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Aim: Assess the comparative effectiveness of two blood pressure (BP) control 

interventions for black patients with uncontrolled hypertension. Patients & methods: 

A total of 845 patients were enrolled in a three-arm cluster randomized trial. On 

admission of an eligible patient, field nurses were randomized to usual care, a basic 

or augmented intervention. Results: Across study arms there were no significant 

12 months differences in BP control rates (primary outcome) (25% usual care, 26% 

basic intervention, 22% augmented intervention); systolic BP (143.8 millimeters of 

mercury [mmHg], 146.9 mmHG, 143.9 mmHG, respectively); medication intensification 

(47, 43, 54%, respectively); or self-management score (18.7, 18.7, 17.9, respectively). 

Adjusted systolic BP dropped more than 10 mmHg from baseline to 12 months 

(155.5–145.4 mmHg) among all study participants. Conclusion: Neither the augmented 

nor basic intervention was more effective than usual care in improving BP control, 

systolic BP, medication intensification or patient self-management. Usual home 

care yielded substantial improvements, creating a high comparative effectiveness 

threshold. Clinical Trial Registration: NCT00139490.

First draft submitted: 30 July 2015; Accepted for publication: 22 October 2015; 

Published online: 7 March 2016
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•nurse-ledinterventions

Background
Uncontrolled hypertension (HTN), a major 
cardiovascular risk factor, is a continuing 
public health problem marked by wide racial 
disparities in morbidity and mortality [1–3]. 
Black men and women have disproportion-
ately high rates of HTN [4,5], HTN-related 
coronary heart disease, stroke and renal dis-
ease [1,6]. A few large randomized clinical 
trials have achieved high rates of blood pres-
sure (BP) control in multiethnic hypertensive 
populations. However, black participants in 
the landmark ALLHAT trial [7,8], conducted 
primarily in community-based practices, were 
31% less likely than whites to achieve control. 
A variety of multifaceted, team-based and 
nurse-led HTN interventions also have dem-
onstrated promising results [9–12]. Neverthe-

less, the most effective ways to organize HTN 
care for high-risk patients remain unclear. 
Moreover, there is a dearth of evidence on 
how to optimize HTN service delivery to 
address disparate outcomes among high-risk 
black patients in community-care settings.

Hypertension is the most prevalent diag-
nosis among 3 million Medicare beneficiaries 
receiving home healthcare [13]. This popula-
tion, with multiple comorbid conditions, is 
at high risk of HTN-related morbidity and 
mortality. However, HTN has not been a pri-
ority for quality improvement or comparative 
effectiveness (CE) research in home care.

We conducted a three-arm cluster ran-
domized CE study that used home health 
care as a springboard for improving HTN 
outcomes in high-risk black patients whose 
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BP on home care admission was not controlled to lev-
els recommended by the Seventh Report of the Joint 
National Committee on Prevention, Detection, Evalu-
ation and Treatment of High Blood Pressure (hereafter 
referred to as ‘JNC7’) [14], the national guideline in 
effect throughout the study. We tested, relative to usual 
home care, the addition of either: a basic intervention, 
consisting of emailed guidelines for home care nurses 
and home BP monitors for patients; or an augmented 
intervention, delivered by a master’s level prepared 
nurse and a health educator, that provided focused 
review of HTN medications and extended patient self-
management support tailored to the patient’s HTN 
stage over a 12-month period during and beyond the 
index home care admission. The study was designed in 
response to an initiative of the National Heart Lung 
and Blood Institute (NHLBI) seeking ‘clinically fea-
sible interventions to effect changes in medical care 
delivery’ [3] leading to an increase in the proportion 
of treated hypertensive black patients whose BP was 
controlled to levels specified by the JNC7.

We hypothesized that at 12 months both the basic 
and augmented interventions would yield higher BP 
control rates than usual care and that the augmented 
intervention’s relative benefit would be greater than 
that of the basic intervention. We hypothesized further 
that the augmented intervention would have a greater 
relative impact on systolic blood pressure (SBP) and on 
two process measures, HTN medication intensification 
and patient self-management.

Findings from our interim 3-month post-random-
ization evaluation were promising. Although relative 
to usual care neither intervention had significantly 
improved 3-month BP control among the entire study 
population of black patients with uncontrolled HTN 
at baseline, the augmented had a sizeable effect on a 
prespecified population of patients who had ‘severe’ 
stage 2 HTN (SBP >160 mmHg [millimeters of mer-
cury]) as defined by JNC7. At the 3-month point 17.6% 
of stage 2 patients in the augmented group achieved BP 
control compared to 8.9% in usual care (p = 0.01) [15].

Here, we report the results of the full 12-month CE 
trial for the entire study population (primary outcome) 
as well as for the prespecified patient subgroup with 
stage 2 HTN at baseline. Our 12-month results, in 
contrast to those at 3 months, showed no significant 
comparative intervention benefit. We discuss the pos-
sible reasons for this finding and the implications of 
our findings both for BP control and for CE research.

