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CHAPTER I

The exercise stress test i1s often used as a non-
invasive method of discovering latent coronary artery
disease (CAD) in asymptomatic patients or confirming
suspected CAD in symptomatic patients. When used for
these purposes, the exercise stress test is said to be
positive, meaning predictive of CAD, when there is ab-
normal S-T segment depression on the exercise electro-
cardiogram (E-ECG) (Constant, 1973; Ellestad, 1975).

Patients with hyperlipidemia are reportedly at
increased risk of developing CAD (Gotto, Phil, Gorry,
Thompson, Cole, Trost, Yeshurun, & Debakey, 1975).
Subsequently, they may be advised to undergo an exercise
stress test as a screen for CAD. Carlson, Ecklund, and
Ollson (1975) found that exercise induced S-T segment
depression was more frequent in asymptomatic hyperlipi-
demic men than in asymptomatic normolipidemic men. They
suggested that the increased fregquency of S$-T segment
depression in the hyperlipidemic men was due to myocardial
ischemia caused by a presumed greater amount of coronary
atherosclerosis secondary to their elevated serum lipid

levelsg. However, Borer, Brensike, Redwood, Itscocitz,

Passamani, Stone, Richardson, Levy, and Epstein (1975)



found that of 30 asymptomatic hyperlipidemic patients
who all had S-T segment depression on the E-ECG, only 11
had significant CAD by angiography. In some hyperlipid-
emic patients then, S-T segment depression on the E-ECG
occurs 1in spite of no or insignificant CAD. This obser-
vation makes one question the validity of the exercise
stress test in predicting the presence or absence of CAD
in hyperlipidemic patients. Additionally, it makes one
wonder what is causing the S-T segment depression on the
E-ECG in some hyperlipidemic patients, if not CAD.

There are conditions other than CAD, such as those
which obstruct coronary blood flow, decrease cardiac
output, or disturb cardiac cell function, which have
been found to bring about S-T segment depression on the
E-ECG (Constant, 1973; Ellestad, 1975). Elevated serum
lipid levels, such as those of patients with hyperlipidemia,
have been found to be associated with some of these cond-
itions (Constantino, Merskey, Kudzma, & Zucker, 1977:
Cullen & Swank, 1954; Forrest & Cushley, 1977; Gerrity &
Schwartz, 1977; Mustard, Moore, Packham, & Kinlough-Rathbone,
1977; Shattil, Anaya-Calindo, Bennet, Colman, & Cooper, 1975).
For instance, elevated serum lipid levels are associated
with increases in platelet aggregation and thrombi form-
ation (Constantino, et al, 1977; Shattil et al., 1975), and
these two conditions may cause obstruction of coronary
blood flow and subsequently may result in S-T segment
depression on the E-ECG. It appears, then, that there

is a relationship between elevated serum lipid levels and



some of the conditions other than CAD which cause S-T
segment depression on the E-ECG. If this is true, there
may also be a relationship, independent of CAD, between
the elevated serum lipid levels of some hyperlipidemic
patients and the S-T segment depression seen on their
E-ECGs. The focus of this study is to investigate the
relationship between elevated serum lipid levels and S-T

segment depression on the E-ECG.

Review of the Literature

Reviewed in this section is the literature dealing
with the following topics: the genesis of S-T segment
depression, the mechanisms which cause S-T segment depres-
sion and the clinical conditions and medications associ-
ated with S-T segment depression on the E-ECG, the relation-
ship between serum lipid levels and conditions associated
with 8-T segment depresssion on the E-ECG, the validity and
reliability of the exercise stress test in detecting CAD,
the relationship between elevated serum lipid levels and
5-T segment depression on the E-ECG, the relationship of
serum lipid levels to the progression and regression of
coronary atherosclerosis, the genesis and treatment of

hyperlipidemia, and compliance with lipid lowering diets.

The Genesis of S-T Segment Depression:

The electrocardiogram (ECG) is a recording of the
electrical activity produced by the depolarization and

repolarization of the cardiac cells working as a unit,



a phenomenon that involves the regulated flow of ions

across each cell membrane. Constant (1973) suggests that
there is normally no significant flow of ions during the
middle part of the repolarization process, which is repres-
ented by the S-T segment; all other ECG segments represent
ionic influx and/or efflux (see Appendix B, Figure 7). The
regulation of ionic flow across the membrane is determined
by what Constant calls the "dielectric property" of the
membrane, "the ability of the membrane to keep ions or
electrons more on one side than the other" (Constant, 1973,
p. 225). This dielectric property appears to be dependent
on intra and extracellular fluid, electrolyte, and solute
concentrations, membrane permeability, and, in particular,
the energy dependent sodium pump (Hillis & Braunwald, 1977).
Constant (1973) theorized that the loss of the membrane's
dielectric property results in abnormal ionic flow. Since
the S-T segment represents a phase where there is normally
no important ionic flow, ECG changes secondary to abnormal
ionic flow will be seen in any or all segments except the
S-T segment. Subseguently, when the electrocardiographic
changes elevate the baseline, the S-T segment will appear
depressed; conversely, when they depress the baseline, the
S-T segment will appear elevated (see Appendix B, Figure 8).
S-T segment depression usually represents electrical {(ionic)
disturbances in the subendocardial cells, whereas S-T
segment elevations usually represent a disturbance of the

epicardial cells (Constant, 1973; Ellestad, 1975).



The Mechanisms Which Cause S-T Segment Depression and the

Clinical Conditions and Medications Associated with S-T

Segment Depression on the E-ECG:

S-T segment depression is caused by the mechanisms
of myocardial ischemia, myocardial hypoxia, direct dis-
turbance of the dielectric property of the subendocardial
cell membranes, and possibly some unknown mechanisms.
Conditions which are associated with S-T segment depression
may in some way initiate or promote one of these mechanisms.

Myocardial ischemia and hypoxia can disturb the
dielectric property of the subendocardial cell membranes
and thereby cause S-T segment depression (Constant, 1973).
Because the subendocardium and the rest of the myocardium
function under a system of strict oxygen supply and demand,
the S-T segment depression caused by ischemia or hypoxia
may appear whenever the myocardium's demand for oxygen
exceeds its supply. At rest, the myocardium extracts a
large percentage of the oxygen in the resting coronary
blood flow, leaving little reserve to draw upon when its
demand for oxygen is increased. Subsequently, under
conditions of increased demand, the myocardial oxygen
supply is normally increased by a compensatory increase
in the coronary blood flow (Ellestad, 1975). Myocardial
ischemia occurs whenever the coronary blood flow does not
meet the oxygen demand. Myocardial hypoxia occurs whenever
the oxygen supply is inadequate to meet the demand despite

an adequate perfusion (Hillis & Braunwald, 1977).



Myocardial oxygen demand is increased by conditions
which cause an increase in heart rate, blood pressure,
cardiac output, myocardial contractility, and/or left
ventricular work {(DeVries, 1966). Exercise increases all
of these parameters. BAortic stenosis increases lef
ventricular work by obstructing the flow of blood out of
the heart. Hyperthyroidism may increase some or all of
the above parameters by increasing the metabolic rate;
hyperthyroidism is associated with an earlier onset of
S-T segment depression on the exercise ECG, especially in
the presence of CAD (Ellestad, 1975).

