonitor-
ing was negotiated prior to the start of the trial, with a fixed
per-patient enrollment fee and amonthly telemonitoring rate
basedon the 12-month interventionperiod. Theprogramcost
estimates excluded patient time, pharmacy, laboratory tests,
and nonstudy encounters.

Sample Size and Statistical Analysis
This studywas powered at 80% (2-sided test α level of .05) to
detect a difference in the proportion of patients with con-
trolledBPat both6 and 12months in40%receivingusual care
and60%receivingthetelemonitoring intervention.Thesample
sizewas based on recruitment of 450 patients from 16 clinics,
of whom 405 (90%) would complete the 6-month clinic visit
and360 (80%)wouldcompleteboth the6- and12-monthclinic
visits.

Generalized linearmixedmodelswitha logit linkandaran-
dom intercept for clinic were used to test the effect of the in-
tervention on the binary outcomes of BP control at 6, 12, and
18monthsandatcomposite timepointsof6and12months,and
6, 12, and 18months. For continuous and binarymeasures ob-
tainedover time, general andgeneralized linearmixedmodels
were used with a time (baseline, 6 months, 12 months, 18
months) × study group interaction termand an additional ran-
dom term tomodel the repeatedmeasures from baseline to 6,
12, and 18months, assuming data weremissing at random.

To account for missing data on continuous outcomes,
maximumlikelihood-based ignorablemethodswereused that
yieldvalid inferencewhentheoutcomedataaremissingat ran-
dom. Sensitivity analyses were conducted, adjusting for race
and hypertension treatment, which showed some imbalance
by study group. All analyseswere 2-sided and P values of less
than .05wereconsideredstatisticallysignificant.Multiplecom-

parisons of BP control and changes in BP were controlled for
using the Holm step-down procedure. Corrections for mul-
tiple comparisons were not conducted for other outcomes.

Results
In total, 14 692 potentially eligible patients were identified
using electronic medical record data (Figure). Of those, 2020
expressed interest in participating and agreed to be screened
by telephone; 650patients didnot complete screening.Of the
1370whocompleted screening, 920were excluded,mostly for
nonelevatedBP. In total, 450patientswereenrolledand linked
to their primary care clinic by self-report. Of these, 228 pa-
tients were assigned to the telemonitoring intervention and
222 patients were assigned to usual care.

The mean (SD) research clinic follow-up time from base-
line visit to 6 months was 187.7 (16.9) days, baseline to 12
months was 368.7 (17.3) days, and baseline to 18 months was
547.7 (15.0) days. Missing a research clinic visit at 6, 12, or 18
monthswas not associatedwith study group, baseline SBP or
DBP level, or baseline BPmedication adherence (data not re-
ported).

At baseline, the 450 participants had a mean (SD) age of
61.1 (12.0) years, 45% were women, and 82% were white
(Table 1). Nearly half (48%)hadearned a collegedegree.Many
patientshadcomorbidconditions, includingobesity (54%),dia-
betes (19%), chronic kidney disease (19%), or a history of car-
diovasculardisease (10%).Atbaseline,meanBPwas148/85mm
Hg and patients reported taking a mean (SD) of 1.5 (1.2) anti-
hypertensivedrug classes. Therewere significantlymoreHis-
panic patients in the usual care group (P = .009). Patients in
the telemonitoring intervention group were somewhat more
likely to report receivinghypertensioncareatbaseline (P = .07).

Theproportionsofpatientsattending follow-upvisitswere
90%for the telemonitoring interventionand89%forusual care
at 6months, 86% inbothgroupsat 12months, and82% inboth
groups at 18months (Figure). By studydesign, all patientshad
uncontrolled BP at baseline. Among the 380 patients attend-
ing both the 6- and 12-month visits, the proportions of pa-
tients with controlled BP at both visits were 57.2% (95% CI,
44.8%-68.7%) in the telemonitoring intervention group and
30.0% (95%CI, 23.2%-37.8%) in theusual care group (P = .001;
Table 2). Under the assumption that all 70 patients with nei-
thera6-monthnora12-monthvisithaduncontrolledBPatboth
timepoints,BPwascontrolledatboth6and12months in48.5%
(95%CI,37.0%-60.1%)of the telemonitoring interventiongroup
and 25.1% (95% CI, 20.0%-31.0%) of the usual care group
(P = .001).

At 6 months, BP was controlled in 71.8% (95% CI, 65.6%-
77.3%) of the telemonitoring intervention group and 45.2%
(95%CI, 39.2%-51.3%) of the usual care group (P < .001). At 12
months, BPwas controlled in 71.2% (95%CI, 62.0%-78.9%) of
the telemonitoring intervention group and 52.8% (95% CI,
45.4%-60.2%)of theusual care group (P = .005).At 18months,
BPwas controlled in 71.8% (95%CI, 65.0%-77.8%) of the tele-
monitoring intervention group and 57.1% (95% CI, 51.5%-
62.6%) of the usual care group (P = .003).
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Amongthe362patientsattendingall clinicvisitsat6, 12,and
18months, theproportionsofpatientswith controlledBPat all
visitswere 50.9% (95%CI, 36.9%-64.8%) in the telemonitoring

interventiongroupand21.3%(95%CI, 14.4%-30.4%) intheusual
care group (P = .002). Under the assumption that all 88 pa-
tientswith1ormoremissingvisitshaduncontrolledBPat those

Table 1. Baseline Characteristics of Patientsa

All
(N = 450)

Telemonitoring
Intervention
(n = 228)

