
Review and Special Articles

An Evidence-Based Review of Patient-Centered
Behavioral Interventions for Hypertension
L. Ebony Boulware, MD, MPH, Gail L. Daumit, MD, MHS, Kevin D. Frick, PhD, Cynthia S. Minkovitz, MD, MPP,
Robert S. Lawrence, MD, Neil R. Powe, MD, MPH, MBA

Introduction: While behavioral interventions may be viewed as important strategies to improve blood
pressure (BP), an evidence-based review of studies evaluating these interventions may help
to guide clinical practice.

Methods: We employed systematic review and meta-analysis of the literature (1970–1999) to assess
the independent and additive effects of three behavioral interventions on BP control
(counseling, self-monitoring of BP, and structured training courses).

Results: Of 232 articles assessing behavioral interventions, 15 (4072 subjects) evaluated the
effectiveness of patient-centered counseling, patient self-monitoring of BP, and structured
training courses. Pooled results revealed that counseling was favored over usual care (3.2
mmHg [95% CI, 1.2–5.3] improvement in diastolic blood pressure [DBP] and 11.1 mmHg
[95% CI, 4.1–18.1] improvement in systolic blood pressure [SBP]) and training courses (10
mmHg improvement in DBP [95% CI, 4.8–15.6]). Counseling plus training was favored
over counseling (4.7 mmHg improvement in SBP [95% CI, 1.2–8.2]) and afforded more
subjects hypertension control (95% [95% CI, 87–99]) than those receiving counseling
(51% [95% CI, 34–66]) or training alone (64% [95% CI, 48–77]).

Conclusions: Evidence suggests that counseling offers BP improvement over usual care, and that adding
structured training courses to counseling may further improve BP. However, there is not
enough evidence to conclude whether self-monitoring of BP or training courses alone offer
consistent improvement in BP over counseling or usual care. The magnitude of BP
reduction offered by counseling indicates this may be an important adjunct to pharmaco-
logic therapy.

Medical Subject Headings (MeSH): hypertension, meta-analysis, patient-centered care
(Am J Prev Med 2001;21(3):221–232) © 2001 American Journal of Preventive Medicine

Introduction

Over 43 million individuals in the United States
have hypertension, and less than one third
reach adequate levels of blood pressure (BP)

control.1,2 Heightened awareness of inadequate levels
of BP control for a majority of patients has helped bring
to light the need to refocus strategies to improve

hypertension control.3 While medications are arguably
the most important therapy for hypertension, behav-
ioral strategies have long been recommended as first-
line initial and adjunctive therapy.1,4,5 Specifically, ed-
ucational approaches designed to help patients
incorporate commonly accepted lifestyle changes (e.g.,
nutrition, weight loss, exercise, and social behaviors,
including altering tobacco and ethanol use) into their
daily living have been advocated.6–13 It has also been
proposed that increasing patient participation in hyper-
tension care through techniques such as self-BP moni-
toring may increase patients’ vigilance about their
condition and potentially improve adherence to medi-
cations, ultimately leading to improvement in BP
control.14

Improving BP through adjunctive, patient-centered,
education-based behavioral interventions might have
other potential salutary effects such as decreased costs
of pharmaceuticals to patients and insurers, improved
patient compliance with appointments, and decreased
risk of complications from polypharmacy. However,

From the Department of Medicine (Boulware, Daumit, Lawrence,
Powe) and Department of Pediatrics (Minkovitz), Johns Hopkins
School of Medicine, Baltimore, Maryland; Department of Health
Policy and Management (Daumit, Lawrence, Powe), Department of
Population and Family Health Sciences (Minkovitz), and Department
of Epidemiology (Powe), Johns Hopkins Bloomberg School of Public
Health, Baltimore, Maryland; and the Welch Center for Prevention,
Epidemiology and Clinical Research, Johns Hopkins Medical Institu-
tions (Boulware, Daumit, Powe), Baltimore, Maryland

Address correspondence and reprint requests to: Neil R. Powe,
MD, MPH, MBA, Welch Center for Prevention, Epidemiology, and
Clinical Research, Johns Hopkins Medical Institutions, 2024 East
Monument Street, Suite 2-600, Baltimore, MD 21205. E-mail:
npowe@jhmi.edu.