Patients & methods
Study design

We conducted a prospective 3-arm cluster random-
ized trial that randomized home care field nurses and 

their patients to one of two interventions or to usual 
care only. Research assistants blinded to the patient’s 
randomization status enrolled patients and completed 
the BP measurements, and collected all the medication 
and process measures in the patient’s homes. The study 
was approved by the Institutional Review Boards of the 
Visiting Nurse Service of New York and Weill Cornell 
Medical College, and monitored by a Data Safety and 
Monitoring Board. Additional details about the study 
design have been published previously [16]. Clinical 
Trial Registration: NCT00139490 [17].

Setting & participants

The study was conducted at the Visiting Nurse Service 
of New York (VNSNY), a large urban home healthcare 
organization serving over 30,000 black patients yearly, 
of whom an estimated a third (10,000) entered care with 
BP above then-recommended targets. All field nurses 
in the organization’s four main regions (Manhattan, 
Brooklyn, the Bronx and Queens) were study-eligible, 
based on identification of an eligible patient. Eligible 
patients were: black, English-speaking, aged 21–80, with 
uncontrolled HTN determined by a primary, secondary 
or tertiary HTN admission diagnosis (ICD9-CM401, 
402, 403 or 404) in the electronic health record (EHR) 
and a BP at the time of the study recruitment inter-
view of ≥140 mmHg/90 mmHg (≥130/80 mmHg for 
patients with diabetes or kidney disease). Within the 
entire study population we also identified a prespecified 
subpopulation of patients with stage 2 HTN as defined 
by JNC7. JNC7 recommended that this subpopulation, 
defined by a baseline BP of ≥160/100 mmHg, receive 
more intensive intervention due to heightened risk of an 
HTN-related cardiovascular event [14]. Research inter-
viewers completed the informed consent process and 
forms with patients who met eligibility.

An electronic algorithm was used to randomize 
field nurses. To avoid contamination, a nurse’s initial 
random assignment determined the status for all new 
patients allocated to that particular nurse’s care for the 
study’s duration (see Figure 1).

Usual home care

Regardless of study arm, all patients received usual 
home health services: a physician-ordered plan of care 
plus patient education, monitoring and hands-on care 
delivered by a field nurse. All field nurses used tablet 
computers, electronic messaging and EHRs. Prior to 
randomization all field nurses received a study-issued 
email with a web-link to the JNC7 guidelines.

Basic intervention

Field nurses randomized to the basic intervention 
received two additional automated e-mails targeted to 
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Figure 1. Patient flow diagram. 
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a specific HTN patient on their caseload shortly after 
the patient had been enrolled in the study. The emails 
relayed information on key nursing-specific practices 
to support JNC7 recommendations. In addition to 
usual home care, basic intervention patients received 
the JNC7 guide ‘Lowering your Blood Pressure’, a BP 
monitor with instructions and a BP log with the rec-

ommendation to review their BP readings with their 
home care nurse or primary care physician.

Augmented intervention

The augmented intervention incorporated all compo-
nents of the basic intervention and of usual home care. 
Additionally, concurrent with usual care and extending 
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over 12 months, a study-trained ‘HTN support’ nurse 
and a health educator, following a ‘stepped-intensity’ 
protocol (specifying greater nurse involvement and more 
frequent health educator contact for stage 2 patients), 
provided HTN medication assessment, monitoring, edu-
cation and self-management support that incorporated 
motivational interviewing techniques to promote behav-
ior change [16,18]. Additional details on the augmented 
intervention have been published elsewhere [16].

Outcome measures

BP control at 12 months was the primary outcome. We 
examined this outcome for the entire study population 
as well as for stage 2 patients. In accord with JNC7 
guidelines, patients were considered controlled if their 
BP was <140/90 mmHg (<130/80 mmHg for patients 
with diabetes or kidney disease). Two secondary 
patient-level outcomes also were examined: 12-month 
systolic blood pressure (SBP); and achievement of a 
20 mmHg or greater reduction in SBP, overall and in 
the subgroup of patients with stage 2 HTN at base-
line. SBP rather than DBP was the focus because ALL-
HAT found that in patients older than age 50 years, 
SBP >140 mmHg was a more important cardiovascular 
disease risk factor than DBP [14] and because very few 
patients started the study with elevated DBP. Achieving 
a 20-point SBP reduction was selected because meta-
analyses have found each difference of 20 mmHg in 
SBP to be associated with a twofold difference in death 
rates from stroke, ischemic heart disease and other vas-
cular causes [19]. All BP outcome measurements were 
based on the average of 3 readings taken by a blinded 
research interviewer using a Microlife Model 3AA1–2, 
validated using British Hypertension Society criteria, at 
baseline, 3-month and 12-month in-home interviews.

We also examined treatment impact on two pro-
cess measures: HTN medication intensification, and 
patient-reported HTN self-management. Intensifica-
tion was calculated from medication inventories taken 
at the in-home patient interviews. Intensification was 
defined as either an additional HTN medication or a 
new class of HTN medication. Patients’ self-reported 
self-management behavior was measured using the 
Hill-Bone Compliance to High Blood Pressure Ther-
apy scale [20]. This is a 14-item scale comprised of three 
4-point subscales measuring reduced sodium intake 
(three items), appointment keeping (two items) and 
medication taking (nine items) as reported by the 
respondent. Lower scores on this continuous measure 
signify greater compliance.