Usual Care
(n = 222)

Age, mean (SD), y 61.1 (12.0) 62.0 (11.7) 60.2 (12.2)

Female sex 201 (44.7) 103 (45.2) 98 (44.1)

Race/ethnicity

White 368 (81.8) 191 (83.8) 177 (79.7)

Black 53 (11.8) 24 (10.5) 29 (13.1)

Asian 7 (1.6) 4 (1.8) 3 (1.4)

Otherb 22 (4.9) 9 (4.0) 13 (5.9)

Hispanic 10 (2.2) 1 (0.4) 9 (4.1)

Education levelc

≤High school or GED 76 (17.4) 36 (16.3) 40 (18.6)

Some college or technical school 151 (34.6) 72 (32.6) 79 (36.7)

4-y College degree 82 (18.8) 46 (20.8) 36 (16.7)

>4-y College degree 127 (29.1) 67 (30.3) 60 (27.9)

Paid work statusc

Full-time 176 (40.5) 86 (38.9) 90 (42.1)

Part-time 53 (12.2) 28 (12.7) 25 (11.7)

Not working 43 (9.9) 20 (9.1) 23 (10.8)

Retired 163 (37.5) 87 (39.4) 76 (35.5)

Married or living with partnerc 301 (69.2) 160 (72.4) 141 (65.9)

Household income, $c

<30 000 65 (17.0) 34 (18.2) 31 (15.9)

30 000-49 999 63 (16.5) 27 (14.4) 36 (18.5)

50 000-99 999 150 (39.3) 69 (36.9) 81 (41.5)

≥100 000 104 (27.2) 57 (30.5) 47 (24.1)

Body mass indexc,d

Normal (18.5-24.9) 66 (14.9) 36 (16.1) 30 (13.6)

Overweight (25-29.9) 137 (30.9) 71 (31.7) 66 (30.0)

Obese (≥30) 241 (54.3) 117 (52.2) 124 (56.4)

Smoked in last 30 dc 49 (11.0) 24 (10.7) 25 (11.4)

Comorbidities affecting BP goal

Diabetes 86 (19.1) 46 (20.2) 40 (18.0)

Chronic kidney disease 84 (18.6) 47 (20.6) 37 (16.7)

Diabetes or chronic kidney disease 146 (32.4) 81 (35.5) 65 (29.3)

History of cardiovascular diseasee 43 (9.6) 23 (10.1) 20 (9.0)

Estimated GFR <60 mL/min/1.73 m2c 71 (15.9) 39 (17.1) 32 (14.6)

Ratio of urine albumin to creatinine ≥30 mg/gc 88 (19.6) 46 (20.2) 42 (19.1)

Received medical care for hypertension in past 12
moc 279 (63.3) 151 (67.4) 128 (59.0)

Antihypertensive drug classes

0 118 (26.2) 54 (23.7) 64 (28.8)

1 116 (25.8) 56 (24.6) 60 (27.0)

2 115 (25.6) 63 (27.6) 52 (23.4)

3 78 (17.3) 42 (18.4) 36 (16.2)

≥4 23 (5.1) 13 (5.7) 10 (4.5)

Antihypertensive drug classes, mean (SD) 1.5 (1.2) 1.6 (1.2) 1.4 (1.2)

BP, mean (SD), mm Hg

Systolic 147.9 (13.0) 148.2 (12.9) 147.7 (13.2)

Diastolic 84.7 (11.6) 84.5 (11.7) 84.9 (11.5)

Abbreviations: BP, blood pressure;
GED, general equivalency diploma;
GFR, glomerular filtration rate.
a Values are expressed as number
(percentage) unless otherwise
indicated.

b Includes American Indian, mixed
race, or other.

c Missing data for beween 2 and 18
patients.

d Calculated as weight in kilograms
divided by height in meters
squared.

e Indicates patients who have ever
had amyocardial infarction, stroke,
heart bypass surgery, cardiac stent,
or balloon angioplasty.
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time points, BP was controlled at all visits in 40.9% (95% CI,
29.7%-53.1%)ofthetelemonitoringinterventiongroupand17.2%
(95% CI, 11.9%-24.3%) of the usual care group (P = .002).

The mean difference in SBP change between the
telemonitoring intervention group and the usual care group
was −10.7 mm Hg (95% CI, −14.3 to −7.3 mm Hg) at 6 months
(P < .001); −9.7 mm Hg (95% CI, −13.4 to −6.0 mm Hg) at 12
months (P < .001); and −6.6 mm Hg (95% CI, −10.7 to −2.5
mm Hg) at 18 months (P = .004) (Table 3). The mean differ-
ence in DBP change between the telemonitoring intervention
group and the usual care group was −6.0 mm Hg (95% CI,
−8.6 to −3.4 mm Hg) at 6 months (P<.001); −5.1 mm Hg (95%
CI, −7.4 to −2.8 mm Hg) at 12 months (P<.001); and −3.0 mm
Hg (95% CI, −6.3 to 0.3 mmHg) at 18 months (P = .07). Inclu-
sion of Hispanic ethnicity and receiving care for hyperten-
sion in the past 12 months at baseline as covariates in the
models predicting BP control and change in BP values
showed trivial differences in the model coefficients and P
values (data not reported).