The full text of this review article is available via AJPM Online at
www.elsevier.com/locate/ajpmonline.

221Am J Prev Med 2001;21(3) 0749-3797/01/$–see front matter
© 2001 American Journal of Preventive Medicine • Published by Elsevier Science Inc. PII S0749-3797(01)00356-7



some physicians may have difficulty employing such
techniques because of increasing time pressures, lim-
ited resources and reimbursement for interventions
such as counseling, and uncertainty regarding which
approaches to patient education are most effective. At
the same time, other physicians may employ these
techniques without substantive evidence to support the
time, energy, and resources required to appropriately
carry out these interventions.

To address these issues, we performed a systematic
review to assess the independent and incremental ef-
fects of three commonly performed patient education–
based behavioral interventions on BP control: counsel-
ing techniques, structured training courses, and patient
self-monitoring of BP.

Methods
Study Design and Eligibility Criteria

We conducted a systematic review of the literature describing
behavioral interventions for hypertension. We sought to
address two hypotheses in this review: (1) that the structure of
multidimensional patient education may be important in
relaying commonly accepted lifestyle advice, and (2) that
patient self-BP monitoring (alone or in combination with
patient education), by more directly involving patients in
their care, may offer independent and/or incremental advan-
tages over education approaches alone. To address these
hypotheses, we investigated the effectiveness of counseling,
structured training courses, and patient self-BP monitoring
interventions when used singly or in combination to improve
BP control.

We included only peer-reviewed English-language articles,
published from January 1970 through July 1999, which fo-
cused on counseling, structured training courses, and patient
self-BP monitoring. Self-monitoring of BP was defined as
home BP monitoring performed by the patient for the
purposes of recording or monitoring BP. Counseling was
defined as individual or group discussion and teaching with a
personalized approach, set in a nonclassroom format in
which individuals or group members might often share their
personal experiences. Training courses, which were curricu-
lum-based courses aimed at teaching several people at once,
were less personal than group counseling and usually oc-
curred in a classroom setting with one or more curriculum
leaders. Both counseling and training interventions were
multidimensional in nature, primarily advocating general,
commonly accepted lifestyle practice changes: encouraging
healthy diet, weight loss, exercise, and tobacco cessation. We
sought to assess common clinical practice in terms of coun-
seling structure and general content of patient education,
and we hypothesized that many primarily diet-focused inter-
ventions might, through attempts to drastically decrease
weight and serum sodium, have additional effects on blood
pressure reduction. Thus, although we included studies in-
corporating general dietary counseling as a part of a multidi-
mensional education program, we eliminated several studies
that were centered primarily on diet and weight loss—
focusing on efficacy of treatment rather than effective-
ness—or that focused on a specific diet prescription. For

example, studies with interventions featuring meals that were
prepared for participants were excluded, as were studies with
interventions featuring diets with a prescribed amount of
sodium, potassium, magnesium, or calorie intake. Finally, we
included studies that were primarily “patient-centered.” That
is, we sought to evaluate studies that were designed to detect
the effects of changes in patient behavior on BP as a result of
the intervention, not interventions in which the healthcare
provider was the unit of analysis.

We excluded efficacy studies for drug therapy for hyper-
tension and any articles that did not measure a clinical
outcome (e.g., blood pressure, hypertension control, or pa-
tient compliance with medical regimen). In addition, we
excluded articles with a total sample size of ,50 people or
,25 people in each study arm.

Identification of Articles

To find eligible articles, we searched medical and psychology
electronic databases (Medline, PsychInfo, CINAHL, Health
Star, Sociologic Abstracts, Social Science Abstracts, EI Com-
pendex, and Current Contents) using keywords and medical
subject headings (MeSH) including: blood pressure, commu-
nity based, coping behavior, counseling (group, individual),
disease detection, health behavior, health education, hyper-
tension, locus of control, managed care, meta-analysis, occu-
pational health, patient compliance, physician behavior, pre-
ventive health services, research synthesis, screening, and
treatment compliance. For each relevant article, we reviewed
the references for additional candidate studies, and we ob-
tained references from experts in hypertension.