Coronary perfusion is decreased or its increase in
response to an increase in demand is limited, by conditions
which decrease or limit cardiac perfusion pressure and/or
cardiac output, and by conditions which obstruct coronary
blood flow. Tachy and brady arrhythmias and éortic stenosis
can limit cardiac output and perfusion pressure. 2Alcohol,
especially in chronic abusers with underlying heart disease,
has been shown to limit cardiac output during exercise
(Ellestad, 1975). Coronary blood flow can be obstructed
by arterial stenosis secondary to CAD or other causes,
such as arterial obstruction, thrombi} microemboli, and
increased blood viscosity. Platelet and erythrocyte
aggregation are causes of microemboli and increased blood
viscosity.

An inadequate myocardial oxygen supply despite

adequate perfusion is caused by anemia and/or conditions



that decrease the oxygen-carrying capacity of the ery-
throcyte. |

Myocardial ischemia and hypoxia are not the only
mechanisms which can cause S-T segment depression on the
E-ECG. Kawaii and Hultgren (1964) studied the effect of
digitalis on the S-T segments of patients with known or
suspected cardiac disease and a group of normal controls.
Over 50% of the normal subjects developed S-T segment
depression on the E-ECG when taking digitalis. Initially
they hypothesized that the digitalis had caused the S-T
segment depression by causing myocardial ischemia or
hypoxia because the amount of S-T segment depression was
increased by hypoxia and reduced by oxygen administration.
However, when they found that nitroglycerine did not
reduce the amount of S-T segment depression during exercise
and that hypoxia did not produce S-T segment depression
during exercise in the subjects when they were not taking
digitalis, it became clear that their hypothesis was
inaccurate. Kawaii and Hultgren then theorized that
digitalis may cause potassium loss from the myocardium
and thereby cause S-T segment depression on the E-ECG.
Another explanation for digitalis-induced S-T segment
depression is related to the observation that digitalis
causes calcium ions to be retained in the myocardial cells,
an effect which "may inhibit the cell from complete
relaxation" (Ellestad, 1975, p. 244). This would allow

less time between contractions for myocardial cell per-



fusion, which may lead to myocardial ischemia. From the
above, it may be suggested that digitalis has some acute
effect that may directly disturb the dielectric property
of the cardiac cell membrane to cause abnormal potassium
efflux, calcium retention, or some other ionic imbalance
that can cause S-T segment depression on the E-ECG.

The following conditions are all associated with S-T
segment depression on the E-ECG; the actual cause of S-T
segment depression in each of these conditions is unknown.
Acute myocarditis and pericarditis may be associated with
S-T segment changes which are occasionally seen as S-T
segment depression (Constant, 1973). Alkalosis, especially
if secondary to hyperventilation or diuretic-induced
potassium depletion, may be associated with S-T segment
depression at rest or with exercise (Ellestad, 1975).
Phenothiazines are associated with S-T segment depression,
T-wave flattening, and Q-T interval prolongation. This
effect of phenothiazines may be due in part to their ability
to block the uptake of catecholamines by the cells,
producing elevated circulating levels of the catecholamines,
particularly norepinephrine (Ellestad, 1975). Lithium
is associated with T-wave flattening or inversion, Q-T
prolongation, and S-T segment depression, especially with
large doses and underlying heart disease. Although the
serum potassium is normal, there is evidence of intra-
cellular potassium depletion with lithium adminstration

(Ellestad, 1975). 1Ingestion of food, particularly food



containing glucose, can be associated with abnormal S-T
segment depression and T-wave inversion even in normal
patients at rest. 1In this instance, the effects usually
occur about one hour past the meal, and are exaggerated in
patients with heart disease (Constant, 1973). Quinidine
and Procainamide may both prolong the P-R interval, widen
the QRS complex, and produce S-T segment and T-wave
changes (Gettes, 1971).

From the above discussion, it can be suggested that
S-T segment depression on the E-ECG can be caused by
conditions which cause myocardial hypoxia or ischemia,
by conditions which directly disturb the dielectric
property of the cardiac cell membrane, or by conditions

which cause some other unknown effect.

The Relationship Between Serum Lipid Levels and the

Conditions Associated with S-T Segment Depression on

the E-ECG:

Coronary atherosclerosis can cause myocardial
ischemia and thereby cause S-T segment depression on
the E-ECG. There is considerable evidence that suggests
a positive correlation between chronic hyperlipidemia
and coronary atherosclerosis. Platelet survival time
is shortened in CAD (Richie & Harker, 1977). Mustard
and Murphy (1962) found that platelet survival time was
lengthened by changing from a diet rich in saturated fat
and cholesterol to one low in saturated fat and cholesterol

but rich in unsaturated fat. Platelet survival time was
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further lengthened by changing to a low fat diet. Steele
and Rainwater (1978) found that "men with CAD and increased
serum cholesterol and triglyceride levels have more ab-
normal average values for platelet survival time than men
with CAD who do not have hyperlipidemia" (p. 366). They
also found that decreases in serum triglyceride and
cholesterol levels were associated with increases in
platelet survival time. At the present time it is unclear
if lipids directly alter platelet survival time. However,
it is known that platelet survival time is directly de-~
creased by endothelial cell injury (Ross & Harker, 1976).
This introduces another relationship between elevated
serum lipid levels and coronary atherosclerosis, that

of the association of elevated serum lipid levels to
endothelial cell injury. Endothelial cell injury is the
primary event that initiates the process of atherosclerosis.
Mustard, Moore, Packham, and Kinlough-Rathbone (1977)
believe that hyperlipidemia potentiates and may even
initiate endothelial cell injury. They noted that in

the presence of hypercholesteremia, one mechanically
induced endothelial cell injury produced an atheroma

that could only be produced by six mechanically induced
injuries if the cholesterol level was normal. Gerrity

and Schwartz (1977) found that alterations in the aortic
endothelium of pigs occurred as early as two weeks after
the initiation of a hypercholesteremia . diet. They

suggested that this early endothelial injury "may involve
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alterations in the membrane function resulting in
increased permeability /of the membrane/..." (p. 217).
Hyperlipidemia is also associated with other components
of the atherosclerotic process including platelet aggre-
gation and thrombi formation, which are described below
(Carvalho, Colman, & Lees, 1974; Constantino, Merskey,
Kudzma, & Zucker, 1977). It is apprarent from the above
discussion that hyperlipidemia is positively associated
with coronary atherosclerosis. Coronary atherosclerosis
may represent a chronic indirect method by which hyper-
lipidemia may cause myocardial ischemia and subsequently
S-T segment depression during exercise.

Platelet aggregation may be associated with S-T
segment depression because of its role in the development
of atherosclerosis, but also it may be associated with
S—-T segment depression through more acute causes of myo-
cardial ischemia, such as increased blood viscosity,
microemboli occlusion of small vessels, and obstruction
of blood flow in larger vessels. Iacano (in Pritkin,
Kern, Pritkin, and Kaye, Note 1) changed the diet of
normolipidemic subjects from the standard American diet
of 40-45% fat to a 25% fat diet. He found a 50% decrease
in platelet aggregation associated with the decrease in
serum cholesterol that occurred on the low fat diet.

