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■ PURPOSE: Although cardiac rehabilitation programs have been shown to
decrease cardiovascular risk, morbidity, and mortality, few programs
have integrated a balanced mind/body approach in which patients
are taught the relaxation response and utilize cognitive behavior skills
for stress management, along with diet and exercise. We examined
the medical and psychological outcomes of patients treated in such a
cardiac rehabilitation program in a general hospital setting.

■ METHODS: From 1997 to 2005, outcomes were measured in 637 patients
with coronary artery disease at baseline and after a 3-month program.
Components of the intervention included smoking cessation, moder-
ate aerobic exercise, nutrition counseling, relaxation response train-
ing, and cognitive/behavioral skills.

■ RESULTS: Men and women improved significantly with respect to medical
outcomes (blood pressure, lipids, weight, exercise conditioning, fre-
quency of symptoms of chest pain and shortness of breath) and psy-
chological outcomes (general severity index, depression, anxiety, and
hostility) (P � .0001). Patients considered “at higher risk” for cardiac
events due to high baseline measures improved their measures to a
less than “at higher risk” level. Data indicate that specific components
of the intervention, that is, increased relaxation response practice and
exercise, significantly contributed to these improvements (P � .05).
Furthermore, age and gender differences, particularly for psychological
measures, were found; younger patients and female patients had
greater improvements than older patients and male patients.

■ CONCLUSIONS: This study provides preliminary data for a subsequent
randomized control trial to test mind/body-based interventions to
determine the most effective outcomes at an affordable cost.
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Coronary artery disease (CAD) is the leading cause of

death in the United States, with estimates for 2006 of

1.2 million new or recurrent coronary events and asso-

ciated healthcare costs estimated at $142.5 billion.1

Suboptimal diet and physical inactivity increase the

risk of cardiac events in patients with CAD.2 In addition,

psychological risk factors play an independent role in

the pathogenesis of CAD.3–8 A large meta-analysis by

Linden et al4 demonstrated that psychological inter-

ventions, offered in addition to usual care, reduced

mortality by 54% for at least 2 years (P � .002).

The American Heart Association and the American

Association of Cardiovascular and Pulmonary

Rehabilitation have recognized the importance of

ec
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regular practice at home. Clinical nurse specialists,

specifically trained in mind/body interventions, led

the relaxation session and group discussion. Seven of

the 13 group discussion sessions were related to

stress management that addressed how to recognize

stress warning signs and manage stress by using cog-

nitive restructuring skills to challenge negative think-

ing patterns. Patients applied these skills at home by

completing a weekly cognitive journal. Additional

skills included effective communication, journaling,

and how to deal with the emotional impact of CAD.

Other group discussion topics included nutrition

for heart health, healthy cooking, and exercise for

health. The Mediterranean diet, 50% to 55% carbohy-

drates, with an emphasis on fruits, vegetables, and

whole grains; 20% to 30% fat, with emphasis on

monounsaturated and polyunsaturated fats; and 15%

to 20% protein, was recommended to patients.

Patients were encouraged to keep a weekly diary log

documenting their home practice (exercise, stress

management, and nutrition). Each week, the interdis-

ciplinary team reviewed each patient diary and pro-

vided recommendations.

Study Measures
All patients referred to the program completed a

comprehensive, preintervention clinical assessment

of health behaviors, psychological distress, and activ-

ity levels; a physiologic assessment of cardiac risk fac-

tors; and determination of use of antihypertensive

and lipid-lowering medications. After CR completion,

a similar postintervention assessment was adminis-

tered. Study variables were derived from data collect-

ed during the pre- and postintervention assessments.

Medical outcome measures
Medical outcome measures were blood pressure,

lipids, anthropometrics, and exercise capacity

obtained as part of the standard clinical assessments.