Themeannumberof antihypertensivemedication classes
increased from 1.6 (95% CI, 1.4-1.8) at baseline to 2.2 (95% CI,
2.0-2.4) at 6months in the telemonitoring interventiongroup,
and from 1.4 (95% CI, 1.2-1.6) at baseline to 1.6 (95% CI, 1.4-
1.8) at 6months in theusual care group (P<.001;Table 4),with
similar differences persisting through 18 months. Between
baseline and 6months, self-reported adherence to hyperten-

sion medications increased among patients in the telemoni-
toring interventiongroupanddecreasedamongpatients in the
usual care group (P = .04), but did not differ significantly be-
tween groups at 12 and 18 months.

About half of all patients used a home BP monitor in the
past 12months at baseline, and therewas little change among
the usual care patients. During the 12-month intervention,
home BP monitor use was nearly universal in the telemoni-
toring interventiongroup,butdecreasedto71%(95%CI,63.0%-
78.6%) at 18 months.

Among patients receiving any medical care in the previ-
ous period, overall satisfaction with care was similar in both
groups. Satisfaction itemsconcerningclinicians listeningcare-
fully, explaining things clearly, and respecting what the pa-
tient said showed larger improvements amongpatients in the
telemonitoring interventiongroup than in theusual caregroup
at 6months, but not at 12 or 18months. Functional status did
not differ by study group.

Self-efficacyquestions indicated telemonitoring interven-
tionpatientsweresubstantiallymoreconfident thanusual care
patients that they could communicate with their health care
team, integrate home BPmonitoring in their weekly routine,
follow theirmedication regimen, andkeep theirBPunder con-
trol. Telemonitoring intervention patients self-reported add-
ing less salt to food than usual care patients at all time points,
but other lifestyle factors did not differ.

Table 3. Blood Pressure (BP) Reduction FromBaseline

Telemonitoring Intervention Usual Care
Differential Change
From Baseline,
Mean (95% CI)

P
ValueaMean (95% CI)

Reduction From
Baseline,

Mean (95% CI) Mean (95% CI)

Reduction From
Baseline,

Mean (95% CI)
Systolic BP, mm Hg

At baseline 148.2 (146.3 to 150.0) 147.7 (145.8 to 149.5)

At 6 mo 126.7 (124.4 to 129.0) −21.5 (−23.9 to −19.1) 136.9 (134.6 to 139.2) −10.8 (−13.3 to −8.3) −10.7 (−14.3 to −7.3) <.001

At 12 mo 125.7 (123.4 to 128.0) −22.5 (−25.1 to −19.9) 134.8 (132.5 to 137.2) −12.9 (−15.5 to −10.2) −9.7 (−13.4 to −6.0) <.001

At 18 mo 126.9 (124.3 to 129.4) −21.3 (−24.2 to −18.4) 133.0 (130.4 to 135.5) −14.7 (−17.6 to −11.8) −6.6 (−10.7 to −2.5) .004

Diastolic BP, mm Hg

At baseline 84.4 (82.3 to 86.6) 85.1 (82.9 to 87.3)

At 6 mo 75.0 (72.9 to 77.2) −9.4 (−11.1 to −7.6) 81.7 (79.5 to 84.0) −3.4 (−5.2 to −1.5) −6.0 (−8.6 to −3.4) <.001

At 12 mo 75.1 (72.8 to 77.4) −9.3 (−11.0 to −7.7) 80.8 (78.5 to 83.2) −4.3 (−5.9 to −2.7) −5.1 (−7.4 to −2.8) <.001

At 18 mo 75.1 (73.0 to 77.2) −9.3 (−11.7 to −7.0) 78.7 (76.6 to 80.9) −6.4 (−8.7 to −3.9) −3.0 (−6.3 to 0.3) .07
a Calculated using time × study group interaction term, indicating differential reduction from baseline by study group.

Table 2. Composite and Blood Pressure (BP) Control

Telemonitoring Intervention Usual Care Differential Change
From Baseline,
% (95% CI) P Valuea

No. of
Patients % (95% CI)

No. of
Patients % (95% CI)

Composite BP control

At 6 and 12 mo 113 57.2 (44.8-68.7) 58 30.0 (23.2-37.8) 27.2 (13.4-40.0) .001

At 6, 12, and 18 mo 96 50.9 (36.9-64.8) 42 21.3 (14.4-30.4) 29.6 (13.1-46.0) .002

BP control

At 6 mo 148 71.8 (65.6-77.3) 89 45.2 (39.2-51.3) 26.6 (19.1-33.1) <.001

At 12 mo 141 71.2 (62.0-78.9) 102 52.8 (45.4-60.2) 18.4 (7.9-27.0) .005

At 18 mo 135 71.8 (65.0-77.8) 104 57.1 (51.5-62.6) 14.7 (7.0-21.4) .003
a Study group difference for composite BP control and at each individual time point.
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Table 4. Other Study Outcomesa

Telemonitoring Intervention Usual Care
At Baseline
(n = 228)

At 6mo
(n = 206)

At 12mo
(n = 197)

At 18mo
(n = 188)

At Baseline
(n = 222)

At 6mo
(n = 197)

At 12mo
(n = 191)

At 18mo
(n = 182)

Medical history

No. of hyperten-
sion medication
classesb

1.6
(1.4 to 1.8)

2.2
(2.0 to 2.4)

2.2
(2.0 to 2.4)

2.2
(2.0 to 2.4)

1.4
(1.2 to 1.6)

1.6
(1.4 to 1.8)

1.6
(1.4 to 1.8)

1.7
(1.5 to 1.9)

Change from
baselineb

0.66
(0.53 to 0.78)c

0.63
(0.49 to 0.77)c

0.62
(0.46 to 0.77)d

0.16
(0.04 to 0.29)

