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Myocardial Perfusion and Regression of Coronary Artery Disease in
Patients on a Regimen of Intensive Physical Exercise and Low Fat Diet
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This intervention program tested the applicahility and effects of
intensive physical exercise and a low fat diet an progresslon of
coronary atherasclerotic lesions and sfress-induced myncardial
ischvemia in patients with stable angina pectoris. Eighteen patients
participated ir this program for 1 year; they consumed a low faf,
fow cholesteral diet {<<20 ererpy% fat, chelesterol <200 mg/day)
and exercised) for >3 Wiweek. Change In caronary motphology
was assessesl by anglogruphy and digital image processing: stress.
induced myvcardial ischemia was smeazured by thallium.
Hgrephy, Results were compared with thase in patients receiving
“asual care,”

Ta the intervention group. sipnificant regression of roronary

atherosclerolis lesions was noted in 7 of the 18 patients: ni change
ur progression was present in 11 patients. In patients recelving
usual care, regression was detecled in only 1. with no change er
progression in 11 patients (different from inlervention, p < ,£5),
There was a significant reduction in stress-induced myocardial
ischemia, which was not limited to patienis with regression of
coronary atheroscleratic lesions. Thus, reguiar physical exercise
and a low fat diet may retard propression of coromary artery
disease; however, imp of myocardial iay be
achieved independently from regression of steantic lesicns.

(# Am Coll Cardiol 1992;19:34-42)

Dbservational repswts £1.2) published in recent year: 4
thial atherosclerotic lesions occasiomally may regress »pn
tancously or in response to normalization of ahercgenic
facters. This concept has been expanded in contriled
intervention siudies (3-7), with rigerous reduclivn in ssrum
lipoproteins by lipid-lowering drugs, vegetarian dict or phys-
ical exercise in sclected. motivated patients. Whenaver
demanding and usterz programs are advocated for noise-
lected patients, dropout satgs are high und thesapeutic Vail-
ures due 1o noncomplianes arc frequent. The presert stady
tested tixe applicabilily and effects of \he combined restiic-
tion of dietary fat consumption. intensive physical exercise
and elimination of other risk facters such as smoking and
hypertension in a nonselected group of patients endowed
with no mors than averspe motivation and self-discipline.
Effects on coronary morphology ware assessed by quantita-
tive anwivgraphy and comelated with functona! Femody-
namic variables obtaincd By thallium-204 scintigraphy. Met-
aholic changes uchieved hy this form of therapy werc
discussed previously (8).
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Methods

Patient selection. Putients participating in this sludy were
recruifed after routine coronary angiography For angina
pectons, 1aclusion criteria were male gender. stable symp-
toms, witlingness 10 participale in the study for =12 menths
and coronpry ancry sieeases well documented by angiogra-
phy. To facilinae regular and frequent panticipation i group
exercise sussions. patienrs living within 20 km of Heidclberg
were assigned 10 the inervention group. whereas patients
living heyond this radivs were included in the controf group.
Matched pairs were created on the hasis of age and severity
of coronary arlery disease {Gensind score) (9), The study was
approved by the Human Sulject Protection Commitee;
informed consent was in accordance with the committee’s
guideliaes.

Exclusion crileria were unstable angina pectons. left main
coronary artery stenosis >25% reduction in fumen diameter,
severely depressed left ventacular ¢jection fraction {<35%%).
significant valvular heart disease. insulin-dependest diabetes
mellitus. primary hypercholesteralemia (sype 11 hy perlipopro-
teinemia. low density lipoprotein 213 mg/dl) and conditins
precluding regular physical exercisc.

Becausc sclection criteria were numerous and stringent,
such as the distance a patient had 10 travel to reach the
training facilitics. only 1 in 10 patients with suitable coronury
morphology was eligible lor the study: the response rate in
these patients was 40%.
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Cardiac catheterization. This was performed by the fem-
oral approach; left ventriculgraphy in two orthogonal pro-
Jjections was faftovied hy coronarv angiography performed
aceording o the Judkins technmigue ™ A minimum of six
standard projecticas was obtained, supptemenied by addi-
ticnu! angulaticns (o acco:plish optimal visualization of all
stenotic segments in several projections. During foliow-up
angiography ai |2 months, identical projections were repro-
ducec according to the protocol followed initiaily. No vaso-
active: drugs (nitroglveerin or calcium channel blockers)
were used during either catiieterization.