Data Extraction

Using a structured abstraction instrument, data were ab-
stracted on content, quality, and outcomes of studies.15 Six
reviewers participated in literature abstraction, with two re-
viewers independently abstracting data on each article. Gen-
eral information (e.g., study subject characteristics, setting, and
design) was abstracted, as well as more specific characteristics
of the intervention (e.g., leader of intervention, length of
each session of the intervention, frequency of sessions, dura-
tion of the entire study, and the criteria used for BP control).

Follow-up BP measurements for study groups receiving the
intervention of interest were abstracted. Up to seven discrete
outcomes were reported: difference in either (1) diastolic
blood pressure (DBP) or (2) systolic blood pressure (SBP)
between treatment and control groups at follow-up, differ-
ence in change in (3) DBP or (4) SBP between treatment and
control groups, change in either (5) DBP or (6) SBP at
follow-up, and (7) percentage of subjects with hypertension
control at follow-up. Difference in change in DBP and SBP
between follow-up represents the difference between the
change in BP for one group from start to end of the study
minus the change in the other group from start to end of the
study. After initial independent data abstraction by each
reviewer, the two reviewers adjudicated differences in quality
ratings and data abstraction until they came to an agreement.

Assessment of Article Quality

We developed a 100-point scale to describe the internal and
external validity of the studies, as well as the reporting of
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important study characteristics. This scale included three
dimensions: (1) study population description, (2) interven-
tion design/outcomes description, and (3) methods of anal-
ysis and results reporting. Study population description fo-
cused on the articles’ descriptions of sociodemographic
characteristics of those who enrolled versus those who did not
enroll and reasons for eligible subjects not enrolling. Study
intervention design/outcomes description focused on how
the intervention was described, quality of randomization and
blinding (if applicable), handling of withdrawals or cross-
overs, comparability of treatment groups (if applicable),
length and frequency of the intervention, percentage of
subjects completing the intervention, and assessment of out-
comes. Study analysis focused on appropriateness of statistical
tests chosen and presentation of statistical significance. Di-
mensions were weighted similar to Chalmers et al.16 (Study
population/design570% of the total possible score; study
analysis530% of the total possible score.)

Data Synthesis and Statistical Analysis

We evaluated initial agreement between raters for the assess-
ment of article quality by calculating the observed percentage
agreement and the k coefficient for interrater reliability.17

To include all evidence available to evaluate these interven-
tions, we assigned a “study type” to each article for the
purpose of statistical analysis: (1) single-intervention group,
and (2) between-intervention groups. An intervention group
was defined as a group of study participants receiving a
particular intervention.

Single-Intervention Group Analysis

If an article described a study comparing more than one
intervention but not all the interventions met the eligibility
criteria for this review, we abstracted information on only the
intervention groups receiving the interventions of interest.
We then analyzed these abstracted results as if the study were
designed to evaluate only that intervention (with no compan-
ion or control groups available for comparison). For exam-
ple, if a study compared two groups of patients—one receiv-
ing biofeedback and one receiving counseling—we abstracted
only information on the group of participants receiving
counseling. In what we call the “single-group” statistical
analysis, we then pooled abstracted information from this
study along with information similarly abstracted from other
studies with intervention groups who received counseling. As
such, individual intervention groups were treated as small
separate prospective studies, and results were pooled to
obtain the magnitude of BP improvements among single
groups from beginning to end of each intervention.

Between-Intervention Groups Analysis

Studies with suitable comparison intervention groups con-
taining either usual care or one of the three interventions of
interest were incorporated into a separate analysis, evaluating
differences between treatment (interventions of interest) and
control (usual care or alternative intervention) groups. If a
study group contained any other interventions besides the
three interventions of interest, it was excluded from both
types of analyses.