0.22
(0.07 to 0.36)

0.26
(0.10 to 0.42)

Prescribed any
hypertension
medicationse

76.8
(66.1 to 84.9)

94.5
(88.9 to 97.4)

94.6
(89.2 to 97.4)

94.9
(89.4 to 97.6)

73.0
(61.2 to 82.1)

79.3
(68.6 to 87.0)

80.3
(70.6 to 87.3)

81.1
(71.2 to 88.1)

Change from
baselinee

17.7
(13.0 to 20.3)d

17.8
(13.3 to 20.7)d

18.1
(13.5 to 20.8)f

6.3
(−2.1 to 12.7)

7.3
(−0.8 to 13.8)

8.1
(−0.3 to 14.2)

Perfect self-re-
ported adherence
to hypertension
medicatione,g

66.7
(58.5 to 74.0)

77.4
(70.2 to 83.3)

68.6
(60.6 to 75.6)

71.6
(63.3 to 78.6)

66.9
(58.1 to 74.6)

61.0
(51.9 to 69.4)

63.7
(54.8 to 71.7)

62.6
(53.1 to 71.3)

Change from
baselinee

10.7
(1.5 to 17.9)f

1.9
(−8.5 to 10.8)

4.9
(−5.4 to 13.3)

−5.9
(−17.8 to 4.8)

−3.2
(−14.9 to 7.0)

−4.3
(−16.2 to 6.2)

Used home BP
monitor in past
12 mo at baseline
or in past 6 moe

50.6
(42.4 to 58.8)

94.1
(89.1 to 96.9)

95.4
(90.7 to 97.7)

71.4
(63.0 to 78.6)

42.8
(34.7 to 51.3)

43.7
(35.2 to 52.6)

42.8
(34.9 to 51.2)

50.7
(41.7 to 59.7)

Change from
baselinee

43.5
(38.7 to 46.2)c

44.8
(40.0 to 47.0)c

20.8
(11.8 to 28.5)

0.9
(−8.4 to 10.6)

0
(−10.3 to 10.2)

7.0
(−2.6 to 17.0)

Satisfactionwith careh

Overall rating of
health careb,i

4.3
(4.2 to 4.4)

4.6
(4.4 to 4.7)

4.5
(4.4 to 4.6)

4.5
(4.4 to 4.7)

4.3
(4.1 to 4.4)

4.4
(4.2 to 4.5)

4.4
(4.3 to 4.6)

4.4
(4.3 to 4.5)

Change from
baselineb

0.27
(0.16 to 0.39)

0.22
(0.08 to 0.35)

0.26
(0.13 to 0.38)

0.11
(−0.01 to 0.23)

0.18
(0.14 to 0.32)

0.15
(0.03 to 0.28)

Clinicians listened
carefullyb,j

3.5
(3.4 to 3.6)

3.7
(3.6 to 3.8)

3.6
(3.5 to 3.8)

3.6
(3.5 to 3.8)

3.5
(3.4 to 3.7)

3.5
(3.4 to 3.7)

3.6
(3.5 to 3.7)

3.7
(3.5 to 3.8)

Change from
baselineb

0.20
(0.11 to 0.31)d

0.13
(0.03 to 0.23)

0.13
(0.01 to 0.24)

0.01
(−0.10 to 0.11)

0.05
(−0.05 to 0.15)

0.12
(0.01 to 0.22)

Clinicians ex-
plained things
clearlyb,j

3.7
(3.6 to 3.7)

3.8
(3.7 to 3.9)

3.8
(3.7 to 3.8)

3.7
(3.6 to 3.7)

3.6
(3.5 to 3.7)

3.6
(3.5 to 3.7)

3.7
(3.6 to 3.8)

3.7
(3.6 to 3.8)

Change from
baselineb

0.12
(0.02 to 0.22)f

0.09
(−0.01 to 0.19)

0.09
(−0.01 to 0.19)

−0.03
(−0.13 to 0.07)

0.10
(0.01 to 0.20)

0.13
(0.02 to 0.23)

Clinicians re-
spected what
patient saidb,j

3.6
(3.5 to 3.7)

3.8
(3.7 to 3.9)

3.8
(3.6 to 3.9)

3.7
(3.6 to 3.9)

3.7
(3.6 to 3.8)

3.7
(3.6 to 3.9)

3.7
(3.6 to 3.8)

3.7
(3.6 to 3.9)

Change from
baselineb

0.19
(0.10 to 0.28)f

0.14
(0.05 to 0.23)

0.11
(−0.02 to 0.24)

0.02
(−0.07 to 0.12)

0.01
(−0.08 to 0.11)

0.07
(−0.06 to 0.20)

Clinicians spent
enough time with
patientb,j

3.4
(3.3 to 3.6)

3.6
(3.5 to 3.8)

3.6
(3.4 to 3.7)

3.6
(3.5 to 3.7)

3.5
(3.4 to 3.7)

3.6
(3.4 to 3.7)

3.6
(3.5 to 3.8)

3.7
(3.5 to 3.8)

Change from
baselineb

0.20
(0.07 to 0.31)

0.11
(−0.03 to 0.25)

0.17
(0.06 to 0.28)

0.04
(−0.08 to 0.17)

0.13
(−0.01 to 0.27)

0.15
(0.03 to 0.26)

Had problems
getting needed
care b,j

1.7
(1.5 to 1.9)

1.9
(1.6 to 2.1)

1.9
(1.6 to 2.1)