Three blood pressure measurements were obtained

while the patient remained seated as part of the pre-

and postintervention assessments. Levels of total

cholesterol, low-density lipoprotein (LDL), high-den-

sity lipoprotein (HDL), and triglycerides were also

assessed. Anthropometrics measured weight in

pounds (same scale, without shoes), waist circum-

ference in inches, and body mass index (BMI). Body

mass index was determined using the following

formula: weight (kg)/height (m2). Because of cost-

containment practices of third-party payers, most

patients did not have a symptom-limited exercise

stress test pre- and postintervention. Accordingly, 

to determine changes in physical conditioning, we

examined submaximal exercise rate pressure products

(RPPs).

psychological interventions as a core component of

cardiac rehabilitation (CR).9 Programs that provide

both one-to-one and group meetings, employing

healthcare professionals to assess levels of psycho-

logical distress and to teach specific stress manage-

ment skills, have been shown to be beneficial for

CAD patients.10–14 However, it appears that most CR

programs offer only limited approaches in this

regard.

Medical outcomes from CR programs have been

widely studied and reported; however, fewer studies

report psychological outcomes. The long-term collec-

tion of medical and psychological outcomes data

should provide a unique opportunity to evaluate psy-

chological as well as the more commonly assessed

medical outcomes. To determine the role of outpa-

tient CR to integrate psychosocial interventions, we

conducted a long-term outcome study to evaluate the

effectiveness of CR in treating CAD patients in a gen-

eral hospital setting. Correlations between demo-

graphic (age and gender) and intervention variables

(exercise and stress management), to program out-

come effectiveness, were examined.

METHODS

All participants were CAD outpatients who were

referred to and completed a 13-week CR program

between 1997 and 2005. Medical conditions motivat-

ing referral for treatment included stable angina

(38%), myocardial infarction (26%), percutaneous

coronary intervention (9%), coronary bypass surgery

(20%), and other conditions such as cardiomyopathy

and congestive heart failure (7%). The study was

approved by the Beth Israel Deaconess Medical

Center (Boston, Massachusetts) Committee for

Clinical Investigations for retrospective review of data

collected from medical records.

Cardiac Rehabilitation Program
The CR program consisted of an initial evaluation by

the physician and the clinical nurse specialist, 13

weekly 3-hour group sessions, and a discharge

appointment. Sessions were billed under CR codes.

Each weekly group had an average of 12 patients and

each weekly session consisted of initial data collec-

tion (weight, heart rate, and blood pressure), 45 min-

utes of supervised exercise, a 45-minute relaxation

session, a 20-minute snack/meal, and a 45- to 60-

minute group discussion. Patients learned a variety of

techniques to elicit the relaxation response, including

yoga, breath focus, meditation, mindfulness, and

visualization. Patients were provided with 2 CD-

ROMs of guided relaxation exercises to develop a

HCR200040_230-238.qxd  7/9/09  11:41 AM  Page 231



232 / Journal of Cardiopulmonary Rehabilitation and Prevention 2009;29:230–238 www.jcrpjournal.com

were at higher risk, we included only those patients

who did not change antihypertensive and lipid-low-

ering medications during the program to eliminate

possible effects due to changes in medications.

Statistical Analysis
Analyses of changes in outcomes from pre- to postin-

tervention were determined with a paired t test for

continuous variables and McNemar’s test for binary

variables.19 These tests were used to account for the

correlations between the pre- and postintervention

data collected from the same patients. A regression

analysis was then conducted to estimate the associa-

tion of outcome changes with age and gender, and

with changes in number of minutes of exercise and

relaxation response/meditation time from pre- to

postintervention, controlling for baseline (preinter-

vention) outcome measures and use of antihyperten-

sive and lipid-lowering medication. To account for

missing data in exercise and relaxation

response/meditation time, a missing data indicator

variable was included in the regression model and

replaced the missing data with the mean values.19

RESULTS

The study population was composed of 637 CAD

patients with mean age of 63.3 � 10.5 years (range �
27–92 years), of which 72% were male, 90% were

white, and 41% had higher than a college education.

Tables 1 and 2 describe outcome variables at pre- and

postinterventions as well as the changes from pre- to

postintervention for men and women. Statistically sig-

nificant (P � .01) decreases (indicating improvement)

were observed in blood pressure (both SBP and

DBP), lipids (total cholesterol, LDL, and triglycerides),

anthropometric measures (body weight, waist circum-

ference, and BMI), psychological measures (depres-

sion, anxiety, hostility, and GSI), and exercise response

(RPP) for both men and women. These improvements

were also considered to be clinically significant, par-

ticularly for SBP and LDL.20,21 Both male and female

patients had an approximately 7 mmHg decrease in

SBP and a 9 mg/dL reduction in LDL.