When the standard diet was resumed, the platelet aggre-
gation returned to the previous level. Renaud, Kinlough-

Rathbone, and Mustard (1970) studied the effects of a high
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lipid diet on platelet adhesiveness and thrombotic
tendency in rats. They found that the rats had more
platelet sensitivity to thrombin, as manifested by an
increase in platelet aggregation, when on a high saturated
fat diet than when on a low saturated fat/high unsaturated
fat diet. Renaud et al. suggested that saturated fats
may alter the fatty acids in the platelet membrane which
might increase platelet aggregation. Carvalho et al.
(1974) found that hyperlipidemia was associated with an
increased platelet sensitivity to aggregation. Shattil,
Anaya-Calindo, Bennet, Colman, and Cooper (1975) later
found that in hyperlipidemic patients, the increased
sensitivity of the platelets to aggregation was associated
with a higher cholesterol content in the platelet membrane,
a finding similar to that suggested by the study of
Renaud et al, (1970). The positive association between
hyperlipidemia and platelet aggregation suggests that
platelet aggregation may be an acute indirect method by
which hyperlipidemia may cause myocardial ischemia and
subsequently S-T segment depression during exercise.
Thrombi formation may cause myocardial ischemia by
obstructing coronary blood flow and thereby causing S-T
segment depression during exercise. If there is a
positive correlation between hyperlipidemia and platelet
aggregation, it follows that there will also be a posi-
tive correlation between hyperlipidemia and thrombi
formation. This is because "the platelet aggregate serves

as a focus for the local acceleration of the coagulation
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mechanism..." (Mustard et al, 1977). Platelet aggre-
gation allows membrane phospholipoprotein (platelet
factor 3) to become available for the clotting mechanism;
platelet aggregation also releases a number of clotting
factors which are closely associated with the platelet
surface. As noted before, hyperlipidemia is positively
associated with endothelial cell injury. Endothelial
injury contributes to thrombi formation by exposing
subendothelial collagen. When platelets interact with
subendothelial collagen, clotting factor Xi can be acti-
vated (Mustard et al, 1977). Hornstra (in Renaud, 1977)
noted that a diet high in saturated fats predisposes
animals to thrombosis. O'Brien (in Steele & Rainwater,
1977) noted that clotting time was shortened after the
ingestion of a meal heavy in saturated fats; conversely,
clotting time was prolonged after the ingestion of a
meal low in saturated fats but high in unsaturated fats.
Constantino, Merskey, Kudzma, and Zucker (1977) measured
levels of blood coagulation factors in people with hyper-
lipidemia. High cholesterol levels were associated with
high levels of prothrombin and Factor X; high trigly-
ceride levels were associated with high levels of pro-
thrombin and factors X, VIII, and IX. As with platelet
aggregation, it appears that thrombi formation may be an
acute indirect method by which ischemic S-T segment
depression during exercise may be related to hyperlipi-

demia.
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Arterial and arteriolar constriction can limit
myocardial perfusion and thereby cause myocardial ischemia
and S-T segment depression. Two factors involved in
platelet aggregation, prostaglandin endoperoxides and
thromboxane A2, can cause contraction of arterial smooth
muscle (Mustard et al., 1977). Possibly because hyper-
lipidemia is associated with an increase in platelet
aggregation, hyperlipidemia may also be associated with
arterial constriction and the ischemic S-T segment
depression it can cause.

Erythrocyte aggregation, like platelet aggregation,
can obstruct coronary blood flow to cause myocardial
ischemia and S-T segment depression. Cullen & Swank
(1954) fed hamsters meals high in saturated fat and then
observed the effects on erythrocytes throucgh their trans-
parent cheek pouches. Within four to seven hours after
the meal, the erythrocytes had formed aggregations large
enough to block many capillaries. The amount of oxygen
carried by the erythrocytes was also decreased, possibly
due to the decreased surface area of the erythrocytes
or due to the slower flow of the blood. Reflecting this,
the arterial P02 fell 32%; it did not return to the pre-meal
level for up to 72 hours later. It may be that erythrocyte
aggregation is another acute indirect method by which hyper-

lipidemia may be associated with myocardial ischemia and

S-T segment depression during exercise.
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Conditions which increase myocardial oxygen demand
will cause myocardial hypoxia or ischemia and S-T segment
depression if the coronary blood oxygen supply cannot
meet the demand. Henry (1977) studied the effect of
hypercholesteremia on the oxygen consumption of rabbits.
He concluded that "hypercholesteremia may be associated
with a generalized hypermetabolic state, but 13;7 does
not appear to increase the myocardial uptake /of oxygen/
under controlled conditions.(p. 294). This would suggest
that hypercholesteremia may cause an effect similar to
that of hyperthyroidism, which, as discussed previously,
increases the myocardial oxygen demand. This may suggest
that when coronary perfusion or coronary blood oxygenation
is limited, as by CAD or anemia respectively, hyper-
cholesteremia may cause myocardial hypoxia or ischemia
and subsequently S-T segment depression during exercise
by increasing the myocardial oxygen demand.

As observed previously, S-T segment depression may
occur in conditions which do not cause myocardial ischemia
or hypoxia. Constant (1973) noted that S-T segment
depression may represent a disruption of the dielectric
property of the cardiac cell membrane. Conditions which
interfere with the cardiac cell membrane functions may
disturb this dielectric property. Hyperlipidemia appears
to alter the membrane functions on endothelial cells,
platelets, and erythrocytes (Cullen & Swank, 1954;

Gerrity & Schwartz, 1977; Renaud et al, 1970; and
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Shattil et al, 1975). Could hyperlipidemia alter the
membrane function in cardiac cells? Alivisatos, Papastavrou,
Drouka-Lipati, Molyvdas, and Kikitopoulou (1977) studied
the effects of a small increase in the cholesterol content
of the membranes of dog purkingie fibers in vitro. They
found that the spontaneously generated action potentials

of these fibers were increased both in amplitude and fre-
quency with an increase in membrane cholesterol. Stevens
and Shinitzky (1977) studied the effect of increasing the
cholesterol content of the membranes of snail ganglia,
which have a dielectric property like that of the cardiac
cell membranes. With cholesterol enrichment, the action
potential height decreased, an effect opposite to that
found in the study of Alivisatos et al., Stevens and
Shinitzky noted that there was no alteration in the resting
membrane potential. Subsequently they suggested that
cholesterol enrichment of the membrane did not affect

the sodium-potassium pump but rather disturbed the
"channels and gates which are essential for action potential
production" (p. 268), indicating that cholesterol de-
creases active inward ionic flow. They further suggested
that increasing the membrane cholesterol content increases
membrane microviscosity and decreases membrane fluidity,

to alter cellular activity. Forest and Cushley (1977)
found that in a model membrane, increasing the saturated
cholesterol ester content in relation to the free choles-

terol content increases the membrane's permeability to
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ions tenfold. An increase in membrane permeability to

ions would undoubtably disturb the dielectric property of
the membrane. The opposite results of Alivisatos, et al.,
and Stevens and Shinitzky were perhaps caused by the use

of different cholesterol preparations. 1In any case, these
studies suggest that hyperlipidemia may alter cell membrane
lipid composition, membrane function, and possibly the
dielectric property of some cell membranes. While it is
not known at this time if hyperlipidemia induces any of
these changes in cardiac cell membranes in vivo, in theory
hyperlipidemia could directy disturb the dielectric property

of the cardiac cell membrane to cause S-T segment depression.

Validity and Reliability of the Exercise Stress Test:

The validity of a test is the degree to which it meas-
ures what it is designed to measure, whereas the reliability
of a test is the degree to which independent measurements
of the same phenomenon are consistent (Smith, 1975). 1In
much of the exercise stress test literature these terms
are confused; exercise stress test validity is often referred
to as reliability and there is usually no term used to denote
what is actually the reliability. Reliability and validity
will be used here as defined by Smith (1975).

