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ABSTRACT

Background: The relative contribution of health behaviors
to coronary risk factors in multicomponent secondary coronary
heart disease (CHD) prevention programs is largely unknown.
Purpose: Our purpose is to evaluate the additive and interactive
effects of 3-month changes in health behaviors (dietary fat in-
take, exercise, and stress managément) on 3-month changes in
coronary risk and psychosocial factors among 869 nonsmoking
CHD patients (34% female) enrolled in the health insur-
ance-based Multisite Cardiac Lifestyle Intervention Program.
Methods: Analyses of variance for repeated measures were
used to analyze health behaviors, coronary risk factors, and
psychosocial fuctors at baseline and 3 months. Multiple regres-
sion analyses evaluated changes in dietary fat intake and hours
per week of exercise and stress management as predictors of
changes in coronary risk and psychosocial factors. Results: Sig-
nificant overall improvement in coronary risk was observed. Re-
ductions in dietary fut intake predicted reductions in weight, to-
tal cholesterol, low-density lipoprotein cholesterol, and
interacted with incréased exercise to predict reductions in per-
ceived stress. Increases in exercise predicted improvements in
total cholesterol and exercise capacity (for women). Increased
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stress management was related to reductions in weight, total
cholesterol/high-density lipoprotein cholesterol (for men), tri-
glycerides, hemoglobin Alc (in patients with diabetes), and hos-
tility. Conclusions: Improvements in dietary fat intake, exercise,
and stress management were individually, additively and inter-
actively related to coronary risk and psychosocial factors, sug-
gesting that multicomponent programs focusing on diet, exer-
cise, and stress management may benefit patients with CHD.

(Ann Behav Med 2007, 33(1):57-68)

INTRODUCTION

Coronary heart disease (CHD) is the leading cause of death
among women and men in the United States, claiming 20% of
deaths in 2002 (1). Several lifestyle factors influence develop-
ment of CHD, including smoking; a high-fat diet; lack of exer-
cise; and psychosocial factors such as stress, depression, and hos-
tility (2,3). Accordingly, several secondary prevention programs
for CHD aim to improve dietary, exercise, and stress management
behaviors (4,5). Such programs have been found to enhance
health-related quality of life (6), reduce cardiovascular risk fac-
tors (6,7), clinical events (7-9), coronary atherosclerosis (7-10),

_-need for subsequent revascularization (9,11), and increase myo-
cardial perfusion (12). Because a low-fat diet (13), exercise
(14,15), and stress management (14,16,17) reduce cardiac risk in-
dividually, it is often assumed that the effects of multicomponent
interventions on coronary risk are additive (18,19).

To date, little research has evaluated the relative contribu-
tion of individual behaviors targeted in multicomponent inter-
ventions to improvement in coronary risk factors (20). Often,
the small sample sizes that characterize these clinical trial inter-
ventions do not permit multivariate analyses to disentangle the
relative contribution of program components to reductions in
coronary risk and psychosocial factors (10). In this report, we
examine results of the on-going, Multisite Cardiac Lifestyle In-
tervention Program (MCLIP),.a comprehensive lifestyle change
program for primary and secondary prevention of CHD admin-
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istered by insurance companies. The efficacy of this interven-
tion was previously established in phase III randomized clinical
trials .(10,12). A-large number of women and men have com-
pleted the MCLIP to date, permitting exploration of additive and
interactive associations of multiple health behaviors with
changes in risk factors and psychosocial status. Specifically, the
MCLIP assesses weight, blood pressure, lipids, exercise capac-
ity, hemogldbin Alc (for patients with diabetes), psychosocial
risk factors, including perceived stress, depression, and hostil-
ity, and adherence to program guidelines. We examine the rela-
tive contribution (i.e., additive and interactive effects) of dietary
fat reduction, increased exercise, and increased stress manage-
ment practice to changes in coronary and psychosocial risk fac-
tors in 293 female and 576 male patients with CHD participating
in the MCLIP over a 3-month period.

METHOD
Patient Recruitment

Participants were enrolled in the MCLIP from January
1998 to September 2004 at 22 program sites in four states (see
the Appendix). Program staff was trained at each site. Patients
were members of Highmark, Inc. (56%), West Virginia Public
Employees Insurance Agency (13%), Mountain Stite Blue
"Cross Blue Shield (5%), and other health care plans. Seven per-
cent of participants paid for the program themselves.

Patients were referred to the program by their physicians or
self-referred through advertising or media publicity. All patients
received approval from their physicianto enroll in the program.
Participants completed informed consent and medical records
release forms, demographic and psychosocial questionnaires,
and a 3-day diet diary. Medication information was collected,
blood was drawn for plasma analyses, and a maximal exercise
stress test was performed. Medical, health behavior, and
psychosocial variables were reassessed at 3 months,

Participants

A total of 293 women and 576 men enrolled in the program.
The protocol was approved by the Committee on the Protection
of Rights of Human Subjects and written informed consent was
obtained from all participants. All patient identifiers were re-
moved before analysis to maintain patient confidentiality and to
adhere to the Health Information Portability and Accountability
Act of 1996 standards and requirements.