Improvements were more evident among those

considered “at higher risk” at baseline (Table 3).

Among 131 CAD patients with SBP of 140 mmHg or

higher or DBP of 90 mmHg or higher (defined as

hypertension)22 at baseline and who had never taken

antihypertensive medications or did not change anti-

hypertensive medications during CR, the average SBP

was reduced from 153.3 to 138.7 mmHg (P � .0001).

Among the subset of CAD patients who had total cho-

lesterol level of 200 mg/dL or higher at baseline

Patients “at higher risk” for cardiac events were

identified by baseline measures of blood pressure,

lipid, waist circumference, and BMI. Patients with a

systolic blood pressure (SBP) of 140 mmHg or high-

er or diastolic blood pressure (DBP) of 90 mmHg or

higher, total cholesterol 200 mg/dL or higher, waist

circumference more than 40 in in men and more than

35 in in women, or BMI 30 or higher were considered

at higher risk.15

Cardiac symptom ratings
The frequency of chest pain and shortness of breath,

which are prevalent among CAD patients, was mea-

sured by a modified medical symptom checklist

developed by Leserman and Dorrington.16 Patients

rated the frequency of each symptom with a Likert-

type scale ranging from 0 (never or almost never) to

8 (constantly).

Psychological outcome measures
Psychological outcomes were measured with the

Symptom Checklist-90-Revised (SCL-90-R).17 The SCL-

90-R is a standardized self-report questionnaire

assessing psychological distress and is frequently

used with medical populations. Its reliability and

validity have been demonstrated previously.18 Each

item is rated on a 5-point scale of distress, ranging

from “not at all” to “extremely.” The 90 items com-

prise 9 subscales and an overall global severity index

(GSI). The GSI and depression, anxiety, and hostility

subscales were also evaluated. Patients with a score

above 62 were considered at risk for cardiac events.18

Exercise and relaxation response practice time
During the pre- and postassessments, patients were

asked to complete a questionnaire that included a

“yes/no” question about whether they regularly per-

formed aerobic exercise (walking, swimming, and

biking) and practiced the relaxation response/medi-

tation. Those who answered “yes” were subsequent-

ly asked to answer questions about how many ses-

sions per week and how many minutes per session.

Total minutes per week of exercise and relaxation

response/meditation time at pre- and postinterven-

tions were then calculated.

Medication use
During the postintervention assessment, patients

were asked about whether they changed the use of

antihypertensive and lipid-lowering medications

using 6 choices: discontinued, started during the pro-

gram, dose increased, dose decreased, changed type

of medication, or never on medications. This medica-

tion information was used as a controlling variable in

the regression analysis that included all study

patients. For the subgroup analysis on patients who
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cholesterol: 167 mg/dL vs 186 mg/dL, P � .0001; and

LDL: 96 mg/dL vs 103 mg/dL, P � .02). After con-

trolling for baseline measures, there was no gender

difference in either SBP or DBP changes. However,

men had a greater decrease in total cholesterol (� �
�6.58, P � .015). As shown in Tables 1 and 2, both

men and women had significant increases (indicating

improvement) in HDL (1.6 and 2.1 mg/dL, respec-

tively). After adjusting for the baseline value, men

had significantly less increases in HDL measures than

women (� � �2.4, P � .005). In contrast, for 

psychological measures, women started with lower

(better) baseline psychological scores than men in all

4 subscales of SCL-90-R (Tables 1 and 2; P � .05) and

had greater improvements even after adjusting for

baseline measures (P � .01).

Effect of Individual Intervention Component on
Outcome Changes
We examined the independent effects of 2 important

components of the CR program, exercise time and

relaxation response/meditation practices.

