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Comparative Effects of Improved Cardiorespiratory Fitness, Stress, and
Weight on Blood Pressure in a Community-Based Treatment: Implications

for Physician Referral
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Abstract: Introduction: The efficacy of behavioral treatments for elevated blood pressure (BP) is unclear, and the relative
effectiveness of improvements in common intervention targets such as cardiorespiratory fitness, stress, and body weight
requires clarification. Aims of this research were to assess the effectiveness of a community-based, health behavior-
change program for improving resting heart rate, weight, and stress; and to clarify associations of their changes with BP
changes. Methods: A group of 140 women with severe obesity volunteered for a YMCA-based treatment for weight loss
incorporating exercise, nutrition, and stress management methods. Physiological and psychological measurements were
obtained at baseline and month 6. Results: The treatment was associated with significant within-group improvements in
resting heart rate, tension, weight, and systolic and diastolic BP (all P values <0.01). The moderate effect sizes for BP
change (d = 0.37 and 0.58, respectively) were comparable with more invasive and expensive behavioral treatments.
Significant linear bivariate relationships were found between changes in resting heart rate, tension (stress), and weight,
and systolic and diastolic BP changes. When simultaneously entered into multiple regression equations, the variance
accounted for in systolic and diastolic BP (R* = 0.17 and 0.06, respectively) was significant. In each equation, only
changes in tension significantly contributed independently to the explained variances in BP changes. Conclusions: Along
with improvements in fitness and weight, managing stress appears to be especially important for reducing BP. The present
community-based treatment may be a viable option for physician referral as either an alternate or adjunct to medications.
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INTRODUCTION

As of the most recent analyses, hypertension affected
31% of adults or 65 million people in the United States,
making control of elevated blood pressure (BP) one of the
most frequent activities of medical professionals [1].
Although there is clear evidence of the usefulness of
antihypertension medications for controlling high BP [2],
there is also a realization that long-term drug treatment is
expensive, side effects may be considerable, and patients
may wish to avoid long-term drug use when possible.
Growing interest in non-pharmacological treatments for
hypertension led to the development of 2 expert panels to
consider behavioral interventions [3,4]. Both panels cited
methodological limitations in the extant research and stated
that considerable investigation remains necessary prior to
determining both the efficacy and the most productive foci
of behavioral treatments [3,4]. Notably, however, in a
comprehensive “review of reviews” of behavioral BP
treatments, some methods demonstrated effects comparable
to medications, with the average of all 28 effect sizes of pre-
to post-treatment changes in mmHg in the moderate range of
d = -044 and d = -0.46 for systolic and diastolic BP,
respectively [5]. Initial BP was negatively related to BP
improvements [5].
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Common aims of the behavioral treatment of elevated BP
is to improve individuals’ cardiorespiratory fitness, reduce
stress (manifested as anxiety or psychological tension), and
reduce excess weight. The association of improvement in
cardiorespiratory fitness and decreased BP is strong [6], with
resting heart rate often used as a marker of fitness [7].
Mechanisms causing these effects appear to be related to the
association between a strengthened heart and the body’s
ability to then pump more blood with less effort, thus
decreasing the force on the arteries [8]. The rationale for
reducing stress to improve BP is through the link that stress
is thought to have with hypertension via elevated sym-
pathetic tone and vagal dysregulation [9]. Training in various
relaxation methods (e.g., biofeedback, progressive relaxa-
tion, yoga) emphasizes reductions in physiological arousal
and improved autonomic balance. Research has demons-
trated the association of reduced stress and improved BP
[10]. The reasoning for reducing one’s body weight to imp-
rove BP is less evident, although research clearly demons-
trates the association [11]. One plausible pathway is that the
renin-angiotensin-aldosterone system is overactivated in
obese individuals, and aldostrone concentrations are higher
than in persons of a normal weight [12]. Decreased insulin
sensitivity and hyperinsulinemia as part of the metabolic
syndrome might also form a link [13]. Little research has
tested the relative effectiveness of improving cardiorespira-
tory fitness, tension, or weight, although such data may help
to shape the effectiveness and efficiency of behavioral treat-
ments (e.g., by prioritizing corresponding intervention
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components such as exercise, stress management techniques,
or nutrition change). It is also unknown if meaningful effects
may be obtained by referral to cost-effective community-
based programs, or whether more expensive processes (e.g.,
individual meetings with a licensed psychologist) are
necessary.