Inclusion criteria. Patients were eligible for the program if
they had been diagnosed with CHD by a physician or health
plan, which was defined as one of the following: (a) ischemia
documented with noninvasive testing, such as exercise testing,
nuclear imaging, echocardiogram, or other test clearly demon-
strating ischemia; (b) cardiac catheterization demonstrating
CHD; (c) a history of percutaneous coronary intervention (PCI),
coronary bypass -surgery (CABG), or myocardial infarction
(MI); or (d) eligibility for PCI or CABG.

Exclusion criteria. Exclusion criteria included (a)
ischemic left main CHD, with an obstruction greater than 50%;
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(b) significant (> 70%) proximal left anterior descending artery
and proximal left circumflex artery disease and an ejection frac-
tion less than 50%; (c) unstable angina; (d) ‘hypotensive re-
sponse to exercise (> 20mm Hg drop in systolic BP); (e) history
of exercise induced ventricular tachycardia or third degree heart
block without evidence of current stability; (f) CABG or MI
within 4 weeks, unless approved by medical director; (g) con-
gestive heart failure with functional limitation and unrespon-
siveness to medications; (h) current tobacco user not concur-
rently enrolled in a smoking cessation program with 2-month
history of smoking cessation; (i) uncontrolled malignant ven-
tricular arrhythmia despite medications or implantable cardiac
defibrillator, unless approved by medical director; (j) primary
residence more than a 1-hr commute from the program site, un-
less approved; (k) history of substance abuse disorder without
documentation of minimum 1-year abstinence; (1) history of a
significant psychiatric disorder without documentation of mini-
mum 1-year stability; {(m) impaired cognitive function, such as
dementia or delirium; (n) English language illiteracy unless pro-
gram site could accommodate; (o) nonambulatory; (p) uncoop-
erative spouse or partner, defined as obstructive in attitude or be-
havior; or (q) likely to be disriptive to group setting.
Unfortunately, we cannot ascertain how many potential patients
were excluded from participating in the intervention due to the
inclusion and exclusion criteria as these data are not collected by
health plans.

Lifestyle-Change Program

Patients attended an onsite program twice a week for 3
months for a total of 104 hr. The program consisted of scientific
lectures, demonstrations (e.g., cooking), 1 hr of supervised exer-
cise, 1 hr of stress management, a meal consistent with diet
guidelines, and 1 hr of group support (21).

Diet. The dietary guidelines consisted of a very low fat,
plant-based, whole foods diet, high in complex carbohydrates,
and low in simple carbohydrates. The diet included fruits, vege-
tables, grains, legumes, one cup of nonfat dairy, and egg whites.
Caffeine was excluded, and alcohol was limited to no more than
one drink (one cocktail, glass of wine, or beer) per day for those
with no history of alcoho! abuse. Sodium intake was restricted
for patients who were sodium sensitive due to hypertension or
diagnosed with congestive heart failure or renal disease. Partici-
pants were instructed to eat one serving of a soy product per day.
The diet contained 10% daily calories from fat, 15% from pro-
tein, and 75% from complex carbohydrates. Calories were unre-
stricted unless the participant was overweight and not losing
weight. A low-dose multivitamin and 3 g/day of fish oil (to pro-
vide omega-3 fatty acids) were recommended.

Exercise. The exercise prescription followed -the guide-
lines of the American College of Sports Medicine (22). Patients
were asked to exercise aerobically a minimum of 3 hr per week
and to spend a minimum of 30 min per session exercising within
their prescribed target heart rate or perceived exertion levels. Pa-
tients were also asked to perform strength-training activities a
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minimum of two times per week. Each patient was prescribed an
exercise level according to a baseline exercise stress test. Target
heart rate was calculated at 45% to 80% of maximal heart rate
achieved during the test using the Karvonen formula (23). If
ischemia occurred during the baseline stress test, the heart rate
at which 1 mm of ST segment depression first occurred was des-
ignated the maximum heart rate. Most patients’ exercise con-
sisted of brisk walking. During onsite sessions, patients partici-
pated in traditional cardiac rehabilitation exercise sessions and
were supervised by trained professionals.

Stress management. Stress management practices in-
cluded gentle -yoga poses, progressive muscle relaxation,
breathing exercises, meditation, and guided imagery. Each tech-
nigue was designed to enhance physical relaxation and aware-
ness of internal states. Patients weré asked to practice these
stress management techniques for at least 1 hr per day and were
provided an audiocassette/CD for home practice. Onsite ses-
sions were led by a certified stress management specialist.

Group support. The group support sessions provided so-
cial support to facilitate adherence to the lifestyle change pro-
gram. These sessions were directed by a licensed mental health
professional who taught communication skills to enhance inti-
macy and encourage expression of feelings in a supportive, safe
environment.