Exercise time
Among the 586 patients who had complete pre- and

postintervention data on the yes/no question about

(defined as higher risk) and who were never on lipid-

lowering medications or did not change lipid-

lowering medications during CR, there was a strong 

statistical and clinical reduction in lipid measures (total

cholesterol: �34.0 mg/dL; LDL: �26.1 mg/dL; and

triglycerides: �44.1 mg/dL). Those who had an SCL-

90-R t score above 62 (considered as “distressed”) at base-

line dropped to below or near 62 on average (Table 3).

Age and Gender Differences on Outcome
Changes
To examine the effects of age and gender differences

on outcome changes, baseline measures were taken

into account. After controlling for baseline measures,

age was not significantly associated with SBP changes 

(P � .5); however, older age was associated with

greater decreases in DBP (� � �.11, P � .0004). Age

was not associated with changes in any lipid mea-

sures or anthropometric measures (P � .5). For psy-

chological measurements, younger age was associat-

ed with greater improvements in depression (� � .09, 

P � .005) and GSI (� � .10, P � .001) after adjusting

for their baseline scores.

For medical outcomes measures, men generally

had lower, more favorable values than women at

baseline (SBP: 132 mmHg vs 136 mmHg, P � .07;

T a b l e  1  • MEDICAL AND PSYCHOLOGICAL OUTCOMES IN MEN
Difference from pre- 

Preintervention Postintervention to postintervention

Outcome measures n a Mean SD Mean SD Mean SD

Blood pressure, mmHg
Systolic 420 132.06 20.40 125.49 17.79 �6.57b 16.17
Diastolic 420 72.92 9.72 70.39 9.53 �2.52b 8.91

Lipids, mg/dL
Cholesterol 407 167.49 35.59 157.92 33.53 �9.57b 32.21
Low-density lipoprotein 362 95.61 30.65 86.89 27.10 �8.72b 27.14
High-density lipoprotein 397 41.77 10.37 43.33 11.09 1.56b 7.40
Triglycerides 378 157.69 107.27 139.19 94.34 �18.49b 76.91

Anthropometrics
Weight, lb 448 193.19 34.00 189.44 32.53 �3.75b 6.91
Waist circumference, in 426 40.65 4.97 39.58 4.77 �1.07b 1.30
Body mass index 448 29.49 5.06 28.92 4.86 �0.57b 1.05

Psychological measures 
(Symptom Checklist-90-Revised)

Depression 419 59.49 10.63 56.39 10.42 �3.10b 8.85
Anxiety 419 55.29 11.49 53.17 10.79 �2.12b 9.77
Hostility 419 52.63 9.49 51.67 9.49 �0.96c 8.89
Global 419 57.75 10.65 55.12 10.60 �2.63b 8.30

Exercise capacity
Submaximal exercise rate 414 14,034.14 3,361.95 12,182.05 2,807.06 �1,852.09b 2,173.31

pressure product

aThe number of patients included in the analysis of each outcome measure varied because of missing data.
bP � .0001.
cP � .05.
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time from pre- to postintervention (n � 540). Women

had a greater increase in relaxation response time

than men (85 minutes vs 66 minutes, P � .005); how-

ever, age was not associated with changes in relax-

ation response time.

The increase in relaxation response time from pre-

to postintervention was significantly associated with

greater improvements in depression (P � .01) after

adjusting for baseline measures. After further adjust-

ing for age, gender, lipid and hypertension medica-

tion usages, and missing data, similar results

remained (see Table 4). However, relaxation

response time was not found to be associated with

changes in blood pressure, anthropometric measures,

or lipid measures.

Medical Symptoms
We examined 2 common medical symptoms reported

among CAD patients. There were significant improve-

ments in symptoms of chest pain and shortness of

breath (McNemar test, P � .0016 and P � .0001,

respectively). Approximately half of the patients

(270/566) reported symptoms of chest pain at the

preintervention assessment. Thirty-six percent

(96/270) of these patients reported no chest pain at

exercise, 41% initiated an exercise program after join-

ing CR, 55% were exercising before joining CR and

continued to exercise until the end of CR, and 4%

were not exercising at the end of CR. On average,

there was a 95-min/wk increase (94–189 minutes) in

exercise time from pre- to postintervention (n � 565).