Thus, the present research tested a group of severely
obese women enrolled in a 6-month YMCA-based treatment
focused on weight management that included components of
exercise, nutrition, and stress-management. Although each
participant had an initial BP value consistent with either pre-
hypertension or hypertension, the stated focus of the treat-
ment was weight-loss, so expectations for BP improvement
were not likely to bias outcomes, as has been cited as
problematic in earlier research [10]. It was hypothesized that
the treatment, based on tenets of social cognitive and self-
efficacy theory (which views individuals as directing their
own behaviors based on self-reflection, self-organization,
and perceptions of ability) [14,15], would be associated with
significantly improved resting heart rate, tension, weight,
and BP. Changes in resting heart rate, tension, and weight
were each expected to be significantly related to both
systolic and diastolic BP improvements. Which predictor of
BP change would be strongest was, however, left as a
research question without hypotheses. It was hoped that
findings would serve to inform behavioral treatments for
high BP. Ultimately, physicians and other medical profes-
sionals might benefit by allowing them to better select
efficient and cost-effective referrals for their patients to
potentially serve as both alternatives and adjuncts to
antihypertension drugs.

METHODS
Participants

Women responded to advertisements in local newspapers
soliciting volunteers for a YMCA-based weight-loss prog-
ram. Inclusion criteria were: 1) minimum age of 21 years, 2)
BMI of 35-50 kg/m’, 3) no regular exercise (less than 20
minutes per week average), 4) a goal of weight loss, and 5)
systolic and/or diastolic BP at or above the recommended
value of 120 or 80 mmHg, respectively. Exclusion criteria
were current or soon-planned pregnancy, use of medications
for weight loss or a psychiatric condition, and, if medications
for BP were presently being used, they could not have been
initiated or changed either within the previous 6 months or
during the investigation. A written statement of adequate
physical health to participate from a physician, appropriate
institutional review board approval, and written informed
consent from all study participants was obtained.

Of the 88 participants classified as pre-hypertensive
(systolic BP of 120-139 mmHg and/or diastolic BP of 80-89
mmHg) and 52 classified as hypertensive (systolic BP > 140
mmHg and/or diastolic BP > 90 mmHg), the overall mean
age was 45.1 years (SD = 9.8). The mean body mass index
(BMI) was 40.4 kg/m* (SD = 4.4). The overall racial make-
up was 43% white, 51% black, and 6% of other races/
ethnicities. Based on self-reported data indicating family
income, most were in the lower-middle to middle class.
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Measures

Cardiorespiratory fitness was measured as resting heart
rate. This was assessed as beats per minute after a minimum
of 5 minutes rest. A recently calibrated digital scale was used
to measure weight in kg. An aneroid sphygmomanometer
with stethoscope (Omrong Exactus 108MC for Large Adults,
South Shelton, CT, USA) was used to measure systolic and
diastolic BP in mmHg. Measurements were each taken at a
similar time of day by the same technician and the average of
2 measurements was recorded.

Psychological tension was measured by the Profile of
Mood States Short Form [16]. The 5-item tension scale (e.g.,
nervous, anxious, tense) required responses ranging from 0
(not at all) to 4 (extremely) to indicate “how you have been
feeling during the past week including today.” The internal
consistency was 0.91, and test-retest reliability over 3 weeks
was 0.70 [16].

Procedure

Each participant was provided full access to a YMCA
facility and received an orientation to study processes. The
exercise support component of the treatment consisted of a
standardized protocol of 6, 1-hour meetings with a YMCA
wellness specialist, spaced across 6 months [17]. Its
architecture was based on social cognitive and self-efficacy
theory. These one-on-one sessions included an orientation to
exercise apparatus, but most time was spent on an array of
self-management/self-regulatory methods intended to foster
regular exercise. Goals were identified, documented, and
broken down with ongoing progress tracked graphically; and
instruction in skills such as cognitive restructuring, stimulus
control, and preparedness for occurrences of barriers to
exercise was provided during the sessions. Specific
modalities used in exercise plans (e.g., walking; stationary
cycling) were based on each participant’s preference. Widely
used recommendations for volume of weekly exercise (150
minutes of moderate cardiovascular activity [18]) were
described, but it was also suggested that any volume of
exercise may be beneficial.

The nutrition component was led by a YMCA wellness
specialist in a group of 12 to 15 participants. It also followed
a standard protocol of educational and social-cognitive
methods [19] within 6, 1-hour sessions over 3 months.
Examples of program components were: 1) understanding
carbohydrates, protein, fats, and calories, 2) using the U.S.
Food Guide Pyramid, 3) developing a plan for snacking, and
4) a similar array of self-regulatory skills used in the exercise
support component, but focused on controlled eating.

The stress management component of the treatment was
embedded within the nutrition sessions in 3, 15-minute seg-
ments (along with brief practice time throughout). Methods
were based on deep breathing and abbreviated progressive
muscle relaxation [20]. Instruction was also given on
appropriate prompts for utilization of these methods (e.g.,
stressful and anxious situations).