Assessments

Anthropometrics. Height and weight were measured with
shoes and excess clothing removed on the same calibrated scale
at baseline and 3-month follow-up. Blood pressure was mea-
sured by a trained health professional using a calibrated sphyg-
momanometer according to American Heart Association prac-
tice guidelines (24).

Plasma analyses. Fasting blood samples were collected at
baseline and 3 months and analyzed by laboratories near each
program site following the Clinical Laboratory Improvement
Amendments of 1988 (25). Total cholesterol, HDL-C, and tri-
glycerides were measured, and LDL-C was either measured or
calculated depending on the site. Hemoglobin Alc was mea-
sured for patients with diabetes.

Exercise capacity. Exercise tolerance was assessed by
maximal treadmill or by cycle ergometry testing when treadmill
testing was contraindicated. The protocol for the exercise test-
ing followed American Heart Association and American Col-
lege of Sports Medicine guidelines. Peak workload was re-
corded for each participant in metabolic equivalents (METS),
which are measurement units of energy expenditure and equiva-
lent to approximately 3.5 ml of oxygen consumed per minute
per kilogram of body weight.

Medications. Currently prescribed medications were doc-
umented at baseline, including lipid-lowering, antihypertensive,
vasodilator (e.g., nitrates), and anticoagulant medications.
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Psychosocial variables. Depressive symptoms were as-
sessed by the Center for Epidemiological Scale-Depression
scale (CES-D) (26). Participants were asked to indicate how of-
ten they experienced specific depressive symptoms during the
past week. Total scores range from 0 to 60 with higher scores in-
dicating endorsement of more symptoms. Hostility was evalu-
ated using the Cook-Medley Hostility scale, a 27-item measure
containing three subscales: cynicism, hostile affect, and aggres-
sive responding (27). Total scores range from 0 to 27 with higher
scores reflecting greater hostility. This scale has been related to
all-cause mortality (27). Psychological stress was assessed by
the 10-item Perceived Stress Scale, which measures the degree
to which situations during the past month are appraised as
stressful (28). Individual responses ranged from 0 (never) to 4
(very often) and total scores ranged from 0 to 40, with higher
scores indicating greater perceived stress.

Health behaviors. Participants completed 3-day food dia-
ries at baseline and 3 months to assess dietary adherence. Each
site’ analyzed the diaries using nationally recognized software
(Food Processor [ESHA Research, Inc., Salem, OR], Nutrition-
ist Pro [Axxya Systems LLC, Stafford, TX] or older versions) to
assess the daily percentage of total calories from fat. To assess
adherence to exercise and stress management guidelines, partic-
ipants were provided weekly adherence logs to récord the
amount of time they exercised and practiced stress management
techniques. For each day of the week, participants indicated the
type of physical activity they performed, duration, and the num-
ber of min they practiced the following stress management tech-
niques: yoga poses, progressive muscle relaxation, breathing ex-
ercises, meditation, and guided imagery. Each week, adherence
logs were collected and reviewed by program staff. Baseline and
3-month adherence to exercise and stress management guide-
lines were.measured as the number of self-reported hours per
week of practice during the previous week. These measures of
adherence were validated in a randomized controlled trial in
which adherence was related to regression of coronary athero-
sclerosis among experimental group participants (10).

ANALYSES
Baseline sex differences were analyzed using independ-

—ent-sample ¢ tests for continuous variables and chi-squaréd anal-

yses for dichotomous variables. Analyses of variance for re-
peated measures tested the effects of sex, time (baseline, 3
months), and their interaction on health behaviors, coronary risk
factors, and psychosocial factors.

Hierarchical multiple regression analyses were conducted
to examine the additive and interactive effects of changes in the
three health behaviors (diet, exercise, stress management) and
sex on changes in coronary risk factors and psychosocial fac-
tors. Change scores of the three health behaviors were created so
that higher values reflect greater improvement in each health be-
havior (i.e., for exercise and stress management, baseline values
were subtracted from 3-month values; for dietary fat intake,
3-month values were subtracted from baseline values). The
main effects of sex and changes in stress management, exercise,
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and dietary fat were entered on Step 1. All two-way interaction
terms involving sex and changes in stress management, exer-
cise, and dietary fat were entered on Step 2; all three-way inter-
action terms were entered on Step 3; and the four-way interac-
tion term was entered on Step 4. The model was run separately
for each outcome variable, including (3 month — baseline)
changes in weight, systolic and diastolic blood pressure, METS,
total cholesterol, LDL-C, total cholesterol/HDL-C ratio, triglyc-
erides, hemoglobin Alc (for patients with diabetes), depression,
hostility, and perceived stress. Whenever the highest order inter-
action term was not significant at the .10 level, the next highest
order interactions terms were evaluated in the same manner until
a significant effect was found. Given the controversy over
whether to control for baseline values when predicting change
(29-31), we followed the advice of Allisomr (29) to do the analy-
ses both ways and computed a second set of regressions to con-
tro] for baseline values of the critérion on Step 1. Only predic-
tors that remained significant (p < .10) across regression
approaches were included in the final model. Significant inter-
actions involving sex were followed up with separate analyses
for each sex. Significant interactions involving changes in
health behaviors were solved for high and low levels -of the
change in health behavior variables (i.e., 1 SD above and below
the mean). Statistical analyses were performed using SPSS 12.0
(SPSS Inc, Chicago, IL).