1.8
(1.5 to 2.1)

1.9
(1.6 to 2.1)

2.0
(1.8 to 2.3)

1.9
(1.7 to 2.2)

1.9
(1.7 to 2.2)

Change from
baselineb

0.15
(−0.09 to 0.39

0.15
(−0.15 to 0.45)

0.07
(−0.22 to 0.35)

0.18
(−0.07 to 0.43)

0.04
(−0.26 to 0.35)

0.05
(−0.24 to 0.34)

Physical andmental function

SF-12 physicalb,k 48.0
(45.8 to 50.2)

47.5
(45.2 to 49.8)

47.2
(44.8 to 49.5)

47.4
(45.1 to 49.7)

47.3
(45.1 to 49.6)

46.2
(43.9 to 48.5)

46.6
(44.3 to 49.0)

46.6
(44.2 to 48.9)

Change from
baselineb

−0.50
(−1.56 to 0.56)

−0.84
(−2.00 to 0.32)

−0.54
(−1.77 to 0.69)

−1.17
(−2.26 to 0.07)

−0.72
(−1.90 to 0.45)

−0.82
(−2.09 to 0.45)

SF-12 mentalb,k 52.2
(50.7 to 53.8)

52.5
(51.0 to 54.0)

52.1
(50.4 to 53.8)

53.7
(52.3 to 55.1)

51.2
(49.6 to 52.8)

51.3
(49.8 to 52.9)

50.5
(48.8 to 52.3)

51.8
(50.3 to 53.2)

Change from
baselineb

0.25
(−0.88 to 1.38)

−0.05
(−1.83 to 0.78)

1.51
(−0.18 to 2.40)

0.09
(−1.08 to 1.26)

−0.78
(−2.11 to 0.55)

0.50
(−0.83 to 1.84)

Self-efficacy

Can communicate
with nurse or
pharmacistb,l

4.4
(4.3 to 4.5)

4.5
(4.4 to 4.6)

4.4
(4.3 to 4.5)

4.5
(4.4 to 4.7)

4.4
(4.3 to 4.5)

4.4
(4.2 to 4.5)

4.4
(4.2 to 4.5)

4.5
(4.3 to 4.6)

Change from
baselineb

0.09
(−0.01 to 0.18)

−0.02
(−0.14 to 0.11)

0.12
(0.02 to 0.21)

−0.03
(−0.12 to 0.07)

−0.02
(−0.15 to 0.11)

0.05
(−0.05 to 0.15)

(continued)

Research Original Investigation Effect of Home Blood Pressure Telemonitoring

52 JAMA July 3, 2013 Volume 310, Number 1 jama.com

Downloaded From: http://jama.jamanetwork.com/ on 07/05/2013



AMCHEALTH.COM   |  10

PEER REVIEWED STUDY

Table 4. Other Study Outcomesa (continued)

Telemonitoring Intervention Usual Care
At Baseline
(n = 228)

At 6mo
(n = 206)

At 12mo
(n = 197)

At 18mo
(n = 188)

At Baseline
(n = 222)

At 6mo
(n = 197)

At 12mo
(n = 191)

At 18mo
(n = 182)

Can communicate
with health care
teamb,l

4.4
(4.2 to 4.5)

4.5
(4.3 to 4.6)

4.4
(4.2 to 4.5)

4.5
(4.4 to 4.6)

4.4
(4.2 to 4.5)

4.3
(4.2 to 4.4)

4.4
(4.3 to 4.6)

4.5
(4.3 to 4.6)

Change from
baselineb

0.08
(−0.02 to 0.18)f

−0.02
(−0.13 to 0.10)

0.11
(−0.01 to 0.21)

−0.06
(−0.16 to 0.04)

0.07
(−0.04 to 0.18)

0.09
(−0.01 to 0.20)

Can integrate
home BP moni-
toring in weekly
routineb,l

4.6
(4.4 to 4.7)

4.7
(4.5 to 4.9)

4.2
(4.0 to 4.4)

4.0
(3.8 to 4.2)

4.5
(4.3 to 4.6)

3.8
(3.6 to 4.0)

3.7
(3.5 to 3.9)

4.0
(3.8 to 4.2)

Change from
baselineb

0.16
(−0.04 to 0.37)c

−0.34
(−0.54 to 0.14)d

−0.51
(−0.72 to 0.30)

−0.69
(−0.90 to 0.48)

−0.77
(−0.97 to 0.57)

−0.50
(−0.71 to 0.28)

Can follow medi-
cation regimenb,l

4.7
(4.6 to 4.9)

4.8
(4.7 to 4.9)

4.7
(4.6 to 4.8)

4.8
(4.7 to 4.9)

4.7
(4.6 to 4.8)

4.5
(4.4 to 4.6)

4.6
(4.5 to 4.7)

4.6
(4.5 to 4.7)

Change from
baselineb

0.05
(−0.05 to 0.15)f

−0.08
(−0.20 to 0.05)

0.05
(−0.06 to 0.16)

−0.15
(−0.26 to 0.04)

−0.09
(−0.21 to 0.04)

−0.07
(−0.19 to 0.04)

Can keep BP un-
der controlb,l

3.8
(3.7 to 4.0)

4.2
(4.1 to 4.4)

4.2
(4.0 to 4.3)

4.3
(4.2 to 4.4)

3.9
(3.7 to 4.0)

3.9
(3.7 to 4.0)

3.9
(3.7 to 4.0)

4.0
(3.9 to 4.1)