To estimate the effect of self-reported exercise

time on the study outcomes, we adjusted for the

baseline measures. There was a strong association

between increases in exercise time and decreases in

weight (P � .008), waist circumference (P � .01),

BMI (P � .004), and submaximal exercise RPP (P �
.007). Similar results were obtained after further

adjusting for age, gender, lipid and hypertension

medication usage, and missing data (Table 4).

However, exercise time was not found to be associ-

ated with improvements in psychological measures.

Relaxation response/meditation time
Among 583 patients who had complete data on the

yes/no question about relaxation response practice,

76% started to meditate after joining CR, 11% were

meditating before joining CR and continued to medi-

tate until the end CR, and 13% were not meditating

by the end of CR. On average, there was an increase

of 72 min/wk (12–84 minutes) in relaxation response

T a b l e  2  • MEDICAL AND PSYCHOLOGICAL OUTCOMES IN WOMEN
Difference from pre- 

Preintervention Postintervention to postintervention

Outcome measures n a Mean SD Mean SD Mean SD

Blood pressure, mmHg
Systolic 156 135.59 20.43 128.92 16.69 �6.68b 15.52
Diastolic 156 71.54 9.16 69.26 8.03 �2.28c 9.26

Lipids, mg/dL
Cholesterol 145 186.24 38.92 174.06 30.91 �12.18b 33.09
Low-density lipoprotein 133 103.12 34.00 93.58 28.14 �9.54d 30.50
High-density lipoprotein 139 51.27 13.49 53.41 14.96 2.14e 10.99
Triglycerides 136 158.17 91.72 129.84 67.02 �28.33b 64.96

Anthropometrics
Weight, lb 168 165.40 38.56 162.36 36.73 �3.05b 6.43
Waist circumference, in 157 36.41 6.21 35.50 6.07 �0.91b 1.32
Body mass index 168 29.40 6.44 28.87 6.18 �0.53b 1.14

Psychological measures 
(Symptom Checklist-90-Revised)

Depression 155 56.48 9.14 52.44 9.29 �4.05b 7.90
Anxiety 155 53.12 10.23 48.91 8.78 �4.21b 9.03
Hostility 155 51.00 9.62 48.48 8.36 �2.52d 8.71
Global 155 56.12 9.22 51.81 9.26 �4.30b 7.84

Exercise capacity
Submaximal exercise rate 154 14,306.09 3,485.75 12,524.86 2,783.43 �1,781.23b 2,243.28

pressure product
aThe number of patients included in the analysis of each outcome measure varied because of missing data.
bP � .0001. 
cP � .01.
dP � .001.
eP � .05.
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months were comparable with the findings from

other major lifestyle intervention studies with similar

intervention components.10–12,25,26 A downward shift

of 3 mmHg in SBP has been shown to decrease mor-

tality from stroke by 8% and from CAD by 5%20 and

a simultaneous 5 mmHg reduction in SBP and DBP

conferred a 5-year cardiovascular risk reduction of

19.7%.27 Furthermore, for every 1% reduction in LDL

cholesterol level, a 1% reduction in risk of major CAD

has been demonstrated.28 The improvement observed

in the medical outcomes of male and female patients

who completed the program demonstrated great clin-

ical potential for reducing mortality and morbidity.

Our findings of age and gender differences in the

improvement from program participation may have

significant clinical implications for CR. For example,

to achieve a similar degree of improvement as in

younger patients, a longer duration of intervention

may be needed for older patients. Program facilitators

the postintervention assessment. Forty percent of

patients (n � 220) reported having symptoms of

shortness of breath at the preintervention assessment,

but at the postintervention, 104 of these 220 (47%)

reported no shortness of breath.