Wellness specialists administering the treatment were
blind to the purposes of the investigation. Fidelity of treat-
ment protocols was assessed by study administrators and, if
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deviations occurred, corrective measures were immediately
taken. Assessments were administered in a private area at
baseline and month 6 by trained exercise science profession-
als with advanced degrees.

Data Analyses

An intention-to-treat design was used incorporating
multiple imputation [21] for the 17% of overall missing
cases. Statistical significance was set at o = 0.05 (one-tailed),
throughout, with the Bonferroni adjustment applied where
appropriate. Within the planned multiple regression equa-
tions, to detect a small-moderate effect size of f2 =0.10 at the
statistical power of 0.80, a minimum of 112 participants was
required.

Within-group changes over 6 months in BP and its hypo-
thesized predictors associated with the treatment (resting
heart rate, tension, and weight) were assessed using depend-
ent ¢ tests, and effect sizes (d = Meanyonn ¢ — Meanyagetine
SDpaseline) Were calculated where 0.2, 0.5, and 0.8 are, by
convention [22], considered to be small, moderate, and large
effects, respectively. Contrasts were conducted to determine
if participants classified as pre-hypertensive or hypertensive
differed enough on scores of the hypothesized predictors of
BP change to warrant their separate analyses. The linear
bivariate relationship between changes in each predictor, and
BP changes, and intercorrelations within the predictors, was
then calculated. Based on recent suggestions for the present
type of analyses [23], actual score changes over 6 months,
rather than score changes controlling for baseline values,
were used. Finally, multiple regression analyses, with simul-
taneous entry of score changes of the predictors, were
calculated so that their independent contributions to the

Table 1. Changes Over 6 Months in Study Measures (N = 140)
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explained variance in systolic and diastolic BP changes
could be determined.

RESULTS

All participants completed at least 2 sessions of each of
the 3 treatment components. Mean attendance was 72% for
the exercise support, 72% for the nutrition, and 76% for the
stress management components. Change scores did not
significantly differ (all P values >0.35) between participants
with BP values consistent with pre-hypertension and hyper-
tension. Data were, thus, aggregated for subsequent analyses.

There were significant within-group improvements in all
study measures (Table 1). Effect sizes for BP change were
moderate. All bivariate correlations between measures of
changes in BP and changes in its predictors were in the
expected direction and significant (Table 2). Intercorrelations
of predictors within the planned multiple regression analyses
were all low (r values <0.20), indicating their independence.
Findings indicated that a significant portion of the variance
in systolic and diastolic BP change was accounted for by
changes in resting heart rate, tension, and weight. Only
tension changes were a significant independent contributor
to the explained variance in both systolic BP and diastolic
BP reduction.

Two additional tests were conducted. In the first, changes
in systolic and diastolic BP values were found to be nega-
tively correlated with baseline values (rs = -0.33 and -0.47,
respectively; P values <0.001). In the second, age was
separately stepped into both multiple regression equations as
an additional predictor of BP changes. A significant change

Baseline Month 6
Measure Mean SD Mean SD t P 95% CI d
Systolic BP (mmHg) 132.17 12.66 127.52 12.20 -5.62 <0.001 -6.28, -3.02 0.37
Diastolic BP (mmHg) 83.36 8.02 79.31 8.58 -5.55 <0.001 -5.46,-2.61 0.50
Resting heart rate (beats/min) 78.61 11.09 76.62 11.29 -2.48 0.007 -3.58,-0.40 0.18
Tension 4.09 3.67 2.86 3.47 -4.95 <0.001 -1.72,-0.74 0.34
Weight (kg) 110.99 14.39 107.43 13.80 -7.30 <0.001 -4.53,-2.60 0.25

df'=139; CI = confidence interval; d = Cohen’s measure of effect size.

Table 2. Linear Bivariate Correlations in Study Measures (N = 140)

Measure Mean SD 1 2 3 4 5
1. A Systolic BP -4.65 9.78 o 0.5 1% 0.18%* 0.3 5% 0.22%*
2. A Diastolic BP -4.05 8.64 0.51%** o 0.15* 0.20%* 0.14*
3. A Resting heart rate -1.99 9.51 0.18* 0.15* o 0.09 0.16*
4. A Tension -1.23 2.94 0.35%** 0.20%* 0.09 o 0.19*
5. A Weight -3.57 5.78 0.22%* 0.14%* 0.16* 0.19% o

The Delta symbol (A) denotes change from baseline to month 6.
*P <0.05; **P <0.01; ***P <0.001.
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Table 3. Results of Multiple Regression Analyses for the Prediction of Changes in Blood Pressure (N = 140)

