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Cardiovascular symptom relief is a major indicator for revascularization procedures. To examine the effects of intensive lifestyle modification on symptom relief, we investigated changes
in angina pectoris, coronary risk factors, quality of life, and lifestyle behaviors in patients with
stable coronary artery disease enrolled in the multisite cardiac lifestyle intervention program,
an ongoing health insurance– covered lifestyle intervention conducted at 22 sites in the united
states. Patients with coronary artery disease (nonsmokers; 757 men, 395 women; mean age 61
years) were asked to make changes in diet (10% calories from fat, plant based), engage in
moderate exercise (3 hours/week), and practice stress management (1 hour/day). At baseline,
108 patients (43% women) reported mild angina and 174 patients (37% women) reported
limiting angina. By 12 weeks, 74% of these patients were angina free, and an additional 9%
moved from limiting to mild angina. This improvement in angina was significant for patients
with mild and limiting angina at baseline regardless of gender (p <0.01). Significant improvements in cardiac risk factors, quality of life, and lifestyle behaviors were observed, and patients
with angina who became angina free by 12 weeks showed the greatest improvements in exercise
capacity, depression, and health-related quality of life (p <0.05). In conclusion, the observed
improvements in angina in patients making intensive lifestyle changes could drastically reduce
their need for revascularization procedures. © 2008 Elsevier Inc. All rights reserved. (Am J
Cardiol 2008;101:911–918)

Although the prognostic significance of angina pectoris in
women was questioned,1 a recent large-scale population
study found that women aged ⬍75 years with stable angina
pectoris had higher 4-year cardiac mortality rates than their
male counterparts.2 It is important to examine angina reduction in both men and women who are making comprehensive lifestyle changes. In addition, it is unknown whether
patients with limiting/severe angina show benefits from
making lifestyle changes similar to those with mild angina.
We examined angina symptoms, coronary risk factors, quality of life, and lifestyle behaviors in the Multisite Cardiac
Lifestyle Intervention Program during a 12-week period.
Methods
The present study consisted of 1,152 patients with coronary
artery disease (CAD; 757 men, 395 women) who enrolled in
the Multisite Cardiac Lifestyle Intervention Program from
September 1998 to June 2006. The Multisite Cardiac Lifestyle Intervention Program is an ongoing comprehensive
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lifestyle change program for primary and secondary prevention of CAD administered by insurance companies. All
patients were individually prescribed exercise levels (typically walking) according to their baseline treadmill test
results. Target training heart rates were calculated using the
Karvonen formula at intensities of 45% to 80% of maximal
heart rate achieved on the exercise test. If ischemia occurred, the upper training heart rate was limited to 10
beats/min lower than the heart rate at which 1-mm STsegment depression was documented on the electrocardiogram. Patients were also trained to identify exertion levels
using the Borg rate of perceived exertion scale, with intensity goals of 11 to 14 (fairly light to somewhat hard).
Patients were asked to exercise for a minimum of 3 hours/
week and spend a minimum of 30 minutes/session exercising within their target heart rates. In addition, patients were
encouraged to eat a very low-fat plant-based diet, engage in
strength-training activities at least twice per week, practice
stress management for 1 hour/day, and attend group support
sessions for 2 hours/week for 12 weeks (for details, see9).
This study was approved by each site’s institutional review
board, and all patients gave informed consent.
Patients were eligible for the program if CAD had been
diagnosed by a physician. CAD was defined as 1 of the
following: (1) ischemia documented using noninvasive testing, such as exercise testing, nuclear imaging, echocardiogram, or other tests clearly showing ischemia; (2) cardiac
catheterization showing CAD; (3) a history of percutaneous
coronary intervention, coronary bypass surgery, or myocardial infarction; or (4) eligibility for percutaneous coronary
intervention or coronary bypass surgery. Primary exclusion
www.AJConline.org
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Table 1
Patient characteristics by angina pectoris group and gender at baseline
Variable

Angina With Strenuous
Exercise (class I) at Baseline

Limiting Angina
(class II–IV) at Baseline

Men
(n ⫽ 585)

Women
(n ⫽ 285)

Men
(n ⫽ 62)

Women
(n ⫽ 46)

Men
(n ⫽ 110)

60.4 ⫾ 8.8
280 (51%)
519 (89%)
544 (94%)
260 (50%)
144 (25%)
255 (44%)
409 (71%)
138 (46%)
336 (61%)
260 (49%)

61.7 ⫾ 9.8
80 (30%)
172 (60%)
270 (95%)
106 (42%)
93 (33%)
133 (47%)
180 (65%)
61 (43%)
176 (65%)
94 (37%)