RESULTS
Baseline Characteristics

Baseline demographic characteristics, medical history,
and medication information for women and men are presented
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in Table 1. Women. compared with men were slightly older
and less likely to be married, have a college degree, be em-
ployed, and have had a revascularization procedure.
Twenty-six percent of men and 31% of women were diag-
nosed with diabetes mellitus; of this subset, 88% of men and
86% of women had type 2 diabetes. Patients’ blood pressure
and plasma lipid levels were mostly within normal limits, indi-
cating adequate control with medication.

Baseline health behaviors, coronary risk factors, and
psychosocial variables for men and women are presented in Ta-
ble 2. Women had higher body mass indexes (BMISs), total cho-
lesterol, LDL-C, lower exercise capacity (METs), and higher
hemoglobin Alc (among patients with diabetes) than men. As
expected, women had higher HDL-C levels compared with men.
Women reported higher levels of depressive symptoms and per-
ceived stress but lower levels of hostility, compared with men.
Women also consumed a greater percentage of calories from fat
and exercised less than men.

Lost to Follow-Up Analyses

Eighteen women and 22 men (4.5%) did not complete the
3-month follow-up. Women who did not complete the follow-up
tended to have higher BMIs (35.1 + 8.5 vs. 31.6 £ 10.9, p = .05)
and consumed a greater percentage of total calories from fat
(324 £ 153 vs, 25.6 = 10.9, p < .05) than women who com-
pleted the follow-up. Men who did not complete the follow-up
had higher HDL-C values compared to those who did (43.5 +
11.2 mg/dL vs. 38.7 + 10.2 mg/dL, p < .05). No other differ-
ences in demographic, health behavior, coronary risk, or
psychosocial variables between those who completed the fol-

TABLE 1
Demographic Characteristics and Medical History at Baseline

Men? Womenb
Variable n % n % p
Demographic
Age (M = SD) 59+89 60=94 .03
Married 511 (88.9) 185 (63.8) .001
Employment® (% employed) 282 (58.4) 113 (47.5) .007
Educationd (% college degree) 275 (52.8) 85 (32.2) 001
Ethnicity (% White) 534 (94.2) 274 (95.1) .64
Medical history -
Previous revascularization 487 (84.7) 219 (74.7) .006
Previous cigarette smoker® 230 (47.5) 102 (42.9) .27
Diabetes mellitus ' 148 (25.8) 92(31.4) .09
Type 2 129 (88.4) 77 (85.6) - .55
Medications®
Lipid lowering 389 (81.0) 188 (81.0) 92
Beta blockers 319 (67.0) 144 (62.0) 21
ACE inhibitors 183 (39.0) 86 (37.0) 15
Nitrates 110 (23.0) 53 (23.0) .99
-Anticoagulants 394 (82.0) 176 (76.0) .05

n=576.%n = 293. One site failed to collect information on employment status, history of cigarette smoking, and medication,
therefore data are shown for 83% of male participants (n = 476) and 79% to 81% of female participants (n = 231 to n =238), de-
pending on the variable. %One site failed to collect information on education, therefore data are shown for 90% of male (n = 521)
and female (n = 264) participants.
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TABLE 2
Health Behaviors, Coronary Risk Factors, and Psychosocial Factors at Baseline
Men Women® 4

Health behaviors

Stress management (hr/week) 03+1.1 0413 .20

Exercise (hr/week) 2.0+22 1215 001

Dietary fat (% total calories from fat) 24+ 12 26+ 11 .039
Coronary risk factors

Weight (kg) 96.1+18 83420 .001

Body mass index (kg/m?) 315 32+7 .01

Systolic blood pressure (mmHg) 132+ 18 131 +18 .29

Diastolic blood pressure (mmHg) 7810 76 £ 10 054

Total cholesterol (mg/dl) 167 + 38 193 £ 46 .001

LDL-C (mg/dl) 94+ 32 10736 001

HDL-C (mg/dl) 39+ 10 4913 .001

Total cholesterol/HDL-C ratio 45+15 42+15 .003

Triglycerides (mg/dl) 176 £ 110 185112 26

Exercise capacity (MET) 9.7+3.1 74+24 .001

HbA I ¢ (%; patients with diabetes) 73+ 1.6 7917 .01
Psychosocial factors

CES-D 11.4+88 13.5+9.6 .002

Cook-Medley Hostility 9.1+49 7.0+4.4 .001

Perceived Stress Scale 143x7.] 16.1 +8.1 .001

Note. CES-D = Center for Epidemiological Scale-Depression scale.

in =576. bn =293,

low-up and those who did not were found. Intention-to-treat
analyses (baseline values carried forward for 3-month missing
values) were conducted to test the robustness of all final models.
The pattern of findings was identical to the nonimputed analy-
ses. The nonimputed results are presented in the following
discussion.