I I A R R I R A,
Predicting systolic BP change

Step 1 0.17 9.00 3,136 <0.001
A Resting heart rate 0.13 0.08 0.110
A Tension 0.32 0.27 <0.001
A Weight 0.14 0.14 0.080

Step 2 0.24 10.55 4,135 <0.001 0.07 12.84 <0.001
A Resting heart rate 0.12 0.08 0.112
A Tension 0.36 0.26 <0.001
A Weight 0.11 0.13 0.149
Age -0.27 0.08 <0.001

Predicting diastolic BP change

Step 1 0.06 3.10 3,136 0.029
A Resting heart rate 0.13 0.08 0.138
A Tension 0.18 0.25 0.040
A Weight 0.07 0.13 0.386

Step 2 0.07 2.66 4,135 0.035 0.01 1.34 0.249
A Resting heart rate 0.12 0.08 0.145
A Tension 0.19 0.25 0.027
A Weight 0.06 0.13 0.458
Age -0.10 0.07 0.249

The Delta symbol (A) denotes change in score from baseline to month 6.

in R* was found for only systolic BP, suggesting that older
age predicted greater improvement (Table 3).

A post hoc analysis indicated that the white (n = 61) and
black (n = 72) participants did not significantly differ on
changes in systolic BP (Mean = -5.87, SD = 10.36, and
Mean = -3.83, SD = 9.62, respectively; t13; = -1.17, P =
0.242, 95% CI = -5.46, 1.39) or diastolic BP (Mean = -4.75,
SD = 8.60, and Mean = -3.54, SD = 8.99, respectively; t13; =
-0.79, P=10.431, 95% CI = -4.25, 1.82).

DISCUSSION

Findings supported hypothesized associations of the
present community-based treatment with improvements in
cardiovascular fitness, stress (tension), and weight; and their
expected relationships with improved systolic and diastolic
BP. Effect sizes for BP changes were comparable to more
invasive and expensive behavioral treatments (e.g., indivi-
dual biofeedback sessions), but generally weaker than cur-
rent drug therapies [10]. Age and initial BP value were
inversely associated with effect. Although a greater portion
of the variance in systolic, compared to diastolic, BP was
accounted for, change in tension demonstrated the most
salient role for each. This finding served to fill a void in the
extant research as there have been few investigations on the
relative importance of behavioral predictors of lowered BP;

resulting in an inability to meaningfully inform and prioritize
treatment components.

Based on the present findings, the management of stress
appeared to be especially important, although significant
linear relationships between changes in fitness and weight,
and BP changes, also indicated benefits for the inclusion of
exercise and nutrition components in treatments. It was
beyond the scope of this study to assess relative benefits of
different stress management methods, or even the basis of
the reductions in tension scores that were observed. For
example, some research suggests that somatically based
stress-management techniques (e.g., progressive relaxation)
may be more productive than cognitively based methods
(e.g., cognitive restructuring) when physical processes (e.g.,
BP) are addressed [24]. Also, because even moderate
volumes of cardiovascular exercise, alone, have demons-
trated considerable stress-reduction properties [25], occur-
rence of additional benefits from the inclusion of other
stress-managements methods (e.g., yoga) requires careful
consideration. Although this is an understudied area, it will
be important for refinements in the behavioral treatment of
BP.

In addition to producing useful findings for the specific
subgroup if obese women sampled, this investigation was
helpful for generating further questions for larger scale
behavioral research where a control group is utilized to
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minimize possible confounds inherent in field-based studies.
Moreover, examination of effects of pharmacological treat-
ments combined with behavioral intervention remains
needed. Limitations such as expectation effects from instruc-
tors and social support effects from fellow treatment partici-
pants may also be better dealt with in research with a control
condition, although the absence of a specific focus on BP by
participants was a strength. Additionally, this was a small-
sample study with a specific sample of volunteers. Generali-
zation of findings will require larger-scale testing that
includes men and individuals with different degrees of
overweight and other co-morbidities. Direct testing utilizing
patients that were referred to treatment by their physician
will enable assessment of whether their effects differ from
those of volunteers (who may be especially motivated).

Although limitations were present, findings suggested
that a replicable, theory-based behavioral treatment focused
on exercise, improved nutrition, stress-management, and
weight loss, that is applicable in community-based settings
such as a YMCA, is capable of improving BP. As a result,
possibilities for physicians’ referral to such a treatment for
addressing BP reduction appear high after considering the
present findings. This may help with widespread dissemina-
tion of useful methods for a disorder with high prevalence.
Ultimately, it is hoped that behavioral and medical sciences
will routinely combine their efforts to maximize effects in
the treatment of the increasingly common disorder of
hypertension.
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