Data analyses

Bivariate probit specifications were used to model attri-
tion-corrected treatment effects on binary dependent 

variables (e.g., BP control, medication intensifica-
tion), while a conditional linear regression with selec-
tion was used to model continuous variables (SBP and 
logarithmic transformation of Hill-Bone scale).

In addition to the main variables of interest – mem-
bership in the basic or augmented treatment group – all 
multivariate analyses controlled for clustering (mul-
tiple patient observations for each randomized nurse) 
and the nurse’s caseload size. The analyses also con-
trolled for patient-level sociodemographic and clinical 
characteristics that might influence the probability of 
attrition or confound the relationship between inter-
ventions and outcomes. Interaction terms were used in 
analyses to examine the impact of the intervention on 
the prespecified patient subgroup with stage 2 HTN 
at baseline [21]. The parameter estimates of the mod-
els estimated with cluster and attrition correction were 
the basis for the results reported below. The magnitude 
of intervention effects was estimated by comparing 
regression-adjusted outcome probabilities for the three 
study groups (usual, basic, augmented).

Results
Sample characteristics

The study’s CONSORT diagram appears in Figure 1. 
Of 2600 patients identified in the EHR as meeting ini-
tial study criteria, 19.4% could not be reached by tele-
phone for eligibility screening. Of the 2095 potentially 
eligible patients reached for screening, 30.6% did not 
meet inclusion criteria during the in-person screening 
interview and 29% declined to participate, yielding a 
sample of 845 patients who consented to the study and 
completed baseline interviews. At the interim 3-month 
point, 1.4% of patients had died and 23.1% refused or 
could not be reached for the 3-month follow-up inter-
view, leaving a sample of 635 patients. By the 12-month 
follow-up, 6.9% patients had died; 23.7% refused or 
could not be contacted for the research interview; and 
0.7% did not have a BP measurement, leaving a final 
sample of 581 patients for whom complete baseline and 
12 month data were complete.

Attrition attributable to nondiscretionary factors 
(e.g., hospitalization or death) was similar across study 
arms; however, the 12-month refusal rate of the aug-
mented intervention patients was significantly higher 
than the usual care-only or basic patients. Patient 
adherence to the augmented intervention also was 
incomplete. Just over 80% of the patients in the aug-
mented arm were considered ‘completers’ and partici-
pated at various levels through the 12 month interven-
tion period, although only 50% of the augmented arm 
patients reached the implementation target of com-
pleting 80% or more of their scheduled contacts (on 
average 13 of 17 scheduled contacts were completed). 
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Table 1. Key sociodemographic and health characteristics of study patients, overall and by randomization status.

Key characteristics Enrolled 

(n = 845)

Included in 12-month 

analysis 

(n = 581)

Usual home care 

(n = 206)

Basic 

intervention 

(n = 189)

Augmented 

intervention 

(n = 186)

Socio-demographic characteristics     

Age:      

– Mean age in years 

(SD)

64.3 (10.9) 64.2 (10.8) 63.3 (10.5) 65.1(10.4) 64.4 (11.1)

– 65+ 0.53 0.51 0.46 0.58† 0.49

Gender: female 0.66 0.67 0.66 0.65 0.70

Education:      

– Less than high 

school

0.40 0.40 0.43 0.42 0.35†,‡

– High school or 

more

0.60 0.60 0.57 0.58 0.65

Medicaid enrollee 0.44 0.45 0.48 0.47 0.41

Baseline health status

Comorbidity score, 

mean (SD)

3.8 (2.8) 3.7 (2.8) 3.8 (3.0) 3.6 (2.6) 3.8 (2.6)

Overweight§ 0.26 0.27 0.26 0.31 0.24

Obese§ 0.44 0.45 0.45 0.40 0.50‡

Diabetes 0.59 0.61 0.55 0.66† 0.62

Years with HTN dx, 

mean (SD)

13.6 (12.2) 13.6 (12.1) 13.1 (12.0) 14.0 (12.0) 13.7 (12.6)

Blood pressure status at baseline

SBP, mmHg (SD) 155.5 (20.4) 154.8 (20.1) 154.5 (19.1) 155.7 (21.5) 154.1 (19.9)

DBP, mmHg (SD) 87.3 (13.0) 87.0 (13.4) 87.6 (13.3) 86.5(14.3) 87.0 (12.4)

JNC7-stage 2 0.54 0.53 0.52 0.56 0.51

SBP among stage 2 

(SD)

168.4 (18.6) 167.6 (18.8) 166.6 (18.1) 168.3 (20.2) 167.9 (18.2)

DBP among stage 2 

(SD)

92.5 (13.2) 93.0 (13.3) 93.0 (13.9) 93.0 (14.1) 93.1 (11.9)

Number of HTN 

medications, mean 

(SD)

2.27 (1.23) 2.25 (1.20) 2.21 (1.17) 2.27 (1.25) 2.28 (1.20)

†Significantlydifferentfromusualcaregroupatthep<0.05level.
‡Significantlydifferentfrombasicinterventiongroupatthep<0.05level.
§Heightandweightwerecollectedtocalculatebodymassindex(BMI);overweightisdefinedasBMIbetween25and30;obesityisdefinedasBMI>30.
DBP:Diastolicbloodpressure;HTN:Hypertension;JNC7:JointNationalCommitteeReport;SBP:Systolicbloodpressure;SD:Standarddeviation.

