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Abstract
This study examined the impact of breathing awareness meditation (BAM), life skills (LS)
training, and health education (HE) interventions on self-reported hostility and 24-hour
ambulatory blood pressure (ABP) in 121 African American (AA) ninth graders at increased risk
for development of essential hypertension. They were randomly assigned to BAM, LS, or HE and
engaged in intervention sessions during health class for 3 months. Before, after, and 3 months
following intervention cessation, self-reported hostility and 24-hour ABP were measured. Results
indicated that between pre- and postintervention, BAM participants displayed significant
reductions in self-reported hostility and 24-hour systolic ABP. Reductions in hostility were
significantly related to reductions in 24-hour systolic ABP. Between postintervention and follow-
up, participants receiving LS showed a significant reduction in hostility but not in 24-hour ABP.
Significant changes were not found for the HE group in 24-hour ABP or self-reported hostility,
but these change scores were significantly correlated. The implications of the findings are
discussed with regard to behavioral stress reduction programs for the physical and emotional
health of AAs.
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Essential hypertension (EH) continues to be a major health problem in the United States
(Gillum, 1994). This is especially the case among African Americans (AAs), who
experience a higher prevalence rate and earlier onset of EH, as well as greater EH-related
organ system damage resulting in premature mortality, than other ethnic groups (Nesbitt,
2004).

The antecedents of EH have their origin in childhood (Berenson, 2002; Berenson et al.,
1982; Harshfield, Treiber, Wilson, Kapuku, & Davis, 2002; Wang et al., 2006).
Epidemiologic studies have demonstrated that ethnic differences in blood pressure (BP)
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levels begin to manifest during childhood. For example, the Bogalusa Heart Study, a
longitudinal study of BP levels of 3,500 AA and White school-age children, was one of the
first studies to show that beginning at 10 years, AA children had significantly higher BP
readings than their peers (Berenson, 2002; Berenson, Voors, Webber, Dalferes, & Harsha,
1979; Gidding, Bao, Srinivasan, & Berenson, 1995).

Systolic BP (SBP) and diastolic BP (DBP) levels are monotonically associated with future
development of cardiovascular morbidity and mortality (Kannel, Vasan, & Levy, 2003).
Adult normotensives (i.e., those with SBP/ DBP 120-129/80-84 mmHg) have a 40%
increased risk, and those with high normal levels (SBP/DBP 130-139/85-89 mmHg) have
two times the risk of developing EH compared with those with optimal BP levels (<120/<80
mmHg; Kannel et al., 2003). BP percentile ranking tracks from late childhood into
adulthood in AA adolescents show greater stability of tracking than in the case of Whites
(Bao, Threefoot, Srinivasan, & Berenson, 1995; Dekkers, Snieder, Van den Oord, &
Treiber, 2002; Manatunga, Jones, & Pratt, 1993). Thus, AA adolescents with BP between
the 50th and 95th percentiles for age and sex (i.e., normotensive to prehypertensive) are
more likely to later develop EH or manifest early target organ damage during their young-
adult years and have an increased risk of developing cardiovascular disease (CVD;
Manatunga et al., 1993).

Numerous hypotheses have been posited to address the genesis of the disparate rates of EH
prevalence among AAs compared with other ethnic groups, including genetic predisposition,
salt sensitivity, diet and nutrition, and other contextual factors (N. B. Anderson &
McNeilley, 1993; Dressler, 1993; Fray, 1993; Peters & Flack, 2000; Sowers, Zemel, &
Zemel, 1993; Wilson & Grim, 1991). In regard to contextual factors, in recent decades,
considerable attention has been focused on the role of chronic environmental stress as a
possible cause of some of the disproportionate rates of EH among AAs (N. B. Anderson &
McNeilly, 1993; N. B. Anderson, Myers, Pickering, & Jackson, 1989; Bowen-Reid &
Harrell, 2002; R. Cooper, 1991; Dressler, 1993; Krieger, Rowley, Herman, Avery, &
Phillips, 1993). Environmental stress-related factors (e.g., limited educational and
employment opportunities, neighborhood and/or school dysfunction, unfair treatment, and
discrimination related to ethnicity and/or socioeconomic status [SES] inequality) have been
implicated in the development of EH (Dressler, 1993; Fray, 1993). These types of chronic
environmental stress have been associated with psychological (e.g., anger, hostility, anxiety,
helplessness, depression) and physical (e.g., low birth weight, infant mortality, breast
cancer, chronic obstructive pulmonary disease, EH, heart disease) health problems among
AAs (Armstead, Lawler, Gordon, Cross, & Gibbens, 1989; Bullock & Houston, 1987; Clark,
Anderson, Clark & Williams, 1999; R. S. Cooper, 1993; Cornell, Peterson, & Richards,
1999; Harris, 1992; Novaco, 1985; D. R. Williams, Yu, Jackson, & Anderson, 1997). Since
such environmental stress experiences remain an integral part of the Black experience for
many in the United States (D. R. Williams & Collins, 1995), it is understandable that these
stressors may play a contributory role in AAs’ disproportionate development of EH.

