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TABLE 8. Change in Coronary Morphology With Evaluation on
Per-Patient Basis

Relative Minimal
diameter diameter
reduction* reductiont
(No.) (%) No. (%) (No.) (%)

Intervention (n=40)
Progression 8 (20) 9 (23)
No change 20 (50) 18 (45)
Regression 12 (30) 13 (32)
New lesions 6 (15)
New occlusions 4 (10)
Recanalization 4 (10)

Control (n=52)
Progression 22 (42) 25 (48)
No change 28 (54) 18 (35)
Regression 2 (4) 9 (17)
New lesions 7 (14)
New occlusions 7 (14)
Recanalization 5 (10)

*p<0.001 vs. control group.
tp<0.05 vs. control group.

(1.00±0.87 mm versus 0.87±0.79 mm, p<0.05).
Changes were significantly different versus intervention
(p<0.05) (Table 9, Figure 4).
Although patients with regression tended to have

lower cholesterol levels after initiation of therapy
(5.62±0.96 mmol/dl [217±37 mg/dl]) compared with
patients with no change (5.72±0.80 mmol/l [221±31
mg/dl]) and patients with progression (5.98±0.93
mmol/l [231±36 mg/dl]), these differences did not
reach statistical significance (p=0.36). Similarly, the
intensity of physical activity, as assessed by participation
in group training sessions, was not significantly corre-
lated to changes in coronary morphology.

Psychological Changes
On the basis of psychological assessment, patients

recruited for the study did not differ significantly from
patients not willing to participate in either study group.
There was a slight but insignificant trend for the partic-
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FIGURE 3. Graph ofchange in coronary morphology (based
on individualpatients and relative diameter reduction). In the
intervention group, regression was noted in 30% ofpatients,
no change in 50%, and progression in 20%. In the control
group, coronary morphology deteriorated in 42%o, no change
was noted in 54%, and regression was noted in 4%. Both
groups differed significantly from each other (p<0.001).

TABLE 9. Change in Coronary Morphology With Evaluation on
Per-Lesion Basis

Begin 12 Months Change
Intervention (122 lesions; 3.05 lesions/patient)

Relative diameter
reduction (%) 65±24 64±23 -1±+ 13

Minimal diameter
(mm) 0.92±0.72 0.91±0.67 0.0+0.38

Control (158 lesions; 3.04 lesions/patient)
Relative diameter

reduction (%) 63±29 66±28* +3+13t
Minimal diameter
(mm) 1.00±0.87 0.87±0.79* -0.13±0.45t

*p<0.005 vs. 12 months.
tp<0.05 vs. control.

ipants to have a more internally oriented health locus-
of-control score (participants, 22.2-+±5.1; rejectors,
20.2±5.7; p<0.20). A significant change was detected in
the intervention group on one of the health locus-of-
control scales: Patients' personal-external orientation
decreased from 22.8+5.4 to 20.8+5.2 (p<0.05); at the
same time, the control group's tended to increase
(21.9+6.5 versus 23.2±6.0,p>0.30), resulting in a signif-
icant interaction effect (p<0.05). With respect to the
degree of depression, no significant changes could be
observed in either group (intervention, 7.7±5.8 versus
7.5±+6.4; p>0.90; control, 5.1±4.9 versus 6.9±6.0;
p>O.10).

Discussion
Metabolic Changes

Individuals recruited for this intervention program
constitute a representative sample of the large number
of patients suffering from coronary artery disease. Pa-
tients participating in the intervention group were re-
quested to follow a dietary schedule based the Ameri-
can Heart Association's recommendation phase 3.30 On
their dietary protocols, all patients reported satisfactory
reduction of total energy consumption by -25%, total
fat consumption by -53%, and cholesterol intake by
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FIGURE 4. Graph ofchange in coronary morphology (based
on individual stenoses and minimal diameter). Minimal lesion
diameter is shown on the abscissa, percentage oflesions on the
ordinate. There is approximately equal distribution of lesions
on both sides of0 (no change) for the intervention group. For
the control group, the distribution is shifted to the right
(progression).
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-64%. During the initial period of strict supervision on
the metabolic ward, these changes were reflected by a
corresponding drop in serum lipoprotein levels (Figure
1, Table 4). In the following months, there was a
considerable erosion of dietary discipline; average re-
ductions of lipoproteins were far from those achieved
during strict supervision on the metabolic ward (Table
5). Moreover, they did not nearly approach the expec-
tations based on the evaluation by dietary protocols.
Reductions of serum lipoprotein levels, which can be
achieved by drug therapy or in an experimental setting,
are considerably greater. In patients treated with lova-
statin and colestipol (FATS study), total cholesterol
decreased by 46%, and HDL increased by 15%.2 In the
Lifestyle Heart Trial, selected and well-motivated pa-
tients were asked to consume a strictly vegetarian diet
limiting cholesterol intake to 5 mg per day. In these
patients, total cholesterol decreased by 24%, LDL by
37%, and HDL by 3%, whereas triglycerides increased
by 22%.9 In everyday clinical practice, only a very small
minority of patients are willing and capable of following
such stringent and austere schedules; the vast majority
shirks away from unrealistic expectations. Patients par-
ticipating in the present study were not endowed with
exceptional motivation and compliance; they were rep-
resentative of the average individual with coronary
artery disease coming to medical attention.