Change from
baselineb

0.40
(0.24 to 0.55)d

0.34
(0.19 to 0.50)d

0.47
(0.30 to 0.63)f

0.01
(−0.15 to 0.16)

0.01
(−0.14 to 0.17)

0.15
(−0.02 to 0.32)

Lifestyle change

Smoked in past
30 de

7.0
(2.2 to 19.9)

5.5
(1.7 to 16.5)

6.1
(2.0 to 16.8)

4.4
(1.3 to 14.0)

10.3
(3.5 to 26.7)

10.7
(3.6 to 27.9)

9.0
(3.2 to 23.1)

9.7
(3.2 to 25.6)

Change from
baselinee

−1.5
(−4.1 to 3.2)

−1.0
(−4.7 to 3.5)

−2.6
(−5.1 to 1.6)

0.4
(−4.3 to 8.4)

−1.3
(−5.9 to 5.6)

−0.6
(−4.9 to 7.2)

Add salt daily
after served at
tablee

21.1
(15.3 to 28.3)

10.3
(6.4 to 16.3)

10.4
(6.1 to 17.1)

12.3
(7.8 to 18.9)

19.4
(13.8 to 26.6)

18.9
(13.1 to 26.4)

20.9
(3.7 to 15.1)

19.3
(13.3 to 27.2)

Change from
baselinee

−10.8
(−14.9 to −4.4)f

−10.7
(−14.8 to −4.1)f

−8.8
(−13.5 to −1.6)

−0.5
(−8.2 to 6.9)

1.4
(−5.8 to 10.2)

−0.2
(−7.0 to 8.7)

Add salt daily
when preparing
foode

27.3
(20.6 to 35.2)

15.3
(10.2 to 22.1)

13.4
(8.7 to 20.1)

13.8
(9.3 to 20.2)

23.3
(17.0 to 31.0)

25.4
(18.5 to 33.7)

24.6
(17.9 to 32.8)

23.3
(17.2 to 30.8)

Change from
baselinee

−12.0
(−17.3 to −4.7)f

−13.9
(−18.6 to −6.7)f

−13.5
(−18.4 to −6.2)f

2.1
(−5.5 to 11.5)

1.3
(−6.3 to 10.5)

0
(−8.3 to 9.4)

≥7 Alcohol
drinks/wke

20.4
(13.6 to 29.5)

16.7
(10.6 to 25.3)

18.2
(11.5 to 27.7)

15.8
(9.8 to 24.4)

18.4
(11.9 to 27.3)

15.0
(9.2 to 23.4)

13.1
(7.7 to 21.3)

13.0
(7.7 to 21.1)

Change from
baselinee

−3.7
(−9.5 to 4.3)

−2.2
(−8.5 to 6.1)

−4.6
(−10.5 to 3.1)

−3.4
(−8.9 to 4.3)

−5.3
(−10.1 to 2.1)

−5.5
(−11.0 to 1.6)

Body mass
indexb,m

31.3
(30.2 to 32.5)

31.4
(30.2 to 32.5)

31.6
(30.4 to 32.7)

31.6
(30.5 to 32.8)

31.7
(30.5 to 32.8)

31.7
(30.5 to 32.9)

31.7
(30.5 to 32.9)

31.5
(30.4 to 32.7)

Change from
baselineb

0.05
(−0.20 to 0.31)

0.27
(−0.01 to 0.55)

0.36
(0.03 to 0.68)f

0.04
(−0.22 to 0.30)

0.05
(−0.23 to 0.33)

−0.15
(−0.48 to 0.18)

Physical activity
meets CDC
guidelinese,n

34.3
(25.4 to 44.5)

39.6
(29.9 to 50.3)

43.1
(34.1 to 52.6)

36.5
(28.2 to 45.7)

32.3
(23.5 to 42.6)

30.7
(21.9 to 41.3)

39.9
(31.0 to 49.4)

37.7
(29.1 to 47.3)

Change from
baselinee

5.3
(−3.6 to 15.0)

8.8
(−0.5 to 18.7)

2.2
(−6.6 to 12.0)

−1.6
(−9.7 to 7.9)

7.5
(−1.6 to 17.4)

5.3
(−4.4 to 14.8)

Abbreviation: BP, blood pressure.
a Model-based results from general and generalized linear mixedmodels
predicting outcome from study group, time, and group × time interaction. The
P values indicated in footnotes c, d, and f were calculated using the
time × study group interaction term, indicating differential change by study
group from baseline to 6months, baseline to 12 months, or baseline to 18
months.

bValues expressed as mean (95% confidence interval).
c Comparison yielded a P value of less than .001.
d Comparison yielded a P value of less than .01.
e Values expressed as percentage (95% confidence interval).
f Comparison yielded a P value of less than .05.
g Limited to 330 patients at baseline, 336 at 6months, 332 at 12 months, and
317 at 18months. Assigned a score between 0 and 4 based on 4 questions
about nonadherence. Each positive response is 1 point; on scale of 0 to 4, 0 is
perfect self-reported adherence.22

h Limited to patients who reported receiving health care in past 12 months at

baseline (n = 425), in past 6months at 6-month clinic visit (n = 334), in past 6
months at 12-month clinic visit (n = 303), and in past 6months at 18-month
clinic visit (n = 272). Includes selected items from the Consumer Assessment
of Healthcare Providers and Systems (CAHPS) survey.24

i Data are from the CAHPS survey; items answered were scored on a scale of 0
to 5, with 0 indicating the worst and 5 the best.

j Data are from the CAHPS survey; items answered were scored on a scale of 1
to 4, with 1 indicating never, 2 for sometimes, 3 for usually, and 4 for always.

k Data are from theMedical Outcomes Study Short Form 12 (SF-12) survey; items
were scored on scale of 0 to 100, with 100 indicating highest levels of
health.23

l Items answered were scored on scale of 1 to 5, with 1 indicating not confident
and 5 indicating very confident.13

m Calculated as weight in kilograms divided by height in meters squared.
n Based on US Centers for Disease Control and Prevention (CDC) guidelines for
moderate intensity physical activity in adults.