It has been generally assumed that significant S-T
segment depression on the E-ECG (a positive stress test)
predicts the presence of CAD, while no or insignificant
S-T segment depression on the E-ECG (a negative stress

test) predicts the absence of CAD. Subsequently, the
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validity of a stress test is its accuracy in predicting the
presence or absence of CAD in a given population: it can be
determined bv comparing the stress test results with the
standard of coronary angiography (this comparison is limited
in that the former measures physiological changes, which is
an indirect reflection of the anatomical changes measured by
the latter). Positive stress test in patients with positive
angiograms (significant coronary atherosclerosis by angiogra-
phy) are called true positive stress tests. DPositive stress
tests in patients with negative angiograms (no or insignificant
coronary arteriosclerosis by angiography) are called false
positive stress tests. Negative stress tests in patients with
negative angiograms are called true negative stress tests,
while negative stress tests in patients with positive angio-
grams are called false negative stress tests. The sensitivity
of a stress test is its wvalidity in predicting the presence of
CAD in a given population; it is the number of patients with
true positive stress tests out of the total number of patients
with positive angiograms (true positives plus false negatives)
expressed as a percent. The specificity of a stress test is
its validity in predicting the absence of CAD; it is the number
of patients with true negative stress tests out of the total
number of patients with negative angiograms (true negatives
plus false positives) (Ellestad, 1975).

Zohman and Kattus (1975) reviewed the factors affecting
the validity of the stress test. Validity was found to be
increased by (1) stressing patients to symptom-limited maxi-

mal effort rather than submaximal (85% of maximal) effort:
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(2) allowing patients a trial test to familiarize themselves
with the procedure; (3) allowing patients enough time to
achieve a steady state at a workload before taking measurements;
and (4) eliminating patients with known causes of false negative
or false positive tests. Other factors affecting the validity
of the stress test include (1) the degree of S-T segment depres-
sion required to call a stress test positive; (2) the use of
other parameters in the criteria for positivity; e.g., hypo-
tension and angina; (3) reliability factors; e.g., discrep-
ancies due to intra and interobserver variation in interpret-
ation of the E-ECG: and (4) the prevalence of CAD in the popu-
lation. 1In addition, the validity of the stress test is deter-
mined by the validity of the angiogram. 2Angiogram validity
is affected by (1) the degree of coronary atherosclerosis
required to consider an angiogram positive: e.g., 50% occlusion
is less likely to cause myocardial ischemia than 75% occlusion;
and (2) the reliability factors; e.g., the discrepancies in
intra and interobserver variation in interpretation of the
angiograms. The reader is referred to their article for
additional information.

It is understandable from the above discussion of the
number of factors affecting the stress test validity that
the wvalidity of the stress test in predicting the presence
or absence of CAD is currently being debated in the
cardiovascular literature (Bonoris, Greenberg, Christ-
ison, Castellanet, & Ellestad, 1978: Borer, Brensike,

Redwood, Itscoitz, Passamani, Stone, Richardson, Levy, &
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Epstein, 1975; Epstein, 1979; Erikssen, Enge, Forfang, &
Storstein, 1976; McNeer, Margolis, Lee, Kisslo, Peter,
Kong, Behar, Wallace, McCants, & Rosate, 1978; Weiner,
Ryan, McCabe, Kennedy, Schloss, Tristani, Chaitman, &
Fisher, 1979; Zohman & Kattus, 1977). Those who question
the validity of the stress test largely focus on its fail-
ure to predict the presence or absence of CAD in certain
populations. They did not attempt to suggest what could
have caused the S-T segment depression on the E-ECG, if

not CAD. It must be remembered that S-T segment depression
on the E-ECG is a reflection of electrical disturbances in
the subendocardium, and these disturbances can be caused

by a number of conditions other than CAD (Constant, 1973;
Ellestad, 1975). 1In the foregoing review of the literature,
elevated serum lipid levels were found to be associated
with several of the conditions other than CAD that are
known to cause S-T segment depression on the E-ECG. The
next few studies are reviewed to determine if there is a
relationship between elevated serum lipid levels and S-T

segment depression on the E-ECG.

The Relationship Between Elevated Serum Lipid Levels and

S-T Segment Depression on the E-ECG:

Carlson, Ekelund, and Olsson (1975) studied the
frequency of exercise-induced S-T segment depression in
asymptomatic men with various forms of primary hyperlipid-
emia. One hundred and thirty men with fasting serum chol-

estercl levels more than'350 mg/dl or fasting serum
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triglyceride levels more than 3.5 mmol/l, and 59 age-matched
normolipidemic controls, performed maximal exercise stress
tests on a bhicycle ergometer. S-T segment levels were
measured at 0.08 seconds after the J point and were class-
ified into seven levels according to slope and voltage.
Their results showed first that exercise-induced S-T seg-
ment depression increases in fréquency with age in both
hyperlipidemic and normolipidemic men. Second, exercise-
induced S-T segment depression (more than 0.05 mV) is sign-
ificantly more common in men of all hyperlipidemic types
than in normolipidemic men. It is particularly more
fregquent in younger men with types IIa and IV hyperlipidemia
and in older men with types IIb and III.

James, Glueck, Fallat, Millett, and Kaplan (1976)
studied the relationship between hyperlipidemia and exer-
cise-induced S-T segment depression in children. One hun-
dred and three normolipidemic children and 82 children with
familial hyperlipoproteinemia (74 with primary hyperchol-
esteremia and 8 with primary hypertriglyceremia) performed
maximal stress tests on a bicycle ergometer. S-T segment
depression of 1 mm or more, 0.06 seconds after the J point,
below the P-Q segment, was considered positive. S-T seg-
ment depression was not present before the exercise in any
of the children. Exercise-induced S-T segment depression
was three times more frequent in the hyperlipidemic boys than
in the normolipidemic boys; it was no more frequent in the
hyperlipidemic girls than in the normolipidemic girls.

Borer, Brensike, Redwood, Itscoitz, Passamani,
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Stone, Richardson, Levy, and Epstein (1975) studied the
relationship between hyperlipidemia, exercise-induced

S-T segment depression, and coronary atherosclerosis.
Eighty-nine patients with type II hyperlipoproteinemia
underwent maximal exercise stress tests which were
followed within three days by coronary angiography. The
exercise stress tests were performed on a bicycle ergo-
meter and were considered positive "if, 0.08 seconds after
the J point, the S-T segment was depressed 0.1 mV or more
below the resting baseline value, with the slope equal to
or less than zero" (p. 368). Coronary angiography appeared
to be considered positive, or indicative of hemodynami-
cally significant coronary atherosclerosis, if the
coronary narrowing in one or more vessels was 50% or more.
The patients were placed in one of three groups based on
their cardiac history. Group A included 43 patients with
histories of documented myocardial infarction and/or
typical angina. Out of the 43, there were 13 true
positive, no false positive, four true negative, and 26
false negative stress tests. Subsequently the sensiti-
vity was low, 33%, while the specificity was high, 100%.
Group B included 16 patients with typical angina. There
were three true positive, one false positive, 10 true
negative, and two false negative stress tests; the sensi-
tivity was fair at 60%, and the specificity was high at 91%.
Group C included 30 asymptomatic patients who all had

positive stress tests. There were 11 true positive and
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19 false positive stress tests. The sensitivity, therefore,
was low at 37%, and, because there were no negative stress
tests, specificity was not measurable. Borer et al. con-
cluded that the validity of the stess test as they used it
was low because it was not sensitive in identifying the
presence nor specific in identifying the absence of hemo-
dynamically significant CAD in all three of their groups of
hyperlipidemic subjects.