Almost 5% of the augmented intervention patients did 
not have any contacts at all, with an additional 3.5% 
withdrawing before the end of the intervention period. 
Other ‘non-completers’ were those who died or were 
admitted to hospice or other long-term care facilities.

Table 1 presents selected demographic and health 
characteristics of enrolled patients and those included 
in the 12-month follow-up. There were no significant 
differences between enrolled patients and 12-month 
respondents. Nor were there significant differences 

among augmented, basic and usual care patients with 
respect to baseline comorbidity score, average BP val-
ues or number of HTN medications. The average base-
line SBP of enrolled patients was 155.5 mmHg, and 
54% had stage 2 HTN. Patients in the augmented 
arm were less likely than in the other arms to have less 
than a high school education and more likely than the 
basic intervention patients to be obese. Compared to 
patients in usual care-only, the basic arm patients were 
more likely to be elderly (65+) and to have diabetes.
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Impact of interventions on HTN outcomes

Table 2 presents the adjusted 12-month treatment 
effects of the interventions for the entire study popula-
tion and for the subgroup with stage 2 HTN at base-
line. Relative to usual care only, neither the basic nor 
the augmented intervention significantly improved the 
primary outcome, BP control, for the entire study pop-
ulation or for the stage 2 subgroup. BP control rates 
in usual care-only, basic and augmented arms were 
25%, 26% (p = 0.78) and 22% (p = 0.43), respec-
tively; in the stage 2 subgroup they were 16%, 15% 
(p = 0.79) and 13% (p = 0.57), respectively. Nor at 12 
months did either intervention do significantly better 
than usual care-only in improving SBP or achieving a 
20 mmHg or greater reduction in SBP for the entire 
study population or the stage 2 subgroup.

Figure 2 displays patients’ adjusted 3-month and 
12-month SBP. It illustrates the differential distribu-
tion of improvements in the study population over 
time, between patient groups and across intervention 
arms, leading to convergence of SBP at the 12-month 
point, despite the promising results of the augmented 
arm at 3 months. At baseline, the average adjusted SBP 
was 155.5 mmHg in the entire study population and 
168.4 mmHg in the stage 2 subgroup. At the interim 
3-month follow up, SBP in both the entire popula-
tion and the stage 2 subgroup had declined across all 
three intervention arms (usual care-only, basic and 
augmented arms), with the largest, and statistically 

significant decline relative to usual care, occurring in 
the stage 2 augmented group (three-month SBP was 
152.5 mmHg for augmented versus 160.8 mmHg for 
usual care-only [p < 0.01]). Over the 12-month study 
period, the stage 2 augmented patients continued to 
experience the largest reduction in SBP. However, by 
the end of 12 months, the difference across popula-
tions and intervention arms had closed substantially, 
with adjusted SBP across all intervention arms and in 
the entire study population as well as in the stage 2 sub-
group converging in the range of 144–151 mmHg. The 
average adjusted 12-month decline for the entire pop-
ulation across all intervention arms was 10.1 mmHg 
(from 155.5 to 145.4 mmHg SBP); the stage 2 sub-
group achieved an average adjusted 12-month reduc-
tion of 18.8 mmHg (from 168.4 mmHg SBP at base-
line to an average of 149.6 mmHg SBP at 12 months) 
regardless of intervention group.

Impact of interventions on process measures

Table 3 presents regression-adjusted estimates of the 
interventions’ 12-month impact on intensification of 
patients’ hypertension medications and on their self-
reported HTN self-management. The table includes 
data on the average summary Hill-Bone score of each 
intervention group. Here, we report the summary 
scores because our augmented intervention focused 
on all three subscale domains (medication adherence, 
sodium intake and appointment keeping) included in 

Table 2. Adjusted treatment effects on 12-month hypertension outcomes.

Outcomes Usual Basic Augmented Usual Basic Augmented 

BL BL Difference BL Difference 12 

month

12 

month

Difference 12 

month

Difference

SBP (mmHg) 

Overall 155.5 156.0 -0.5 (0.81) 155.0 0.5 (0.75) 143.8 146.9 4.3 (0.19) 143.9 0.1 (0.98)

JNC7 stage 2 

at baseline

167.3 169.2 -1.9 (0.37) 168.8 -1.5 (0.49) 149.1 151.0 1.9 (0.67) 147.1 -1.9 (0.69)

Achieved BP control (%)

Overall Not applicable 25.1 26.3 1.2 (0.78) 21.6 -3.5 (0.43)

JNC7 stage 2 

at baseline

 16.0 14.6 -1.4 (0.79) 13.0 -3.0 (0.57)