Changes in Lifestyle Behaviors, Coronary Risk
and Psychosocial Factors

Three-month changes in health behaviors, coronary risk
factors, and psychosocial variables are shown in Table 3. Partici-
pants showed significant reductions in dietary fat intake, and in-
creased hr per week of aerobic exercise and stress management.
Seventy-four percent, 79%, and 47% of participants met guide-
lines for dietary fat intake, exercise, and stress management, re-
spectively. For the coronary risk factors, significant improve-
ments were observed in weight, systolic and diastolic blood
pressure, total cholesterol, LDL-C, triglycerides, exercise ca-
pacity, and hemoglobin A lc (for patients with diabetes). As ex-
pected in the context of a low-fat diet, HDL-C levels were re-
duced; however, the ratio of total cholesterol to HDL-C
improved (32). For psychosocial factors, participants reported
significant improvements in depressive symptoms, hostility and
perceived stress. Significant Sex x Time interactions revealed
that men showed greater reductions in weight, systolic blood
pressure, total cholesterol/HDL-C ratio, triglycerides, and hos-
tility scores compared with women. Women showed greater im-
provement in depressive symptoms, perceived stress scores, but
also a greater decrease in HDL-C than men.

Hierarchical Regression Analyses

Multiple regression analyses indicated that 3-month im-
provements in stress management, exercise, and dietary fat in-
take were significantly associated with 3-month improvements
in coronary risk and psychosocial factors (see Table 4).
Multicollinearity did not pose a problem among the three
health behavior predictor variables as bivariate correlations
ranged from —.13 to .24 (ps < .001). The final model for
changes in weight indicated that improved stress management
and dietary fat intake were additively related to weight loss (p
< .01 and p < .001, respectively). Decreased total cholesterol
was predicted by reduced dietary fat intake (p < .001) and a
Sex x Bxercise interaction (p < .10), indicating that increased
exercise was significantly related to lower total cholesterol in

-women (B = -.16, p < .05) but not men (B = -05, p = .27). A

main effect for increased exercise on reduction of total choles-
terol was significant in the first regression model B=-09,p
< .05); however, the effect disappeared when controlling for
baseline values of total cholesterol (p = .27). Reduced dietary
fat intake was the only predictor related to improvement in
LDL-C (p < .001). Increased stress management was related to
a decrease in triglycerides (p < .05). For the total-cholesterol/
HDL-C ratio, a significant Sex x Stress Management interac-
tion indicated that increased stress management was related to
decreased total-cholesterol/HDL-C ratio for men (B = ~.10, p
< ,05) but not women (B = .09, p = .16). For changes in exer-
cise capacity, a significant Sex x Exercise interaction (p < .01)
indicated that increased exercise was related to improved exer-
cise capacity for women (B = .24, p < .001) but not men (B =



TABLE 3
Health Behaviors, Coronary Risk Factors, and Psychosocial Factors at Baseline and 3 Months

. Value,
Baseline (M + SD) 3 Months (M = SD) P Value, Sex p Value, Time TI}:ne X Sex
Health behaviors
Dietary fat (% kcal of fat)
Men 242,+11.6 8.9,+2.5 .030 .001 43
Women 25.5,+10.9 9.6, 3.2
Exercise (hr/wk)
Men 2.0, £22 39,17 .001 .001 .08
Women 12,215 35413
Stress management (hr/wk)
Men 03,x1.1 6.0, £2.2 029 .001 46
Women 0.5,+1.3 63,£2.0
Coronary risk factors
Weight (kg)
Men 95.9, + 18.2 90.4, + 16.4 .001 .001 001
Women 83.2.+19.8 79.14+ 18.5
Systolic BP (mmHg)
Men - 132,18 120, + 15 .70 .001 .01
Women 131, + 18 122, £ 16
Diastolic BP (mmHg)
Men 78,10 Ty %9 .09 .001 20
Women 76,10 Ty £9
Total chol. (mg/dl)
Men 167, + 38 143, + 34 .00) .00 24
Women 192, + 46 1724 % 42
LDL-C (mg/dl)
Men 94, £ 32 78, +29 .001 .00] 47
Women 107. + 36 92434
HDL-C (mg/d])
Men 39,10 35,9 : .001 .001 .003
Women 49, %13 43511
Total chol./HDL-C ratio
Men 45,15 43,+13 .0] .001 .00]
‘Woinen . 41,14 41,212
Triglycerides (mg/dl)
Men 175, + 108 156, + 77 .005 .00] 007
Women 185,113 183, = 104
Exercise capacity (MET)
Men 9.7,+3.0 J1.5,+3.2 001 .00] 27
Women 7.6.+2.4 93,27
Hemoglobin Alc (%)?
Men 7.2,%215 6.4, 1.0
Women 8.0.x1.7 [AFER S .00] .001 St
Psychosocial factors
Depression (CES-D)
Men 11.4,+8.8 7.2, 268 .04 .001 .001
Women 13.5,+9.6 7.3, 6.8
Hostility (Cook—Medley)
Men 9.0,+49 T4, 4.5 .001 .004 019
Women 7.0.+ 4.4 6.1gx43
Perceived stress (PSS)
Men 14.3,+7.] 10.[.£5.8 014 001 .002
Women 16.2, + 8.0 10.5.+ 6.4

Note. Subscripts denote comparisons within columns and rows. Means with different subscripts are significantly different from one another (p < .05,
Bonferroni adjusted). BP = blood pressure; chol. = cholesterol; CES-D = Center for Epidemiological Scale-Depression scale; Cook-Medley = Cook-Medley
Hostility scale; PSS = Perceived Stress Scale.