Effect of Home Blood Pressure Telemonitoring Original Investigation Research

jama.com JAMA July 3, 2013 Volume 310, Number 1 53

Downloaded From: http://jama.jamanetwork.com/ on 07/05/2013



AMCHEALTH.COM   |  11

PEER REVIEWED STUDY

There were 109 adverse events reported, 60 in usual care
and 49 in the telemonitoring intervention. Most events were
noncardiovascular hospitalizations. There were 2 allergic re-
actions attributed toBPmedicine inusual carepatients. There
were 7 events related tohypotension, dizziness, or loss of con-
sciousness (6 in the telemonitoring intervention group and 1
in the usual care group), and 5 events related to hypertension
(4 in the usual care group and 1 in the telemonitoring inter-
vention group).

All the hypotension-related events in the telemonitoring
interventiongroupoccurredamongpatientswith the lowerBP
goal of less than 130/80mmHg due to having either diabetes
or chronic kidney disease. Other cardiovascular events in-
cluded: 7 strokes (5 in the usual care group and 2 in the tele-
monitoring intervention group), 3 transient ischemic attacks
(all in the usual care group), 2 episodes of atrial fibrillation (1
in the usual care group and 1 in the telemonitoring interven-
tion group), 1 myocardial infarction (in the usual care group),
1 episodeof angina (in the telemonitoring interventiongroup),
and 2 cardiac bypass surgeries (both in the usual care group).

Direct program costs per patient in the intervention group
were$1045duringthe12-month interventionperiod.Abouthalf
(48%)ofprogramcostswere for caremanagement servicesand
the remainder were for telemonitoring services; however, the
study receiveddiscountedpricing for research fromthe telem-
onitoringvendor. In the telemonitoring interventiongroup, all
228patientsusedpharmacist services,withamean (SD)of 11.4
(3.9)visitsandeachvisit lasting34.2minutesperencounter;and
217 used telemonitoring services, with amean (SD) of 9.8 (2.5)
months of actual use. Under prevailing market rates and this
level of telemonitoring use, we estimate that direct program
costs would total about $1350 per patient.

Discussion
Our results showthat comparedwithusualprimarycare,home
BP telemonitoring with pharmacist management resulted in
large improvements in BP control and substantial decreases
in BP during 12 months. Compared with usual care patients,
telemonitoring intervention patients had greater antihyper-
tensivemedication intensificationandbetter self-reportedad-
herence to antihypertensive medication and sodium restric-
tion. The intervention also improved some aspects of patient
satisfactionandappeared tohaveanacceptable level of safety.

Unique features of our study were the primary outcome
of composite BP control at 6 and 12months, themaintenance
intervention frommonths6 to 12, and the extendedpostinter-
vention follow-up at 18months.We selected a composite pri-
maryoutcomebecauseearly andpersistentBPcontrol is likely
to be more effective for prevention of cardiovascular events
than intermittent control. AlthoughBP control in both groups
was lower for thecompositemeasure thanat single timepoints,
the telemonitoring intervention grouphad 25% to 30%higher
absoluteBP control rates comparedwith theusual care group.

We observed maintenance of the level of BP control
achievedat6months in the telemonitoring interventiongroup
through 18 months. In contrast, BP control gradually im-

proved in the usual care group, but still remained substan-
tially lower than the telemonitoring intervention group by an
absolute 15% by 18 months.

Improvement in the usual care group over time has been
observed in other studies.16 Althoughwe did not find signifi-
cant changes in antihypertensive treatment, lifestyle, or self-
reported medication adherence in the usual care group, the
measures reported herein may not have captured subtle
changes that resulted in improved BP over time. Data on the
long-termeffectivenessof team-basedcareandhomeBPmoni-
toring interventions beyond 12 months are limited and con-
flicting, and no study has measured postintervention out-
comeswith rigorous research-qualityBPmeasures.7-9,14,16,25-28

Our study shows that high levels of BP control can be main-
tainedwitha less intensive interventionandpersist for at least
6 months after the intervention is stopped.

The HyperLink study included several of the 6 domains
designated by the chronic care model,29 which is a frame-
work fororganizational changes to improvechronic illness care
through delivery system redesign, clinical information sys-
tems, and self-management support.HyperLink’s design also
was based on 3 decades of quality improvement trials for hy-
pertensioncare showing that organizational interventions, in-
cluding nonphysician hypertension care, achieved the larg-
est BP reductions.5-8,25,30-36

In most cases, the interventions in these studies in-
cluded a nurse or a pharmacist andwere called team change,
team-based care, casemanagement, diseasemanagement, or
nurse- or pharmacist-led care. In a 2006meta-analysis5 of the
studies, average SBP/DBP decreased by 10/4 mmHg, and the
absolute proportion of patients achieving BP control im-
provedby 20%.Themost successful interventionsdidnot de-
pendon the physician responding to recommendations. A re-
cently updated meta-analysis7 that included 31 additional
studies confirmed these findings, and although SBP/DBP re-
ductions were smaller (6/2 mmHg), the benefits extended to
improvingothercardiovascular risk factors (lipid levelsandgly-
cemic control).