Experienced clinically meaningful reduction in SBP (%)†

Overall Not applicable 26.2 30.8 4.6 (0.25) 30.8 4.6 (0.30)

JNC7 stage 2 

at baseline

 44.0 37.6 -6.4 (0.10) 47.1 3.1 (0.56)

Adjustedprobabilitiesarecalculatedbasedonunderlyingcoefficientsfrombivariateprobitmodelswithselectionthatjointlyestimateoutcomesconditionalon
surveyparticipationatthe12-monthfollow-up.Allmodelscontrolforpatient’sageandgenderaswellasbaselinemeasuresofhealthstatus(includingmeasures
ofsystolicanddiastolicBP,presenceofdiabetesandnumberofothercomorbidities);andtheprovidernurse’scaseload.Inadditiontoallvariablesincludedinthe
outcomeequations,theretentionequationincludedindicatorsforpatent’sboroughofresidenceandwhetherthepatientwashospitalizedwithin14daysfrom
baselinehomecareadmission.Numbersinbracketsrepresentp-valuesbasedonadjustedestimatesoftreatmenteffectsrelativetousualcare.
†Clinicallymeaningfulreductionsweredefinedas20mmHgforsystolicBPrelativetobaselinelevels.
Augmented:Augmentedintervention;Basic:Basicintervention;BP:Bloodpressure;BL:Baseline;JNC7:JointNationalCommitteeReport;SBP:Systolicblood
pressure;Usual:Usualhomecare.
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Figure 2. Mean adjusted systolic blood pressure at baseline, 3 and 12 months (mmHg). Mean systolic blood 

pressure adjusted for patients’ age, baseline measures of health status (presence of diabetes, and number of other 

comorbidities), whether the patient was on Medicaid, was hospitalized within 14 of home care admission; and the 

provider nurse’s caseload.

170

S
y
s
to

li
c
 b

lo
o

d
 p

re
s
s
u

re
 (

m
m

H
g

)

160

150

140

Baseline 3 months 12 months Baseline 3 months 12 months

Treatment group

OverallUsual Basic Augmented

Full sample Stage 2

future science group

Home-based interventions for black patients with uncontrolled hypertension    Research Article

the summary score. Further, study participants’ sum-
mary scores were closely correlated with their medi-
cation adherence subscale scores. The table shows 
that neither the basic nor the augmented intervention 
was significantly more effective than usual care only 
in yielding increases in medication intensification or 
self-reported self-management.

Figure 3A & B graphically presents the range of 
3- and 12-month intervention impacts on medication 
intensification for the entire sample and the stage 2 
subgroup (because intensification was calculated in 
relation to a patient’s baseline medication regimen, 
by definition none of the study sample could have 
experienced medication intensification at baseline). It 
shows that an average of 44–57% of study participants 
experienced medication intensification at 3 months 
depending on population and intervention arm; by 
12 months, the range was 44–65%. At 12 months, 
54.6% of all patients enrolled in the augmented arm 
had achieved a medication intensification compared to 
46.9% of all patients in usual care-only (Figure 3A), 
a 7.7 percentage point relative advantage. Medication 
intensification rose to 64.7% in the stage 2 augmented 
group compared to 56.9% of stage 2 patients in usual 
care-only, a 7.8 percentage point relative advantage. 
However, these differences did not achieve statistical 
significance, and, in general, regardless of interven-
tion arm, stage 2 patients were more likely to experi-
ence medication intensification (56.7% of the stage 2 
subgroup compared to 48% of the entire population, 
an 8.7 percentage point difference) (Figure 3, both 
panels).

Lastly, Figure 4, which graphically presents 3- and 
12-month data on Hill-Bone Self-Management sum-
mary scores, shows no relative benefit of either 
intervention compared to usual care at either 3 or 
12 months. Moreover, the modest improvement in 
self-management reported at 3 months across all study 
arms and both patient populations was erased by 
12 months, with the greatest deterioration reported in 
the stage 2 population, increasing from 18.4 to 21.4 on 
a scale in which lower scores represent better reported 
self-management (p < 0.001).

Discussion
Comparative effectiveness trials have tended to shy away 
from high cost, high-risk patients with multiple chronic 
conditions [22], and evidence is scarce about how best to 
organize and deliver HTN care in the community to 
help improve BP control among such patients. To our 
knowledge, this is the first reported CE study designed to 
improve BP control by targeting high-risk black patients 
in the home care setting. The study findings highlight 
both the opportunities and challenges presented for CE 
researchers seeking to identify improved care delivery 
modes for the increasingly older, multi-ethnic, chroni-
cally ill and vulnerable patient populations served in 
community-based care settings.