#This analysis includes patients with diabetes only.
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Final Models of Regression Analyses of Sex and 3-Month Changes in Health Behaviors
on 3-Month Changes in Coronary Risk and Psychosocial Factors

TABLE 4

B i Adj R? \
A Weight
Constant -9.72 :
Sexa 342 19FF% i
ASM -45 —12%* !
A Fat =22 —29%k*
Total Adj R? 135%k
A Total cholesterol
1. constant -16.48
Sex 2.63 .04 )
A Exerciseb ~1.37 -09* :
A Fat -.49 —.16*** 037*x* :
2. constant —22.82 3
Sex 7.91 A1
A Exercise 1.61 11
A Fat -.50 — 1 7*%%*
Sex x A Exercise -2.35 -22t .0031
Total Adj R? 044
ALDL-C
Constant -9.69
A Fat -43 —. | gk
Total Adj R? 03] Hkek
A Total cholesterol/HDL-C |
1. constant -43 i
Sex .25 RVAL
A SM -.01 -03 012%*
2. constant A7
Sex -20 ) -.10
A SM -12 —28**
Sex x A SM .08 34% .007*
Total Adj R? .019*=*
A Triglycerides
Constant 2.26
ASM -2.85 -.08*
Total Adj R? .005*
A Exercise capacity.
1. constant 1.95
Sex -.18 -.05
A Exercise .05 .06 .002
2. constant 2.53
Sex -.66 — 7%
A Exercise -22 - —26%
Sex x A Exercise 22 3 0]k
Total Adj R? 00211:
A Hemoglobin Ale*
Constant -36
A SM -.08 -.19*
Total Adj R? 029
A Hostility
Constant -.30
ASM -.18 ) — 1 H*
Total Adj R? .012%*
(continued)
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TABLE 4 (Continqed)

B B Adj R?
A Perceived stress

1. constant -3.51

A Exercise® -31 — 1]

A Fat ~-04 07t 016%*
2. constant -3.97

A Exercise .08 -03

A Fat .002 .00

A Exercise x A Fat -.02 -.131 .003t

Total Adj R? 019**

Note. Higher numbers indicate greater improvement in health behaviors.Lower numbers indicate greater improvement.for
changes in coronary and psychosocial factors, with the exception of 3-month change in exercise capacity. SM = stress management;
A SM = 3-month minus baseline changes in hours per week of SM; A exercise = 3-month minus baseline changes in hours per week
of exercise; A fat = baseline minus 3-month changes in percentage of total calories from fat.

“For all analyses, men = |, women = 2. ®This effect is not significant when controlling for baseline values of the predicted variable.

°This analysis includes patients with diabetes only.
Tp <.10. *p < .05. **p < 0], **¥p < 001.

.00, p = .99). For patients with diabetes, increased stress man-
agement was related to reductions in hemoglobin Alc (p <
.05). Changes in health behaviors did not significantly predict
improvements in systolic or diastolic blood pressure.

For the psychosocial variables, the final model for changes
in hostility indicated that increased stress management was re-
lated to decreased hostility (p < .001). In addition, a significant
Exercise x Dietary Fat interaction revealed that those who
showed the greatest improvément in exercise and dietary fat re-
ported the greatest decreases in perceived stress (p < .01). There
was some indication that stress management and exercise pre-
dicted improvements in depressive symptoms and perceived
stress, but these findings were not confirmed across both regres-
sion approaches.

DISCUSSION

Our results indicate that insurance companies can success-
fully implement a multicomponent secondary prevention pro-
gram for CHD at multiple hospital sites around the country. Ad-
herence to the program was high at 3 months, as 74%, 79%, and
47% of participants met guidelines for dietary fat intake (10% of
calories from fat), exercise (3 hr/week), and stress management
(7 hr/week), respectively. Further, both women and men showed
significant improvement in coronary risk factors and
psychosocial functioning. The magnitude of improvements ob-
served in this study is similar to those found in other studies em-
ploying the same lifestyle intervention program (6,10,33,34).
For example, for both sexes, there was significant reduction in
body weight (men: 5.5 kg; women: —4.1 kg), systolic blood
pressure (men: —12 mmHg; women: —9 mmHg), and total cho-
lesterol (men: —24 mg/dL; women: —20 mg/dL). The reductions
in blood pressure and cholesterol were remarkable considering
that patients’ levels were already well controlled at baseline. In
addition, significant improvements in hemoglobin Alc were ob-
served in both women and men with diabetes. HDL cholesterol

levels decreased for participants in this study on a very low fat
diet. However, lowering HDL cholesterol concentrations by re-
ducing dietary fat intake does not confer the same CHD risk as
low HDL cholesterol concentratjons in persons eating a high-fat
diet (32). Furthermore, the decline in HDL did not adversely af-
fect the total cholesterol/HDL ratio, which remained the same
for women and improved significantly for men.