Increasingly, these forms of environmental stress have been viewed as being predominantly
outgrowths of racism and discrimination (Clark et al., 1999). Several models have been
developed in an effort to better understand the pathogenic processes and pathways in which
culture-specific factors such as racism and discrimination can play a role in the health
outcomes of AAs (N. B. Anderson & McNeiley, 1993; Clark et al., 1999; Dressler, 1993;
Myers & McClure, 1993). For example, a primary premise of Clark et al.'s (1999)
biopsychosocial model is that one's perception of a situation as a form of racism results in
exaggerated psychological and physiological stress responses. Chronic exposure to
environmental stress factors such as racism (e.g., sub-standard housing, lower-level
employment, lower wages) is believed to influence one's personality and coping responses,
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which have been shown to modulate the physiological impact that can result from these
stressors (Armstead et al., 1989; Jones, Harrell, Morris-Prather, Thompson, & Omowale,
1996; Morris-Prather et al., 1996). Utilization of nonadaptive coping styles/personality
characteristics in response to such chronic stressors has been associated with development of
EH (N. B. Anderson et al., 1989).

Hostility, as measured by the Cook Medley Hostility Inventory (CMI), is conceptualized as
a multifaceted personality trait comprising a combination of suspiciousness, resentment, and
cynical distrust of others that reflects a propensity for anger (Barefoot, Dodge, Peterson,
Dahlstrom, & Williams, 1989; Cook & Medley, 1954). Among adults, self-reported
hostility, often measured using the CMI, has been linked to EH, higher level of resting BP,
and ambulatory daytime and nighttime BP (Carels, Sherwood, & Blumenthal, 1998; Durel et
al., 1989; Miller, Smith, Turner, Guijarro, & Hallet, 1996; Shapiro, Goldstein, & Jamner,
1996). In addition, associations have been reported with coronary and peripheral artery
disease and increased rates of all-cause and CV mortality in multiple prospective and cross-
sectional investigations involving AAs and other ethnic groups (Barefoot, Dahlstrom, &
Williams, 1983; D. C. Cooper & Waldstein, 2004; Durel et al., 1989; Matthews, Gump,
Harris, Haney, & Barefoot, 2004; Miller et al., 1996; Shapiro et al., 1996; Shekelle, Gale,
Ostfeld, & Paul, 1983). Importantly, AAs compared with Caucasian Americans report
higher levels of cynical, distrusting hostility (Barefoot et al., 1991; Johnson, 1989; Musante,
Treiber, Davis, Waller, & Thompson, 1999; Scherwitz, Perkins, Chesney, & Hughes, 1991).
This personality/response pattern characterized by cynicism and distrust could be largely the
result of the AA experience of repeated exposures from childhood onward to unfair
treatment and discrimination related to ethnicity and SES inequality (Clark, Coleman,
Novak, & Jeremy, 2004; Clark & Gochett, 2006; Dressler, 1993; Krieger et al., 1993; D. R.
Williams et al., 1997).

Cognitive-behavioral interventions in adults have shown promise in reducing self-reported
hostility levels and/or associated CVD risk factors. Gidron, Davidson, and Bata (1999)
found that coronary heart disease patients who received cognitive-behavioral hostility
reduction strategies once a week for 2 months significantly reduced self-reported hostility
when compared with a single-session informational control group. The effects were
maintained at a 2-month follow-up. Additionally, at the 2-month follow-up, intervention
patients exhibited significantly greater reductions in DBP, and reductions in hostility were
positively related to reductions in DBP. Davidson, Gidron, Mostofsky, and Trudeau (2007)
conducted a 6-month follow-up evaluation on the participants involved in the Gidron et al.
(1999) study. The cognitive-behavioral group therapy participants had fewer days of
hospitalization than the control group. The average hospitalization costs were also
significantly lower for the intervention group.