Dipital image processing, Evaluation of coranary angto-
grams veas performed by two technicians wha did not know the
sequence of films, the patient’s identity or group assignment,
Films were viewed ir pairs with use of twe 35.mm cineangio-
graphic prajectors (Vanguard Instrumeras). Each segment of
the coronary tree was examined carefully for changes in lumen
diameter. After idenufication of stenoses. corrcsponding pro-
jections were fined up near end-diastole: both regions of
inerest containing (he stenotic segment were magnified 2.5
fold by optical zoom. §mages were read by a tetevision camera.
and after digitization, transferred to the image processing
system (Komron Mipro1). where they were stored ina 512 »
512 matrix. Because ail images were obtained in the &-in.
{15.2-cm) angiogranic made, pincuchion distartion wos mini
mal (10,11) and cortection was not essentia!. Coromury vessel
boundarics were identified by an auiomated edge detection
alparithm. Minimal stennsis diameter was measured. and per-
cenl diameler reductivn was calculsted by comparing the
minimal stenosis diameier with the adjacent normal segments.
Ko ailempt was made 1o aiculate atherosclerotic mass be-
cause this ' d iderable vari-
ability (10,11). As a resu: of the limited resolution ot digital
image processing. side briaches <i mm in diameter were not
analyzed.

To assess the variability of this method. 25 stencses were
analyzed three times on sifferent days by one techinician.
The standard deviation between repeated measurements of
percent diameter reduction was 4.4%. (o1 1aininial drameter,
it was 0.25 mm. Consequently. only changes between sc-
quential measurements > 10% (2 SD) were considered rele-
vam. Stenoses with <1062 change diameter reduction were
classified as unchange ‘grade ). A positive difference of
>10% between baselinz and end was graded as progression
{grade +1) and a negati ve difference of > 105 as regression
igrade —1}.

in patients witk mulriple sienases, the faie of each
individual lesion cannot be consicered statistically indepen-
dent; therefore, each putient has to be trealed as a statisucal
unit. Moreover. progression and regression may occur
simulianecus’y in a particular patient. Consequentiy, for
each patient, a single variable was calculated by adding the
grades assigned 10 individual stenases on the basis of percent
diameter reduction. Cases with a positive result (>0 were
classified as progression and those with a negative result
(<20 as regression; +0 was defined as no change.

{
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Changes in minimal stenosis diameter correlated well
with changes in relative diameter reduction (r = 0.74; p <
0.001). The incidence of regression ar prograssinn/ro change
was iderrical if classification of patients was based on
changes in minimal stenosis diameler instcad of relative
diameter reduction.

Progression from subtotal to tonl occlusion (99% ro
169% ) and recanalization of previously occluded coronary
arteries were not classified as progression or regression,
respectively, because mechanisms not related to the athero-
sclerolic process may be operative in these eases (12).

Thallium-281 scintigraphy. Beta-adrenergic blocking
agents and antianginal medications were discontinued 48 b
hefore the test. After an overnight fasting period, svmplom-
linnled electiocardiographic (ECG) exercise festing was
petformed on a bicycle ergometer. The ECG tracings and
blood pressure readings were obiained every minute. Exer-
cise was ferminated when patients experienced progressive
anginal chest pain or physical exhaustion or when J-mm
horizontal ST segment depression was reached. Maximal
heart rate-p product was calkulaled from: imal
simultancously recorded heart rate and systolic blood pres-
sure u the end-point of exercise. This variable hus been
shewn o camelate reliably with myocardial oxygen cen-
sumphbion {MVY0,} over a wide range of exercise levels (13).

One minutc before icrmination of the exercise test, 2 mCi
of thattium-201 was injecled inravenously and exercise was
continued fer anether minuie at the same or slightly reduced
exercise level, Imaging was started immediately after termi-
nation of exercise with the use of a mobile gamma camera
equipped with a seven pinhole collimator, Rest images were
acquired after a rest period of 4 h in the identical projection.

Thaltium-201 scintigrams were analyzed by a technictan
who did not know the patient’s identity. Left ventricular
cross sections perpendicular to the long axis were recon-
structed from the raw data. To define areas with decreased
thallium-20} uptake, all reconstructed myocardial cross sec-
tions were znzlyzed by a seiviquantitative program. In brief,
afier the geometric center of euch cross section is defined. 60
radii are projected outward from this poim at equal angular
spacing. A search is made afong each radius for (he peak
count rate. which is then normalized tv the maximal count
raig in ¢azh patient. The results are displayed as a circum-
ferential plot over 360°. Abnormal myecardial sections are
identificd by comparing each circumferential plst to the
lower Timat of normal as defined by the counts in 15 patients
free of carlisc abnormalities who were analyzed corve-
spondingly. I a section showed decreased thallium-203
uptake, no attempt was made to grade 1he degree of 2bnor-
mality. The mean of all cross sections was calculated and
expressed in degrees of left ventricufar circumferense. lu-
traobserver variability was +5% and interobserver variabil-
ity =9%. This method was validated by comparing perfusien
defects with histopaihelogic findings in patients who died
during the course of acute myocardial infarction (14)
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Myacardlal perfusion and ischewia. Severity of myocar-
dial ischemia is determined by the deficit beiween stress-
induced myocardial oxygen consumplion and coronary vas-
cular capahility. The area of a reversible thallium-201
perfusion defecl has to be jucged against the level of
myocardial oxygen consumnlion during . Uich it was e
coried, To carrelate the size of the reversible thallium-201
perfusion defect (ischemia) to the corre-ponding rate-
pressure product, the toliawing index was calculated:

Ischeai

Perfusion = ——
R.ﬂe-prcs\urc product

Changes in myocardial perfusion durirg the observation
period were expressed hy Dela,

perfusion:

ischemis

20
Deltdpetuyon = s————
PNt T Rate-pressure ProduCtpegn

Ischemiag g

Rate-pressure producty,,

Whenever myocardial perfusion relative 10 myocardlal ox-
ygen ccnmrnpnon improved, by ¢ither a reduction in is
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four timics a year for palienls and their spouses 1o discuss
dietary. psychosocial and exercise-related problems. In ad-
dition, patients were offered opportunities to discuss per-
sonal problems after cach Lraining scssion,

Control groap. Patients assigned to the contral gronp
apent | week on the metabolic ward. where they received
identical instruciions about ¢ nceessity of regubar physical
exereise »nd how 1o lower fat consumption. They were
served a low fat diel corresponding to the American Hearnt
Association recommendations (phase 1) {15). However, ad-
herenge to these guide'im.s was left to their owa inilialive
and “"usual care” was rendered by their privale physician.
Thcy wcrc asked not 1o tahe lipid-towering medications.

For statistical evaluation, nonparametric tests
(Mann-Whitney U test, Wilcoxon signed-rank test, Fisher's
exacl test) were used. Differences between both groups with
respec! to coronary morphology were examined by chi-
square analysis and with respect to heart rate. blood pres-
sure and physical work capacity by analysis of variance. To
test sequential metabolic data for statistical significance, a
simple variable was calcslated for each patient. Because
body weight remained stable afier 3 months. measuremenis

t 1 at 6. 9 and 12 months reflect effects of rreatment.

©OF an increase in rate-pressure product. the difference became
positive. In patients in whom myocardial perfusian deterio-
rated, by either an increase in ischemia or a reduction in
rate-pressure product, the index became negative,

Metabolic variables. After an overnight fasting period,
bady weight was obtained and blood drawn for ricasurement
of serum lipids and lipupruleins (lotal cholestero!, low den-
sity lipoprotein choles‘erol. high density lipoprotein choles-
terol as wel! as triglycerides).

Intervention program. Paticnts assigned Lo the interven-
tion group staved on a metabolic ward during the initial
3 weeks of the program, where they were instructed how to
lower the fat conzent of their regular diet 18). The puideli

These valuzs were averaged and used for staistical analysis
(8).

Results

Study group (Table 1). A total of 38 patients were 1¢-
cruited for the sidy. After exclusion of one maiched pair.
angiograms were available from 36 patients for final evalua-
tion (18 patients in each proup). Their mean ape was 51 =
6 years: 25 patients (69%) had previously had an acute
myocardial infarction. During the observation peried. two
additional panems in the controf group sustained a nonfatal

they received were based on the American Heart Associa-
tion recommendations {15). which call for a low fat, low
cholesterol diet (protein 15%. curbohydrates 65%. fat <0
enerey%. cholesterol <200 mg/day, polyunsaturated/
saturated fatty acids ratio >1}.

Fativnts were usked to exercise daiiv ar home on a bicyele
ergometer for a minimum of 30 min close to -heir 1aiget heart
rate, which was determined as 75% of the maximal heart ralc
during symptom-limited exercise. During this phase. pa-
tients were receiving their regular antianginal medication
including beta-blocking agents. In addition. they were ex-
pected to participate in at least iwa group training sessions of
60 min each week. Combined compliance for home and
group excrcise was 60%; exceeding weekly requirements
was not honored by a score of >100%: compliance ranged
between 21% and 92%.

Antiungined medications including nitrates, beta-blockers
and calcium channel blockers were prescribed as needed.
Lipid-lowering drugs were not part of the regimen.

Informative sessions were conducted at regular intervzls

my dial infarction (Patiems 24 and 31); subsequently.
Paticat 24 underwent acrtocoronary bypass grafting far
poslinfarction angina, Resuits obtained in this patient were
excluded from further analysis of stress testing and meta-
bolic chunges: angi hic data. b . were included.

Before entering the study. patients had smoked an aver-
age of 22 pack-ycars of cigareltes. There were only five
nonsmokers amung all patients recruited for the siudy (two
in the control group and three in the intervention group).
Aftter recruitment. ali but threc paticats in the control group
indicated that they had stopped smoking.

One patient from the intervention group refused to un-
dergo final evaluation and repeat coronary angiography at
| year; therefore. he and his matched control patient were
excluded. His physical work capacity had improved cigaifi-
cantly during the study period and he was asymptomalic
during daily life.