The underlying purpose of the above studies by Carlson
et al. and James et al. was to suggest the differences in
the frequency of CAD between asymptomatic hyperlipidemic
subjects (who are at high risk of developing CAD) and
asymptomatic normolipidemic subjects (who are at lower
risk of developing CAD) by comparing the differences in
the frequency of their S-T segment depression on the
E-ECG. But in the study by Borer et al., of 30 asympto-
matic normolipidemic subjects with positive stress
tests (significant S-T segment depression on the E-ECG)
only 11 had significant CAD; 19 had normal or only mini-
mally changed arteries by angiography. Therefore, it
cannot be assumed that the S-T segment depression seen
in the studies of Carlson et al. and James et al. is only
caused by CAD. What is the cause of the S-T segment
depression on the E-ECGs of some hyperlipidemic patients,
if not CAD? Since S-T segment depression on the E-ECG

is more frequent in hyperlipidemic than normolipidemic
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subjects, and since elevated serum lipid levels are
associated with conditions other than CAD which cause
S-T segment depression on the E-ECG, perhaps there is a
relationship, independent of CAD, between the elevated
serum lipid levels of some hyperlipidemic patients and
the S-T segment depression seen on their E-ECG's.

Kuo and Joyner (1955) studied the effects of a high
fat meal on the occurrence of angina and ECG changes in 14
persons with angina pectoris. While at rest three to five
hours after a high fat meal, six patients had anginal
attacks, and in all cases the attack occurred at or near
the peak plasma lactescence level. Three of the six had
S-T segment depression during their attacks. On another
morning, the same patients were given a fat-free meal,
identical in calories and bulk to the high fat meal.
After five hours, there were no increases in plasma lac-
tescence, no anginal attacks, and no ECG changes. Although
this study did not involve exercise or hyperlipidemia,
it documents a case in which the presence of high lipid
levels was associated with the onset of myocardial
ischemia and S-T segment depression and in which the
absence of high lipid levels, under similar conditions,
was associated with the lack of onset of myocardial
ischemia or S-T segment depression. This study also
serves to illustrate a method of studying the relationship
between serum lipid levels and S-T segment changes on

the exercise ECG. Specifically, this method involves
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the measurement of exercise-induced S$-T segment changes
when serum lipid levels are elevated and then when serum
lipid levels are lower. A later section will discuss
how serum lipid levels can become elevated and subse-

gquently how they can be lowered.

The Relationship of Serum Lipid Levels to the Progression

and Regression of Coronary Atherosclerosis:

Of concern to the use of a lipid-lowering treatment
as a means of studying the relationship between serum
lipid levels and S-T segment depression on the
E-ECG, is the effect of lowering serum lipid levels on the
progression or regression of coronary atherosclerosis.
This is because changes in coronary atherosclerosis may
affect myocardial perfusion and thereby alter the S5-T
segments on the E-ECG. A study of 25 patients with
hyperlipoproteinemia showed that, after 13 months of
dietary and drug treatment to lower lipid levels, regres-
sion occurred in only 13 patients who had successfully
lowered and maintained lowered serum lipid levels, while
progression occurred in those who had not. The rates of
regression were all 2.08% a month or less, except for one
patient who had a regression rate of 4.11% a month (Barndt,
Blankenhorn, Crawford, & Brooks, 1977; Blankenhorn,
Brooks, Selzer, & Brandt, 1978). Therefore, significant
regression of coronary atherosclerosis could occur in the

relatively short time period of a few months to a year
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when serum lipid levels are lowered and maintained at a

lower level.

The Genesis and Treatment of Hyperlipidemia:

The amount of fat, cholesterol, and calories 1in a
meal directly affects the post-prandial serum cholesterol
and triglyceride elevation. Dietary saturated fat and
cholesterol increase the serum cholesterol level, while
it is decreased by polyunsaturated fats. Dietary choles-
terol may increase the serum triglyceride levels, parti-
cularly in type IV hyperlipidemia. Fat and excess calories
increase serum triglyceride levels and can increase
cholesterol levels (Connor & Connor, 1972; 1977).
Normally, if saturated fat and cholesterol are withheld,
and if the caloric intake is not excessive, the body will
clear the blood of excess serum lipids and synthesize
only that amount of triglyceride and cholesterol that it
needs; this is manifested by a fall in the serum trigly-
ceride and cholesterol levels to the normal range. Hyper-
cholesteremia (fasting serum cholesterol levels greater
than 210 mg%) and hypertriglyceremia (fasting serum
triglyceride levels greater than 160 mg%) are conditions
which occur whenever the body is unable to clear the blood
of any excess cholesterol and triglycerides, respectively,
within a 12-hour fasting period. This may be due to
either a high intake of cholesterol, saturated fats, and/or

excess calories before the fast, or due to a dysfunction
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in the body's ability to clear these substances, or both
(Frederickson, Levy, & Lees, 1967; Connor & Connor, 1972;
1873} »

Currently diet, exercise, and drug therapies are
used to lower serum lipid levels in patients with hyper-
lipidemia. Because exercise and drug therapies may in
some way interfere with the performance or interpretation
of the exercise stress test, they will not be used as
methods for lowering serum lipid levels in this study.

Serum cholesterol and triglyceride levels can be
significantly lowered by restricting cholesterol, fat,
saturated fat, and excess caloric intake (Connor &
Connor, 1977). The typical American diet is high in
cholesterol (600-800 mg/day) and fat (40% of the total
daily calories); a large percentage of the daily fat
ingested is in the form of animal fats, which are saturated
fats (Connor & Connor, 1977). Connor and Connor (1977)
have had considerable success in the treatment of all
types of hyperlipidemia with their "Alternative Diet.”
This diet restricts cholesterol intake to 100 mg/day,
fat intake to 20% of the daily calories, and saturated
fat to only 5% of the daily calories. The diet also
restricts caloric intake to that required to achieve or
maintain normal weight. For a comprehensive description
of the conceptual basis and the application of the
"Alternative Diet," the reader is directed to Connor and
Connor (1972; 1977) and to the manual published by the

American Heart Association (1973, Note 2).
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Compliance with Lipid Lowering Diets:

Serum lipid levels can be significantly reduced
within two to six weeks if the fat, cholesterol, and
caloric intake of the hyperlipidemic patient is controlled
within the hospital setting. Outpatients, by controlling
their own dietary intake, can also reduce their own serum
lipid levels if they strictly adhere to the dietary
regimen (Connor, 1966, Note 5). Unfortunately, many
hyperlipidemic patients have difficulty adhering to
their diet (Fey, Carmody, Connor, & Matarrazzo, Note 3).
Compliance with any treatment regimen is determined by
three major factors: the nature of the disease being
treated, the nature of the treatment regimen, and the
patient's health beliefs about the disease and the
treatment (Haynes, 1979).

Hyperlipidemia is a chronic disease with no or few
symptoms in the early course and a prognosis for the remote
future which may range from no or minor symptoms of the
primary disease manifestations (usually related to athero-
sclerosis) to severe disability or death from the secondary
disease manifestations (usually end organ damage, e.g.,
myocardial infarction or cerebral ischemia).

The dietary treatment regimen now considered necessary
to prevent hyperlipidemia and its manifestations, e.g.,
the "Alternative Diet," not only restricts caloric intake,

but it requires the elimination of some of the most typical
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American foods, such as bacon and eggs, hamburger and
fries, and ice cream. Certainly people can live without
certain foods, but it is the pleasure that is derived
from eating those foods that is difficult to give up,
particularly when there is no comparable substitute.

As Connor and Connor (1972, p. 67-68) stated so succintly,
"eating... is one of the most satisfying and pleasure
producing activities that mankind pursues during the
course of daily living."

The hyperlipidemic patients' compliance with therapy
ultimately hinges on their health beliefs. The patient
must decide which alternative he perceives to be more
tolerable, a treatment regimen that requires long-term
major changes in eating habits or the possibility of a
seriously debilitating and/or death-producing disease in
the distant future (Fey et al., Note 3).