We had hypothesized that both the basic and the 
augmented interventions would significantly increase 
BP control relative to usual care and that the aug-
mented intervention would result in greater relative 
benefit. Despite some promising 3-month results for 
the augmented intervention, at 12 months neither the 
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basic nor the augmented intervention yielded signifi-
cantly better HTN outcomes than usual care alone. 
One set of factors contributing to the lack of compara-
tive intervention benefit may have been related to influ-
ences on the usual care-only group. Although there has 
been relatively little attention in the HTN literature 
to BP changes in the control group, one recent study 
suggested that most HTN study protocols, by employ-
ing obtrusive physical and psychosocial measures 
across study arms, may over time alert control group 
participants to the importance of BP control [23]. Fur-
thermore, in this study both the basic and augmented 
interventions were added to usual home care, which 
is itself an ‘intervention’ of 29 days median duration. 
Usual care field nurses are specifically charged with, 
among other tasks, assessing all of a patient’s medica-
tions and educating patients about the importance of 
adherence to prescribed medical and behavioral regi-
mens. Thus the basic and augmented interventions had 
a higher benefit threshold to exceed than interventions 
in many other community-based trials, which gen-
erally are assessed relative to no intervention or to a 
‘placebo’ intervention.

Our study results may have been attributable to 
several additional factors. First, the augmented inter-
vention, which was the more proactive of the two 
interventions, nevertheless took an indirect approach 
to influencing physicians’ HTN management, includ-
ing management of patients’ medications – a key pro-
cess affecting BP outcomes. For the most part, the 
nurse/health educator team in the augmented inter-
vention did not interact directly with physicians but 
rather with patients’ usual home care nurses (during 

the postacute care episode) or with patients themselves 
to help them understand their HTN risk factors and 
medication regimens and urge them to communicate 
their HTN concerns to their individual physicians. 
Only in the most serious cases in which the patient’s 
BP was extremely high did the HTN support nurse 
directly try to speak to a patient’s physician. In con-
trast, especially at the start of a patient’s postacute care 
episode, the usual home care nurse could have had 
several direct contacts with a patient’s physician or the 
physician’s staff to clarify and/or modify the patient’s 
overall medication regimen and obtain final approval 
of the patient’s physician-ordered plan of care. Even 
though the usual care nurses’ medication review did 
not necessarily focus on HTN medications, it may 
well have included them, as suggested by the relatively 
similar rates of HTN medication intensification across 
study arms at both the 3- and 12-month follow-up. 
The highest level of medication intensification ulti-
mately achieved across all study arms was the 65% 
rate achieved among stage 2 augmented intervention 
patients at the 12-month follow-up. The continued 
emphasis on intensification among stage 2 augmented 
arm patients in the stepped protocol – where the HTN 
support nurse continued to focus on medications, 
interact with the patient after the patient’s discharge 
from routine home care and, on occasion, reach out to 
the patient’s physician – suggests that both a vigilant 
nurse clinician and a physician motivated by a patient’s 
continued BP in the >160 mmHg SBP range may be 
the optimum condition for effecting reduction in SBP.

Another factor that likely contributed to the lack of 
the interventions’ differential results was their lack of 

Table 3. Adjusted treatment effects on process variables: medication intensification and behavioral 

change.

Process 

variables  

Usual home care Basic intervention Augmented intervention

Adjusted 

outcome

Adjusted 

outcome

Difference Adjusted 

outcome

Difference

Medication intensification 

Overall 46.9 43.0 -3.9 (0.46) 54.6 7.7 (0.19)

JNC7 stage 2  

at baseline

56.9 48.4 -8.5 (0.31) 64.7 7.8 (0.33)

Hill-Bone HTN self-management (range:15–39)

Overall 18.7 18.7 0.0 (0.85) 17.9 -0.8 (0.06)

JNC7 stage 2  

at baseline

21.4 21.3 -0.1 (0.78) 21.5 0.2 (0.90)

Adjustedprobabilitiesarecalculatedbasedonunderlyingcoefficientsfromprobitmodelsthatestimateoutcomesconditionalonsurvey
participationatthe12-monthfollow-up.Medicationintensificationmodelscontrolforpatient’sage,baselinemeasuresofhealthstatus
(presenceofdiabetesandnumberofothercomorbidities),numberofHTNmedicationsanddrugclassofHTNmedications(β-blockers,ace
inhibitors,diuretics,angiotensindrugs,calciumchannelblockers).Numbersinbracketsrepresentp-valuesbasedonadjustedestimatesof
treatmenteffectsrelativetousualcare.LowerscoresontheHill-Bonescalerepresentbetterself-reportedselfmanagement.Boldindicates
thatthevariablewasmarginallysignficant.
HTN:Hypertension;JNC7:JointNationalCommitteeReport.
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Figure 3. Mean adjusted medication intensification at 3 and 12 months. Adjusted for patients’ age, baseline 

measures of health status (presence of diabetes, and number of other comorbidities), whether the patient was on 

Medicaid, was hospitalized within 14 of home care admission.
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demonstrated positive impact on patient self-manage-
ment. The minimal variation and relatively high rates 
of self-management reported when the Hill-Bone mea-
surement instrument was administered to our study 
population at baseline, combined with the findings of 
two subsequent publications about the psychometric 
properties of the Hill-Bone [24,25], suggest that the tool 
may not be an ideal research instrument. The current 
literature indicates that about 50% of patients tradition-
ally classified with resistant hypertension are effectively 
nonadherent [26,27]. In contrast, our study participants’ 
baseline compliance score on the Hill-Bone medication 
subscale range was 11.5–11.7 out of a potential range 
of 9–28 with lower scores indicating greater adherence, 
suggesting a far higher rate of medication compliance 
than probable by the fact that all patients were selected 
because their BP was not controlled.