For each analysis, results were pooled across studies, using

both fixed- and random-effects models to estimate summary
effects for all combined studies.17,18 In the fixed-effects
analyses, homogeneity was assessed both overall and within
subgroups (chi-square test). Variances for individual study
results were calculated from standard errors when provided,
from p values or reported t-test results for studies for which
raw data were not available, using the largest p value consis-
tent with the published data for studies not reporting exact
p values (e.g., p,0.05 was considered to be p50.05). For
differences between treatment and control groups, if raw data
were not provided, pooled variance estimates were calculated
as described by Greenland.18 Calculations were performed
using Microsoft Excel 2000 (Microsoft Corp, Redmond, WA)
and STATA Statistical Software: Release 6.0 (Statacorp, Col-
lege Station, TX).

Subgroup analysis for articles focusing on counseling was
performed by categorizing articles by year of publication,
leader of intervention, duration of intervention, age of par-
ticipants, percentage of white participants, and quality scores
of articles.

Results
Yield of Relevant Articles

The initial search identified 232 articles focusing on
hypertension detection and management. Of these, 15
articles (studying a total of 4072 people) contained
interventions focusing exclusively on counseling, self-
monitoring of BP, and training courses.19–33

Characteristics of Articles

Table 1 describes primary characteristics of the articles
included in the analysis. The majority of articles were
published between 1980 and 1999, with most focusing
on counseling. Study settings varied, with the majority
occurring at hospital- or community-based clinics. The
mean total number of subjects per study was 310 (range
53 to 1880, median 130), and among those articles
reporting gender, the mean percentage of male sub-
jects was 53% (range 21 to 100, median 49). Among
articles reporting on age and race, the mean age of
subjects was 57 years (range 50 to 65, median 55), and
the mean percentage of white subjects was 34% (range
0 to 97, median 11). The mean intervention group size
was 63 (range 23 to 115, median 54). Seven studies
contained intervention and design characteristics com-
patible for the between-intervention group analysis,
while nine studies contained interventions that could
be used only for the single-intervention group analysis.
Subjects in 13 of the studies were taking concomitant
antihypertensive medications.

Table 2 includes selected characteristics of each
individual intervention. Nurses, physicians, and phar-
macists led the majority of interventions. The length of
each episode of the intervention of interest varied from
5 to 90 minutes; 12 studies did not report on the length
of each intervention interval.19–24,26,28–31,33 The fre-
quency with which episodes of each intervention oc-
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curred during the study varied as well, ranging from
every 2 weeks to every 3 months for counseling inter-
ventions, daily to twice daily for monitoring interven-
tions, and weekly to several months for combined
interventions. Finally, the mean study duration was 17.2
months (range 1.25 to 72, median 12 months).

Assessment of Article Quality

Prior to adjudication of differences, initial interrater
agreement for assessment of article description of study
population ranged from 73% to 85% (k5.56), agree-
ment for assessment of intervention design items
ranged from 78% to 97%(k5.69), and agreement for
article reporting and appropriateness of analysis and
86% to 98% (k5.80). Table 3 demonstrates quality
scores for all studies, divided into three areas. Summary
quality scores ranged from 20.1 to 84.8 points out of a
possible 100 points (mean quality score 65.9). Notably,
14 articles had quality score deductions in the areas of
description of population, intervention, and outcome
measurements.

An assessment of how investigators obtained BP
measurements was included in the quality score for
description of study, intervention, and outcome mea-
surements. Table 4 illustrates the reporting character-
istics of articles regarding the ascertainment of BP
outcome measurements. Investigators in only eight
studies directly obtained BP measurements. In addi-
tion, few of the studies reported the type of sphygmo-
manometer used to measure BP, and the protocols
reported for measurement varied.

Outcomes

Table 1 shows the BP outcomes measured in each
study. (Actual data from individual studies are included
in the Appendix.) Figures 1 and 2 demonstrate the
pooled evidence supporting the interventions singly
and in combination; Figure 1 demonstrates the results
of the “between-group analysis” (results of comparison
studies), while Figure 2 demonstrates the results of the
“single-group analysis” (magnitude of effect of an inter-
vention on single groups).