Physical work capacity: hemedynamic variables. In the
intervention group, systolic biood pressure at rest decreased
significantly from 119 = 16 to 109 = ti mm Hg (2 < 0.05).
diastolic blood pressurs lended to decrease (RS = 1 vs. 81 &
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Table 1. Change in Cororary Morphology. Stress-Induced bvchemia and Totat Cholestero!

[ Caronary —CM
No. Murpholegy Deltipepuen  Baselinz Average
Intervention group tn - 18)
1 Regresaan 4.29 48 17
M Progressuon 192 p) 157
1 M ghunyge 013 k) e
4 Prageessum 3 3 2%
s Regression 43 g ke
h Progression 4.5 87 i
? Regrevsion X0 32 214
# No chang: ) i (24
q Frogteasun (suhfatal T ttdl scelh LAY i 40
1] Regression 024 tl g 156
n Regression 163 237 A
2 No change anh b WE)
13 Frapresaon tnew ocel) 17 50 i3
[ No change -0 m pati
i3 Kegressiun o 183 pid|
16 Regresson 123 il) 191
17 No chunge irecanul: nexs lesion) 080 Bl 20
1R Mo change 016 51 178
Tutal Regirssion N - T

N change 41 - &
Progresion in = 1

Mean = SD fas o 14* MR 4% = I
Control gresa(n - 183

] o vhange ita? o} pl
m o chanpe {subtotal ta iolal occll 4.7 3 218
1 No change .53 M2 204
n Progression -43 63 289
23 No change a5 pLi] m
2] Pragression {AMI. CABG) - —_ -
2% No change 118 263 b
% Progression Gubiotal 16 total) 049 240 250
had Progressian (subtatal to total accl: new lesion) 113 281 %
3 No change -0.30 m M2
p No chienge -0.83 T ]
0 Regression 9 23] 26
k1l Pragressian {new acel. AMI} 149 5 360
N No change ~0Li% i w
n No change 1.n 2% 1]
H Progiessiun taew levinny 103 e i
35 No change -0.05 59 252
3 Mo change -1.30 %5 Al
Totat Regression tn = It

My ghange in = 11

Progression (n = 6)
Mean = 50 006188 Mi:dd MO M0

“Significantly different fram contral {p < 0.03): *significanily different from control (p < 0.000. AM| =
myocardial infarction: CA3G = coronasy anery hypass grafting: chelesterol average and chelesterol level o
abservation period and a1 baseline. respectively: Deliag.q,...., (see description in Methodst: weel = ecclesion: Pt =
patient: recanal = recanalizanan.

7 mm Hp: p = NS), physical work capacity improved from In the control group. systolic blood pressure at rest also
16 =34 16 194 = 42 W (p < 0.01). maximal heart rate  decreased significanily from 122 £ 2| to [20 * [5 mm Hg
increased from 149 2 2510 157 2 22 beats/min (p<0.051and  (p < 0.05). whereas diastolic blood pressure at rest remained
maximal ratc-pressure product increased from 25 = 6.3 x unchanged (85 = 12 vs. 88 = 7 mm Hg: p = NS). Physical
1010 27.2 2 5.3 % 10*{p < 0.61). work capacity (153 = 42 vs. 154 + 40 W}, maximal heart rate
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No of Cases

4
y I I I
V] L

REGRESSION NO CHANGE PROGRESSION
IINTERVENTION CONTROL

Figure 1. Regression of coronary fesions was observed in seven
patients in the inlervenlion group compared with one patient in the
contro! group. No change or progression was detected in 11 patients
in the intervention group and 17 patients in the contro! group. There
was a significant ditference between groups tp < 0.048).

(131 £ 18 vs, 134 = 20 beats/min) and masimal rale-pressure
product (24.1 = 5.2 % 10° vs. 23,1 2 6.1 % 10%}also remained
essentially unchanged.

At 12 months, a statistical relevant difference was de-
tected between both groups with respect 1e physical work
capacity (p < 0 001). maximal rate-pressure product {p <
0.05). rest heart rate ip < 0.02) and maxima! systolic blood
pressure (p << 0.02).

Changes in coronary morphology (Table 1, Fig. 1o 31 A
total of 10§ stcnoses were evaluated by digital image proc-
essing (mean 2.9 stenoses/patient). Progression was noted in
11 patignts {intcrvention n = 3, canirol m = &) nn change
was seen in {7 patients lintervention n = 6, conlroln = U1}
and regression occurred in 8 patients (intervention n = 7,
control n = I}. Overall changes i corenary morphology
(that is, progression, no change or regression) differed sig-
nificamily between both groups (¢ < 0,048), The grading
system employed was relatively insensitive to the detection
of new lesions because it required a change of > 10% before
it was classifisd as significant. Therefore, only three new
lesions were observed (interventionn = 1. contrel n = 2). in
four patients, a sublotally occludes vessel (lumen diameter
reduction 99%) progressed 10 total eeclusion (intervention

=1, comrol n = 3), two vessels with less than critical
diameter reduction {~73%) progressed to total occlusion
umervemmn n = |, centrol n = 1}. In four patients {11%).

progression and ion of coronary lesions

was noied.