Measurement issues notwithstanding, the deterio-
ration of reported self-management in our study may 
have been attributable partly to patients’ increasing 
awareness overtime of the specific requirements of 
effective self-management, inculcated by usual care 
and augmented intervention staff, and their height-
ened realization of their own self-management short-
comings. Alternatively, it may have been due partly 
to the relatively poor health status of the targeted 
population. Our black study participants were sicker 
than the typical volunteer research subject recruited 
to a community study. They were already patients 
dealing with 3–4 poorly managed chronic condi-

tions in addition to an acute illness episode that led 
to home care services. On average, they had been 
diagnosed with HTN 14 years prior to study enroll-
ment and had not achieved BP control. A significant 
number faced the risk factors of older age and higher 
baseline SBP, over 70% were overweight or obese and 
three in five had diabetes – all factors associated with 
significantly worse BP outcomes in the ALLHAT 
trial [8].

Examining pooled study data, Pavlik and colleagues 
recently suggested that well-accepted behavioral strat-
egies used for highly selected community research 
volunteers may not be powerful enough to demon-
strate large comparative advantages when added to 
routine care delivery for high-risk patients [23]. One 
implication is that the growing number of CE studies 
testing organizational interventions in real world care 
delivery systems may need to have larger sample sizes 
to detect smaller effects. Another implication is that 
more direct behavior interventions may be needed in 
such situations.

In addition to complex health issues, participants 
in this study faced a variety of structural barriers to 
adherence likely not faced by typical research vol-
unteers in the community. These included unstable 
living conditions, acute financial distress, frag-
mented support systems and under-resourced/inat-
tentive clinic physicians who were the patient’s pri-
mary source of care [28]. Such barriers the augmented 
nurse/health educator team could but imperfectly 
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Figure 4. Mean adjusted Hill-Bone self-management score at baseline, 3 and 12 months. Adjusted for patients’ 

age, baseline measures of health status (presence of diabetes, and number of other comorbidities), whether the 

patient was on Medicaid, was hospitalized within 14 of home care admission.
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address, especially considering the lower than expected 
number of completed patient contacts and the reli-
ance on nurse/patient telephone calls as the principal 
contact vehicle. Recent evidence indicates that in-
person contacts and direct three or four-way nurse/
physician/patient/caregiver communication may be a 
more effective [29,30] means for enhancing the impact 
of chronic care interventions designed for complex 
patients than simple telephonic approaches and pos-
sibly could have enhanced patient self-management in 
the augmented arm of this study. More direct behavior 
interventions discussed in the literature have included 
electronic reminders and/or remote patient monitor-
ing, allowing immediate three- or four-way feedback 
(including family caregivers) and timely interven-
tion in a patient’s home. In a study such as ours, for 
example, focused feedback on medication adherence, 
such as the use of ‘smart packages’ to compile patient-
specific drug dosing data as a basis for specific dis-
cussion between patients and healthcare providers, 
might have enhanced the accuracy and immediacy of 
efforts to improve patients’ medication adherence in 
the augmented study arm [31].

Lastly, our study results may have been influenced 
by clinicians’ skepticism about the guidelines that 
were used to set the study’s BP control targets. The 
JNC7 report recommended treating older adults to 
reach the same level of SBP, <140 mmHg, as younger 
people, even though it explicitly said there was no 
conclusive evidence, for example, from a large ran-

domized controlled trial, to support such a recom-
mendation for people aged 60 or over. Further, 
although the report acknowledged possible nega-
tive effects of intensively treating older hyperten-
sive patients, including symptoms such as postural 
unsteadiness, dizziness or even fainting, these poten-
tial adverse effects were not judged to outweigh the 
benefits of recommending lower SBP for the older 
population in general. The report from the panel 
members appointed to the eighth Joint National 
Committee (JNC 8), which was issued after com-
pletion of this study, took a different tack [32] and 
addressed the issue of past skepticism about the 
evidence base for some of the JNC7 recommenda-
tions. The JNC8 report explicitly stated that there is 
‘strong evidence to support treating hypertensive per-
sons aged 60 years or older to a BP goal of less than 
150/90 mmHg’ and essentially retracted the JNC7 
recommendation to treat people older than 60 years 
to <140 mmHg SBP. Further, it specifically recom-
mended that clinicians watch for adverse health or 
quality of life effects should an older person’s BP 
fall <140 mmHg [32]. The majority of the patients 
enrolled in our study were older than 60 years of 
age. To the extent that our findings were attribut-
able to clinicians’ concerns about the evidence base 
of JNC7 and the potential harms of overtreatment, 
they suggest that in the future CE research sponsors 
and CE research studies should be cautious in testing 
interventions designed to promote guidelines based 
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on weak recommendations and with significant 
potential for adverse events.