Table 3. Quality attributes of articles

Study Intervention

Population descriptiona

(maximum possible 5
24)

Study and intervention
descriptionb (maximum
possible 5 46)

Analysis
description
and
appropriatenessc

(maximum
possible
5 30)

Summary
scored

Counseling interventions
Billault et al.19 C 11.6 23.8 17.5 52.9
Bond et al.20 C 7.0 34.4 16.8 58.2
Erickson et al.22 C 14.0 40.8 30.0 84.8
Heirich et al.23 C 10.5 32.1 20.6 63.2
Logan et al.26 C 18.8 34.9 27.5 81.2
Morisky et al.27 C 16.6 37.4 19.4 73.4
Park et al.29 C 15.8 34.0 15.0 64.8
Pheley et al.30 C 10.5 32.4 16.8 59.7
Stamler et al.31 C 0 7.0 13.1 20.1
Webb et al.32 C 15.5 36.5 27.5 79.5

Monitoring interventions
Johnson et al.25 M 13.3 33.2 22.5 69.0

Training interventions
Webb et al.32 T 15.5 36.5 27.5 79.5

Combination interventions
Carnahan et al.21 M 15.8 33.7 20.1 69.6
Iso et al.24 C 1 T 21.3 31.5 16.9 69.7
Muhlhauser et al.28 C 1 M 1 T 20.8 36.5 24.4 81.7
Wyka-Fitzgerald et al.33 C 1 T 7.2 25.3 14.8 47.3
a Four to seven questions focused on characteristics of study population, randomization (if applicable), sociodemographics of those who enrolled
and those who did not enroll, and reasons for eligible subjects not enrolling.
b Six questions focused on how well intervention was described, blinding (if applicable), comparability of treatment groups (if applicable),
handling of withdrawals or crossovers, comparability of retained subjects to withdrawals, length and frequency of intervention, percentage of
subjects completing intervention, and standardized/valid assessment of outcomes.
c Four questions focusing on the appropriateness of statistical tests chosen, presentation of statistical significance, mention of power calculations,
and adjustments for potential confounders or differences between groups.
dSum of population description, study and intervention description, and analysis description and appropriateness scores.
C, counseling; M, monitoring; T, training.
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Counseling
Counseling offered significant BP improvement over
usual care in four comparison studies (Figure
1).22,26,29,32 Counseling groups had a 3.2mmHg im-
provement in follow-up DBP (95% confidence interval
[CI], 1.2–5.3) over groups receiving usual care (two
studies, total 264 subjects) and a 3.5 mmHg improve-
ment in DBP (95% CI, 1.0–6.2) over usual care groups
at follow-up (three studies, total 307 subjects). Coun-
seling groups also had an 11.1 mmHg improvement in

SBP (95%CI, 4.1–18.1) over usual care groups at fol-
low-up (two studies, total 109 subjects; not shown
in figure).22,29

Ten studies assessed the magnitude of BP cont-
rol afforded groups receiving counseling (Figure
2).19,20,22,23,26,27,29–32 Groups receiving counseling had
5.0 mmHg (95% CI, 2.7–7.2) and 6.2 mmHg (95% CI,
2.4–10.0) changes in DBP and SBP, respectively. These
BP changes were not statistically significantly different
from changes observed in subjects receiving monitor-

Figure 1. Blood pressure outcomes by intervention, between-intervention group analysis. Results reported in figures are
estimates obtained using fixed-effects models and were supported by results obtained with random-effects models (results in
text). Findings to the right of 0 favor the intervention group.

Figure 2. Blood pressure outcomes by intervention, analysis of single-intervention group. Results reported in figures are
estimates obtained using fixed-effects models and were supported by results obtained with random-effects models (results in
text). Findings to the right of 0 favor the intervention group.
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ing or subjects receiving all three interventions in
combination. Similarly, 51% (95% CI, 34–66) of sub-
jects had BP control at follow-up after receiving coun-
seling. While the magnitude of hypertension control
was statistically significantly less than that experienced
by groups receiving counseling plus monitoring, it was
not statistically significantly different from groups re-
ceiving training.