Charge in myocardial perfusion (Table 1, Fig, 2and 4). In
the intervention group. myocardial perfusion during maxi-
ma; physical stress expressed as dellap, mysion iproved in 14
patients and remained unchanged or deteriorated slightly in
4 patients. In the control group. perfusion deteriorated in
eight patients: it improved or remained unchanged i nine
patients and one patient was excluded after coronary bypass
surgery. The average change was +1.95 * 1.4 in the inter-
veation group versus —0.09 + 1.88 in the control group (p <
0.05).
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1 | rate-pr produci and
physical work apscllv accerding to change in coronary mor-
phology (Table 1, Fig. 1 anct 4. To compzre patients with
progression or ne change in coronary morpholugy with
puticnts with regression, beth groups werc combined. In
patients with regression. a significantly greater increase in
physical work capacily was observed compared with pa-
tients with no change or progression (regression +47 =
34 W, nc change/progression +9 = 26 W p < 0.001).
No signiicant difference was detected with respect to
change i maximal rate-pressure product (progression ur na
change %3 = 4.3; regression 1.5 = 273, p = NS or
myocardial perfusion (progression or no change 0.31 *
vegression 115 = 1.43; p = NS). There was only a weak
corrclation belween change in physical work capacity and
change in rate-pressure proguct (r = 0.37: p = NSk In
individual patients, there was a siriking dissociation betvieen
improvement in myocz.dial perfusion and progression of
cororary artery discasc (Patients 2. 6, 13, 27 and 34).

Metabalic variables {Tables L and 2, Fig, ). The results of
metabolic evaluation in this group of patients were discussed
in detail in a previous publication (8). According tv 24-h dict
pratocols in the intervention group, there was a signifi-
cant lowering of energy mtake from 2.298 = 607 o 1,602 =
758 kealday (p < 0.003), fal consumption from 111.7 =
d4.4 10 52 = 239 plday (p < 0.0004), saturated fatty acids
from 42.5 = 20410 14.3 = 8.1 g/day (p < 0.0001) and dietary
cholesterc [rum 402.8 = 186.110 161.3 = 100.3 mp/day (p <
00015, Intake of polyunsaturated fatty acids remained
unchanged (14.9 = 9.8 vs. ¢ = 6.3 gidav, p = NS). As
tadicated by the large standard deviations. comptiance var-
ied considerably amorg individual patients. In the control
gronp. none of these variables changed significantly through-
out the observation period.

Each group was subdivided according w changes in
coronary morphology: at baseline all subgroups wesz cam-
parable with respect (o total cholesterol level. During follow-
up, the lowest levels were observed in the intervention group
showing regression of coronary lesions and the highestin the
comtrol group with lesion progression. Cholesterol levels
observed in the intervention group with progression were
unexpectedly low {201 + 38 mg/dl).

Discussion

The message conveyed by the results of this study is
twofold. First, beneficial effects on the natural course of
coronary atherosclerosis are not confined to apgressive
programs, which generally find sceeplance only by a smatl
minority of motivated patients. Sccand. patients participat-
ing in regular physical exarcise may achieve improvement in
myocardial perfusion independsnily lrom regressive changes
in coronary lesions.

Patient selection and complisnce. Paticms participating in
Lhis study were recruited after undergoing routine coronary
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Figure 2, Patient 9. Vztervention gronp. Proaression
01 coronary lesion versus impravement in riyocar-
dial perfusion. Progression of 2 high grade lesion
in the proximal left anterior descending coronary
arlery from 77% al baseline ipaned A} 10 96% after
12 months (panel B) is szen. At bascline {panel O).
there is a large stress-induced perfusion Jetect on
thallium-201 seintigraphy 10 the anteroseptal srea
{Teft) with total redistribution after 4 h tright). AL
12 monihs {panel B). no slress-induced ischenta is
detectadle despite an increzse n myocardial ssygen
consumplion.