Other strategies inprevious researchassociatedwith large
BP improvements include patient self-management and self-
monitoring with resources or devices that enhance patients’
abilities tomanage their condition.5,30,32,37-39 HomeBPmoni-
toring with or without additional support was the subject of
several recent comprehensive evidence reviews6,9,35,40,41 that
concluded homemonitoring alone results in small BP reduc-
tions at 6months comparedwith usual care (SBP/DBP reduc-
tions of 3/2mmHg), but evidence regarding longer-term effi-
cacy is lacking. In contrast, improvedBPoutcomesweremore
robust in high-quality studies combining home BP monitor-
ing with some additional support intervention for up to 12
months (SBP reductions of 3-9mmHg and DBP reductions of
2-4 mmHg).9

The combination of home BP monitoring and team-
based hypertension care has been the subject of several high-
quality studies. A recent study by Green et al13 using secure
e-mail to convey home BP data to pharmacists found BP and
BP control improvements compared with usual care over 12
months that were quite similar to those observed in Hyper-

Research Original Investigation Effect of Home Blood Pressure Telemonitoring

54 JAMA July 3, 2013 Volume 310, Number 1 jama.com

Downloaded From: http://jama.jamanetwork.com/ on 07/05/2013



AMCHEALTH.COM   |  12

PEER REVIEWED STUDY

Link, but the study excluded patients with diabetes, chronic
kidney disease, or cardiovascular disease. In another re-
centlypublishedstudyconducted inamanagedcare setting,42

patients randomly assigned to home BP telemonitoring com-
binedwith pharmacist-led care had 13-mmHg greater reduc-
tions in SBP than usual care during a 6-month period.

Artinian et al12 studied 387 urban blacks with uncon-
trolled BP randomly assigned to community nurse–managed
telemonitoring or usual care. At 12 months, intervention pa-
tients had a 5-mm Hg greater reduction in SBP, but DBP and
BP control did not differ. A British study of patients with un-
controlledBPwhile takingup to 2 antihypertensivedrugs ran-
domized patients to usual care or an intervention combining
home BP telemonitoring and self-titration of medications.15

Systolic BP decreased by 6 mm Hg more in the intervention
group after 12 months and most patients in the intervention
made at least 1 medication change.

Another recent study16amongUSveteranscomparedusual
carewith a BP telemonitoring intervention composed of vari-
ous types of nurse management. The largest effect was ob-
served for a combined behavioral and medication manage-
ment intervention in the post hoc subgroup with inadequate
BP control at baseline (SBP was 15 mmHg lower at 12 months
and 8mmHg lower at 18months, both significantly different
than usual care).

It is important to consider intervention costs in addition
to effectiveness. We project that direct program costs would
total $1350 per patient using current market rates when pa-
tients are given up to 12 months of access to BP telemonitor-
ing. This is quite similar to the cost estimate for 18months of
combinedbehavioral andmedicationmanagement for hyper-
tension in the BP telemonitoring trial conducted among
veterans.16,43 Itmay be possible to reduce total programcosts
through better targeting of patients, negotiating volume dis-
counts, andby individual tailoring of the intervention; for ex-
ample, telemonitoringcouldbe replacedwitha standardhome
BP monitor after a patient demonstrates that he/she has
reached and sustained home BP goals. We plan future analy-
ses thatwill take into account indirect costs during 18months
and long-term cost savings from averting hypertension-
related adverse events.

Some limitationsofHyperLink shouldbeconsidered in in-
terpreting the results. Although the study aimed to enroll a
broad population, only about 1 in 7 patients solicited by mail
forparticipation responded; andof those screened,onlyabout
1 in 4 was eligible. Participants were generally well-educated
withhigh incomelevels;andperhapsreflecting thestudypopu-
lation’s interest in hypertension, about half had used a home
BPmonitor during the year prior to the study. HyperLinkwas
conducted in 1 integrated health care system, but the find-
ings are in agreementwith studies conducted inWashington,
Colorado,Michigan, and North Carolina in a variety of health
care settings.As in anymulticomponent intervention, it is dif-
ficult to separate how much of the intervention effect is at-
tributable to the telemonitoring andpharmacist casemanage-
ment.

In addition, the study was not blinded, which could have
had an effect on the reporting of subjective outcomes and ad-
verse events.However, BPwasmeasuredusing automatedde-
vices with a standard protocol and is unlikely to have been bi-
ased.Last, althoughBP improvementwassubstantial anda full
cost analysis is under way, no study has yet conducted a thor-
ough cost-effectiveness analysis of this type of intervention.
Lack of information on long-term effects, reimbursement
mechanisms, andreturnon investmenthavebeen identifiedas
barriers to implementation.7,9Wehope to address these issues
when a planned long-term follow-up study is completed.

Conclusions
Weconclude thatBP telemonitoringandpharmacist caseman-
agementwas safe andeffective for improvingBP control com-
pared with usual care during 12 months; and improved BP in
the intervention group was maintained for 6 months follow-
ing the intervention (18 months). HyperLink included pa-
tients with a much wider range of hypertension severity and
comorbidity thanhavebeenenrolled inprevious trials. If these
results are found to be cost-effective and durable during an
even longer period, it should spur wider testing and dissemi-
nation of similar alternative models of care for managing hy-
pertension and other chronic conditions.
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