The main purpose of this article is to examine the relative
contribution of changes in targeted health behaviors to improve-
ments in coronary risk factors and psychosocial variables for
men and women enrolled in a multicomponent lifestyle in-
tervention for secondary prevention of CHD. The results of
this study indicate that the dietary, exercise, and stress manage-
ment components are individually, additively, and interactive-
ly related to improvements in multiple coronary risk and
psychosocial factors.

Reductions in dietary fat intake within the context of a
low-cholesterol, plant-based, complex carbohydrate diet was
associated with greater weight loss and improvements in total
cholesterol and LDL-C. These findings concur’ with the
well-established links between dietary fat, lipid levels, and CHD
risk (35). In addition, reduced dietary fat intake was related to
lower perceived stress in the presence of increased exercise. As
participants complied with program guidelines, they may have
experienced increased perceived control over their health, lead-
ing to reductions in overall perceived stress. Prior studies have
found that participants who enrolled in a dietary intervention
and successfully reduced dietary fat also reported increased psy-
chological well-being (36,37).

The recommendation to increase aerobic exercise is stan-
dard of care for patients with CHD to facilitate or maintain
weight loss and improve lipid profiles. However, the effect of
exercise alone on weight loss in cardiac rehabilitation programs
has been found to be minimal to moderate, with some studies
showing no benefit at 3 months (4,38). In the MCLIP, exercise
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guidelines were designed to facilitate weight maintenance and
improve prognosis (39). Therefore, it is not surprising that in-
creased exercise was not associated with weight loss after ac-
counting for changes in dietary fat intake and stress manage-
ment. However, increased exercise was associated with reduced
levels of total cholesterol for women but not men. It is notewor-
thy that this benefit occurred even though many women were al-

ready on lipid lowering medications. This finding corresponds

with the conclusions of a recent meta-analysis that exer-
cise-based cardiac rehabilitation programs continue to reduce
total cholesterol in the present era of drug therapies for risk fac-
tor management (15). Increased exercise was also related to in-
creased exercise capacity for women but did not significantly
contribute to increases in exercise capacity in men. One expla-
nation of these sex differences could be that women exercised
less at baseline than men and thus had more room for improve-
ment. However, when baseline exercise was controlled for in
post hoc analyses, the interaction term of sex and changes in ex-
ercise rernained significant in predicting improvements in exer-
cise capacity and total cholesterol. It is possible that intensity
rather than duration of exercise accounts for the observed im-
provements, and the two variables may have been more highly
correlated in women than men, thereby explaining why in-
creased exercise did not predict improvements in total choles-
terol and exercise capacity in men. As exercise intensity was not
measured, it is difficult to account for the sex differences. Exer-
cise may also have psychological benefit for patients with CHD
as increased exercise was associated with reduced levels of per-
ceived stress when dietary fal intake was also reduced, echoing
findings of research on the beneficial effect of exercise for de-
pression (40,41). There was also some evidence for an exer-
cise-depression link in our study; however, this effect did not re-
main statistically significant after controlling for baseline
exercise levels.

In addition to a low-fat diet and exercise, stress manage-
ment may be an important component of secondary prevention
programs for CHD. Increased stress management, in the form of
yoga and meditation techniques, was linked to a reduction in
hostile attitudes, a risk factor for cardiovascular disease mortal-
ity (42,43). Stress management also showed some relation to de-
creased depressive symptoms, although the finding was not ro-
bust across regression approaches.

Stress management was also associated with improved met-
abolic function, as reflected by changes in components of the
metabolic syndrome. In particular, increased stress management
was linked to greater weight loss after accounting for changes in
dietary fat intake and exercise. This finding replicates results of
a recent observational study of over 15,000 middle-aged adults,
which found that yoga was associated with attenuated weight
gain over a 10-year period (44). The exact mechanisms to ac~
count for the association between stress management and
weight control are not clear. The effect may be due to an in-
creased ability to adhere to dietary recommendations through
enhanced awareness of bodily cues such as hinger and satiety
sensations (45) or diminished stress-related eating patterns (46).
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Stress management was further related to improvements in tri-
glycerides for the entire sample and the total cholesterol/HDL-C
ratio in men. Stress-induced activation of the sympathetic ner-
vous system, as reflected by increased catecholamine- and
cortisol release, has been associated with elevated plasma lipid
levels (47,48), whereas other studies suggest that stress manage-
ment interventions improve lipid profiles (49). Furthermore,
stress management was linked to improved glycemic control for
patients with diabetes. These results are in line with a recent
meta-analysis of randomized controlled trials, which deter-
mined that psychological interventions significantly reduce
glycated hemoglobin (50). These findings indicate that stress
management may be effective in reducing the release of stress
hormones, which contribute to elevated glucose levels and im-
paired insulin response (51,52). Although it is impossible to de-
termine mechanistic pathways in this intervention study, it is
likely that stress management improved metabolic function,
such as glucose control, through decreases in stress-related hor-
mones, as attenuated cortisol stress responses have been found
with other stress management interventions (53). Stress man-
agement may also be working through behavioral pathways, by
facilitating greater adherence. to dietary guidelines, such as in-
creased fiber intake, which has been shown to yield significant
improvements in glycemic control in patients with diabetes
54).