angiography for stable angina pecteris. Apart from medical
considerations, ony willingness to parlicipate for 12 months
was a prerequisite for inclusion in the study: nearly all
patients were fully emploved and had to follow a repular
working schedule with limited spare time for cxercise ses-
sions. After recruitment. only one patient dropped out
(because of refusal of repeat angiography). The dietary
schedule the patients were asked to follow was based on
American Heart Association recommendations (phase 3}
(15). Adb ¢ to these dations was frequentiy
encouraged by educational sessions and checied by dietary
protocals, which regularly yielded a satisfac tory compliance
rate (16). Hawever, objective measurements of serum lipo-
proteins indicated that actual behavior was less than ideal.
Particularly, after the Ist 6 months. there seemed o be un
erosion of dietary discipline (8). Average changes in serum

lipoproteins in the intervention group were — 8% for cho-
festerol, +6% for high densily lipoprotein, —12% for low
density lipoprotein, and —23% for triglycerides, The foflow-
ing changes were achicved in the Cholesterol-Lowering
Atherosclerosis Study (CLAS) (5) (cholesteral —269. high
density hipoprotein +37%. low density lipoprotein —43% and
triglycerides —22%} and the Life-Style Heart Trial {6) (cho-
lesierol —24%, high densily lipoprotein —3%. low density
lipoprotein —37% and triglycerides +2275 (1able 3).

Group training sessions proved to be an instrument
paramoun! Lo maintaining a high level of physical activity,
whereas home training was pursued less vigorously. As
judged by the compliance rate of 60%. patients exercised for
an average of >3 i'week at a moderate 10 high activity level,
a level that has heen shawn to i assoctated with a protec-
tive effect in primary prevention studies (17),
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Figure 3. Faticn! I. Intervention granp. Regression of coronary
lesion, Regressicn o' tiigh grade proximal lesion in the left anteriar
descending caronary astery rom 79°% at buseline ipanel A (o 345 at
12 months (punel B) is sesn,

Changes in coronary morphology. Coronary atheromato-
sis progressed al a significantly slower pace in patients
participating in the intervention group compared with the
control group. Although regression of corgnary stenoses was
noted in seven patiems (39%). this beneficial effect was
nearly offsel by progression in five patients (28%%); coronary
morphology remained unchanged in six patients (33%).
Theretore, no significen nel regression was achieved in the
group as a whoik, In the control group. definite progression
of coronury artery discase was delected in six paticats
(33%). Because coramary esions remained unchanged in Hi
patients {61%) and regression was noted in only 1 palie
(6%). there was obvious deterioration of coronary morphol-
ugy. The rate of progression observed in this particular
group ol patients corresponds to the natural course of
coronary artely disease defined by previous studies {18-21).
New lesions were detected with a frequency of 8%. which is
higher than the rate reported by Frick ¢l al. {211, No
significant difference with respect 10 new coronary closures
was observed hetween groups.

Initially, all subgroups were comparable with respect to
the 1otal cholestcrol level. During follow-up. Lhe lowest
levels were observed in patients with regression of ¢oronary
lesions, whereas levels >270 mg/dl invariably resulted in
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Figure 4. Change in stress-induced dial ischemia Ji

to coronary morphotagy. In palients with regression of coronary
lesions, there was a significant reduction in stress-induced myocar-
dial ischemia, Palients wilh o change or progression did nct differ
significantly from palients with regressian. Myocurdial perfusion
improved markedly in individual patienis despite unchanged or
worsened cororary morphology .

detectable progression of |esions within i year (Patients 22,
27. 31 and 34). It is of interest 10 note, however, that even
exeellent adherence L the dictary schedule did not invani-
ably resu't in regression of coromary lesions (Patients 2, 6
and B). Conversely. regression was nioted even in patients
with only moderate compliance (Patients 7, 15 and 10}
Therefore, nu clear dose-response relation zould be estab-
lished between directional change in corvnar: lesions and
adherence {o the interveation program; optimal ccntrol of
metabolic variables did not guaranree improvement of coro-
nary status. Scrutiny of other risk factors such as smoking
and blood pressure control did not yieid a valid explanarion.

Taking the sahereni differ :nces in angiographic evalua-

Tzble 2, Cholesterol Levels According to Change in
Carovary Mcrphoiogy

Baseline Average Change
fmgidly {mg'dl) (%)
Tniervemion group
Regrassion (r - 7 15t = 5%
Mo changz (n = i1 0=
Progression (n = 51 00 = 38~
Cantro! group
Regression (n = 1) - - -
No change (n = 11} M7 22425 =3
Progressian (n = 5) W67+ 292 = 41 +10

*Significantly different from baseline {p <: 0.05). Baseline and average =
baseline and average cholesterol level during observation perigd.
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Figure 5. Metabolic variables acenrding 10 change i coronury
morphciogy. Total chiviesierol. cholestesal’high density lipoprolcin.
and triglycenides were Javer in patients with regression of caronary
lesiens. However, a sigrifican| diffcrence was ofmerved unly for
total cholgstero!

tion into account, these results are compatible with those
obtained in CLAS 15}, The rate of regression observed in the
Life-Style Change Study (6], however, is more than twice
the: rate noted in our study and five times the raie deteeted in
CLAS (5 coronary lesions remained unchanged in only one
patient.