DISCUSSION

The study showed both statistical and clinical

improvements in medical and psychological out-

comes for both male and female CAD patients, and

particularly for those who were considered “at high-

er risk” at baseline. Observed reductions of 6.6

mmHg in SBP is greater than the reported reduction

of 3.5 mmHg by exercise alone and the effect of a

reduction of 5.5 mmHg from the Dietary Approaches

to Stop Hypertension Diet.23,24 In addition, observed

reductions in lipid and blood pressure levels at 3

T a b l e  3  • MEDICAL AND PSYCHOLOGICAL OUTCOMES IN PATIENTS WITH CORONARY
ARTERY DISEASE WHO WERE AT HIGHER RISK

Difference from pre- 
Preintervention Postintervention to postintervention

Outcome measures n Mean SD Mean SD Mean SD

Blood pressure,a mmHg
Systolic 131 153.31 13.30 138.65 13.70 �14.66b 14.69
Diastolic 131 77.73 9.60 72.35 9.12 �5.38b 7.92

Lipids,c mg/dL
Cholesterol 88 220.61 22.90 186.66 30.33 �33.95b 29.66
Low-density lipoprotein 74 136.27 25.07 110.22 29.39 �26.05b 30.70
High-density lipoprotein 83 47.25 14.38 47.45 14.05 0.19 7.97
Triglycerides 81 201.49 112.25 157.37 86.74 �44.12b 78.97

Anthropometricsd

Weight, lb
Male 236 213.49 32.00 208.42 31.08 �5.07b 7.54
Female 89 191.48 33.52 187.48 31.55 �4.00b 7.81

Waist, in
Male 223 44.06 4.20 42.75 4.16 �1.31b 1.38
Female 85 40.96 4.52 39.82 4.73 �1.14b 1.44
Body mass index 325 33.16 4.75 32.41 4.62 �0.75b 1.22

Psychological measurese

(Symptom Checklist-90-Revised)
Depression 198 69.72 5.63 62.78 9.46 �6.94b 8.69
Anxiety 134 69.66 5.81 61.51 9.59 �8.15b 8.97
Hostility 94 67.56 5.12 59.51 10.06 �8.05b 9.54
Global 170 69.18 5.27 62.87 9.10 �6.31b 8.46

aPatients included in the analysis of blood pressure outcomes were those who had baseline SBP of 140 mmHg or more or baseline DBP of 90 mmHg or
more and also never took antihypertensive medications nor changed their antihypertensive medications during cardiac rehabilitation.
bP � .0001.
cPatients included in the analysis of lipid outcomes were those who had baseline cholesterol levels of 200 mg/dL or more and also never took lipid-lower-
ing medications nor changed their lipid-lowering medications during cardiac rehabilitation.
dPatients included in the analysis of anthropometric outcomes were those men who had baseline waist circumference of more than 40 in or baseline BMI
of 30 or more and those women who had baseline waist circumference of more than 35 in or baseline BMI of 30 or more.
ePatients included in the analysis of each subscale of the psychological outcomes were those who had the baseline score of more than 62 within each sub-
scale.
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Conference: matching the intensity of risk factor management

might want to encourage male patients to engage in

more relaxation practices to result in greater improve-

ments in psychological outcomes.

Recent studies provide convincing evidence that

psychosocial risk factors play a significant and inde-

pendent role in the pathogenesis of CAD.4–6,29,30 The

CR program in this study successfully decreased the

psychological distress of those patients who were at

higher risk for cardiac mortality and morbidity to lev-

els below the higher risk criterion. Relaxation

response practice was found to be associated with

these improvements in psychological outcomes, par-

ticularly in measures of depression. Indeed, 75% of

patients reported that they practiced the relaxation

response after joining the program. The success of

the CR program in engaging patients to practice

relaxation response, which is associated with

improvement in psychological outcomes, demon-

strates the value of including mind/body psychologi-

cal interventions in CR.

This study has several limitations. As an observa-

tional study that used data collected from a real-world

clinical setting, this analysis did not include a control

group for comparison. Therefore, we cannot attribute

all the observed improvements to the interventions

provided in the CR program. However, our data pro-

vide some evidence of real-world effectiveness and

found that 2 main components of the intervention,

the relaxation response and exercise, contributed to

specific improvements. Another limitation is that the

data were obtained from a single clinic that serves

mainly white and highly educated patients. Future

studies should include patients with a variety of races

and education levels to increase the generalizability

of our findings.

In conclusion, our data demonstrate the success

and effectiveness of a mind/body CR program in

reducing medical and psychological risks in men and

women with CAD. Future randomized trials are need-

ed to further investigate the effect of integrating

mind/body interventions into CR.
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