Compliance with lipid reducing diets is complicated
because it is difficult to measure. While it might
appear that serum cholesterol and triglyceride levels
would be direct measures of the patient's compliance
with the diet, it must be remembered that serum lipid
levels are not only affected by cholesterol and fat
intake but also by the patient's caloric state, certain
medications, exercise, genetic factors, and normal
individual and day-to-day variations in lipid metabolism

(Connor & Connor, 1972; Ellestad, 1975). 1In 1966, Connor
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gave six normolipidemic men strictly controlled choles-
terol-free and high cholesterol diets. He found that
significant changes in serum cholesterol levels occurred
within 10 to 14 days after dietary changes and that lipid
levels in all the men were labile, with upward and down-
ward changes by as much as 40 mg/dl, despite continued
strict adherence to the diet (Connor, 1966; see Figure b,
Appendix A). Other measures of compliance with lipid-
lowering diets include: patient interviews, daily written
dietary records, verbal reports by the patient, and the
physician's subjective assessment of the patient's com-
pliance (Gordis, 1979).

There are three main strategies used to improve com-
pliance: patient education, patient supervision, and
behavior modification. The first two are components of
most traditional diet therapies; the latter is a promising
but still relatively new and less tested strategy. While
there are no literature reviews available on the effect of
different compliance strategies on adherence to lipid-
lowering diets, there have been reviews on the effect of
different compliance strategies on adherence to weight
reduction diets. Strunkard (1958, p. 79) reviewed the
traditional strategies for weight reduction and concluded
that "...most patients will not remain in treatment.

Of those who remain in treatment, most will lose no weight,
and of those who lose weight, most will regain it." 1In

1972, Strunkard again reviewed compliance strategies for
/
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weight reduction but concluded that "both greater weight
loss during treatment and superior weight loss after treat-
ment indicate that behavior modification is more effective
than previous treatment methods for obesity" (p. 398).

270 A oy r - s - 3
In 1979, however, Fey et al. (Note 3) were less optimistic

O]

when they noted that the more recenE7 "...reviews of the
behavioral treatment weight loss literature have noted
mixed results" (p. 14).

The effectiveness of patient education on compliance
appears to be dependent on the provider of the education,
the method in which the information is presented, and the
nature of the information. Information addressing the
patients' health beliefs about their illness and the
value of the treatment, and information directed not
only to why one should comply but also to how one can
change behavior, to comply with a treatment, may be more
effective than simple factual information (Fey et al.,

Note 3; Haynes, 1979).

The effectiveness of patient supervision on compliance
appears to be dependent on how specific the supervision is.
This is achieved by chiefly organizational methods, such
as increasing the frequency of visits, arranging for patients
to visit the same health professional at each visit, and,
if necessary, hospitalizing non-compliant patients
(Haynes, 1979).

Behavior modification includes a number of strategies
which, by changing the stimuli for behavior or the con-

sequences of behavior, attempt to eliminate non-compliant



32

behavior and build up the desired compliant behavior.
Although there are many behavior modification strategies,
the following are some of those most frequently used to
improve compliance with diet therapies. "Reinforcement"
is the backbone of behavior modification; a reinforcer is
any consequence that increases the possibility of a
behavior being repeated. Positive reinforcers, such as
praise or rewards, when applied, increase the probability
of a behavior occurring. Negative reinforcers, such as
pain or punishment, are consegquences which, when removed,
increase the possibility of a behavior occurring.
"Shaping" describes a reinforcing strategy whereby posi-
tive reinforcement is applied as goals are met to build
up desired behavior. "Extinction" describes a strategy
in which the positive and/or negative reinforcers that
normally maintain an undesirable behavior are removed

in an attempt to eliminate the undesirable behavior.
"Family-peer support" is a specific method of promoting
positive reinforcement. It is limited, however, by how
generally it is applied; it may inadvertently serve to
promote non-compliant as well as compliant behavior.

For example, a mother who praises her child for eating
everything on his plate because she is trying to promote
good manners may inadvertently also promote overeating
(Agras, 1972; Dunbar, Marshal, & Hovel, 1979; Fey et al.,

Note 3). "Tailoring" provides a means of allowing a
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patient to control his treatment regimen; the prescribed
regimen is tailored or adapted to meet the needs, routine,
and characteristics of the patient rather than making the
patient adapt to the regimen (Dunbar et al., 1979).
"Contracting” sets up behavioral rules for the patient to
follow which, if met, result in a positive consequence
and, if not met, result in a negative consegquence (Dunbar
et al., 1979; Fey et al., Note 3). "Graduated regimen
implementation" allows the patient to slowly change from
non-compliant to compliant behavior. It sets up progres-
sive realistic goals which the patient meets on his own
time schedule, but once each goal is met, the requirements
for adequate performance are gradually increased. It
often works in conjunction with shaping. (Dunbar et al.,
1979) "Self-monitoring" requires that the subject

observe and record his own behavior, analyze the record
for compliance and non-compliance, and then use this feed-
back to help himself to eliminate non-compliant behavior
and increase compliant behavior in the future (Dunbar

et al., 1979; Fey et al., Note 3).

Fey et al. (Note 3) did an extensive review of the
problems of adhering to diets restrictive in cholesterol
and fats, in calories, and in salt, the reasons for
these problems, and the compliance strategies available
to decrease these problems. They concluded that "if
dietary intervention is to be effective and compliance

rates increased, treatment must involve procedures
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designed to promote initial compliance, family support,
stress reduction, behavioral control, and long-term

adherence" (p. 37).

Summary and Justification for the Study:

S-T segment depression on the E-ECG occurs more
frequently in hyperlipidemic patients than in normo-
lipidemic patients (Carlson et al., 1975; James et al.,
1975). 8Since chronically elevated serum lipid levels
are associated with the development of CAD, and since
CAD can cause myocardial ischemia which is reflected as
S-T segment depression on the E-ECG, it is generally
assumed that the S-T segment depression seen on the
E-ECGs of hyperlipidemic patients is due to CAD
(Ellestad, 1975). Recently, however, it was found that
S-T segment depression occurred on the E-ECGs of some
hyperlipidemic patients who had no or insignificant CAD
on angiography (Borer et al., 1975). This observation
makes one question the validity of using S$-T segment
depression on the E-ECG in the detection of the presence
or absence of CAD in hyperlipidemic patients. 1In addition,
it makes one wonder what is the cause of the S-T segment
depression on the E-ECGs of some hyperiipidemic patients,
if not CAD.

There are a number of conditions other than CAD
which can cause S-T segment depression on the E-ECG, such
as those which cause myocardial ischemia or hypoxia, and

those which directly disturb the dielectric property of
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the cardiac cell membrane (Constant, 1973; Ellestad, 1975).
Elevated serum lipid levels, such as those of patients
with hyperlipidemia, have been found to be associated with
some of these conditions. For example, elevated serum
lipid levels have been associated with increases in
platelet aggregation, which can cause arterial spasm,
microemboli or thrombi formation, or increased blood
viscosity, all of which can cause myocardial ischemia

and subseguently S-T segment depression on the E-ECG
(Carvalho et al., 1977; Ellestad, 1975; Mustard et al.,
1977; Renaud et al., 1977). Elevated lipid levels are
also associated with erythrocyte aggregation, increases

in basal metabolism, and changes in the cell membrane
cholesterol content, all of which may cause S-T segment
depression on the E-ECG (Alivisatos et al., 1977;

Cullen & Swank, 1954; Henry, 1977; Mustard et al., 1977).
It is possible then that there is a relationship, indepen-
dent of CAD, between the elevated serum lipid levels of
some hyperlipidemic patients and the S-T segment depres-
sion seen on their E-ECG's.