Although blood pressure was significantly reduced at 3
months, it was not associated with improvements in individual
health behaviors. One possible explanation may be that the ma-
jority of participants were taking blood pressure medication at
baseline and the mean diastolic blood pressure was already
within the target range (< 80 mmHg) across the entire sample.
Alternatively, other dietary factors not accounted for in these
analyses may have contributed to decreased blood pressure
(e.g., reduced sodium and alcohol intake).

Some health professionals do not encourage patients to
make comprehensive lifestyle changes because they believe that
such changes, such as followin g a very low fat diet, are unrealis-
tic for most Americans (55). However, these results suggest that
many Americans with CHD are motivated to make lifestyle
changes to improve their health. Future research should identity
barriers that limit participation in behavior change programs

-zamong patients with CHD as well as identify patients who are
likely to succeed in making changes. One factor that may deter-
mine success in behavior change programs is degree of disease
severity. In post hoc analyses, we found that participants who
had a prior revascularization reported greater adherence to the
low-fat diet than those without a previous revascularization, es-
pecially among women (9% vs. 11% calories from fat, p <.001).
Similarly, patients with a smoking history reported more stress
management practice (6.6 hr/week) compared with patients
without a history of smoking (6.0 hr/week, p < .001), and partic-
ipants with diabetes reported more stress management practice
(6.3 hr/week) compared with paiticipants without diabetes (6.0
hr/week, p < .05). These findings suggest that patients with
greater disease severity may be more motivated to change their
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lifestyle, perhaps because they fear worse health outcomes than
their relatively healthier counterparts.

Women comprised 34% of our sample. Several studies have
noted that women are less likely to enrollin secondary prevention
programs for CHD (one study reported that 12% of its partici-
pants were women [56]; forareview, see 57). Women’s lower par-
ticipation rate may be due to their worse prognosis after cardiac
events (58), lower rates of physician referral (56,57,59), ad-
vanced age (57), or fewer personal resources (57). One explana-
tion for the relatively higher participation rate among women in
the MCLIP may be due to the group support and stress manage-
ment components, which may appeal more to women than exer-
cise-based cardiac rehabilitation programs (60). Given that CHD
is the leading cause of death among women in the United States
(1), future research should identify barriers and strategies for en-
rolling women into secondary prevention programs for CHD.

One limitation of this study is its reliance on self-report
measures of health behaviors. Participants may have inflated
their self-reported adherence for social desirability reasons.
However, the adherence measures used in this study were previ-
ously validated in a randomized controlled trial in which adher-
ence was related to regression of coronary atheroscerosis among
experimental group participants (10). Notwithstanding, if objec-
tive measures of health behaviors were employed in this study,
stronger relations between changes in health behaviors and cor-
onary risk and psychosocial factors may have been detected. A
second limitation is that we cannot conclude that improvements
in health behaviors are directly responsible for observed im-
provements in coronary risk and psychosocial factors. It is pos-
sible that other factors played a role in patients’ improved coro-
nary risk profiles; such as regression to the mean for participants
with high baseline risk factor levels. However, regression to the
mean would only be a factor to the extent that those who showed
the most risk factor improvement also reported the greatest im-
provement in health behaviors. It should also be noted that the
improvements observed in this large-scale feasibility study are
similar to those in the experimental group of a randomized clini-
cal trial evaluating the efficacy of the same lifestyle change pro-
gram (10). Furthermore, the primary focus of this study is to ex-
amine the relative association of changes in individual health
behaviors to changes in coronary risk and psychosocial factors
using a conservative statistical approach (we only considered
findings that occurred with and without controlling for baseline
values of the predicted variable).

In conclusion, these results highlight the value of modify-
ing multiple health behaviors to reduce coronary risk factors and
enhance psychosocial functioning in patients with CHD. Im-
provements in dietary fat intake, exercise, and stress manage-
ment were individually, additively, and interactively related to
coronary risk and psychosocial factors. The importance of tar-
geting multiple health behaviors in secondary CHD risk preven-
tion has been recognized by the U.S. Centers for Medicare and
Medicaid Services, which have included this program as a de-
fined cardiac rehabilitation benefit for Medicare beneficiaries
with coronary heart disease (61).
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