Because of heterogeneity among some studies that
assessed the effect of counseling on difference in DBP
between treatment and control groups at follow-up
(p50.038), the absolute magnitude of change in DBP
(p,0.01) and SBP (p,0.01), and hypertension control
(p,0.01), we also used a random-effects model, which
assumed BP changes varied not only within each of the
studies (as reflected by the study standard error) but
also between studies. Using this approach, estimates
from comparison studies of counseling versus usual
care were not appreciably different, but confidence
intervals were wider: Counseling offered a 5.4 mmHg
(95% CI, 23.1–13.9) improvement over usual care in
follow-up DBP. For the two remaining estimates from
comparison studies (difference in change in SBP and
DBP), there was no significant heterogeneity and the
fixed-effects estimates were maintained, supporting
counseling over usual care. Using the random-effects
approach, the estimates of magnitude of BP reduction
were similar as well, although confidence intervals were
wider: The magnitude of DBP and SBP reductions were
5.0 mmHg (95% CI, 21.8–11.6) and 7.8 mmHg (95%
CI, 21.0–16.6), respectively. Random-effects modeling
did not appreciably change the estimate of percentage
of subjects afforded hypertension control with counsel-
ing: 51% (95% CI, 31–73).

Subgroup analyses of studies featuring counseling
demonstrated interesting trends when articles were
categorized according to the leader of the intervention,
the year of publication, and their quality
scores.19,22,26,29,30 In studies where pharmacists and
nurses led the counseling interventions, statistically
significant improvements in DBP and SBP were ob-
served (Figure 3). This contrasts with a single study in
which physicians led the counseling intervention and
no improvement in DBP or SBP was seen. Pharmacist-
led counseling interventions had a 4.3 mmHg change
in DBP (95% CI, 0.7–7.9) and a 12.2 mmHg change in
SBP (95% CI, 6.8–17.6), while nurse-led counseling
interventions had a 6.4 mmHg improvement in DBP
(95% CI, 4.6–8.2) and a 6.2 mmHg improvement in
SBP (95% CI, 2.9–9.5). Increased BP reductions were
observed in studies with earlier publication dates and in
studies with higher quality scores, but these differences
were not statistically significant.

Patient Self-BP Monitoring

In the one study evaluating patient self-BP monitoring,
comparison of self-monitoring of BP versus usual care
demonstrated statistically insignificant differences be-
tween the group receiving monitoring and the group
receiving usual care (Figure 1).25 In this study, the
magnitude of BP reduction for the single group receiv-
ing self-monitoring of BP was an 8.9 mmHg change in
DBP from baseline (95% CI, 5.2–12.6) (Figure 2).
When compared to single groups evaluating counsel-
ing, training, and combined interventions, this effect
was not statistically significantly different from the

Figure 3. Subgroup analysis of counseling intervention, categorized by leader of the counseling intervention. Results reported
in figures are estimates obtained using fixed-effects models and were supported by results obtained with random-effects models
(results in text). Findings to the right of 0 favor the intervention group.
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change in DBP seen in individuals receiving counseling
alone or all three interventions combined.

Training Courses

One comparison study evaluated training courses, com-
paring training to both usual care and counseling
separately.32 Counseling was favored over training
courses (decrease in DBP at follow-up of 10 mmHg
[95% CI, 4.8–15.6]; Figure 1). Sixty-four percent of
subjects (95% CI, 48–77) in this study had hyperten-
sion control at follow-up. This effect was not signifi-
cantly larger than the magnitude of hypertension con-
trol afforded by counseling, but the effect was
significantly less than the percentage of subjects with
hypertension control who received counseling and
training combined (95% [95% CI, 87–99]) (Figure 2).

Combination Interventions

Four studies featured combined interventions, includ-
ing two comparison studies of combined interventions
versus counseling: (1) counseling plus monitoring ver-
sus counseling, and (2) counseling plus training versus
counseling.21,24,28,33 SBP changes were different for the
two interventions. No statistically significant SBP reduc-
tion was seen for counseling plus monitoring over
counseling; in contrast, counseling plus training of-
fered a 4.7 mmHg (95% CI, 1.2–8.2) SBP reduction
over counseling. Neither combination offered improve-
ments in DBP over counseling (Figure 1).

Two studies assessed the magnitude of BP reduction
afforded to groups receiving combined interven-
tions.28,33 Subjects receiving counseling, monitoring,
and training combined as a single intervention experi-
enced reductions in both DBP and SBP: change in DBP
6.0 mmHg (95% CI, 3.6–8.4), change in SBP 8.0
mmHg (95% CI, 4.4–11.6). These BP reductions were
not statistically significantly different from those ob-
served in groups receiving counseling alone or moni-
toring alone. In contrast, among subjects receiving
counseling plus training in a separate study, 95%
achieved hypertension control (95% CI, 87–99). This
represented a statistically significant improvement over
the magnitude of hypertension control afforded sub-
jects receiving training alone and for subjects receiving
counseling alone (Figure 2).

Discussion

While patient-centered, education-based behavioral in-
terventions may be viewed as important strategies to
educate patients and improve BP control, definition of
the clinical benefits through careful and systematic
review of these approaches in hypertension care is
necessary to guide evidence-based practice. As such,
this systematic review assessed in incremental and com-

bined fashion the BP benefit provided by these three
patient-centered behavioral interventions.

Pooled results favor counseling over usual care with
an absolute decrease in DBP of 3.2 mmHg and im-
provements in changes in DBP and SBP of 3.5 mmHg
and 11.1 mmHg, respectively. Counseling is also fa-
vored over training courses, offering a 10.2 mmHg
reduction in DBP over training at follow-up. The mag-
nitudes of DBP and SBP reductions for single groups
receiving counseling alone are 5.0 mmHg and 6.2
mmHg, respectively. In contrast, neither self-monitoring
of BP nor training courses offer any statistically significant
improvement in DBP at follow-up over usual care, and the
combined interventions do not demonstrate substantial
improvement over counseling except when looking at
hypertension control in one study, in which 95% of
subjects achieved hypertension control, which is statisti-
cally significantly more than with counseling and training.

Nearly all articles we reviewed used these interven-
tions as adjunctive therapy to pharmacologic ap-
proaches for hypertension management. A previous
systematic review of first-line pharmacologic agents
used to treat hypertension (beta blockers, calcium
channel blockers, and thiazide diuretics) reported that
SBP and DBP benefits gained from these agents ranged
from 10.0 mmHg to 15.6 mmHg and from 5.0 mmHg
to 7.3 mmHg, respectively.34 Our results indicate that
additional BP benefit gained from adding counseling
could be as high as 5 to 6 mmHg reductions in both
DBP and SBP. This improvement may be mediated by
enhanced patient compliance with medication regi-
mens and physician visits, improved patient behaviors,
as well as potentially heightened patient awareness
regarding ongoing needs for continued aggressive hy-
pertension management.

Notwithstanding the strength of this systematic re-
view, there are limitations. First, despite an extensive
search, 15 articles met our criteria, focusing specifically
on these three commonly practiced interventions. Be-
cause we sought to address only the effects of these
three behavioral interventions singly or in combination
with each other, it was necessary to eliminate many
studies that included these interventions combined
with other important interventions. This resulted in a
very small number of studies evaluating patient self-BP
monitoring or training courses, limiting our statistical
power to estimate accurately the effect of these two
interventions. Second, there was moderate heterogene-
ity of interventions in terms of content, leader, and
duration. This reflects variation in how these interven-
tions have been implemented and evaluated. Although
our subgroup analyses were limited in statistical power,
there is a strong suggestion that effectiveness of these
interventions may differ based on these more detailed
aspects of intervention implementation. However, the
small number of studies available inhibited our ability
to draw conclusions regarding any possible dose-re-
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sponse effects in terms of length and frequency of
interventions. Third, there were few randomized exper-
imental trials, which are considered the best study
design to derive inferences about the efficacy of inter-
ventions. Many of our studies employed noncompara-
tive designs and reported varying outcomes, prohibit-
ing less complex approaches to evaluating intervention
effectiveness. Lack of control groups may also prohibit
assessment of potential placebo and Hawthorne ef-
fects.35 Finally, our review of article quality revealed
that, in many cases, less than optimal attention was paid
toward reporting important aspects of study population
and intervention description. Nevertheless, this body of
evidence is what is available to guide clinical practice.