Strengths & limitations
This study successfully addressed a veritable ‘check-
list’ of challenges entailed in conducting CE research 
relevant to the increasingly diverse and rapidly aging 
American population: it mounted a cluster random-
ized trial to examine ‘head to head’ treatment effects 
in an older black patient population with uncon-
trolled HTN, multiple comorbid conditions and 
relatively high risk of poor outcomes in the absence 
of effective chronic care. It did so in a real world set-
ting, a prototypical urban home health organization, 
where consent had to be obtained from home health 
patients who required skilled nursing services to get 
them through a period of postacute illness and where 
new interventions had to be grafted onto usual ongo-
ing care and tested relative to usual care alone. Field 
nurses were randomized via a computer-adminis-
tered algorithm and patients were assigned to nurses 
by operations staff blinded to the study and applying 
exogenous operational rules (patient’s location and 
each nurse’s overall caseload), which were controlled 
for in all analyses along with clustered assignment of 
patients to nurses. Thus procedures were employed 
to mitigate unmeasured selection bias.

One limitation of the study, however, was the evi-
dence of differential attrition whereby augmented 
intervention participants were more likely to refuse 
the 12-month follow-up research visit than usual 
care or basic intervention patients (there were no 
significant differences in deaths or other unavoid-
able reasons such as hospitalization). We accounted 
for differential attrition in all analyses by employ-
ing the traditional statistical approach of estimat-
ing outcome models jointly with a sample retention 
equation to produce attrition-corrected estimates of 
the interventions on all outcomes [33–36]. Thus, we 
do not believe that differential attrition undermines 
the validity of our findings. The differential attri-
tion, however, in conjunction with the incomplete 
intervention adherence of augmented arm partici-
pants, does raise questions about the extent of patient 
‘saturation’ with the augmented intervention itself, 
which could have potentially important implications 
for the design of future CE studies with intensive 
behavioral interventions. An additional study limita-
tion was the instrument used to measure patient self-
management, in particular medication adherence, 
on which all patients reported quite high adherence 
despite their history of uncontrolled HTN. Barring 
electronic medication caps or interviewer-pill counts, 
both of which were beyond the resources of this 

study, a more sensitive medication adherence mea-
sure might have yielded a more accurate picture of 
participants’ medication adherence over time.

Conclusion
This study highlights several ongoing challenges of 
conducting real world CE research affecting vul-
nerable patients with complex care needs related to 
multiple chronic conditions confounded with cul-
tural, personal and structural barriers to effective 
self-care management. The study’s findings suggest 
that employing more direct behavior change and con-
crete socio-economic intervention strategies may be 
required to help these patients more effectively man-
age complicated medication and behavioral regimens. 
Establishing more effective three or four-way physi-
cian/patient/nurse communication and collaboration 
– a strategy found to have reduced rehospitalizations 
in a variety of chronic care management programs – 
should be tested as a potential strategy for improving 
HTN outcomes as well. Attention also must focus 
on reducing intervention burden and improving 
patient adherence to complex interventions in the 
chronically ill population and among specific sub-
groups for whom specific behavior and health targets 
may be especially challenging to attain. As part of 
this testing process, we recommend that CE stud-
ies such as ours more fully embrace the approach of 
patient-centeredness and patient engagement, two 
cornerstones of research elaborated by the Patient-
Centered Outcomes Research Institute established 
in 2009 and funded by a provision of the Affordable 
Care Act. The introduction of these concepts early 
in the research process would not only enhance the 
relevance of CE studies to consumers but also could 
potentially reduce investment in intervention strat-
egies that overburden some study participants and 
limit their CE.

Lastly, this study raises an important question 
about the relationship between clinicians’ decisions, 
the recommendations of national evidence-based 
guidelines and CE research studies intended to pro-
mote those recommendations. To the degree that the 
recommendations embodied in national guidelines 
rest on missing or explicitly problematic evidence, 
funders of CE studies may wish to modify program or 
Request for Application announcements and/or their 
expectations of the outcomes of associated research 
projects.
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Executive summary

• Uncontrolled hypertension, a major cardiovascular risk factor, is a continuing public health problem marked by 

wide racial disparities in morbidity and mortality.

• This is the first reported comparative effectiveness study designed to improve blood pressure control by 

targeting high-risk black patients in the home care setting.

• The study enrolled 845 black home care patients with uncontrolled hypertension in a three-arm cluster 

randomized trial.

• Despite some promising 3-month results for the augmented intervention, at 12 months neither the basic nor 

the augmented intervention yielded significantly better hypertension outcomes than usual home care.

• Systolic blood pressure dropped greater than 10 mmHg from baseline to the 12 month measurement across all 

randomized groups.

• One potential contributing factor to the lack of comparative intervention benefit may have been related to 

influences on the usual home care-only group.

• More powerful behavior strategies in the augmented intervention group and more direct 

nurse/physician/patient communication might have yielded greater comparative benefit.

• Study results may also have been influenced by clinicians’ skepticism about the guidelines that were used 

to set the study’s blood pressure control targets; raising an important question about the relationship 

between clinicians’ decisions, the recommendations of national evidence-based guidelines and comparative 

effectiveness research studies intended to promote those recommendations.
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