Hemodynamic Variables and Myocardial Perfusion
Group training sessions proved to be an important

incentive to maintain a high level of physical activity.
The compliance rate of 68%, which does not take into
account all physical exercise that patients performed on
their own or during vacation times, suggests that most
patients find it more attractive to participate in sports
programs than to follow dietary guidelines.
The increase in maximal rate-pressure product in the

face of decreased stress-induced myocardial ischemia
suggests that the effect of regular physical exercise
extends to myocardial mechanics and coronary circula-
tion, a finding supported by several other studies (Table
6).34-40 The strictly aerobic pattern of cardiac metabo-
lism, and the near maximal oxygen extraction, even
during basal conditions, precludes the use of adaptive
changes encountered in skeletal muscle. An increase in
peak maximal oxygen uptake is therefore effected by
changes in coronary blood flow.4' Several mechanisms
have been implicated by which myocardial perfusion
during maximal stress may be augmented: regression of
coronary lesions, an increase in collateral circulatory
capacity,42,43 and improvement of blood rheology.44"45

Improvement of maximal rate-pressure product and
stress-induced myocardial ischemia in patients with re-
gression of coronary lesions emphasizes the importance
of this mechanism (Figure 2); however, no net regression
of coronary lesions was observed in the intervention
group; moreover, a decrease in myocardial ischemia was
not limited to patients with regression but also occurred
in individual patients with no change or significant pro-
gression. Therefore, alternative mechanisms will proba-
bly contribute to the improvement of myocardial perfu-
sion. Recruitment of preformed collateral channels
during maximal exercise may represent a second mech-
anism; angiographic studies performed in humans at rest,

Possibly, these channels are utilized only during physical
stress; therefore, angiographic images obtained during
exercise might yield different results. Normalization of
blood rheology in patients with occlusive peripheral
artery disease has been shown to increase calf blood flow
consistently.48 In this study, erythrocyte aggregation rate
decreased by 18% (p<0.002), resulting in improved
blood fluidity; the contribution of this mechanism to the
reduction of stress-induced myocardial ischemia, how-
ever, remains to be determined.

Change in Coronary Morphology
Angiograms obtained after 12 months of intensive

exercise and low-fat diet did not show predominant
regression of coronary lesions. If statistical evaluation
was based on individual lesions, no change was noted
with respect to relative diameter reduction or minimal
diameter (Tables 8 and 9, Figures 3 and 4). Therefore,
this form of treatment resulted in no detectable pro-
gression of disease on the average within the observa-
tion period. In patients on usual care, however, there
was considerable progression of disease; significant min-
imal diameter reduction was observed in 48% of pa-
tients, whereas an increase in luminal width was noted
in only 17%. Nearly identical rates of progression were
observed by Kramer49 (47%) and Bruschke50 (40%) in
patients who were recatheterized within 1 year and who
did not receive any specific treatment during that time.
Combined colestipol-niacin therapy in patients after

aortocoronary bypass surgery resulted in significant
reduction in the average number of lesions that pro-
gressed per subject and in the percentage of subjects
with new lesions.' Average global score, however, re-
mained unchanged in the treatment group, whereas
progression was noted in the placebo group. Only
compliant and responsive subjects were selected for this
study in a prerandomization trial. In another study2 of
similar design, lovastatin, niacin, and colestipol were
used as lipid-lowering therapy in men with high levels of
apolipoprotein B. Contrary to our study and the results
of the CLAS study, there was predominant and signifi-
cant regression of proximal coronary lesions in patients
on lovastatin and colestipol (average minimal diameter,
+0.012 mm) and in patients on niacin/colestipol (aver-
age minimal diameter, +0.035 mm). Predominant pro-
gression was noted in the control group (average mini-
mal diameter, -0.05 mm).