56.8 ⫾ 10.5
29 (52%)
55 (89%)
56 (90%)
26 (51%)
19 (31%)
25 (40%)
39 (63%)
15 (50%)
41 (72%)
35 (64%)

58.7 ⫾ 9.6
13 (30%)
28 (62%)
42 (91%)
16 (44%)
14 (30%)
18 (39%)
28 (61%)
10 (42%)
28 (62%)
12 (32%)

59.5 ⫾ 10.6
49 (48%)
96 (87%)
104 (96%)
51 (57%)
29 (27%)
51 (46%)
77 (71%)
21 (47%)
79 (74%)
59 (59%)

60.4 ⫾ 9.4
17 (28%)
42 (67%)
59 (95%)
19 (39%)
21 (33%)
23 (36%)
39 (61%)
13 (50%)
36 (59%)
15 (30%)

—
—
—
—
—
—
81 (16%)
351 (68%)
297 (40%)
419 (29%)
432 (83%)
30.6 ⫾ 5.5
9.8 ⫾ 3.1
131 ⫾ 18
78 ⫾ 11
167 ⫾ 38
40 ⫾ 11
94 ⫾ 32
170 ⫾ 106
4.4 ⫾ 1.5
7.1 ⫾ 1.4
9.9 ⫾ 8.1
8.7 ⫾ 4.9
44.0 ⫾ 10.6

—
—
—
—
—
—
49 (20%)
155 (62%)
93 (38%)
203 (82%)
196 (79%)
31.6 ⫾ 7.0
7.5 ⫾ 2.4
132 ⫾ 17
77 ⫾ 10
193 ⫾ 47
49 ⫾ 13
107 ⫾ 39
194 ⫾ 177
4.2 ⫾ 1.5
7.8 ⫾ 1.8
12.6 ⫾ 9.7
7.1 ⫾ 4.3
40.4 ⫾ 11.6

52 (84%)
5 (8%)
3 (5%)
0 (0%)
1 (2%)
1 (2%)
20 (39%)
36 (71%)
22 (43%)
41 (80%)
41 (80%)
30.5 ⫾ 6.0
9.4 ⫾ 2.9
129 ⫾ 18
76 ⫾ 11
165 ⫾ 48
39 ⫾ 11
96 ⫾ 43
153 ⫾ 84
4.5 ⫾ 1.7
7.0 ⫾ 1.4
13.1 ⫾ 8.5
10.3 ⫾ 4.9
38.7 ⫾ 10.9

38 (83%)
5 (11%)
1 (2%)
0 (0%)
1 (2%)
1 (2%)
14 (39%)
24 (67%)
18 (50%)
27 (75%)
29 (80%)
32.3 ⫾ 7.9
7.3 ⫾ 2.1
128 ⫾ 12
77 ⫾ 8
186 ⫾ 43
50 ⫾ 12
106 ⫾ 36
147 ⫾ 72
3.9 ⫾ 1.3
6.9 ⫾ 1.2
13.9 ⫾ 10.2
6.2 ⫾ 4.2
39.7 ⫾ 10.5

51 (46%)
20 (18%)
14 (13%)
9 (8%)
6 (5%)
10 (9%)
52 (58%)
64 (72%)
40 (45%)
76 (85%)
76 (86%)
30.2 ⫾ 4.9
8.3 ⫾ 2.8
132 ⫾ 17
76 ⫾ 10
161 ⫾ 39
38 ⫾ 11
87 ⫾ 28
181 ⫾ 119
4.4 ⫾ 1.4
7.9 ⫾ 1.9
13.4 ⫾ 8.9
8.9 ⫾ 4.7
37.5 ⫾ 11.4

33 (52%)
14 (22%)
8 (12%)
4 (6%)
2 (3%)
3 (5%)
24 (49%)
35 (71%)
17 (35%)
42 (86%)
36 (73%)
32.5 ⫾ 7.3
7.0 ⫾ 2.2
128 ⫾ 18
74 ⫾ 9
191 ⫾ 49
50 ⫾ 14
105 ⫾ 34
178 ⫾ 108
4.0 ⫾ 1.3
8.5 ⫾ 2.2
15.3 ⫾ 10.0
8.3 ⫾ 4.7
33.5 ⫾ 11.13

Sex
p Value

Group
p Value

Sex-by-Group
p Value

Women
(n ⫽ 64)
0.66
0.01*
0.01*
0.59
0.01*
0.01*
0.95
0.03*
0.57
0.89
0.01*
0.39

0.09
0.69
0.89
0.18
0.72
0.73
0.58
0.39
0.91
0.20
0.34
0.01储

0.50
0.88
0.30
0.49
0.28
0.57
0.12
0.47
0.43
0.02§
0.08
0.24

0.34
0.14
0.39
0.93
0.05*
0.01*
0.01*
0.28
0.42
0.01*
0.01*
0.01*
0.64
0.01*
0.16
0.02*
0.01*
0.02*

0.01¶
0.44
0.47
0.32
0.96
0.84
0.01¶
0.19
0.09
0.39
0.88
0.31
0.05
0.57
0.01**
0.01††
0.28
0.01††

0.11
0.60
0.21
0.66
0.24
0.42
0.15
0.38
0.58
0.71
0.23
0.62
0.26
0.38
0.40
0.56
0.01‡‡
0.13
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Age
Education (college degree)
Married or cohabitating
Ethnicity (Caucasian)
Previous cigarette smoker
Diabetes mellitus
Systematic hypertension†
Hyperlipidemia‡
Previous myocardial infarction
Previous percutaneous coronary intervention
Previous coronary bypass
Angina frequency (times/wk)
1–5
6–10
11–20
⬎20 with exercise only
⬎20 with exercise and at rest
Constantly at rest or with exercise
Nitrate use
␤-Blocker use
ACE-inhibitor use
Lipid-lowering use
Anticoagulant use
Body mass index (kg/m2)
Functional capacity (METs)
Systolic blood pressure (mm Hg)
Diastolic blood pressure (mm Hg)
Total cholesterol (mg/dl)
HDL cholesterol (mg/dl)
LDL cholesterol (mg/dl)
Triglycerides (mg/dl)
Total/HDL cholesterol ratio
Hemoglobin A1c (%)#
Depression (CES-D)
Hostility (Cook-Medley)
Physical Component Score (MOS SF-36)

No Angina (class 0)
at Baseline

Table 1
(continued)
Variable

Angina With Strenuous
Exercise (class I) at Baseline

Limiting Angina
(class II–IV) at Baseline

Men
(n ⫽ 585)

Women
(n ⫽ 285)

Men
(n ⫽ 62)

Women
(n ⫽ 46)

Men
(n ⫽ 110)

Women
(n ⫽ 64)

46.5 ⫾ 14.3
24.8 ⫾ 11.4
120.0 ⫾ 138.0
19.7 ⫾ 69.1

44.8 ⫾ 14.3
26.6 ⫾ 10.8
75.4 ⫾ 86.8
25.4 ⫾ 73.5

44.0 ⫾ 14.4
25.5 ⫾ 10.6
96.5 ⫾ 88.2
9.4 ⫾ 32.9

45.7 ⫾ 14.7
25.3 ⫾ 10.7
82.9 ⫾ 101.3
32.3 ⫾ 98.9

41.2 ⫾ 15.6
22.3 ⫾ 11.6
106.7 ⫾ 121.6
25.5 ⫾ 73.9

43.3 ⫾ 15.5
25.3 ⫾ 11.9
70.0 ⫾ 104.9
19.9 ⫾ 56.9

Sex
p Value

Group
p Value

Sex-by-Group
p Value

0.59
0.13
0.01*
0.21

0.03¶
0.17
0.59
0.97

0.22
0.56
0.46
0.27

Data presented as mean ⫾ SD for continuous variables and frequency (percent) for dichotomous variables.
* Overall, men were more likely to be married, be employed, have a history of tobacco use, have hyperlipidemia, have undergone a coronary artery bypass graft, have higher exercise capacity, have higher
total/HDL cholesterol ratio, have greater hostility, have higher SF-36 Physical Component Summary scores, and exercise more, whereas women were significantly more likely to have diabetes mellitus, have
higher body mass index, have higher total cholesterol, have higher HDL and LDL cholesterol, have higher hemoglobin A1c, consumer a higher fat diet, and practice more stress management.
†
Systematic hypertension defined as blood pressure ⬎140/90 mm Hg or ⬎130/80 mm Hg for patients with diabetes.27
‡
Hyperlipidemia defined as LDL cholesterol ⱖ100 mg/dl, HDL cholesterol ⱕ40 mg/dl, or triglycerides ⱖ150 mg/dl.28
§
Men were more likely than women to have undergone previous percutaneous coronary intervention in patients who had limiting angina at baseline, but this gender difference was not found among patients
who had class I or no angina at baseline.
储
Overall, patients with class I angina at baseline were more likely to experience angina 1 to 5 times/week, whereas patients with limiting angina were more likely to experience angina at least 6 times/week.
¶
Overall, patients with limiting angina at baseline were more likely to use nitrates and have significantly poorer functional capacity and psychosocial-related quality of life than patients with no angina at
baseline.
#
This analysis included patients with diabetes only.
** Overall, patients with limiting angina at baseline had higher hemoglobin A1c than patients with class I or no angina at baseline.
††
Overall, patients with limiting or class I angina at baseline had higher depression and poorer health-related quality of life than patients with no angina at baseline.
‡‡
Men had higher hostility scores than women in patients with no or class I angina at baseline, but this gender difference was not found in patients who have limiting angina at baseline.
ACE ⫽ angiotensin-converting enzyme; CES-D ⫽ Center for Epidemiological Studies Depression Scale; HDL ⫽ high-density lipoprotein; LDL ⫽ low-density lipoprotein; MOS SF-36 ⫽ Medical Outcomes
Study 36-Item Short-Form Health Survey.
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Mental Component Score (MOS SF-36)
Dietary fat intake (% total calories)
Exercise (min/wk)
Stress management (min/wk)