Few hostility reduction intervention programs have been conducted among AAs or youth. S.
Williams, Waymouth, Lipman, Mills, and Evans (2004) conducted a 2-month group
cognitive-behavioral skills intervention program designed to reduce hostility, anger, and
aggression among 7- to 13-year olds with aggressive-behavior problems. Parents attended
three sessions to learn the coping skills their children were taught. At postintervention, the
children reported significant reductions in the intensity of anger, and the parents reported
significant reductions in the frequency of hostility and aggression in their children.
Unfortunately, the study did not provide a control group, limiting the ability to conclude
whether intervention efficacy, maturational changes, or positive parental response bias led to
the reported decreases in the detrimental behaviors.

Yahav and Cohen (2008) evaluated the effect of a 2-month, 1-hour/week school-based
intervention program that provided cognitive-behavioral stress management training and
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biofeedback-assisted relaxation training for coping with stressful situations in a nonclinical
group of ninth-grade adolescents. Significant improvements in self-reported state anxiety,
test anxiety, and self-esteem were observed in the intervention group compared with the
control group. However, self-reported hostility (Gidron, Davidson, & Ilia, 2001) was not
significantly affected by the intervention program. The authors noted that in contrast to
some of the other end points, hostility was not specifically addressed during the intervention.
The researchers suggested that techniques that specifically focus on conflict and self-
regulation may be needed before changes in hostility will be realized.

While few studies have assessed the efficacy of cognitive-behavioral intervention strategies
in reducing hostility and ineffective coping styles among AAs, a number of stress reduction
programs have assessed reductions in BP, primarily in AA adults (J. W. Anderson, Liu, &
Kryscio, 2008; Ospina et al., 2007; Rainforth et al., 2007). Controlled studies using the
Transcendental Meditation® (TM) program have shown significant BP decreases in
randomized clinical trials primarily involving AA adult hypertensives (for a recent review,
see J. W. Anderson et al., 2008; Rainforth et al., 2007). Mindfulness-based stress reduction
(MBSR) has reduced BP in uncontrolled trials involving AA adult normotensives (Carlson,
Speca, Faris, & Patel, 2007; Rosenzweig et al., 2007). Few BP-related stress reduction
interventions have been conducted in AA youth; however, the findings are promising. Two
controlled randomized clinical trials in AA adolescents with high normal BP found that after
2- and 4-month interventions, TM significantly lowered resting SBP/ DBP and daytime
ambulatory SBP/DBP compared with health education (HE) controls (Barnes, Johnson, &
Treiber, 2004; Barnes, Treiber, & Davis, 2001). A study with middle school students
practicing breathing awareness meditation (BAM) reported greater decreases in resting SBP,
and daytime ambulatory SBP and heart rate (HR) than in a control group (Barnes, Davis,
Murzynowski, & Treiber, 2004). A 3-month randomized controlled clinical trial comparing
BAM with HE among AA youth with high normal SBP found that BAM resulted in
significantly greater decreases in ambulatory daytime SBP and HR and nighttime SBP
(Barnes, Pendergrast, Harshfield, & Treiber, 2008).

There remains a need for development of effective and easily disseminated EH primary
prevention programs for AAs. To date, no clinical trial has assessed the effectiveness of
behavioral interventions in reducing self-reported hostility or the impact of changes in
hostility on ambulatory BP levels. Twenty-four-hour ABP monitoring has been shown to be
a better predictor of EH, and CV morbidity and mortality than office BP readings
(Pickering, Shimbo, & Haas, 2006; Staessen, Gasowski, Thijs, & Fagard, 1999).

The purpose of this study was to examine among AA youth at risk for EH (i.e., SBP
between the 50th and 95th percentiles) the impact of three 12-week school-based behavioral
intervention strategies (i.e., HE, cognitive-behavioral life skills [LS] training, and BAM) on
self-reported hostility and their association with changes in 24-hour ABP on intervention
completion and at the 3-month follow-up.

Method
Participants

A total of 1,698 students who would be participating in a semester-long ninth-grade HE
class were screened over the 4-year study period to determine eligibility for participation.
Eligibility criteria included (1) resting SBP between the 50th and 95th percentiles for age,
height, and sex on three consecutive occasions at school (National High Blood Pressure
Education Program Working Group on Hypertension Control in Children and Adolescents,
1996); (2) no history of congenital heart defect, diabetes, sickle cell anemia, asthma, or any
chronic illness or health problem that requires regular pharmacological treatment; (3) no
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current or planned engagement in a formal exercise or health promotion program (including
organized individual or team sports) outside regular school physical education courses; (4) a
willingness to accept randomization into treatment groups; (5) being “African American” or
“Black” based on parental report; and (6) having never been pregnant at any point in the
study.