In the Lifestyle Heart Trial,9 82% of all patients
participating in the intervention group showed predom-
inant regression of coronary atherosclerosis, and
changes in lesions were strongly related to the overall
adherence to lifestyle changes. Those patients who
made the greatest changes showed the greatest im-
provement. Quite unexpectedly, 42% of the patients in
the control group also showed coronary changes in the
direction of regression.

In the present study, even excellent adherence to the
guidelines did not invariably guarantee immunity from
an adverse course; progression was observed in individ-
ual patients with dietary and exercise compliance far
above the group average (LDL<2.6 mmol/l [100 mg/dl],
HDL> 1.5 mmol/l [60 mg/dl], heavy physical activity
>10 hrlwk). On the other hand, patients with only
moderate ambition and less-than-ideal results may46,47however, have failed to substantiate this hypothesis.
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experience significant benefit with arrest or even regres-
sion of coronary lesions.

Clinical Events
There were several clinical events in both study

groups (Table 2). Two of the cardiac arrests were clearly
related to physical exercise, but only one occurred
during a group training session. Details and circum-
stances of the unwitnessed cardiac arrest in the third
case (patient 40) could not be ascertained and, there-
fore, are not attributable to exercise. Three patients
developed life-threatening arrhythmias during the ini-
tial exercise session; they were excluded from further
participation and subsequently underwent electrophys-
iological testing and antiarrhythmic treatment.

Physical exercise has been shown to be relatively safe
during supervised training sessions.51 However, well-
motivated patients, in particular, are at great risk to
exceed their recommended target heart rates. Other-
wise correctable arrhythmias frequently bear grave con-
sequences whenever they occur during unsupervised
exercise.5253 Patients at highest risk of cardiac arrest
during cardiac rehabilitation are those having marked
ischemia on an exercise ECG, an above-average exer-
cise capacity, and a record of poor compliance with
exercise intensity guidelines.5455 In all three patients,
Holter monitor tapes obtained during previous group
training sessions were available and showed heart rates
above the recommended individual limit. One of these
patients (patient 104) happened to undergo Holter
monitoring at the time of cardiac arrest; heart rates
exceeding 130% of the recommended target rate were
documented immediately before the episode. An iden-
tical case was observed by Ornish9 in a patient who also
exceeded his training recommendation during unsuper-
vised exercise. No other factor, such as severity of
coronary artery disease, left ventricular pump function,
or degree of stress-induced myocardial ischemia could
be identified as predictive in these patients.

Implications for Clinical Practice
The message contained in the results of this study is

threefold: First, the course of coronary artery disease is
amenable to dietary reduction of serum lipoproteins
and regular physical exercise. Although there was no
net regression of atherosclerotic lesions, coronary ar-
tery disease progressed at a significantly slower pace as
compared with the control group. No clear-cut, linear
relation was detected between patient compliance and
directional changes of coronary lesions. Improvement
of physical work capacity, myocardial oxygen consump-
tion, and reduction of stress-induced myocardial isch-
emia was observed in nearly all patients participating in
the intervention group. As improvement of myocardial
perfusion was not limited to patients with regression of
coronary lesions, other mechanisms, such as collateral
circulation and blood rheology, may be operative in
these patients. With respect to psychological changes,
two aspects are noteworthy: Patients achieve a greater
degree of mental independence from outside control of
their physical well-being, and they tend to be less
depressive than their counterparts in the control group.
Second, intensive physical exercise is associated with an
increased risk of cardiac arrest, particular in well-

training recommendations not only during supervised
group training sessions but also while exercising on their
own. The risk of life-threatening arrhythmias inherently
associated with this form of therapy needs to be care-
fully weighed against the benefit of less progression of
coronary disease, improved physical work capacity, and
reduced myocardial ischemia. Use of continuous heart
rate monitoring by a portable device may contribute to
increased security for these patients.51 Frequent coun-
seling about the rules and risks of physical exercise
remains an important adjunct to this form of rehabili-
tation. Third, observations in the control group suggest
that present-day clinical practice (i.e., usual care) is
largely unsuccessful in modifying certain risk factors or
in affecting the unrelenting course of coronary artery
disease. It is such current knowledge as this that we
believe the medical profession should be challenged to
better communicate to their patients.
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