No Angina (class 0)
at Baseline
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Table 2
Number of patients by angina pectoris group at baseline and 3 months
Angina Pectoris

Angina Severity
at Baseline

None at baseline (level 0)
Mild at baseline (level I)
Limiting at baseline (level II–IV)
Total

Total

538 men, 261 women
50 men, 40 women
103 men, 55 women
691 men, 356 women

Angina Severity at 12 Weeks
None at 12 Weeks
(Level 0)

Mild at 12 Weeks
(Level I)

Limiting at
12 Weeks
(Levels II–IV)

525 men, 250 women
38 men, 35 women
73 men, 40 women
636 men, 325 women

9 men, 6 women
12 men, 4 women
19 men, 4 women
40 men, 14 women

4 men, 5 women
0 men, 1 woman
11 men, 11 women
15 men, 17 women

McNemar-Boker test, p ⬍0.01, with significant improvements in angina severity during the 12-week period. Twelve-week data for angina severity were
missing for 66 men and 39 women (47 men and 24 women with no angina at baseline, 12 men and 6 women with mild angina at baseline, and 7 men and
9 women with limiting angina at baseline).

criteria included (1) ischemic left main CAD with an obstruction ⬎50% and (2) significant (⬎70%) proximal left
anterior descending artery and proximal left circumflex artery disease and an ejection fraction ⬍50%. These patients
were excluded because some evidence indicated that this
small subset of patients may benefit from coronary bypass
surgery.3
At baseline, demographic information, medical history,
and currently prescribed medications were documented. At
baseline and 12 weeks, patients reported the frequency and
severity of their angina symptoms in the last 7 days. Angina
severity was assessed using the Canadian Cardiovascular
Society guidelines for grading angina: no angina (level 0);
angina with strenuous, rapid, or prolonged exertion at work
or recreation— ordinary physical activity does not cause
angina, such as walking and climbing stairs (level I); slight
limitations of ordinary activity—walking or stair climbing
rapidly, walking uphill, in cold, in wind, under emotional
stress, or only during the few hours after awakening (level
II); marked limitation of ordinary physical activity—walking 1 to 2 blocks on the level and climbing 1 flight of stairs
in normal conditions and at normal pace (level III); and
inability to carry on any physical activity without discomfort, anginal syndrome may be present at rest (level IV).4
Height, weight, and blood pressure were measured by
trained health professionals. Fasting blood samples were
collected and analyzed for total, high-density lipoprotein,
and low-density lipoprotein cholesterol; triglycerides; and
glycated hemoglobin (for diabetic patients). Functional capacity was assessed using maximal treadmill or bicycle
ergometry testing. In addition, a battery of instruments was
administered to patients measuring depression,5 hostility,6
and quality of life.7 Finally, patients completed assessments
of exercise and stress management,8,9 as well as 3-day food
diaries.10 Food diaries were analyzed by each study site
using nationally recognized software (Food Processor;
ESHA Research, Inc., Salem, Oregon) to assess the daily
percentage of total calories from fat, daily milligrams of
dietary cholesterol, and daily grams of dietary fiber. All
exercise testing and all other risk-factor, quality-of-life, and
lifestyle behavior measurements were made at baseline and
12 weeks (see9 for more details).
Patients were categorized into 1 of the 3 angina groups
according to their initial Canadian Cardiovascular Society
level of no angina (level 0), mild angina (level I), and
limiting angina (levels II to IV). This revised grouping was

also used by other researchers.11 Changes in angina were
assessed using the McNemar-Boker test. Baseline group
differences were tested using chi-square analyses and multiway frequency analyses (for categorical variables) and
independent samples t tests and factorial analysis of variance (for continuous variables). Group effects, time effects,
and group-by-time interactions for risk factors, quality of
life, and/or lifestyle behaviors were tested using repeatedmeasures analysis of variance and Bonferroni adjustments.
Results
Baseline characteristics are listed in Table 1. Patients with
limiting angina (n ⫽ 174) had poorer health (e.g., angina
frequency, functional capacity) and poorer quality of life
than those with mild (n ⫽ 108) or no angina (n ⫽ 870).
Women (as a group) had significantly poorer functional
capacity, health-related quality of life, and depression
scores than men. Also, women with limiting angina were
less likely than men with limiting angina to have undergone
a previous percutaneous coronary intervention, and men
with no or mild angina had higher hostility scores than
women in these groups.
Follow-up data were available for 1,047 of 1,152 patients
(91%). As listed in Table 2, at baseline, 799 (76%) of these
patients had no angina, 90 (9%) had mild angina, and 158
(15%) had limiting angina. At 12 weeks, 186 patients (74%)
with angina at baseline became angina free, and an additional 23 (9%) reduced their angina severity from limiting to
mild. Twenty-four patients (3%) who were angina free at
baseline reported symptoms of angina at 3 months. Overall,
there was significantly more improvement in angina than
worsening of angina (p ⬍0.01). There was no significant
relation between gender and angina change (men and
women improved equally) or between baseline angina severity and angina change (those with mild angina and limiting angina improved equally). (Categorizing “mild” angina as levels I and II and “limiting” angina as levels III and
IV showed the same pattern of findings. That is, 27 of 42
patients [64%] with limiting angina and 159 of 206 patients
[77%] with mild angina were symptom free by the end of 3
months, and there were no differences in gender or symptom severity.) During the 12 weeks of the intervention, 18
patients underwent a revascularization procedure. Removing data for these 18 patients from the analysis did not alter
the findings.
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Table 3
Mean values for quality of life, adherence, and risk factor scores at baseline and 12 weeks
Variable

Risk factors Weight (lbs)*†‡
Baseline
12 wk
Exercise capacity (METs)*†‡§储
Baseline
12 wk
Systolic blood pressure (mm Hg)†‡§
Baseline
12 wk
Diastolic blood pressure (mm Hg)†‡§
Baseline
12 wk
Total cholesterol (mg/dl)*†
Baseline
12 wk
HDL cholesterol (mg/dl)*†‡
Baseline
12 wk
LDL cholesterol (mg/dl)*†
Baseline
12 wk
Triglycerides (mg/dl)*†
Baseline
12 wk
Total/HDL cholesterol ratio†‡
Baseline
12 wk
Hemoglobin A1c (%)†#
Baseline
12 wk
Depression (CES-D)†‡§储
Baseline
12 wk
Hostility (Cook-Medley)*†§
Baseline
12 wk
Physical Component Summary score*†§储
Baseline
12 wk
Mental Component Summary score†**
Baseline
12 wk
Dietary fat (% total calories)*†
Baseline
12 wk
Dietary fiber (g/d)*†
Baseline
12 wk
Dietary cholesterol (mg/d)†
Baseline
12 wk
Exercise (min/wk)*†
Baseline
12 wk

Became Angina Free

Remained Angina Free

Angina Remained or Appeared

Men
(n ⫽ 111)

Women
(n ⫽ 75)

Men
(n ⫽ 525)

Women
(n ⫽ 250)

Men
(n ⫽ 55)

Women
(n ⫽ 31)

210.8 ⫾ 43.7
198.2 ⫾ 39.5

186.4 ⫾ 42.7
176.4 ⫾ 40.1

210.4 ⫾ 40.3
197.8 ⫾ 36.3

181.9 ⫾ 40.9
172.8 ⫾ 38.3

202.7 ⫾ 43.2
192.2 ⫾ 39.9

186.6 ⫾ 43.5
178.7 ⫾ 41.9

9.0 ⫾ 2.9
11.2 ⫾ 2.9

7.2 ⫾ 2.1
9.2 ⫾ 2.5

9.9 ⫾ 3.1
11.6 ⫾ 3.2

7.6 ⫾ 2.5
9.2 ⫾ 2.6

7.9 ⫾ 2.7
9.5 ⫾ 2.8

7.3 ⫾ 2.4
8.0 ⫾ 2.7

132 ⫾ 17
119 ⫾ 15

128 ⫾ 15
121 ⫾ 12

131 ⫾ 18
120 ⫾ 15

132 ⫾ 17
123 ⫾ 16

126 ⫾ 18
115 ⫾ 12

127 ⫾ 14
119 ⫾ 17

77 ⫾ 10
70 ⫾ 10

76 ⫾ 9
71 ⫾ 8

77 ⫾ 11
71 ⫾ 9

77 ⫾ 10
71 ⫾ 9

75 ⫾ 12
67 ⫾ 9

73 ⫾ 9
69 ⫾ 8

163 ⫾ 41
142 ⫾ 38

189 ⫾ 42
170 ⫾ 42

166 ⫾ 39
141 ⫾ 33

193 ⫾ 48
173 ⫾ 43

159 ⫾ 36
136 ⫾ 27

188 ⫾ 41
166 ⫾ 41

40 ⫾ 11
35 ⫾ 9

51 ⫾ 13
45 ⫾ 12

40 ⫾ 11
36 ⫾ 10

49 ⫾ 13
43 ⫾ 11

38 ⫾ 11
35 ⫾ 7

49 ⫾ 11
44 ⫾ 10

91 ⫾ 35
77 ⫾ 31

105 ⫾ 31
92 ⫾ 35

94 ⫾ 32
77 ⫾ 27

107 ⫾ 40
94 ⫾ 34

86 ⫾ 31
73 ⫾ 24

104 ⫾ 32
89 ⫾ 37

159 ⫾ 84
151 ⫾ 66

161 ⫾ 86
166 ⫾ 85

170 ⫾ 108
148 ⫾ 78

1961 ⫾ 187
185 ⫾ 109

180 ⫾ 101
153 ⫾ 76

188 ⫾ 111
175 ⫾ 76

4.4 ⫾ 1.5
4.2 ⫾ 1.2

3.9 ⫾ 1.1
3.9 ⫾ 1.0

4.4 ⫾ 1.6
4.1 ⫾ 1.3

4.2 ⫾ 1.5
4.2 ⫾ 1.4

4.3 ⫾ 1.1
4.0 ⫾ 0.9

4.0 ⫾ 1.5
4.0 ⫾ 1.1

7.2 ⫾ 1.0
6.6 ⫾ 0.8

7.6 ⫾ 1.9
6.8 ⫾ 1.1

7.1 ⫾ 1.5
6.3 ⫾ 0.9

7.9 ⫾ 1.7
7.7 ⫾ 1.1

7.9 ⫾ 1.6
6.9 ⫾ 1.5

8.5 ⫾ 1.9
7.9 ⫾ 1.4

13.6 ⫾ 9.0
7.2 ⫾ 7.3

13.5 ⫾ 8.8
6.3 ⫾ 6.9

9.7 ⫾ 8.1
6.4 ⫾ 6.0

12.8 ⫾ 9.7
7.0 ⫾ 6.3

12.2 ⫾ 7.9
9.2 ⫾ 7.8

13.9 ⫾ 10.5
9.0 ⫾ 8.1

8.8 ⫾ 4.4
7.2 ⫾ 4.5

6.7 ⫾ 4.4
6.0 ⫾ 4.5

8.7 ⫾ 4.9
7.2 ⫾ 4.6

7.3 ⫾ 4.3
6.0 ⫾ 4.0

10.2 ⫾ 5.5
8.7 ⫾ 5.4

8.5 ⫾ 4.8
6.8 ⫾ 5.0

38.3 ⫾ 11.2
45.8 ⫾ 10.8

35.9 ⫾ 11.6
43.1 ⫾ 10.9

44.3 ⫾ 10.5
49.4 ⫾ 9.6

40.3 ⫾ 11.5
46.6 ⫾ 10.2

37.8 ⫾ 10.5
41.2 ⫾ 10.9

38.1 ⫾ 12.0
42.1 ⫾ 10.9

42.7 ⫾ 14.9
53.0 ⫾ 11.9

46.1 ⫾ 14.2
52.6 ⫾ 13.3

46.9 ⫾ 14.0
52.3 ⫾ 11.8

44.5 ⫾ 14.3
53.1 ⫾ 11.2

44.4 ⫾ 14.5
49.5 ⫾ 14.0

44.5 ⫾ 15.0
52.2 ⫾ 12.8

24.7 ⫾ 11.3
9.2 ⫾ 2.9

25.3 ⫾ 11.4
9.7 ⫾ 2.8

25.1 ⫾ 11.4
8.9 ⫾ 2.5

26.3 ⫾ 10.6
9.4 ⫾ 2.6

21.0 ⫾ 9.6
8.9 ⫾ 2.3

28.1 ⫾ 9.1
10.4 ⫾ 5.8

25.6 ⫾ 12.3
43.2 ⫾ 16.3

21.3 ⫾ 10.3
33.3 ⫾ 11.1

26.1 ⫾ 15.4
44.4 ⫾ 18.0

22.3 ⫾ 14.2
35.4 ⫾ 12.1

25.3 ⫾ 12.4
40.3 ⫾ 12.6

17.0 ⫾ 7.4
32.7 ⫾ 11.2

180.9 ⫾ 171.5
9.0 ⫾ 14.5

144.4 ⫾ 133.6
8.6 ⫾ 11.5

194.5 ⫾ 155.4
8.8 ⫾ 13.9

160.5 ⫾ 155.4
11.9 ⫾ 43.9

135.6 ⫾ 157.6
9.8 ⫾ 12.3

172.0 ⫾ 100.7
12.8 ⫾ 23.2

100.7 ⫾ 104.7
236.3 ⫾ 128.1

64.6 ⫾ 98.6
211.3 ⫾ 80.6

120.0 ⫾ 138.0
236.6 ⫾ 93.3

77.6 ⫾ 86.5
211.6 ⫾ 79.5

116.5 ⫾ 126.1
234.6 ⫾ 99.3

101.0 ⫾ 122.2
228.9 ⫾ 95.8

All baseline and 12-week measurements are listed in
Table 3. Time effects for all variables were significant
regardless of the baseline angina group. Patients with no,
mild, or limiting angina at baseline improved on all coro-

nary risk factors from baseline to 12 weeks (except for
high-density lipoprotein cholesterol, which significantly decreased, as expected in the context of a low-fat diet).12
Results are listed for all 3 severity categories combined.
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Table 3
(continued)
Variable

Stress management (min/wk)†
Baseline
12 wk

Became Angina Free

Remained Angina Free

Angina Remained or Appeared

Men
(n ⫽ 111)

Women
(n ⫽ 75)

Men
(n ⫽ 525)

Women
(n ⫽ 250)

Men
(n ⫽ 55)

Women
(n ⫽ 31)

19.4 ⫾ 67.3
371.3 ⫾ 112.5

27.0 ⫾ 85.1
298.8 ⫾ 92.5

18.5 ⫾ 66.7
379.2 ⫾ 131.9

26.2 ⫾ 74.1
384.3 ⫾ 114.0

27.1 ⫾ 77.5
385.4 ⫾ 98.8

15.0 ⫾ 43.3
378.8 ⫾ 129.2

* Significant gender effect. Overall, men were more likely to weigh more, have higher exercise capacity, have greater hostility, have higher SF-36 Physical
Component Summary scores, consume a higher fiber diet, and exercise more, whereas women were significantly more likely to have higher total cholesterol,
have higher HDL and LDL cholesterol, have higher triglycerides, and consume a higher fat diet (all p ⬍0.001). For all other gender effects, all p ⬎0.07.
†
Significant time effect. All variables improved over time, except for HDL cholesterol, which decreased (p ⬍0.01).
‡
Significant gender-by-time interaction. Overall, men lost more weight (p ⬍0.001), showed greater improvements in exercise capacity (p ⬍0.04), and
decreased their blood pressure (p ⬍0.02) and total/HDL cholesterol ratio (p ⬍0.01) more than women, whereas women decreased their cholesterol (p ⬍0.02)
and depression scores (p ⬍0.02) more than men. For all other gender-by-time interactions, all p ⬎0.05.
§
Significant group effect. Overall, patients who remained angina free had the highest exercise capacity, followed by those who became angina free,
followed by those whose angina remained or appeared (p ⬍0.001). Patients whose angina remained or appeared had lower diastolic blood pressure (p ⬍0.01)
and higher hostility scores (p ⬍0.05) than patients who remained or became angina free, and they had lower systolic blood pressure (p ⬍0.05) than patients
who remained angina free. Patients who remained angina free had lower depression scores (p ⬍0.01) and higher SF-36 Physical Component Summary scores
(p ⬍0.001) than the other 2 groups. For all other group effects, all p ⬎0.07.
储
Significant time-by-group interaction. Patients who became angina free showed greater improvements in exercise capacity than patients whose angina
remained or appeared (p ⬍0.01), and their depression scores (p ⬍0.01) and SF-36 Physical Component Summary scores (p ⬍0.05) improved more than
patients whose angina remained or appeared and patients who remained angina free. For all other time-by-group interactions, all p ⬎0.06.
#
This analysis includes patients with diabetes only.
** Significant gender-by-time-by-group interaction. For SF-36 Mental Component Summary scores, there was a group-by-time interaction for men
(patients who became angina free showed greater improvement than those remained angina free; p ⬍0.01), but there was no group-by-time interaction with
women (all 3 groups improve equally). For all other gender-by-time-by group interactions, all p ⬎0.13.
Abbreviations as in Table 1. SF-36 ⫽ 36-Item Short Form Health Survey.

Patients who became angina free evidenced the greatest
improvements in exercise capacity, depression, and healthrelated quality of life compared with the other patients. For
psychosocial-related quality of life, men (but not women)
who became angina free showed greater improvements than
men who remained angina free. It should be noted that the
25 patients with angina that worsened during the course of
the 12 weeks reported similar diet, exercise, and stress
management improvements as the other patients (not
shown).
Sixty-six men and 39 women (9% of original sample) did
not complete the 12-week follow-up. These patients had
higher depression scores than those who completed the
study (p ⬍ 0.05). There were no other statistically significant differences. When performing a worst-case scenario
analysis in which these missing patients were assumed to
show no change from baseline, all main effects for time
(e.g., changes in angina, changes in risk factors) remained
significant at p ⬍0.05.
Discussion
Significant improvements in angina were found during the
12-week period, with 74% of angina patients becoming angina
free and an additional 9% moving from the limiting to mild
angina category. Angina improvements in this multisite study
with ⬎1,000 patients were similar to those observed in smaller
randomized controlled clinical trials evaluating the same lifestyle change program.8,13 In addition, the observed decreases
were similar to those reported in studies of coronary artery
bypass graft or percutaneous coronary intervention.14 –17 Improvements in angina were significant regardless of gender and

initial angina severity, with significant improvements in all
subgroups. All patient groups improved in risk factors, quality
of life, and lifestyle behaviors during the 12 weeks, with
patients who became angina free showing the greatest improvements in exercise capacity, depression, and health-related
quality of life. Although it was surprising that these patients did
not also report greater improvements in lifestyle behaviors
compared with the other 2 groups, it is conceivable that they
improved in other aspects of health behaviors that were not
measured by us (e.g., exercise intensity).
The finding that angina reduction was equally strong for
patients with limiting angina as for patients with mild angina
was particularly important because patients with limiting angina were more likely than those with mild angina to undergo
percutaneous coronary intervention.18 A recent comparison of
optimal medical therapy (i.e., medications plus American
Heart Association–recommended lifestyle changes) with percutaneous coronary intervention plus optimal medical therapy
showed no significant difference in benefit with respect to
mortality or cardiac-related events during a 5-year period.14
Although angina symptoms decreased for patients in that
study, angina reduction at 1 year (i.e., 66% angina free for
percutaneous coronary intervention plus optimal medical therapy and 58% angina-free for optimal medical therapy) was still
lower than angina reduction at 12 weeks for our angina patients
(74% angina free). Given the dramatic decrease in angina
symptoms observed in the present study, comprehensive
changes in lifestyle may be a viable alternative to more conventional therapies, especially considering the questionable
benefit of such procedures in patients with stable CAD.19 In an
earlier study of patients eligible to undergo revascularization
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but who instead opted for the lifestyle program used in the
present study showed that almost 80% of patients were able to
safely avoid invasive procedures for ⱖ3 years by making
comprehensive lifestyle changes without increasing cardiac
morbidity and mortality.20 Interestingly, decreases in angina in
the intervention group of that study were similar to those
achieved using revascularization.20
One limitation of the present study was that angina
symptoms were measured using self-report and did not
include objective measures of myocardial ischemia. However, the Canadian Cardiovascular Society angina classification used in our study correlated highly with more objective measures (e.g., angiographic findings), showing its
validity.18 Also, improvements in objectively measured
functional capacity were particularly strong for patients
with angina that resolved by follow-up, further supporting
the validity of this self-report measure. A second limitation
is that patients willing to participate in a multicomponent
comprehensive lifestyle program may represent a “unique”
group of patients for whom results may not be generalizable
to a wider population. However, characteristics of our patients were very similar to those of patients enrolled in more
traditional cardiac interventions, at least with respect to
medical variables (e.g., age, diabetes status, and total cholesterol).21,22 Furthermore, the pattern of gender differences
observed in our sample (e.g., men were more likely to have
a history of tobacco use) were similar to those reported in
the literature.23 Finally, without a randomized control
group, we cannot conclude that participation in the lifestyle
program was directly responsible for the observed improvements in coronary risk and psychosocial factors. However,
the efficacy of this lifestyle intervention was already shown
in earlier randomized controlled trials.8,13,24 The purpose of
the present study was to compare the feasibility of this
intervention for subgroups of patients (men vs women and
patients with mild vs limiting angina). Our findings take on
added significance considering the substantial economic
burden of angina caused by the management of symptoms,
lost productivity, and risk of myocardial infarction and
other major cardiac events. It was estimated that direct
health care costs of angina reach an average of $33,695 per
person per year25 and cost up to $1,051,302 per person
during a lifetime.26
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