In order to see significant progression or regression
of CAD, serum lipid levels must be maintained signifi-
cantly elevated or reduced, respectively, for months to
years (Barndt et al., 1977; Blankenhorn et al, 1978).

But increases and decreases in platelet aggregation,
erythrocyte aggregation, basal metabolism, and cell mem-

brane cholesterol content can be seen within hours to
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days of reaching significantly elevated or reduced serum
lipid levels (Alivisatos et al., 1977; Carvalho et al., 1977;
Cullen & Swank, 1954; Henry, 1977; Mustard et al., 1977;
Renaud et al., 1977). Subsequently, elevated serum lipid
levels may be related to S-T segment depression on the

E-ECG, both chronically, by association with CAD, and acutely,

by association with pl

oS

telet aggregation or some of the
other conditions which cause E-ECG S-T segment depression.
Serum lipid levels can be significantly reduced within
two to six weeks if the fat, cholesterol, and caloric intake
is strictly controlled (Connor, 1966; 1979). The acute
relationship between elevated serum lipid levels and S-T
segment depression on the E-ECG could, therefore, be
demonstrated if the elevated serum lipid levels of hyper-
lipidemic patients were significantly reduced and if within
a few days this reduction was associlated with significantly
less S-T segment depression on their E-ECGs. The demon-
stration of a relationship, independent of CAD, between
elevated serum lipid levels and S-T segment depression
on the E-ECG would help direct lipid and cardiovascular
research; it would particularly suggest a need to further
examine the acute effects of hyperlipidemia on the body.
It would also suggest a re-—evaluation of the purposes
and usefulness of exercise stress testing in hyperlipid-
emic patients. Thus, determining the relationship between
different serum lipid levels and S-T segment changes on the
E-ECG is important to all health professionals concerned

with the care of hyperlipidemic patients.
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Purpose of the Study

The primary purpose of this study was to explore the
effect of acute dietary reduction of fasting serum lipid
levels on the amount of S-T segment depression seen on
the E-ECGs of hyperlipidemic subjects, as a means of
demonstrating a relationship, independent of CAD, between
elevated serum lipid levels and E-ECG S-T segment depression.
In addition, because this was a pilot study, a secondary
purpose was to explore and describe the factors affecting
the fasting serum lipid levels and the S-T segment depress-
ion on the E-ECGs of each subject over the course of the

dietary treatment, to benefit further research in this area.

Hypotheses

1. 1In type IIa and IIa-b hyperlipoproteinemic subjects,
success in achieving and maintaining significant reductions
(20%) in fasting serum cholesterol levels will be associated
with significant decreases in the amount of S-T segment
depression on the E-ECGs; the exercise stress tests will
become negative.

2. In type IIa and IIa-b hyperlipoproteinemic subjects,
lack of success in achieving and maintaining significant
reductions (20%) in fasting serum cholesterol levels will
be associated with no significant decrease in the amount
of S-T segment depression on the E-ECGs; the exercise

stress tests will remain positive.
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3. In type IV and V hyperlipoproteinemic subjects,
success in achieving and maintaining significant reductions
(50%2) in the fasting serum triglyceride levels will be
associated with significant decreases in the amount of
S-T segment depression on the E-ECGs; the exercise stress
tests will become negative.

4. In type IV and V hyperlipoproteinemic subjects,
lack of success in achieving significant reductions (50%)
in the fasting serum triglyceride levels will be associated
with no significant decrease in the amount of S-T segment
depression on the E-ECGs (the exercise stress test will

remain positive).



CHAPTER IT
METHODOLOGY

Subjects

The sample of this study was drawn from a population
of male and female hyperlipoproteinemic in-patients and
out-patients at the University of Oregon Health Sciences
Center (UOHSC) hospitals and clinics. Those who met the
following criteria were asked to participate:

1 18 years old or more;

2. Type Ila or type IIa-b hyperlipoproteinemia with
12-hour fasting serum cholesterol levels of
greater than 260 mg%;
or
Type IV hyperlipoproteinemia with 12-hour fasting
serum cholesterol levels of 210-260 mg% and fasting
serum triglyceride levels of greater than 400 mg%;
or
Tvpe V hyperlipoproteinemia with 12-hour fasting
serum cholesterol levels greater than 300 mg% and
fasting serum triglyceride levels of greater than
100 mg%;

3. A positive exercise stress test: E~ECG S-T segment
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depression of 1.0 mm or more below the baseline,
or below the level of the resting ECG (R-ECG)
S-T segments if they are abnormally elevated or
depressed, at 0.08 seconds past the J point
(see Appendix B, Figure 9).
Patients with the following characteristics were excluded
from serving as subjects:

1. Those with medical conditions which preclude stress
testing, such as overt heart disease, recent acute
infection, hyperthyroidism, or a debilitating disease;

2. Those with medical conditions which affect stress
testing, such as hypothyroidism, hyperthyroidism,
electrolyte disturbances, obstructive lung disease,
valvular heart disease, and anemia;

3. Those taking medications that affect stress test
results, such as digitalis, quinidine, thyroid,
amyl nitrate, phenoxybenzamine, phenothiazines,
lithium, and alcohol in chronic or copious ingestion.

The original intent was that, of those who met the

criteria for inclusion in the study, the first 10 type IIa or
type IIa-b hyperlipoproteinemic volunteers would be studied
as "Group A"; the first 10 type IV hyperlipoproteinemic
volunteers would be studied as "Group B"; and the volunteers
with type V hyperlipoproteinemia would be studied as

"Group C". However, due to the time restrictions on the
study and the unexpectedly small number of subjects from

the population who met all the criteria, the four patients
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who were eventually studied as subjects, all fell into

Groun A.

Sources of Data

Selected Demographic and Medical Data:

The selected demographic and medical data of age,
sex, type of hyperlipoproteinemia, past and present medical
conditions and medications were obtained from the subjects'
medical records. These data were recorded in separate
files for each subject and were used to describe the
subjects' pre-diet characteristics and document the control
variables.

Serum Lipid Level Data:

The independent variable for Group A subjects was
their fasting serum cholesterol levels: their fasting serum
triglyceride levels served as a control variable. Blood
for fasting serum lipid levels was drawn after the subject
had fasted for 12 hours and had abstained from significant
exercise for 48 hours (Ellestad, 1975). Subsequently, the
blood for serum lipid levels was always drawn before the
exercise stress test. The measurement for the fasting
serum lipid levels was performed by the standardized

technigues of the Lipid-Atherosclerosis Lab at UOHSC. There

was no charge to the subjects for blood tests that were
not part of their normal care.

The study required that the subjects lower their
fasting serum cholesterol levels to a significant degree.

Adopting the criterion espoused by Connor (Connor, 1978),
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a significant reduction in the fasting serumn cholesterol
level was specified asla 20% decrease from the pre-diet
level of each Group A subject.

Subjects were asked to comply with a diet restricting
cholesterol intake to 100mg/day or less, fat intake to
20% of the total daily calories or less, saturated fat
intake to only 5% of the daily calories or less, and
caloric intake to that required for the subject to achieve
or maintain normal weight. Since this was a radical
change in most subjects’' eating habits, they were assisted in
dietary compliance by instruction in planning, purchasing,
and preparing meals suited to their individual diet
prescription. This instruction was given verbally and
in the written form of the American Heart Association
dietary manual (Connor, Brown, Fredrickson, Steinberg,
Connor, and Bickel, Note 2). Verbal instruction was based
on the "Alternative Diet" (Connor & Connor, 1977).
Subjects were also given instruction, guidance, and sup-
port in procedures designed to increase dietary compliance
based on the behavior modification techniques suggested
by Fey et al. (Note 3).