Physical work capacity and stress-induc=d ischemia versus
coronary statis. With only few exceptions, all paiients par-
ticipating in Lhe intervention study experienced not only
significant improvesent in physical work capacity s & result
of peripheral adaptation, but also a reduction in Siress-
induced ischemia (thallium-201 scintigraphy} in the seuing of
increased myocardial oxygen consumption (maximal rate-
pressure product). These changes suggest improvement in
myocardial perfusion during maximal cxercise. a finding
supported by several other studies (22.23). A surprising
finding of this study was the dissociation between directional

Table 3. Comparison of Angiographic Results With Data From
Recently Published Siudies
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changes in siress-induced myocardial ischemia and coronary
morphology, A decrease in myacardial ischemia was not
timited 1o patients with 4 reduetion in coranary lesions. but
also sccurred in those with significant progression (Patients
2. 6. 13, 27 and M), Therelure, allernalive mechanisms are
Ilkely 1o c'mmhule 10 improvement in coronary flow.

Regular physical exercise has been shown to favorably
alleet whote nlood rhenlegy and thereby possibly benefit
periphesal and myoeardial perfusion (24,251, Recruilment
and development of preformed collalera! vessels may repre-
seni a second alternative mechanism. Experimental waork in
dogs (26) has demonstrated improvement in coronary vas-
cular capacily in response to physical conditioning; angio-
graphie studies in bumens (27), howcver, have failed to
subsiantiate this hypothesis. Because coronary ungiopraphy
is umable to detect the majority of intramural collatersl
vessels with a diameter <100 gm, 1his negative finding is not
a surprise 128}, Moreover, bocausc collalera! channcls are
unlikely 1o carry substantial flow during rest, it may be
necessary 1o oblain measurements during physical stress,
Different diagnostic technigues with a higher resclution are
needed fo settfe this issue in humans.

A highly significant relation was detected between irn-
provement in exercise capacity and changes in coronary
morphalogy. Patienls with regression gained 29 in external
work delivery compared with £9% in patients with no change
or progression (p < 0.004). Because only a weak relation was
detected between physical work capacity and maximal rate-
preszure product {r = 0,37, p = NS, peripheral adaptation
seems 1o represent the underlying mechanism. Therefore, in
this particular group of patients, improvement in physical
fitness seemed ro contribute ta regression of coronary lesions.

Limitations of the stully. This study is unable to cleatly
identify the 1 ible for the di y
hatween change in mronary lcsmns and reduction in stress-
imduced myocardial ischemia in several patients. To date,
only limited ¢vidence has been gathered in a different group
of muenls undergmng a similar study protocol. Although

o

Study Regression No Change Pri

tef. no.} ) (&3] %
Freseni study

Rxin = 1§) 3% 1 b

Culin - 18 [ 6l k1)
CLAS 31

Rx(n =& 152 45 )

Cirlin = 52) 24 306 [}
Life-style 161

Ryt = 22) 82 a 1

Crritn = 19 4 5 Li]
Reown cn al (T

Lil(n - 3 az 47 i

N (n =36 b 3 ki)

Curl (m = 46} 1] £ 4%

*Native wessels only. CLAS = Cholesierol-] nwering Alhermcl:m“.
1 LT = owusstin‘colestipol N/
ref. = refarence: Rx = (reaiment.

i in whole blood viscosily could be
dor‘umcnled m these patients. the physiologic relevance ta
myocardial perfusion remains 10 be demonstrated.

Clinicul implicutions, Patients willing to devote their time
and effort to intensivc physical cxercise and a low fat diet
may expetience henefil from (his form of therapy in wo
respects. First, progression of coromary anery disease may
be slowed in a comsiderable rumber of paticats; some may
even achieve regression of coronary lcsions. However, there
is no guarantee to achieve this goal invariably, even in the
most aclive and compliant patient. Conversely, favorable
cffects occur in patients with no more than averags ambition
Llowaryl following the stipulations of the protecol. Second,
regression of coronary lesions does not seem 10 constitute an
essential and indispensable precondition for improving
stress-induced dial isch Different ory
mechanisms may be octivated in some patients by intensive
phvsical exercise.




42

o

-

=

4

>

-

o

b

=

. Singh RN. Progi

SCHLLER ET AL
EXFRCISE AND DIET IN COROMARY ARVEKY LaeAl

References

. Armstyong ML, Wames ED, Congor WE, Regression of eotanary athor-
67,

omatosis in thgsus monkeys. Cire Res 1970:27:59-6

. Nikkila EA. Vitkinkaski ', Valle M. Frick MH. Prevention of progression

of coropary is by Ireaiment of

prospective angiographic study. Br Med J 1984;265:220-3
Brensike JF, Levy RI. Kelsey SE, et al. Effects ol therapy with choles-
lyramine an af coronary : results of the
NHLB! 1ype II coronary interventivn study, Circulation 1984:69:313-24,
Arntz AC, Kromhout D, Barth S, et ul, Diet. lipoproteins. and the
progression of coronafy stherosclerosis. N Engl J Med 1985:. 3!’.8{)5—”.
Blarkenkorn DH, Nessim 5A. Johnsoa RL. Sanaarco ME, Azen SP.
Cashin-Hemphili L. Beneficial efects of combined colestipol-niacin ther-
any on corohary atherosclerasis wnd coranary venous bypass grafts,
JAMA 1987:2771233-90.