In summary, this study provides substantive evidence
that behavioral interventions can play an important
role in improving BP management. Counseling is sup-
ported by the evidence as an effective technique to
further lower BP beyond the benefit afforded by med-
ications alone. Substantial evidence is lacking on train-
ing or self-monitoring of BP interventions. Theoreti-
cally, combining interventions should provide even an
even greater degree of BP control, although consistent
evidence is lacking to support this theory.

There is a clear need for more focused research that
addresses individual interventions separately. Improve-
ments in descriptions of interventions (e.g., the leader
of the intervention, the precise content of counseling,
the length and duration of the interventions) as well as
provision of more standardized reporting mechanisms
for outcomes will further strengthen the existing evi-
dence regarding patient-centered interventions for hy-
pertension and will help guide development of recom-
mendations for clinical practice.30–33
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Appendix. Outcome data obtained from studies

Study Intervention

Outcomes

DDBPa DSBPa HCa DDBPb DSBPb DDDBPb DDSBPb

Counseling interventions
Billault et al.19 C 0.1 (1.6) 1.6 (1.4) —c — — — —
Bond et al.20 C — — 69% (6) — — — —
Erickson et al.22 C 4.7 (1.7) 12 (3.4) — — — 9.3 (12.5) 2.1 (5.0)
Heirich et al.23 C — — 43% (5) — — — —
Logan et al.26,d C 10.5 (1.1) — — 2.8 (0.6) — 2.8 (1.2) —
Morisky et al.27,d C — — 53% (9) — — — —
Park et al.29 C 3.7 (2.0) 12 (2.4) 52% (10) — — 5 (1.8) 13 (13.1)
Pheley et al.30 C 4.4 (0.8) 6.2 (1.7) 44% (5) — — — —
Stamler J et al.31 C 8 (2.4) 11 (3.2) — — — —
Webb P et al.32 C — — 53% (9) — — — —

Monitoring interventions
Johnson et al.25,d M 8.9 (1.9) — — 1.6 (2.4) — 1.3 (3.4) —

Training interventions
Webb et al.32 T — — 64% (8) 1.1 (9.8) — — —

Combination interventions
Carnahan et al.21,d C 1 M — — — — 11.4 (561) — —
Iso et al.24,d C 1 T — — — 0.4 (0.9) 4.7 (3.2) — —
Muhlhauser et al.28 C1 M 1 T 6.0 (1.2) 8.0 (1.8) — — — — —
Wyka-Fitzgerald et al.33 C 1 T — — 95% (2) — — — —
a Estimate (Standard error).
b Estimate (Variance).
c Not reported.
d In these studies, outcomes assessors were blinded to treatment assignment.
Intervention: C, counseling; M, monitoring; T, training.
Outcomes: DDBP 5 change in diastolic blood pressure (DBP) at follow-up; DSBP5 change in systolic blood pressure (SBP) at follow-up; HC5
percent of subjects with hypertension control at follow-up; DDBP 5 difference in DBP between treatment groups at follow-up; DSBP 5 difference
in SBP between treatment groups at follow-up; DDDBP 5 difference in change in DBP between treatment groups at follow-up; DDSBP 5
difference in change in SBP between treatment groups at follow-up.
Note: All outcomes except HC expressed as mmHG.
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