Procedure
Prior to randomization, 170 students met the eligibility criteria and were available to
participate in the study. Written informed consent was obtained from these individuals, who
were then randomly assigned by the school to a treatment group. Twenty-six students were
omitted from the statistical analyses because they were absent from school more than 30%
of the time the intervention took place, and 23 were not present for posttest and/or follow-up
data. No differential loss of subjects to follow-up was noted by treatment group, χ2 = 2.66,
df = 2 (p = .265). The final sample consisted of 121 participants: 35 on BAM (12 males), 42
on LS (20 males), and 44 on health education (HE; 17 males). The study was approved by
the Human Assurance Committee of the Medical College of Georgia. The research
personnel involved with the data collection were blind to the treatment allocation.

School-based BP-screening procedures—Weight was measured by the Detecto
CN20 scale (Cardinal Scale Manufacturing Co., Webb City, MO), and height was measured
using a stadiometer. Resting seated SBP was recorded from the right arm with Dinamap
1846SX monitors (Critikon, Inc., Tampa, FL) for 10-minute periods (four measurements at
0, 5, 7, and 9 minutes). Each day, the first measurement was discarded, and the average of
the other three measurements was used.

ABP monitoring—Ambulatory SBP, DBP, and heart rate (HR) were recorded for 24
hours pre-intervention, postintervention, and at the follow-up to the intervention.
Measurements were recorded every 30 minutes during school, every 20 minutes during self-
reported after-school waking hours, and every 30 minutes during self-reported sleep hours
using Spacelab 90207 monitors (Spacelab, Inc., Issaquah, WA). These instruments have
been validated (O'Brien, Mee, Atkins, & O'Malley, 1991), and acceptability of the
ambulatory readings was based on established criteria (Barnes, Treiber, & Johnson, 2002;
Harshfield et al., 2002; Treiber et al., 1994). Hourly averages were obtained by averaging all
readings for each clock hour and reduced by averaging hourly averages into 24-hour
periods. To be included in the analyses, means for SBP, DBP, and HR required a minimum
of 50% of the total possible observations (i.e., a minimum of 26 of 51 readings for 24
hours).

Hostility measurement—The adolescent version of the Cook-Medley Hostility Inventory
(ACMI) was used to assess hostility (Liehr et al., 2000). It was administered to each
participant via paper-and-pencil tests at pre-intervention, postintervention, and follow-up
evaluation. The ACMI comprises a 4-point response format: strongly agree, agree, disagree,
and strongly disagree. It is a 23-item subset of the 50-item adult scale. To make it more age
appropriate, items in the scale were altered from the adult version (Liehr et al., 2000). It is
highly correlated with the 50-item scale (r = .95) and has good test-retest reliability
(Woodall & Matthews, 1993). Internal consistency has been reported as .81 (Woodall &
Matthews, 1989) and .75 (Liehr et al., 2000). Using pre-intervention data, it was found to
be .82.

Behavioral interventions—Health/physical education teachers conducted the 12-week
behavioral interventions during their regular class periods. Interventions were conducted
across two high schools by six health/physical education teachers. The students taking these
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classes did not take physical education during that term. In each school, one teacher was
randomly assigned per semester to teach an intervention and was provided supervised
training by program instructors. Each teacher was certified by the program instructors as
being competent to teach, and qualitative assessments of the teachers’ implementations of
the programs were conducted on a weekly basis using Likert-type scale ratings (of 0-4) for
thoroughness, class attentiveness, and enthusiasm. A score of 3 or 4 was used as the
criterion.

Breathing awareness meditation—BAM is the primary exercise in the Mindfulness-
Based Stress Reduction Program (Kabat-Zinn, & Hanh, 1990). Practice involves focusing on
the moment, sustaining attention on the breathing process, and passively observing one's
thoughts. The individual sits upright in a comfortable position with the eyes closed and
focuses on the movements of the diaphragm while breathing in a slow, deep, relaxed
manner. Each weekday, 10-minute sessions were conducted during the HE classes. The
subjects were instructed to practice a 10-minute session at home each weekday and twice
daily during the weekends. BAM home practice compliance was 86.6 ± 7.4% by self-
reports. Average in-school attendance for participants receiving the BAM treatment was
91%.

Health education—HE lessons were conducted on a weekly basis and consisted of 50-
minute sessions on CV-health-related lifestyle behaviors that were based on National Heart,
Lung and Blood Institute (NHLBI) guidelines for youth (National High Blood Pressure
Education Program Working Group on Hypertension Control in Children and Adolescents,
1996). Brochures, handouts, videotapes, discussions, and recommendations for increasing
physical activity (e.g., walking, sports), and establishing and maintaining a prudent diet
(e.g., reducing fat and sodium intake) were a part of the program. Average in-school
attendance for members receiving HE treatment was 95%.

Life skills training—The 50-minute sessions were conducted on a weekly basis using
selected components of Botvin Life Skills Training (Botvin, 1998), which included passive
and active modeling, group discussions, behavioral homework assignments, feedback, and
behavioral rehearsal and reinforcement. The selected program components provided training
in problem-solving skills, reflective listening, conflict resolution, and anger management to
enhance social skills, assertiveness, and personal and social competence (Botvin, Baker,
Renick, Filazzola, & Botvin, 1984). Average in-school attendance for the members
receiving the LS group treatment was 93%. There were no relaxation or stress reduction
techniques taught in the LS or HE sessions.

Statistical analyses—Analyses of variance (ANOVA) were conducted on pre-
intervention hostility values, and no significant differences were observed among the
treatment groups. The ACMI hostility scores were analyzed in a 3 (treatment group) × 3
(time: pre-intervention, postintervention, follow-up evaluation) repeated-measures ANOVA.
A group-by-time interaction effect was further examined using a series of two sets of paired
t tests for each treatment group. The first pair examined pre- and post-ACMI score
differences. The second pair examined post- and follow-up ACMI score differences.

Changes in 24-hour ambulatory measures were analyzed using a 3 (treatment group) × 3
(time: pre-intervention, postintervention, follow-up evaluation) repeated-measures ANOVA.
Any significant group-by-time interaction effects were further examined using a series of
two sets of paired t tests for each treatment group. The first pair examined pre- and post-
score differences. The second pair examined post- and follow-up score differences. ANOVA
analyses were initially conducted on pre-intervention ambulatory values, and no significant
initial differences were found among the groups (all p > .42).
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For significant group-by-time interactions, correlations were computed between the changes
in ACMI and the changes in the dependent variables (pre to post and post to follow-up) for
each of the treatment groups separately. Pearson's correlations were transformed to Fisher's
z's, and confidence intervals were created to examine the differences between the
correlations among groups.

Results
Anthropometric Analyses

Pre-intervention demographic and anthropometric data are shown in Table 1.

There were no significant differences between the treatment groups on any of these
parameters (all p > .10). In addition, there were no significant group-by-time interactions on
any of the anthropometric variables (all p > .10).

To test for the effects of schools, a 2 (school) × 3 (intervention) ANOVA was conducted on
the change scores for all dependent measures. No significant main effect of school or
interactions of school by treatment were found on any of the outcome measures (all p > .10).
Values for the pre-, post-, and follow-up-intervention 24-hour ambulatory hemodynamic
measures by treatment group are displayed in Table 2.

ACMI Ratings
The interaction of time of measurement by treatment group was significant, F(4, 236) =
2.51, p = .04, and is displayed in Figure 1. Participants who received HE exhibited small,
nonsignificant mean decreases in ACMI scores from pre- to post-intervention and from post-
intervention to follow-up evaluation (both p > .70). The BAM group revealed a significant
mean reduction on ACMI scores from pre- to postintervention of −2.43 ± 6.59, t(34) = 2.18,
p = .036, and a slight, nonsignificant increase from postintervention to follow-up evaluation
(p > .17). The LS treatment group revealed a nonsignificant decrease on ACMI scores from
pre- to post-intervention (p > .88) and a significant mean increase from post-intervention to
follow-up evaluation of 2.81 ± 6.18, t(41) = 2.94, p = .005.

Ambulatory Hemodynamic Measures
There was a significant group-by-time interaction for 24-hour SBP, F(4, 236) = 3.12, p = .
016, which is depicted in Figure 2. No other significant group-by-time interactions were
present (all p > .10).

The subsequent paired t-test comparisons indicated that the HE and LS groups exhibited no
significant mean differences in 24-hour SBP across any of the comparisons (all p > .10). The
BAM group exhibited a significant reduction of 2.62 ± 6.22 mmHg between pre- and post-
intervention, t(34) = 2.49, p = .018. A slight, nonsignificant increase from postintervention
to follow-up evaluation was observed for the BAM group (p > .40).

Comparison of ACMI Changes With ABP Changes
Because of the treatment-by-time interaction on the ACMI, correlations comparing changes
from pre- to post-intervention and from post-intervention to follow-up evaluation for 24-
hour ambulatory SBP, DBP, and HR by ACMI were calculated separately for each treatment
group. As can be seen in Table 3, a pattern of positive correlations was observed between
changes in ACMI scores and changes in the ambulatory measurements for the BAM and HE
groups. The pattern indicated that as hostility scores declined, so did hemo-dynamic
parameters. In a similar fashion, if hostility scores increased, ambulatory parameters tended
also to increase. The BAM group displayed a significant positive correlation between
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changes on the ACMI and 24-hour HR (r = .34, p < .05). The HE group displayed a
significant positive correlation between changes on the ACMI and 24-hour SBP (r = .35, p
< .05). The correlations between changes in the ACMI and 24-hour SBP, DBP, and HR were
considerably smaller for the LS group. Examination of the magnitude of these correlations
across treatment groups using Fisher's r-to-z transformation indicated higher associations for
BAM and HE than for LS (both p < .05).

As seen in Table 4, during the period from postintervention to follow-up evaluation, BAM
and HE exhibited significant positive correlations between changes on the ACMI and 24-
hour SBP (r = .46, p < .001 and r = .35, p < .05, respectively). Similar to the pre-to-post
comparisons, correlations between changes on the ACMI and 24-hour SBP, DBP, and HR
were considerably smaller for the LS group. Fisher's r-to-z transformations indicated that the
positive associations between change scores for 24-hour SBP and ACMI were significantly
larger for BAM and HE than for the LS group (p < .05). Finally, compared with the LS
group, the BAM group exhibited significantly higher positive correlations between changes
on the ACMI and 24-hour DBP (p < .05).

Discussion
This clinical trial addressed two important questions. The first was whether 3 months of
school-based stress-reduction-related behavioral interventions would reduce self-reported
hostility levels among a group of AA adolescents and, if so, whether the changes would be
maintained 3 months following cessation of the intervention. The second question was
whether the changes in hostility would be associated with changes in ABP levels on
completion of the intervention and at follow-up.

Our findings indicated that the BAM and LS interventions resulted in significant reductions
in self-reported hostility, which occurred at different evaluation points. Little change in
hostility levels were observed for those in the HE intervention. The BAM intervention
resulted in significant reductions in self-reported hostility post-intervention, whereas the LS
group exhibited significant declines in hostility from post-intervention to follow-up
evaluation. One possible explanation for these findings is that the LS training requires the
entire 12 weeks to develop the various hostility-related coping skills, including anger
management, reflective listening, effective assertiveness without aggressiveness, and so
forth. With the BAM intervention, one learns the stress reduction techniques within the first
day or two of practice. The fact that LS shows promise as an intervention tool for reducing
hostility is in line with other school-based studies that have found LS training to be a useful
tool for youth who have problematic behaviors (e.g., substance abuse conduct or behavioral
problems), especially inner-city youth (Botvin et al., 1984; Botvin, Eng, & Williams, 1980;
Botvin et al., 1997; Botvin & Griffin, 2002).

The HE findings support Yahav and Cohen's (2008) speculation that hostility reduction may
only occur when one is taught specific skills for dealing with hostility. However, the BAM
findings do not support this contention because, as in the HE program, no specific hostility
or anger management skills training was provided during the intervention. The BAM
technique is similar to the Benson Relaxation Response and other meditation techniques that
involve slow, deep breathing. These techniques have been shown to increase
parasympathetic nervous system activity, which counters sympathetic nervous system (SNS)
drive (Bernardi et al., 2001; Peng et al., 1999, Pent et al., 2004). Hostility has been
associated with increased SNS activity (Sherwood, Hughes, Kuhn, & Hinderliter, 2004;
Virtanen et al., 2003). Thus, BAM may possibly have reduced hostility via the mechanistic
pathway of increased para-sympathetic activity countering SNS drive (Bernardi et al., 2001;
Peng et al., 1999; Peng et al., 2004; Sherwood et al., 2004; Virtanen et al., 2003).
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Measures of 24-hour SBP and HR were affected by changes in self-reported hostility within
treatment groups. In the BAM group, reductions in self-reported hostility from pre- to post-
intervention were associated with reductions in 24-hour SBP and HR. Even though there
were slight increases in hostility from post-intervention to follow-up evaluation for
participants who received training in BAM, those who continued to show declines in
hostility levels also showed continued to have declines in 24-hour SBP and HR. While the
magnitude of the decrease in 24-hour SBP among the BAM group (i.e., 2.1-2.6 mmHg) may
appear modest at first glance, these findings should be viewed within the context of what is
known about the natural progression of BP from adolescence to adulthood. Adolescents
between the 50th and 95th percentiles have been found to experience a natural increase in
24-hour SBP that ranges from 0.3 to 2.8 mmHg from 15 to 16 years of age (Urbina et al.,
2008). Among adults, studies have found that the risk for stroke or coronary mortality
doubles with every 20-mmHg increase in SBP throughout the range of SBP (Kannel et al.,
2003; Lewington, Clarke, Qizilbash, Peto, & Collins, 2002). Therefore, a 2- to 3-mmHg
lower SBP maintained from adolescence onward could result in a 12.5% lower risk of
stroke- or coronary-related mortality in adulthood. Thus, the magnitude of the change in 24-
hour hemodynamic function, if maintained, has considerable implications with regard to
reduction of CVD risk.

The HE group exhibited significant relationships between declines in hostility and declines
in 24-hour SBP from pre- to post-intervention and from post-intervention to follow-up
evaluation. Although the LS group did show a significant decline in hostility from post-
intervention to follow-up, no significant associations were observed for any of the 24-hour
ambulatory comparisons. This study is the first to examine the impact of three types of
behavioral interventions on self-reported hostility and ABP among AA youth who are at risk
for later development of hypertension. The fact that the participants were not selected for
any identified behavioral and anger control problems suggests that the BAM and LS
interventions may hold promise in reducing levels of hostility and ABP among all AA
youth. To our knowledge, this is the first study to suggest that levels of self-reported
hostility among AA youth can be positively affected by breathing meditation or a cognitive-
behavioral coping skills program implemented by HE teachers as part of the regular
curriculum.

While these results are encouraging, they need to be interpreted cautiously until the findings
are replicated. For example, there was an overall loss of 29% of the cohort over the course
of the 3-month intervention and the subsequent 3-month follow-up. Attrition was to the
result of low exposure to the school-based interventions (i.e., 53% of the subject loss was
due to the <70% attendance rate), and the remaining sample size loss was due to missing or
invalid ambulatory BP data at postintervention or follow-up evaluation. The low exposure to
the school interventions was primarily the result of several of the cohorts across the 4-year
period experiencing repeated cessations of classes due to bomb threats and fire alarm
activations. Fortunately, every one of these occurrences was a false alert. However, this
characterizes the types of background environmental stressors AAs and others living in
lower-SES areas experience only too frequently. There were no treatment group differences
in the percentage of losses by these categories, leading to greater confidence in the
preliminary findings.

A second issue is whether the timings of the changes in hostility by treatment approach are
stable. That is, if replicated, there would be implications for conducting BAM for quicker
reductions in hostility and ABP, with LS being useful in reducing hostility levels but
requiring a longer period of utilization of the learned coping skills.
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Finally, it is unclear whether LS may result in significant improvements in ABP, which were
not detected using only one 24-hour assessment at each evaluation. Situations leading to
stressful interpersonal encounters are fairly infrequent. Future studies would benefit from
repeated 24-hour ABP evaluations in conjunction with personal digital assistant techniques
to monitor the frequency and intensity of anger- or hostility-provoking situations prior to
and following the interventions. This information will provide greater clarity regarding the
impact of the interventions on such feelings of emotional distress and their associations with
ABP variability in the natural environment (Brondolo et al., 2003; Enkelmann et al., 2005).

If the present findings are replicated with a larger cohort, it would provide stronger evidence
that these interventions could become viable nonpharmacologic approaches for improving
both the physical and the emotional health of AA youth. Replication would also strengthen
the argument for dissemination of these programs into the regular classroom HE curriculum.
The relative low cost and ease of implementation of the programs, especially BAM, leads to
their great potential for dissemination in other settings involving youth, such as churches,
recreation centers, and so on.

In summary, if these preliminary findings are replicated, BAM and/or LS may be very
useful prevention and intervention approaches to help curb the damaging physical and
psychological impacts of repeated exposure to environmental stressors such as unfair
treatment, discrimination, community violence, poor and overcrowded school settings,
dysfunctional neighborhood and/or family settings, and so forth, often a continued part of
the Black experience in the United States.
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Figure 1.
Treatment × time interaction on hostility scores
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Figure 2.
Treatment × time interaction on 24-hour systolic blood pressure
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Table 1

Demographic and Anthropometric Characteristics by Treatment Group

Characteristic HE (n = 44) BAM (n = 35) LS (n = 42)

Age (years) 15.14 ± 0.84 14.93 ± 0.64 14.86 ± 0.61

Sex ratio (male/female) 17/27 12/23 20/22

Weight (kg) 68.18 ± 17.24 66.96 ± 17.80 70.54 ± 18.19

Height (cm) 163.62 ± 8.23 163.70 ± 8.10 166.73 ± 10.0

BMI 25.34 ± 5.78 24.93 ± 6.16 25.20 ± 5.24

Percent married 39 39 43

SES 31.02 ± 11.40 36.55 ± 12.63 36.29 ± 15.01

Note: BAM = breathing awareness meditation; BMI = body mass index; HE = health education; LS = life skills training; SES = socioeconomic
status. Data represent means ± SD. No significant differences by treatment group observed on any characteristics. SES calculated using
Hollingshead four-factor indexes.
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Table 2

Ambulatory Measures by Treatment Group and Evaluation Period

Characteristic HE (44) BAM (35) LS (42)

Pre-SBP24 121.22 ± 7.04 119.39 ± 6.23 120.07 ± 7.34

Post-SBP24 120.85 ± 7.42 116.77 ± 8.00 119.96 ± 7.02

Follow-up SBP24 120.34 ± 6.82 117.28 ± 8.08 121.88 ± 7.75

Pre-DBP24 69.56 ± 6.31 68.11 ± 5.82 67.61 ± 5.49

Post-DBP24 68.24 ± 5.96 66.76 ± 6.33 68.41 ± 5.20

Follow-up DBP24 67.97 ± 5.79 66.60 ± 6.51 68.49 ± 5.44

Pre-HR24 83.12 ± 9.01 83.01 ± 10.45 82.47 ± 11.81

Post-HR24 81.36 ± 7.97 81.41 ± 9.16 83.35 ± 11.35

Follow-up HR24 80.67 ± 9.74 80.19 ± 8.79 81.82 ± 10.87

Note: BAM = breathing awareness meditation; DBP = diastolic blood pressure; HE = health education; HR = heart rate; LS = life skills training;
SBP = systolic blood pressure. Data represent means ± SD.
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Table 3

Pre- to Post- Changes in ACMI Correlated With Pre- to Post- Changes in Ambulatory Hemodynamic by
Treatment Groups

HE BAM LS

N 44 35 42

ACMI ACMI ACMI

SBP24a .432** .269 –.065

DBP24a .287 .188 .022

HR24c .204 .338* –.119

Note: ACMI = adolescent version of the Cook-Medley Hostility Inventory; BAM = breathing awareness meditation; DBP = diastolic blood
pressure; LS = life skills training; SBP = systolic blood pressure; HE = health education; HR = heart rate.

a-c Represent significant groups r to z differences at p < .05. There were no significant differences found for b.

a
LS vs. HE.

b
BAM vs. HE.

c
BAM vs. LS.

*
p < .05.

**
p < .001.
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Table 4

Post- to Follow-Up Changes in ACMI Correlated With Post- to Follow-up Changes in Ambulatory
Hemodynamics by Treatment Group

HE BAM LS

N 44 35 42

ACMI ACMI ACMI

SBP24a,c .351* .460** –.086

DBP24a .001 .322 –.037

HR24 .017 –.075 –.114

Note: ACMI = adolescent version of the Cook-Medley Hostility Inventory; BAM = breathing awareness meditation; DBP = diastolic blood
pressure; HE = health education; HR = heart rate; LS = life skills training; SBP = systolic blood pressure.

a-c Represent significant groups r to z differences at p < .05. There were no significant differences found for b.

b. = BAM vs. HE.

a
BAM vs. LS.

c
LS vs. HE.

*
p < .05.

**
p < .001.
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