Exercigse Stress Test Data:

Exercise stress test measurements were obtained
from a maximal exercise stress test on a standard motor-
driven treadmill. The Bruce protocol (Appendix B), with
all its inherent benefits and limitations (Bruce, 1971:

Bruce, Blackmon, Jones, & Strait, 1963; Bruce & Hornstein,
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1969), was used with standard electrocardiographic and
blood pressure monitoring.

The dependent variable of this study was the S-T seg-
ment level on the E~-ECG. S-T segment levels were measured
in fractions of millimeters and designated as significantly
depressed or not significantly depressed: E~ECG S-T segment
depression of 1.0 mm or more below the baseline, or below
the level of the R-ECG S-T segment if it was elevated or
depressed, at 0.08 seconds past the J point, was considered
significant (Ellestad, 1975). The exercise stress test
was considered positive if there was significnat S§-T
segment depression on the E-ECG. Otherwise, it was con-
sidered negative. The exercise stress tests were done
in the presence of a cardiologist who also read the E-~ECGs.

The parameters of maximum blood pressure (Max BP),
maximum heart rate (Max HR), T wave changes, arrhythmias,
exercise tolerance time (ETT), and the symptoms or signs
which were the reason for terminating the test, were all

recorded during the exercise stress tests of each subject

and served as control variables.

Exercise, weight change, and the passage of time were
three variables which may have affected the exercise stress
test results. Subjects were asked to maintain but not
change their pre-study exercise habits. All subjects
were asked to abstain from significant exercise for 48 hours
before the lipid determinations and the exercise stress
test. This is because exercise may increase or decrease

serum cholesterol levels and exercise can decrease serum
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triglyceride levels (Ellestad, 1975). Since weight
reduction is part of the treatment regimen for many
hyperlipidemic patients, subjects were not asked to main-
tain the pre-diet weight. 1Instead, before and after diet
measurements of the subjects' weight were taken, and
changes in weight were considered in the data analysis.
Attempts were made to limit the time between the stress
tests. This was done to control for the possible regression
of latent coronary atherosclerosis. A training exercise
stress test was done on all subjects prior to the pre-
test to control for the variable of experience (Zohman and

KRKattus, 1975).

Design and Procedure

The original design of this study utilized a longi-
tudional pre-test, post-test design, with three study
groups, each serving as its own control. The potential
subjects were to have been purposely sampled to meet the
criteria of (1) type IIa or type IIa-b hyperlipoprotein-
emia-Group A, type IV hyperlipoproteinemia-Group B, oi
type V hyperlipoproteinemia-Group C, and (2) a positive
trial exercise stress test. The independent variable for
Group A was the fasting serum cholestérol levels of the
subjects; for Group B it was to have been the fasting
serum triglyceride levels of the subjects; and for
Group C it was to have been both fasting serum cholesterol
and triglyceride levels. The elevated serum lipid levels

of all groups were to have been reduced by the same dietary
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intervention. As the study progressed, adaptations
were made in the design to accomodate the sinale study
group, Group A, and a second post--test. There was no
control for age or sex in the sample population. The
dependent variable was the amount and the significance
of the S-T segment depression on the pre-test and post-

test E-ECGs of the subjects. Significant S-T segment
depression on the E-~ECGs constituted a positive exercise
stress test; all subjects had a positive trial test and
pre-test exercise stress tests. The first post-test
was performed when the independent variable, the fasting
serum cholesterol level, had been reduced significantly
or when eight weeks had elapsed since the pre-test, which-
ever came first. The second post-test was performed when
it was thought that the fasting serum cholesterol level
was most likelv to be reduced significantly. Every effort
was made to help subjects lower their fasting serum chol-
esterol levels in as short a time as possible.

The procedure of the study focused on four areas:
(1) subject participation, e.g., the subjects' under-
standing of the study and willingness to participate; (2)
lipid determinations, e.g., the preparation for, collect-
ion of, and measurement of fasting serum lipid levels;
(3) exercise stress test, e.g., the treadmill exercise
stress test protocol: and (4) the diet, e.g., dietary

instruction and patient compliance. The procedure schedule

is summarized below.



Prospective subjects were identified for all criteria
except the positive exercise stress test. Since a training
exercise stress test must be done on all subjects to control
for experience, a trial exercise stress test was used both
to identify prospective subjects with a positive test and
to serve as a training test for the subjects with a posi-
tive test. Since fasting serum lipid levels must always
be drawn before exercise, all prospective subjects had the
blood samples drawn before the trial test. These samples
were processed only if the trial test was positive or if
the subject's physician recuested that the samples be
processed.

On the day of the trial exercise stress test, subjects
had blood samples for fasting serum lipid levels drawn,
and the trial exercise stress test was performed according
to the Bruce protoccl. If the prospective subject had a
positive exercise stress test, the study was explained to
the subject both verbally and in detail on the study consent
form (see Appendix C). Study subjects met with the nurse
investigator for review of the study schedule, and for
instruction and discussion of the diet and the compliance
procedures. Subjects were asked to study the diet for the

next week, but they were not started on the diet until after

the second exercise stress test, the pre-test, one week later.

5

On the day of the pre-test, subjects had blood samples
for fasting serum lipid levels drawn and the pre-test

exercise stress test was performed according to the Bruce
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protocol. Subjects were asked to start the diet after
the pre-test and to return weekly for serum lipid deter-
minations and diet review.

Subjects returned weekly for fasting serum lipid
determinations. At this time the subjects' diets were
reviewed and efforts made to help them comply with the
diet. It was estimated that it would take between three
and six weeks for subjects to significantly reduce their
fasting serum cholesterol levels if they strictly complied
with the diet. Subjects continued to return for weekly
serum lipid determinations until either their fasting serum
cholesterol levels decreased significantly or until eight
weeks had elapsed since the pre-test, whichever came first.
At this time the first post-test was performed. A second
post-test was performed several weeks later if the fasting
serum cholesterol levels were not significantly decreased
at the time of the first post-test.

On the day of the post-test, subjects had blood
samples for fasting serum lipid levels drawn, and then
they performed the exercise stress test according to the
protocol. Time was allowed for further diet review if
the subject wished to continue the diet. At the end of
the study, subjects were given the option of being followed
in the Lipid Clinic in order to maintain their dietary
compliance and decreased serum lipid levels (if applicable).
A summary of the study results was sent to the subject

when the study was completed.
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Data Storage and Analysis

All subject data and forms were kept in a locked office
at the University of Oregon Health Sciences Center.

The study utilized parametric statistics (interval
scale data) on repeated measurements on the same subjects.
Analysis of variance was chosen as the appropriate statis-
tic. It was recognized that the sample size of the group
was small. In light of the fact that there were no other
studies of the relationship between acute changes in the
serum lipid levels and acute changes in the $-T segment
levels, this study was considered as useful pilot work

despite the small sample size.



CHAPTER IIIT

RESULTS AND DISCUSSION

The primary purpose of this study was toc explore the
effect of acute dietary reduction of fasting serum lipid levels
on the amount of S--T segment depression seen on the E-ECGs of
hyperlipidemic subjects, as a means of determining if there
could be a relationship, independent of CAD, between elevated
serum lipid levels and E-ECG S-T segment depression. <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>