Omish 0, Brown SE, Scherwilz LW. el al. Can lifestyle changes reverse
carnnary heart disease? Lancet 1990:336:129-33

Brown G. Alsers 1), Fisher LD. ef al. Rearession of comrany anefy
disease a4 2 nesull o inlensive lipiddowering therapy in men with tugh
lewzls of apolipoprotein B. N Engl T Med 1990:323:128¢ 9,

Schuler G, Sehlieri G. Wirth A, et al. Low-fal diet and regubar, supervsed
physical exercise in patients with symplomatic coromary anery diseas
reduction ef streseinduced myecardial ischemia. Circulation 1988:7
M-8

Gensini GG. Cororary Angivgraphy. Maunt Kisen. NY: Futera, 1975
72

Brawn BG. Bolson E. aner M, Dodge HT, Quantitauve corvmary
resiuance. and
alheroma mass ofcaronary arery lzioas using lhe aneriogram and digital
compultation. Circulation 1977:35:329-317

aseven year

. Goul KL. Quanification of coresary antery stepasis i viva. Circ Res

1985:57:341-53

M.

JACC Vol. 12, Na. |
Jatwaty 1992:13-42

Schuler G, Schwars F. Hofmann M, et al. Frrambelyss in acute
dial nfarction wing : by
thallium- 201 szintigraphy. Circalation l%’M‘bﬂS-M

. American Heirt Awsagiation Special Report Recomaendations for the

treatmznt of hypertipidemia in aduits (absin. Circulaiion 1984:69:10654.
Nikolaus Th. Schiicrl G. Vogeh G, Schuler G. Wagner 1. Treztment of
coronary heart disease with diet and exercise: problems of compliance.
Ann Hute Metab 1990;128:1-7.

. Slattery ML. Jacobs DR, Nichaman MZ. Leisuse time physical aclivily

and corunary hean disease death. Cireulation 1989:79:304-11

Mpise A, Bourassa M. Theraux P. et al. Prognostic sigaificacce of
progression of cargnary artery disease. Am ) Cardiol 1985:55:941-6.
Kramer JR, Kitazume H. Proudfit WL, Matsuda Y. Williama UV, Sones
FA. Progression and segression of earonary atherosclerosis: relation to
risk faclors, Am Hear J 1983:105:134-44,

Kranier 12, Matsuda Y. Mulligan 1C. Aronow M, Proudfiit WL. Progres-
sioa of copmary aiherosclerosis, Circulation 1981:63:519-26.

Frick H. Valie M, Harjola PT. Progressicn of coronary artery disease in
randamized medical and surgical patients cver a S-year angiographic
Tulluw-up. Am J Cardiol 1983.52:681-5.

Froelicher V. Jensen D. Geoler F. et ai. A randomized triad of ¢xercise
Eraining in patients with coronary artery disease. JAMA 1984:252:1291-7.

. Ehsani AA, Heuth GW. Hagberg JM, Sobel BE. Holloszy JO. Etiects of

2 months inlense exercise training on isckemic ST-segment depression in
patients with coronury artesy disease. Circutation 1981:64:8116-24_
tensi EEW. Matnd A. Intermiftent claudication, exercise. and blood
sheology. Circuistion 1987 76:1110-4.

Most AS, Roocoo NA, Gewirtz H. EFeci of o reduction in bload visensity
on maximal myocardial oxygen delivery distai o 3 moderale compneny
stenasis, Cinculation 1986:74; 1085-92.

Levn AS. Bloor CM. Effects af exercise and ils cessation on the heart and
its blood supply. § Appl Physiof 1968:24:485-90

of corona clues 10
from serial coronary arteriography. Br Heart J 1984:52451-61.

. Gobel FL. Nardstrom LA, Nelson BR. Jorgenson CR. Wang Y. The

rale-pressure praduct as an index of myocardial oxygen comumption
during exercise in patients with angina pectars. Circulalion 197857549~
55,

Naolewajka AS, Kmluk W), Rechnitzer PA, Cunfingham DA . Exercise
end human and as5e55-
ment. Circulation 19794
Buroldi G. Scomazzoni G. Coronary Circulation in the Mormal and
Pathotogic Heart. Washingron. D.C.: Government Printing Office. 1967:






