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The purpose of this study was to monitor coronary responses

occurring in the S-T segment of an electrocardiogram before, during

and after exercise following a "standard" carbohydrate-loading sched-

ule with varied vitamin B-6 supplementation. The study was conducted

using four college-aged males who had been training a minimum of two

years prior to the onset of the study with sport cycling as their

primary mode of physical conditioning.

The study design followed a plan of three one-week courses of

fixed dietary intake accompanied by two monitored exercise sessions

each week. The intensity of the exercise was determined by target

heart rates of sixty, eighty, and ninety percent of age-adjusted val-

ues. The duration of the exercise was thirty minutes at 60% MHR,

fifteen minutes at 80% MHR, and five minutes at 90% MHR. ECG tracings

were taken each minute of the exercise. The first week consisted of

a normal balanced diet as suggested by the U.S. RDA standards; the

second week consisted of a carbohydrate-loading schedule with normal

vitamin B-6 intake (2 mg)--three days of a depletion ph.ase followed



by a three day loading phase; and the third week consisted of a

carbohydrate-loading schedule with a vitamin B-6 supplement (8 mg).

Using student's t test of dependent means, a summary of the

results indicate:

1. heart rates remained significantly constant
throughout the six exercise testing sessions.

2. the external work output of the body (work
loads achieved) significantly increased during
the carbohydrate-loading phases and signifi-
cantly decreased during the carbohydrate-
depletion phases for the same constant internal
work (heart rate).

3. vitamin B-6 did not significantly alter the
work loads achieved during exercise in excess
of sixty percent maximum heart rate intensities.

4. the S-T segment was significantly abbreviated
during the carbohydrate-depletion phases at
all target heart rate intensity intervals and
significantly abbreviated during the carbohy-
drate-loading phases at the ninety percent
maximum heart rate intensity interval.

From these results, it was concluded that, while in fact, the

external work output of the body can be increased through a carbo-

hydrate-loading dietary schedule, the cost of the increased work

capacity appears to be an abbreviated S-T segment. Since one of the

conditions identified in the literature that contributes to an

abbreviated S-T segment is coronary insufficiency, continued healthy

performance is contraindicated when the intensity of exertion nears

maximal values.
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WORK LOAD AND S-T SEGMENT CHANGES DURING MONITORED

BICYCLE ERGOMETER EXERTION FOLLOWING VARIED CARBOHYDRATE

FEEDINGS AND VITAMIN B-6 SUPPLEMENTATION

CHAPTER I

INTRODUCTION

In an unending quest toward athletic supremacy, many avenues

of artificial assistance have been sought to boost athletic perform-

ance. One such avenue currently receiving a devoted following is

the practice of carbohydrate-loading. Ideally, the metabolic proper-

ties of carbohydrate-loading allow supersaturation of the skeletal

muscles with glycogen (2). This increases the duration of which

highly intensive exercise can be performed. The gross outcome of a

successful carbohydrate-loading diet is an increased skeletal muscle

work load potential.

In contrast to skeletal muscle, which obtains its energy to

perform work almost exclusively from the metabolism of glucose or

glycogen, the heart utilizes a wide variety of substrates to support

its activity. Under normal conditions, the heart appears to prefer-

entially utilize the energy source that is present in the largest

concentration (31). A carbohydrate-loading dietary schedule will

almost guarantee that the energy source available in the largest

concentration for use by the heart will consists of glucose. The

manner in which the heart responds to predominant glucose metabolism

must be carefully contrasted with the apparent increased skeletal

muscle work load potential.



2

Purpose of the Study

The purpose of this study was to monitor coronary responses

occurring in the S-T segment of an electrocardiogram obtained from

experienced bicyclists before, during, and after exercise of sixty,

eighty, and ninety percent maximum heart rate intensities following

a "standard" carbohydrate-loading schedule with varied vitamin B-6

supplementation.

Methodology and Delimitations

Standardized 'Z' values were compared-over six administrations

of fifty minute exercise sessions. The sessions were designed such

that the heart rate intensities remained fairly constant at sixty

percent of maximal heart rate for thirty minutes, eighty percent for

fifteen minutes, and ninety percent for five minutes. These target

heart rates were computed from age-adjusted maximal values according

to the procedure utilized by the American College of Sports Medicine

for determining exercise heart rates. For control purposes, two

exercise sessions were conducted following a normal dietary percentage

of carbohydrates during week one. The succeeding two exercise ses-

sions were conducted following a standard carbohydrate-depletion-

loading schedule with normal (2 mg) intake of vitamin B-6 during

week three. The final two exercise sessions were conducted during

week six following the same standard carbohydrate-depletion-loading

schedule with an additional 8 mg supplement of vitamin B-6.

Data collected reflected heart rate, work load, and S-T segment

responses. Standardized 'Z' values were then computed to compare the
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experimental treatments with the control sessions.

Hypotheses

Two null hypotheses were tested.

1. Ho: No significant difference would exist
in standardized 'Z' values between
work loads achieved during the six
exercise sessions for each target heart
rate intensity level.

2. Ho: No significant difference would exist
in standardized 'Z' values between
S-T segment lengths observed during
the six exercise sessions for each
target heart rate intensity interval.

First, the null hypothesis that standardized 'Z' values

obtained for achieved work loads during the sixty percent target

heart rate intensity interval, the eighty percent target heart rate

intensity interval, and the ninety percent target heart rate intens-

ity interval would be equal for the control sessions one and two,

depletion session number one, load session number one, depletion

session number two (+ 10mg B-6) , and load session number two (+ 10mg B-6)

was tested. Mean values for 'Z' at each of the three target heart

rate intensity intervals were set equal to: Z
WL60-C1' ZWL80-C1'

for the control diet session number one; Zz
WL90-C1 WL60-C2' ZWL80-C2'

z
WL90-C2

for the control diet session number two; Z
WL60-D1' ZWL80-D1'

for the standard carbohydrate-depletion diet session (2 mgz
WL90-D1'

vitamin B-6 supplementation); Z Z Lfor theWL60-L1' WL80-L1'
z
WL90-1

standard carbohydrate-loading session (2 mg vitamin B-6 supplementation);

for the varied vitamin B-6 (10 mg)z
WL60-D2'

z
WL80-D2'

z
WL90-D2

carbohydrate-depletion diet session; and Z
WL60-L2'

z
WL80-L2'
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for the varied vitamin B-6 (10mg) carbohydrate-loading diet
ZWL90-L2

session. The sub-hypotheses to be tested for each of the target

heart rate intensity invervals were:

Ho
ZWL60-C1 = Z WL60-C2 = Z

WL60-D1
= Z

WL60-L1
= Z

WL60-D2

ZWL60-L2

Ho: ZWL80-C1 ZWL80-C2 ZWL80-D1 ZWL80-L1 ZWL80-D2

z
WL80-L2

Ho'
ZwL90

-C1
= Z

WL90-C2
= Z

WL90-D1
= Z

WL90-L1
= Z

WL90-D2

z
WL90-L2

Second, the null hypothesis that standardized 'Z' values obtained

for the S-T segment lengths during the sixty percent target heart

rate intensity interval, the eighty percent target heart rate intens-

ity interval, and the ninety percent target heart rate intensity

interval would be equal for the two control sessions, the standard

depletion session (2 mg vitamin B-6 intake), the standard loading

session (2 mg vitamin B-6 intake), the varied vitamin B-6 depletion

session (+ 10 mg B-6), and the varied vitamin B-6 loading session

(+ 10 mg B-6) was tested. Mean values for 'Z' at each of the three

target heart rate intensity intervals were set equal to: Z
ST60-C1'

for the control session number one; Z
ZST80-C1, ZST90-C1 ST60-C2'

for the control session number two; Z
ST6O-D1,ZST80-C2' ZST90-C2'

for the standard depletion session (2 mg vitamin
ZST8O-D1' ZST9O-D1

B-6 supplementation); Z for the standard
ST6O-L1' ZST8O-L1' ZST9O-L1

loading session (2 mg vitamin B-6 intake); Z
ST6O-D2' ZST8O-D2'

for the varied vitamin B-6 depletion session (+ 10 mg B-6);
ZWT9O-D2
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for the varied vitamin B-6 loadingand Z
ST6O-L2' ZST8O-L2' ZST90 -L2

session (+ 10 mg B-6). The sub-hypotheses to be tested for each of

the target heart rate intensity intervals were:

Ho: ZST60-C1 ZST60-C2 ZST6O-D1 ZST6O-L1 ZST6O-D2

z
ST6O-L2

Ho: Z
ST80-C1

= z
ST80-C2

= Z
ST80 -D1

= Z
ST8O-L1

= Z
ST80 -D2

z
ST8O-L2

Ho ZST90-C1 = Z
ST90-C2

z
ST90 -D1

= Z
ST9O-L1

= Z
ST90 -D2

z
ST9O-L2

The statistical treatment utilized for testing of the null

hypotheses was Student's t test for dependent means.

A rejection of the first null hypothesis would indicate that

there were significant variations in the work loads achieved during

the same target heart rate intensity interval as the result of dietary

influences. Accepting a sub-hypothesis would indicate the external

work produced remained constant for a given internal work output,

regardless of dietary influence.

A rejection of the second null hypothesis would indicate that

there were significant variations in the myocardial response to the

internal and external work outputs as the result of dietary influences.

Accepting a sub-hypothesis would indicate that the myocardium

responds to the intensity of the exercise in a favorable manner,

regardless of dietary influence.

In all cases, the comparisons with the control sessions and the

experimental sessions would indicate the effect the experimental diet

would have on heart rates, work loads, and coronary responses. Com-
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parisons from the standard carbohydrate-depletion or standard

carbohydrate-loading sessions to those of the varied vitamin B-6

supplementation carbohydrate-depletion or the varied vitamin B-6

supplementation carbohydrate-loading session would indicate the

effects of the vitamin B-6 supplementation.

Limitations

The study was limited in the fact that only four subjects

comprised the experimental population. Restrictions in funding and

logistics made it impractical for a larger sized sample population

to be tested. The findings of this study were based on a testing

schedule using four subjects that were very homogeneous in age,

physical fitness, and previous bicycling experience. However, with

a population pool of only four subjects, caution must be exercised

when interpreting and applying the results of this study to other

populations.

Definition of Terms

Aerobic Exercise: exercise which results in the body's utiliza-

tion of large quantities of oxygen for the metabolism of energy

substances into usable energy substrates as the primary fuel for

mechanical work.

Anaerobic Exercise: exercise which draws upon those energy

sources not requiring oxygen in order to fuel mechanical work.

Arrhythmia: any situation in which the normal cardiac rhythm

is disrupted resulting from an impulse or conduction disturbance.
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Bicycle Ergometer: a stationary bicycle manufactured by the

Monark Corporation which establishes the amount of work produced to

yield a specific cycle cadence. The work produced is measured in

kilo pounds per minute.

Carbohydrate-Depletion: the dietary practice of consuming high

percentages of fats and proteins with low percentages of carbohy-

drates.

Carbohydrate-Loading: the dietary practice of consuming high

percentages of carbohydrates and low percentages of fats and proteins.

Electrocardiogram: the graphic display of the electrical

potential of the cardiac tissue measured as needle displacement.

Displacement along the 'x' axis corresponds to time and displacement

along the 'y' axis corresponds to electrical amplitude.

Electrocardiograph: the machine which measures the amount of

electrical potential generated by cardiac tissue while undergoing a

contraction.

"Normal" Diet: in this study a normal diet follows the recom-

mended guidelines as established by the USRDA for percentages of fat,

protein, and carbohydrates.

Standardized 'Z' Values (Z): the group sample mean minus the

individual sample, divided by the group standard deviation. Symbol-

ically denoted:

x

SD

Significant or Significant Difference: the level of significance

utilized in this study was 0.05.
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S-T Segment: that portion of the electrocardiogram measured as

an electrical displacement from the points labeled 'S' (the bottom

of the R-S spike) to the beginning of the 'T' wave (see Figure 1.1).

The S-T segment can be denoted numerically as the interval of time,

measured in millimeters, along the 'x' axis of the electrocardiogram

between the 'S' and the 'T' intervals.

Target Heart Rate: according to the procedure utilized by the

American College of Sports Medicine, the subject's age is subtracted

from the figure 220 (representing the maximal heart rate value) to

give an age-adjusted maximal heart rate. This figure is then multi-

plied by the percentage desired to yield a "target heart rate".

Work Load: the amount of energy exerted in kilo pounds per

minute at a cycle cadence of fifty cycles per minute. A Monark

bicycle ergometer was utilized for this study.

D1 =

D2 =

Ll =

L2 =

WL =

ST =

Abbreviations

carbohydrate-depletion diet session number one

carbohydrate-depletion diet session number two

carbohydrate-loading diet session number one

carbohydrate-loading diet session number two

work load achieved

S-T segment observed

standardized 'Z' value
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CHAPTER II

REVIEW OF THE LITERATURE

The purpose of this study was to monitor coronary responses

occurring in the S-T segment of an electrocardiogram obtained from

experienced bicyclists before, during and after exercise of sixty,

eighty, and ninety percent maximum heart rate intensities following

a standard carbohydrate-loading schedule with varied vitamin B-6 sup-

plementation. To date, known studies involving coronary responses,

specifically S-T segment responses, to monitored exercise and con-

trolled dietary intake have not been published in the English

Language literature.

The review of literature begins with a review of the S-T

segment: what comprises the S-T segment, how it is measured, how

it relates to coronary function, and what physiological events occur

that might explain an abnormal pattern in the S-T segment of the

electrocardiogram. Second, the affect exercise may have on the

electrocardiogram is reported. Next, the affect diet has on the

electrocardiogram is identified. The review is concluded with a

reporting of the role of vitamin B-6 in skeletal muscle metabolism.

The S-T Segment of the Electrocardiogram

Since electrocardiograms represent potentials inscribed on

paper moving at a constant speed, the records indicate the rate and

sequence of cardiac excitation. Thus heart rate can be accurately
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measured and abnormalities of rhythm and conduction can be readily

identified (50). The electrocardiogram deflections, caused by

atrial and ventricular depolarization and repolarization, when

placed in their proper time sequence in a scalar record, result in a

typical configuration as shown and labeled in Figure 2. The S-T

segment (Figure 3) is that part of the tracing between the end of

the QRS and the start of the T wave. The coronary event correspond-

ing to the S-T segment is the duration of the excited state of the

ventricular musculature, or the interval of time between the comple-

tion of depolarization and the beginning of repolarization of the

ventricular musculature (10, 31, 50, 52). The S-T segment is an

important diagnostic criterion in clinical analysis of coronary

function assessed through electrocardiography (10, 19, 21, 22, 24,

31, 38, 39, 50, 57). Formulas have been devised for the recognition

of ischemic disease after exercise, but the best criterion remains

the S-T segment configuration (19, 32, 38, 52). The rather popular

QX-QT ratio (30) is probably unreliable (39, 49).

Normally the S-T segment is isoelectric with the baseline, with

variations ranging to 2 mm in the standard leads and 4 mm in the

chest leads (38, 52). Variations in the normal S-T segment pattern

can be classified into two categories:

1. S-T segment elevation

2. S-T segment depression
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Figure 2. The standard nomenclature for waves
of the electrocardiogram. (From Burch, G., and

Winsor, T.: A Primer of Electrocardiography. 6th
Ed.: Philadelphia: Lea E Febiger, 1972.)
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I'

segment

Figure 3. The S-T segment of an electrocardiogram.
(From Burch, G. and Winsor, T.: A Primer of Electro-
cardiography. 6th edition. Philadelphia: Lea F
Febiger, 1972.)
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S-T Segment Elevation

Although exercise-induced S-T segment elevation has been

reported for more than ten years (18, 41), the number of studies

and patients investigated has been small (57). Even with what little

research that has been published, the causes of S-T segment eleva-

tions have included left ventricular aneurysm (23, 37), variant

angina (27, 35), severe ischemic disease (19, 25), and left ventricu-

lar wall abnormalities (12). Upward displacement of 2 or even 3 mm

may be normal (Figures 4 and 6), provided the S-T segment is concave

upward and the succeeding T wave is tall and upright (19). It was

concluded from these studies that exercise-induced S-T segment ele-

vation is rarely seen in asymptomatic healthy persons (9, 19, 57).

However, S-T segment elevation at rest is many times evident of a

post-myocardial infarction state (16, 27, 34).

S-T Segment Depression

Even through S-T segment depression has been a popular subject

for research, the niechanisms and correlates of physiologic S-T

segment depression in normal subjects have not been clearly estab-

lished (5, 7, 8, 9, 16, 21, 27, 34, 45, 59, 60). In normal subjects,

some degree of depression is usually seen in the early portion of the

S-T segment during exercise, and the clinical differentiation between

the normal and the abnormal response largely depends on the magni-

tude and contour of the S-T depression (9, 19, 21, 38, 52). The S-T

segment depression can be described as variations from the normal



15

pattern (Figure 5) in which the return to the isoelectric baseline

is altered from the normal, usually through a gradual drift or slurred

return, instead of the regular, sharp, quick return. Downward dis-

placement in excess of 0.5 mm is abnormal (9, 10, 19, 38). In all

instances, pseudodepression caused by a depressed P-R segment

(Figure 6) must be excluded (19). The average duration of the S-T

segment is shown in Table 1.

The appearance of S-T segment depression of 1 mm or greater,

with or without flattened or inverted T waves, indicates coronary

insufficiency (8, 10, 19, 32, 38). Coronary insufficiency, simply

stated, is the inability of the normal blood flow going to the heart

to maintain sufficient myocardial metabolism (19). Under conditions

of coronary insufficiency, cardiac output could be reduced in spite

of increased ventricular volume and tachycardia until a full-blown

clinical picture of shock appears when compensatory mechanisms are

activated in response to diminished systemic arterial blood pressure

(19). The acute situation of coronary insufficiency may preceed

myocardial infarction and result in actual tissue destruction (8, 10,

19, 32, 38). Figure 7 presents examples of coronary insufficiency

as they appear in the S-T segment of an electrocardiogram. Normally

the S-T segment and T wave should merge smoothly and imperceptibly

(19).

When they occur, S-T segment deviations are almost certainly

due to myocardial ischemia (32, 38). The S-T segment deviations are

sometimes the only electrocardiographic signs of acute right heart

strain (32). Depressions are more common than elevations and appear
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IEE AVR AVL AVF

V1 V2 V3 V5 V6

Figure 4. Upward S-T segment displacement in a
normal subject without heart disease. Aside from
the S-T segment elevations in leads I, II aVF,

and all the precordial leads, the electrocardiogram
is within the limits of normal. (From Friedman, H.:
Diagnostic Electrocardiography and Vectorcardiography.
New York: McGraw-Hill, Inc., 1971.)
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Figure 5. Schematic representation of the types
of S-T segment depression. Record (A) is a normal
control electrocardiom. Record (B) illustrates
the type of junctional S-T segment depression often
found in normal individuals following exercise.
Records (C), (D), (E), and (F) represent progressively
more severe episodes of S-T segment depression en-
countered in Angina Pectoris, Coronary Insufficiency,
and Subendocardial Infarction. (From Friedman, H.:
Diagnostic Electrocardiography and Vectorcardiography.
New York: McGraw Hill, Inc., 1971.)
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Figure 6. (A) Pseudodepression of the S-T
segment due to depression of the P-R segment.
(B) Normal upward S-T segment displacement.
This type of S-T segment elevation is often
erroneously regarded as abnormal and attri-
buted to subepicardial injury. (From Friedman,

H.: Diagnostic Electrocardiography and Vector-
cardiography. New York: McGraw-Hill, Inc.,
1971.)
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TABLE I

Upper Limits of the S-T Segment in the Lead with the Highest 'T' Wave
(Duration in Seconds)

Rate
Men and
Children

Women

40 0.155 0.170
50 0.150 0.165
60 0.145 0.160
70 0.135 0.150
80 0.125 0.140
90 0.115 0.130
100 0.100 0.115
110 0.080 0.095
120 0.060 0.075
130 0.040 0.055
140 0.015 0.030
150 0.000 0.000

From: Ashman and Hull, reported in: Burch, G.
and Winsor, T.: A Primer of Electrocardiology,
6 edition.



20

I II III AVR AVL

swarm -0-mwdE======== gffl==0-4 MEMOMIEN rgati gam===
===ESEEM
=EEEEESE
=11==SE===

m= ====."="m=

AV F

Vs V2 V3 V4 V5 V6

= :-.Aata.3 ammo wa EMEM
Rglimms MEN EMEHEME_ESE graZEI
=.E.2-MTE a-g" EMEEmurzta

rd'irff2!LEME:=.R.M. tEw4Mair.

E-19E-Mi =M ali

ITT-1-2752 EEEEEMEEi

Figure 7. Coronary Insufficiency. There is slight
but definite ischemic S-T segment depression in
leads II, III, aVF, VS, and V6. The S-T segment
changes in this patient disappeared after a few
days and were not accompanied by either clinical
or laboratory evidence of myocardial infarction.
(From Friedman, H.: Diagnostic Electrocardiography
and Vectorcardiography. New York: McGraw-Hill,
Inc., 1971.)
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more pronounced in leads II, III, aVF, and precordial leads 3 through

6 (19, 32, 38). Without necessarily impairing cardiac function, many

factors can cause changes in the repolarization processes of the ven-

tricles which are then reflected in the T wave and S-T segment of

the electrocardiogram (40). Among the many stimuli that can affect

the S-T segment are eating (48, 54, 56), drinking ice water (14),

posture (51), hyperventilation (58), emotional disturbances such as

the startle reaction, fear, or anxiety (36, 44) and numerous drugs,

including digitalis, quinidine, procaine amide, adrenaline, isuprel,

insulin, caffeine, and nicotine (40). However, when the aforemen-

tioned considerations are controlled the resulting S-T segment in the

electrocardiogram pattern offers one of the more clinically impor-

tant diagnostic criterion measures for assessing myocardial response

to coronary function (8, 19, 21, 24, 38, 52, 57).

The Effects of Exercise on the S-T Segment

Myocardial responses to exercise, as evaluated through

electrocardiographic analysis, have been very popular topics for

research (1, 5, 6, 7, 8, 9, 10, 12, 14, 15, 16, 17, 18, 19, 20, 21,

22, 23, 24, 25, 27, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41,

42, 43, 44, 45, 46, 48, 49, 50, 51, 52, 54, 55, 56, 57, 58, 59, 60,

61). The predictive value of electrocardiographic analysis taken

during maximal exercise testing in asymptomatic healthy middle-aged

men for detecting coronary artery disease has been advocated by some

investigators (5, 6, 7, 8, 9, 10, 12, 15, 16, 17, 18, 19, 21, 22, 23,

24, 25, 27, 30, 31, 32, 33, 35, 37, 38, 39, 40, 41, 45,.49, 50, 52,



57,

52).

22

59, 60) and seriously challenged by others (34, 38, 39, 48, 49,

It was a common agreement that coronary artery disease cannot,

and should not be diagnosed on the sole basis of electrocardiographic

results. However, every investigator reporting results from an exper-

iment involving exercise in which an electrocardiograph was used to

monitor coronary responses, noted its value in assisting with coronary

function assessment.

The predictive accuracy of the electrocardiogram to exercise

testing is important clinically because it indicates what the chances

are that a patient with a positive response actually has coronary

artery disease. Figure 8a, taken from the National Heart, Lung, and

Blood Institute study, shows the predictive accuracy of the S-T

segment responses to exercise in patients who had typical angina

pectoris or a history of prior myocardial infarction, or both (17).

In this study, with a population of 20 subjects, they recorded a

predictive accuracy rate of ninety-five percent. Figure 8b, also from

the same study, shows the results obtained from a population of thirty-

nine asymptomatic subjects. The predictive accuracy rate reported

for this population was only thirty-six percent. This low level of

predictive accuracy of the electrocardiographic responses to exercise,

when applied to asymptomatic subjects, is very similar to the results

obtained by Froelicher and his associates who also evaluated the

test's reliability in asymptomatic subjects (20). The low predictive

accuracy of the S-T segment response to exercise demonstrated in

these studies provoked much controversy (42, 55, 61) from which

emerged a more accurate understanding of the meaning and. significance
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Figure 8a. The predictive accuracy of 1 mm or
greater S-T segment depression in response to
exercise in 20 subjects with angina pectoris,
previous myocardial infarction, or both. (From
the National Heart, Lung and Blood Institute
study. Cited in: Epstein, S. "Value and Limita-
tions of the Electrocardiographic Response to
Exercise in the Assessment of Patients with
Coronary Artery Disease." Am J Cardiol, 42
(1978):667-674.)

50% Coronary

Narrowing

Figure 8b. The predictive accuracy of 1 mm or
greater S-T segment depression in response to
exercise in 39 asymptomatic subjects. (From the
National Heart, Lung, and Blood Institute study.
Cited in: Epstein, S. "Value and Limitations of
the Electrocardiographic Response to Exercise in
the Assessment of Patients with Coronary Artery
Disease." Am J Cardiol, 42(1978):667-674.
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of the electrocardiographic responses to exercise (17). It was

concluded that changes in S-T segments during exercise stress testing

do not provide a definite answer regarding the presence of coronary

artery disease but a probability statement based on the concept of

a continuum of risk could be made (17). This concept of a continuum

of risk was further elaborated upon by Rifkin and Hood (46) into the

development of a family of predictive accuracy curves (Figure 9)

determined by both the degree of S-T segment depression and the pre-

valence of disease in the population being studied.

With much of the research being directed toward the utilization

of electrocardiographic responses to exercise as a means to evaluate

myocardial responses and coronary functioning, it seems logical that

there should also have been extensive research performed to answer

some of the practical questions associated with the techniques of

proper lead selection and time intervals at which to take the tracing.

Unfortunately, this area has been neglected and the standards used

by most modern day investigators date back to the studies performed

by Henry Blackburn in the early 1960's (6). The first question, that

of proper lead selection, is best dealt with by the presentation of

the data collected by Blackburn (Table II). This has practical impor-

tance since time may be an important consideration in the detection

of S-T segment changes.

Table II indicates that information about S-T segment depression

obtained from leads I, aVL, V1, and V2 is redundant, and the recording

of a block of leads II, aVF, V3-V6 probably provides all the informa-
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Figure 9. Family of S-T segment depression curves.
(From: Rifkin and Hood, "Bayesian Analysis of
Electrocardiographic Exercise Stress Testing."
N Engl J Med 297(1977):681-683.)
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TABLE II

Frequency of S-T Segment Depression After Exercise According to ECG
Lead Among 100 Positive Cases

I II aVL aVF V1 V2 V3 V4 V5 V6

Frequency and percent 8 17 6 16 1 2 23 53 89 70
of cases with S-T
segment depression by
lead

Frequency and percent 1 4 1 5

of cases with S-T
segment depression
only in a single lead

From: Blackburn, H. "What Electrocardiographic Leads to Take After
Exercise?" American Heart Journal 67(1964):184.
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tion available from conventional electrocardiographic leads in this

regard (6).

The second question involves the time sequence in which to take

the tracing. It is widely recommended that post-exercise tracings be

made at several intervals up to ten minutes (6). Table III indicates

the results of a study performed by Blackburn and of the fifty sub-

jects showing positive tests, only one subject (two percent) was

positive after four minutes in which his immediately-after record

showed no signs of codable S-T segment abnormality. On the other

hand, after four minutes, five subjects (10.2 percent) showed signs

of a more severe depression, seventeen (34.7 percent) stayed the same,

and twenty-seven (55.1 percent) improved the degree of S-T segment

depression. It was concluded that, since ninety percent of the cases

do not evolve significantly after five minutes, the immediately-after

tracing was the most important and then, to be safe, to catch the

possible late developers, one or two additional tracings should be

taken, provided they are performed within five minutes of the cessa-

tion of the exercise stress test (6).

Electrocardiographic responses measured both during and after

maximal exercise were taken from twenty elite marathon runners in a

study performed by Gibbons et al. (22). The unique features of this

study included:

1. the twenty individual subjects represented a
population of one of the most highly trained
and highly conditioned group of athletes ever
studied together and

2. electrocardiographic monitorings were conducted
both during and after exercise.
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TABLE III

Positive S-T Segment Changes in the Postexercise Electrocardiogram
Taken Immediately vs That Taken 4 Minutes Later

A. Fifty cases with "normal" resting ECG and "positive" postexercise
test

Rest--normal 50 (100%)
Immediate "positive" 49 ( 98%)

Only "positive" at 4 minutes 1 ( 2%)

"Positive" immediately or at 4 minutes 50 (100%)

B. Forty-nine cases with "normal" resting ECG and immediate
"positive" postexercise test

Immediate "positive" 49 (100%)

At 4 minutes after exercise:
Worse 5 (10.2%)

Same 17 (34.7%)
Better 27 (55.1%)

From: Blackburn, H. "What Electrocardiographic Leads to Take After
Exercise?" American Heart Journal 67(1964):184.
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The most unexpected finding in this study using superbly

conditioned distance runners occurred immediately after the exer-

cise session. Five of the twenty subjects (twenty-five percent)

showed significant S-T segment depression- (this study utilized guide-

lines of 0.08 seconds in duration of at least 1 mm depression for

denoting abnormal) after maximal exercise. Only lead V4 was monitored

during exercise and no changes were recorded during exercise nor

during recovery in this lead. The S-T segment depression was recorded

only in leads II, III, and aVF. In two subjects changes were present

immediately on stopping and became less evident during recovery. In

two other subjects changes were present throughout the recovery

period. In the last subject changes were present only after five

minutes of recovery (22).

The Effects of Diet on the Electrocardiogram

Studies on the effects of diet alone on the myocardial responses

reflected through electrocardiographic patterns are few. Studies

involving diet and specifically the S-T segment are extremely limited.

One of the studies performed by Rochlin (48), in 1954, found that

changes in the electrocardiogram could be induced at will by a high

carbohydrate meal and prevented by simultaneous administration of

potassium chloride. The changes included an occasional flattening or

inversion of the T wave in leads V4, V5, and V6. It is known that

similar changes in the electrocardiogram can be induced following

100 gm of oral glucose (47). The physiological explanation for the

flattened or inverted T waves following a meal was explained as



30

increased sympathetic stimulation, as the result of the food entering

the gut, which in turn decreases plasma potassium (47). Another

explanation is that a decrease in plasma potassium is brought about

by the secretion of insulin which accompanies the entrance of food

into the gastrointestinal tract. The insulin, in turn, stimulates

the liver and skeletal muscle to deposit potassium with glycogen (47).

Table IV presents the findings of the study performed by Simonson

(56) in which the effects of diet were measured for all portions of

the electrocardiogram.

Evidence presented by Cahill (11) showed starvation induced

certain pathologic alterations of the central nervous system. This

supported Isner's conclusion that the rapid and exhaustive weight

loss experienced during a liquid-protein-modified-fast diet induced

metabolic alterations which affected the central nervous system which

in turn affects the normal electrical activity of the heart (26).

Further support to this conclusion came from the work of Schwartz in

which it was found that the consequent sympathetic nervous system

imbalance prolonged the QT interval, increased the incidence of

arrhythmia associated with coronary artery occlusion, and lowered the

ventricular fibrillation threshold (53). Isner suggested a possible

link between dietary imbalance and sudden death and the combination

of such studies have raised some pointed questions concerning the

practice of general restrictive dietary intake and specifically,

restrictive carbohydrate intake (26).
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TABLE IV

Changes in the Electrocardiogram After a Meal for 42 Normal Men Aged
45 to 55. Together with the Predicted Normal Limits for 90 Percent
and 98 Percent of Any Population For Which These Men May be Considered
a Valid Sample.

Item
Change Normal Limits

Mean S.D. 90% 98%

Heart Rate
Max-min R-R

+11.09 2.00 + 7.7 to +14.5 + 6.2 to +16.0

X 100 - 1.30 4.00 - 8.0 to + 5.0 -11.0 to + 8.0
P-R in X 100 - 0.5 1.0 - 2.0 to + 1.0 - 3.0 to + 2.0
QRS in X 100 + 0.4 1.0 - 1.0 to + 1.0 - 1.0 to + 2.0
KQT X 100 + 1.5 2.0 - 1.0 to + 4.0 2.0 to + 5.0
Ql - 0.03 0.13 - 0.4 to + 0.2 - 0.4 to + 0.3
Q2 + 0.06 0.20 0.3 to + 0.4 - 0.4 to + 0.5

Q3 - 0.04 0.39 - 0.7 to + 0.6 1.0 to + 0.9
R2 + 1.94 1.53 0.6 to + 4.5 - 1.6 to + 5.8
S2 - 0.28 0.39 - 0.9 to + 0.4 1.2 to + 0.6
QRS + 3.58 3.48 - 2.1 to +10.3 4.5 to +11.7

S -Ti - 0.07 0.15 - 0.3 to + 0.2 - 0.4 to + 0.3
S-T2 - 0.23 0.34 - 0.8 to + 0.3 - 1.0 to + 0.0
S-T3 - 0.08 0.22 - 0.4 to + 0.3 - 0.6 to + 0.4
Ti - 0.86 0.61 - 1.9 to + 0.2 - 2.3 to + 0.6
T2 - 0.90 0.64 - 2.0 to + 0.2 - 2.4 to + 0.6

T - 1.89 1.28 4.0 to + 0.2 4.9 to + 1.1
QRS axis° + 5.52 12.51 -15.0 to +26.0 -24.0 to +35.0
T axis° + 3.02 8.87 -12.0 to +18.0 -17.0 to +23.0
R -V1 + 0.11 0.55 - 0.8 to + 1.0 1.1 to + 1.4
S-V1 + 0.31 1.86 2.8 to + 3.1 - 4.0 to + 4.7
T-Vl + 0.41 2.43 - 3.6 to + 4.4 - 5.4 to + 6.2
R-V4 + 0.68 2.30 - 3.1 to + 4.4 4.7 to + 6.1
S-V4 + 0.57 1.71 - 1.2 to + 3.4 - 3.4 to + 4.6
T-V4 - 2.56 1.33 4.7 to + 0.4 - 5.6 to + 0.5

From Simonson, E.: The Effect of an Ordinary Meal on the Electro-
cardiogram. Normal Standards in Middle-Aged Men and Women.
Circulation, 1:1000, 1950.
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The Role of Vitamin B-6 in Exercise

The importance of vitamin B-6 in skeletal and cardiac muscle

function stems from the coenzyme role of pyridoxal 5'-phosphate, the

active form of vitamin B-6, for glycogen phosphorylase (13). Recent

work in an animal model suggest that an increased supply of vitamin

B-6 increases the level of glycogen phosphorylase along with a concom-

itant storage of pyridoxal 5'- phosphate in the muscle (4). This

stored form of vitamin B-6 could then be used in the gluconeogenic

process in times of limited energy supply such as during exercise of

moderate to exhaustive intensities (29).

Summary

Under normal conditions, the heart appears to preferentially

utilize the energy source that is available in the greatest concentra-

tion (31). If, in fact, exercise qualifies as a "normal condition"

then the significance of how the heart responds to various dietarily

imposed "available in the greatest concentration" energy sources

becomes very intriguing to this investigator. The implications of the

various single components, that have been reported here, individually

demand serious consideration, but when together they are collectively

summed, one which is routinely practiced by many of the major

athletes competing in endurance events, then the necessity for care-

ful evaluation becomes evident. If, in fact, the heart is forced to

metabolize glucose as its primary energy source, while the body is

performing near maximal exertion, and it has been found that possible

contraindicative situations result, the long range cost to the body
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must be weighed against the possible improvement in performance.

Coronary insufficiency is one cost that cannot be overlooked. It is

therefore, the purpose of this study to provide information of such

S-T segment changes in the electrocardiogram as a subject undergoes

near maximal exercise while maintaining a standard charohydrate-

depletion-loading dietary schedule.
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CHAPTER III

METHODOLOGY

The purpose of this study was to monitor coronary responses

occurring in the S-T segment of an electrocardiogram obtained from

experienced bicyclists before, during, and after exercise of sixty,

eighty, and ninety percent maximum heart rate intensities following

a "standard" carbohydrate-loading schedule with varied vitamin B-6

supplementation. Four experienced, college-aged, male bicyclists

comprised the sample population. Standard electrocardiographic stress

testing protocol was followed in monitoring the subjects' cardiac

responses. Parameters measured were work load achieved at specific

pre-designated target heart rates, actual heart rates obtained, and

the S-T segment of the electrocardiogram. The same measurement tests,

techniques, technicians, and procedures were used during each of the

six test administrations for each subject. An experimental research

design was established to explore causal relationships that dietary

and vitamin B-6 conditions would have with the S-T segment before,

during, and after exercise.

Subjects

Subjects selected were from among a group of experienced

bicyclists at Oregon State University. For the purposes of this

study, four Caucasian males, ranging in age from 20 to 22 years, who

had completed an advanced bicycling class at Oregon State University
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were selected from a pool of volunteers. All four subjects were

attending college as full-time undergraduates during the experimental

period.

Prior to testing, each subject completed a medical history

evaluation and a verification of a physical examination being per-

formed within two weeks prior to the onset of the study. The criteria

for selection of subjects was predicated upon completion of the

preliminary examinations, willingness to be a part of the study, and

in maintaining a subject population that was homogeneous in as many

factors as possible. This latter criteria was an important process

to screen out any extraneous variables which may have influenced the

validity of the statistical treatments.

Pre-Testing Procedure

A review was made of each subject's past medical history, past

activity history, and physical examination results to determine if

any of the selected subjects' histories would contraindicate their

performance in a study of this nature. A formal introductory trial

session was then held with the subjects in which the following mater-

ial was presented:

1. Purpose and procedures of the study were described.

2. Subject's role and what was expected of him was
described.

3. Benefits that each subject would receive from
participation in the study were presented.

4. All possible risks that were conceivable for a
study of this nature were discussed.
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5. Testing procedures for before, during, and
after exercise were demonstrated.

6. Subjects were introduced to the exercise
apparatus--a stationary Monark bicycle ergo-
meter.

7. An informed consent document was administered
to and signed by the subjects (Appendix A).

8. A resting and post-hyperventilation electro-
cardiogram, taken in a Blackburn CM-5 lead
system were administered to the subjects.

9. Subjects practiced informally on the exercise
apparatus.

10. Subjects reconfirmed their willingness to
participate in the study.

11. A 20 ml sample of blood was collected for
blood chemistry screening.

Following the introductory trial session, tracings of each

subject's resting and post-hyperventilation electrocardiogram and

results of the blood chemistry analysis were reviewed with the school

physician for additional recommendation of the subject's fitness for

participation in the study.

Blood and urine samples were taken at various intervals during

the experimental period by Ann DeVos and Lauren Hatcher as was the

measurement of Q-T intervals by Frank Goulard for Master's theses

purposes.

Instrumentation

Electrocardiographic tracings were obtained from single channel

electrocardiographs using administrative and operating procedures

consistent with the protocol outined for their use. When a subject
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was tested he was assigned to the same electrocardiograph, bicycle

ergometer, seat height, testing location, monitoring technician, and

testing time. The standardization of these extraneous variables prior

to the commencement of the study minimized their effect on the valid-

ity of the obtained measures. The equipment was calibrated for

scientific accuracy prior to the start of the study. Five disposable

electrode patches were placed on each subject at the anatomical posi-

tions shown in Figure 10.

Lead II and V5 lead tracings were obtained at each interval.

Procedure consistent with prior studies dictated that the lead in

which the magnitude and clarity of the R spike and T wave was most

clearly identified would be the lead from which the S-T segment would

be measured (6). The electrocardiographic tracings were taken at a

speed of 25 mm/second in all cases and at a sensitivity setting which

would yield a 10 mm deflection to equal 1 mV.

Testing Procedure

The six test administration periods were identified in two ways.

First, since the first three days of each dietary schedule corre-

sponded to the carbohydrate-depletion phase, test sessions administered

on Wednesdays were designated by the letter "D" for depletion phase.

Test sessions administered on Saturdays, which corresponded to the

dietary schedule of the carbohydrate-loading phase, were identified

by the letter "L" for loading phase. Since the first week was a con-

trol dietary schedule, data obtained for the control sessions were

identified by the letter "C" for control. Second, two experimental
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Figure 10. Anatomical positions of the electrode
placements.
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dietary carbohydrate-loading schedules were studied. The first

carbohydrate-loading schedule included a normal (2 mg) intake of

vitamin B-6. The second carbohydrate-loading schedule included a

five times increase (10 mg) in the normal intake of vitamin B-6.

These experimental schedules corresponded to weeks three and six in

the overall study design. Thus an example of the letter denotation

of "L2" would translate to Saturday's test session following the

carbohydrate-loading schedule with varied (+ 10 mg B-6) vitamin B-6

supplementation. Likewise, "Cl" would translate to the Wednesday

testing session following three days of the control dietary schedule.

The subjects were tested at the same time on each of the six test

session days. Individual test starting times ranged from 5:45 AM to

7:45 AM (Pacific Standard Time). The diet and exercise schedule of

the experimental six week period is presented in Table V. Stand-

ardized cooking and feeding procedures were followed for each meal

the subjects consumed.

Exercise

The following procedures were adhered to on each of the six

testing days.

Before Exercise:

1. A backlying resting electrocardiogram was taken.

2. A 20 second hyperventilation was performed followed
by a post-hyperventilation electrocardiogram
(seated position).

3. Blood sample #1 was drawn before the start of the
exercise.
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TABLE V

Diet and Exercise Schedule During the Experimental Period

Week #1

Diet: Normal (mixed) diet: 39.9% carbohydrate, 42.5% fat,
17.5% protein, 2 mg vitamin B-6 (pyridoxine hydro-
chloride)

Exercise: Average level of exercise (Sunday Tuesday),
light level of exercise (Wednesday - Friday)

Test: Cl and C2

Week #3

Diet: Depletion diet: 11.3% carbohydrate, 66.4% fat, 22.3%
protein (Sunday Tuesday); 2 mg vitamin B-6 (pyri-
doxine hydrochloride)

Exercise: Average level of exercise (Sunday Tuesday)

Test: D1

Diet: Loading diet: 70.7% carbohydrates, 12.6% fat, 16.6%
protein (Wednesday - Friday); 2 mg vitamin B-6 (pyri-
doxine hydrochloride)

Exercise: Light level of exercise (Wednesday - Friday)

Test: Ll

Week #6

Diet: Depletion diet: 11.3% carbohydrate, 66.4% fat, 22.3%
protein (Wednesday - Friday); 8 mg vitamin B-6 (pyri-
doxine hydrochloride)

Exercise: Average level of exercise (Sunday - Tuesday)

Test: D2

Diet: Loading diet: 70.7% carbohydrate, 23.6% fat, 16.6%
protein (Wednesday - Friday); 8 mg vitamin B-6 (pyri-
doxine hydrochloride)

Exercise: Light level of exercise (Wednesday Friday)

Test: L2
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During Exercise:

1. Subjects were started on a bicycle ergometer
at a rate of 20 km/hr (50 cycles/min) with a
resistance work load of zero.

2. While maintaining the 20 km/hr rate, the work
load was progressively increased until a 60
percent of maximal age-adjusted target heart
rate (MHR = 200; THR = 120) was achieved.

3. From the initial start point of exercise the
work load was then altered to maintain the 60
percent target heart rate for thirty minutes.

4. At the thirty minute mark of exercise the work
load was then manipulated to increase the
target heart rate to eighty percent of the
age-adjusted maximal rate (THR = 160).

5. The eighty percent target heart rate was then
maintained through work load manipulation for
fifteen minutes.

6. At the twelfth minute of this fifteen minute
interval at an eighty percent target heart
rate level blood sample #2 was drawn. Trained
technicians enabled the taking of the blood
while the subject continued the exercise.

7 At the forty-fifth minute mark of exercise the
work load was increased to bring the target
heart rate to ninety percent of the age-adjusted
maximal value (THR = 180).

8. The ninety percent target heart rate was then
maintained for five minutes.

9. At the conclusion of the five minute interval
at a ninety percent target heart rate level
an active recovery phase began. Blood sample
#3 was taken at the second minute of the active
recovery phase.

10. The active recovery phase was maintained for
six minutes.

11. At the conclusion of the six minute active re-
covery phase, a seated recovery phase, lasting
for another six minutes, began.
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12. Electrocardiograms and calculations were per-
formed by the technicians at two minute
intervals to monitor the subject's performance
before, during, and after exercise. In addi-
tion, two blood pressure readings were taken;
before exercise, and at the fifty-eighth
minute (during the second minute of the seated
recovery). Constant verbal communication was
also maintained with the subjects to monitor
their subjective evaluation of their perform-
ance.

13. At any time during exercise, the subject or
the technician could have terminated the exer-
cise. If any symptoms which contraindicate
the continued performance of exercise occurred,
then the exercise session was terminated.

After Exercise:

Immediately following the termination of the exercise portion of

the testing session an active recovery period began. The load was

immediately reduced fifty percent for the first minute and removed

(reduced to zero) for the remaining five minutes. The cycle rate

was also reduced according to the following sequence.

1. First minute at 20 km/hr.

2. Second and third minutes at 10 km/hr.

3. Fourth, fifth, and sixth minutes at 5 km/hr.

Following the active recovery the subject continued to be

monitored during a six minute seated recovery. Electrocardiograms

and blood pressure readings were taken during the active and seated

recovery periods at one minute intervals. Once the subject returned

to and maintained a normal sinus rhythm, electrocardiographic and

blood pressure monitorings were discontinued.
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Diet

The diets administered to the subjects are shown in Tables VIa,

VIb, and VIc. The diets were designed to adhere to the dietary per-

centages of the certain nutrients according to the standards estab-

lished by the United States Recommended Daily Allowance (USRDA). All

meals were prepared in the metabolic kitchen of the Foods and Nutrition

Department at Oregon State University. On the day of each exercise

testing session, the subjects exercised following a 12 to 14 hour

fast. This fasting period was appropriate for the purposes of this

study. Subjects were not allowed to drink water during the exercise

or the recovery periods. In addition, subjects were not allowed to

consume any Other food other than that which was provided to them.

Inappropriate food or water intake would have invalidated the obtained

measures. When the supplemental amount of vitamin B-6 (8 mg) was

administered during week #6, it was provided in the form of a concen-

trated solution of pyridoxone hydrochloride and given with each

breakfast meal. The only meals provided out of the ordinary meal

schedule were the breakfast meal on the days of the exercise testing

session, which were provided immediately following the testing protocol.

Each subject was expected to fulfill certain requirements during

the course of the study. They were:

1. The subjects were to eat all the food provided
and consume no other food, other than water or
decaffeinated beverages.

2. Vitamin and/or mineral supplements were not to
be taken other than those provided.
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TABLE VIa. Diet during the first week (Week #1). Normal "control".
The values following each food represents the weight in grams.

Breakfast Lunch Dinner

Eggs, 120
Toast, wheat, 60
Orange Juice, 250
Milk, whole 250
Margarine, 55

Tuna, water-pack, 60
Cheese, cheddar, 60
Salad dressing, 40
Bread, wheat, 60
Carrots, 100
Pears, 200
Ginger Snaps, 90
Candy, 25

Milk, whole, 250
Hamburger, 180
Cheese, cheddar, 60
Rice, 60
Green Beans, 100
Bread, wheat, 50

TABLE VIb. Diet during the first three days of weeks #3 and #6
(Sunday-Tuesday): depletion diet. The values following each food
represents the weight in grams.

Breakfast Lunch Dinner

Eggs, 120
Cheese, cheddar, 73
Bread, wheat, 24
Orange Juice, 124
Canadian Bacon, 42
Margarine, 38
Cream, 30

Tuna, oil-pack 160
Bread, wheat, 48
Celery, 60
Mayonnaise, 56
Milk, whole, 244
Cheese, cheddar, 73

Milk, whole, 244
Hamburger, 91
Cheese, cheddar, 73
Banana, 25
Pineapple, 44
Cottage Cheese, 123

TABLE VIc. Diet during the last three days of weeks #3 and #6
(Wednesday-Friday): loading diet. Values following each food
represents the weight in grams

Breakfast Lunch Dinner

Eggs, 60 Tuna, water-pack, 80
Bread, white, 100 Bread, white, 120
Orange Juice, 250 Carrots, 100
Crispy Rice Cereal, 70 Salad Dressing, 20
Sugar, white, 15 Raisins, 20
Fruit Jam, 46 Milk, skim, 250
Milk, skim, 500 Ginger Snaps, 125

Seven-Up Drink, 14 oz

Milk, skim, 250
Tuna, water-pack, 100
Cheese, cheddar, 30
Rice, 90
Green Beans, 100
Bread, wheat, 50
Pears, 200
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3. A record of all physical activity during the
six week period was to be kept. During the
weeks the subjects were fed (weeks #1, 3, and
6) their exercise activity was monitored by
one of the technicians. Each subject was to
exercise aerobically for one hour per day the
first three days of the exercise testing week.
It was calculated that this was equivalent to
the subject's normal exercise activity. The
next three days, Wednesday through Friday,
light exercise was prescribed, consisting of
thirty minutes of aerobic bicycling.

4. The subjects were to keep a record of the
amounts and kinds of all food consumed the
week prior to each experimental week, as well
as their physical activitiy, duration and
type.

5. Twenty-four hour urine samples were to be
collected each day during the three experi-
mental weeks.

6. The subjects were expected to participate in
the exercise procedure as outlined and allow
serial blood samples to be collected.

Data Reduction

All S-T segments were read, measured, and recorded by the

investigator. Measurements were taken to the nearest one-hundredth

of a millimeter. This corresponds to 0.0025 of a second when the

electrocardiograph is set for a tracing speed of 25 mm/sec. Whenever

possible, three consecutive S-T segments were measured and the aver-

age value for the three was recorded. Figure 11 presents two samples

identifying the S-T segment and the measurements assessed to each.

Attempts were made to record the last five minute observations of

each target heart rate intensity interval, i.e. five recordings were

made during the last five minutes of the sixty percent target heart
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Figure 11(a). A normal electrocardiographic
tracing in which the S-T segment has been
measured at 3.0 mm.
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Figure 11 (b). An electrocardiographic tracing
with an S-T segment depression. The S-T segment
has been measured at 1.0 mm.
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rate intensity interval, five recordings were made during the last

five minutes of the eighty percent target heart rate intensity inter-

val, and five recordings were made during the five minutes of the

ninety percent target heart rate intensity interval.

Statistical Treatment

An experimental research design was developed to explore the

causal relationships that varied levels of dietary carbohydrate per-

centages and vitamin B-6 supplementation would have with the S-T

segment, before, during, and after exercise. Standardized 'Z' values

were used to compare and contrast the effects of the different

dietary treatments. Symbolically denoted, a standardized 'Z' value

is:

Z = T.(

D
X

Standardized 'Z' values are obtained by subtracting the individual

observed value from the group sample mean, then dividing the resultant

by the group standard deviation. Standardized 'Z' values were then

tested for significant differences using the Student's t test for

dependent means. This enabled the standardized 'Z' values obtained

during week #1, the control week, to be tested against the standard-

ized 'Z' values obtained during week #3, the standard carbohydrate-

depletion-loading schedule. The same procedure was repeated to test

against week #6, the varied vitamin B-6 carbohydrate-depletion-loading

schedule. In this manner, data was collected for testing for dif-

ferences at each target heart rate intensity interval for each of the

six exercise sessions.
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A Hewlett-Packard 85 Personal Computer System was utilized for

statistical processing. The significance level for all statistical

analyses was 0.05.
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CHAPTER IV

RESULTS AND INTERPRETATION OF THE DATA

The purpose of this study was to monitor coronary responses

occurring in the S-T segment of an electrocardiogram obtained from

experienced bicyclists before, during, and after exercise of sixty,

eighty, and ninety percent target heart rate intensity intervals

following a standard carbohydrate-loading schedule with varied vitamin

B-6 supplementation. An experimental research design was developed

to explore the causal relationships that dietary and vitamin B-6

conditions might have with the S-T segment during exercise. Stand-

ardized 'Z' values were calculated for the last five observational

periods of each target heart rate intensity interval. The total

number of standardized 'Z' values obtained for each testing session,

with four subjects comprising the sample population, was twenty per

target heart rate intensity interval. A Student's t test for dependent

means was used to test for significant difference between the stand-

ardized 'Z' values obtained during week number one, the control diet,

and those obtained during weeks number three and six, the experi-

mental dietary schedules. Figure 12 represents a plot of the stand-

ardized 'Z' values obtained for each of the target heart rate intensity

intervals for workload achieved and S-T segment lengths observed

during all six exercise sessions. A listing of the raw data begins

with Appendix B.
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Figure 12. Standardized 'Z' values for the three heart
rate intensity intervals for work load intensities
achieved and S-T segment lengths oberved (--0--).
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Results of Achieved Work Loads: Hypothesis #1

Tables VII, VIII, and IX present data obtained from the six

exercise testing sessions and the analysis of Student's t test of

dependent means for significant difference. Figure 13 presents the

data plotted for variation in standardized 'Z' values during each

of the target heart rate intensity intervals.

Interpretation

The null hypothesis stated that standardized 'Z' values for

achieved work loads obtained during each of the target heart rate

intensity intervals would be equal for each of the six exercise test-

ing sessions. Based on the values indicated in Tables VII, VIII, and

IX, the null hypothesis was rejected at all three target heart rate

intensity intervals.

Significant difference occurred during the sixty percent target

heart rate intensity interval between:

1. control session number one and both carbohydrate-
loading sessions

2. control session number two and both carbohydrate-
depletion sessions

3. the standard carbohydrate-depletion session and
both carbohydrate-loading sessions

4. the varied vitamin B-6 carbohydrate-depletion
sessions and both carbohydrate-loading sessions

5. the two control diet sessions

There was no significant difference during the sixty percent

target heart rate intensity interval between:
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TABLE VII

Student's t test of dependent means for testing significant
difference. Work load intensities achieved at the sixty percent
target heart rate intensity interval (0.05 level of significance
with 38 df = 1.69).

Cl C2 D1 Ll D2 L2

Control #1

Control #2

Deplete #1
(2 mg B-6)

Load #1
(2 mg B-6)

Deplete #2
(10 mg B-6)

Load #2

(10 mg B-6)

2.29

0.38

2.75

0.84

2.59

3.01

0.57

3.57

0.31

3.51

0.51

3.36

4.06

0.28 3.94
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TABLE VIII

Student's t test of dependent means for testing significant
difference. Work load intensities achieved at the eight percent
target heart rate intensity interval (0.05 level of significance
with 38 df = 1.69).

Cl C2 D1 Ll D2 L2

Control #1

Control #2

Deplete #1
(2 mg B-6)

Load #1
(2 mg B-6)

Deplete #2
(10 mg B-6)

Load #2
(10 mg B-6)

1.39

0.44

4.75

1.24

3.74

1.79

4.12

0.20

2.88

4.93

1.40

3.98

3.99

1.16 2.83
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TABLE IX

Student's t test of dependent means for testing significant
difference. Work load intensities achieved at the ninety percent
target heart rate intensity interval (0.05 level of significance
with 38 df = 1.69).

Cl C2 D1 Ll D2 L2

Control #1

Control #2

Deplete #1
(2 mg B-6)

Load #1
(2 mg B-6)

Deplete #2
(10 mg B-6)

Load #2
(10 mg B-6)

0.34

1.47

0.69

1.07

1.47

1.35

1.43

0.86

2.03

3.52

0.52

3.30

2.73

1.32 2.88
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Figure 13. Standardized 'Z' values for work load
intensities achieved during target heart rate intervals
of sixty (-- --), eighty (--o--), and ninety (--*--)
percent.
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1. control session number one and both carbohy-
drate-depletion sessions

2. control session number two and both carbohy-
drate-loading sessions

3. the standard carbohydrate-deplete session and
the varied vitamin B-6 carbohydrate-deplete
session

4. the standard carbohydrate-load session and the
varied vitamin -6 carbohydrate-load session

Significant difference occurred during the eighty percent

target heart rate intensity interval between:

1. both control sessions and both the carbohy-
drate-loading sessions

2. control session number two and the standard
carbohydrate-deplete session

3. both carbohydrate-deplete sessions and both
carbohydrate-loading sessions

There was no significant difference during the eighty percent

target heart rate intensity interval between:

1. the two control sessions

2. control session number one and both carbohydrate-
depletion sessions

3. control session number two and the varied vitamin
B-6 carbohydrate-deplete session

4. the standard carbohydrate-deplete session and
the varied vitamin B-6 carbohydrate-deplete
session

5. the standard carbohydrate-load session and the
varied vitamin B-6 carbohydrate-load session

Significant difference occurred during the ninety percent target

heart rate intensity interval between:

1. control session number two and the varied vitamin
B-6 carbohydrate-load session
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2. both carbohydrate-depletion sessions to both
carbohydrate-loading sessions

There was no significant difference during the ninety percent

target heart rate intensity interval between:

1. the two control sessions

2. control session number one and both carbohy-
drate depletion and carbohydrate-loading
sessions

3. control session number two and both carbohy-
drate depletion sessions and the standard
carbohydrate-load session

4. the standard carbohydrate-deplete session
with the varied vitamin B-6 carbohydrate-
deplete session

5. the standard carbohydrate-load session with
the varied vitamin B-6 carbohydrate-load
session

Results indicate the subjects significantly varied the work loads

achieved during specific target heart rate intensity intervals through

dietary manipulation. At the sixty percent target heart rate intens-

ity interval, workloads achieved significantly increased from:

1. control session number one to control session
number two

2. control session number one to both carbohydrate-
loading sessions

3. both carbohydrate-depletion sessions to both
carbohydrate-loading sessions

At the sixty percent target heart rate intensity interval,

work loads achieved significantly decreased from control session num-

ber two to both carbohydrate-depletion sessions.

At the eighty percent target heart rate intensity interval,

workloads achieved significantly increased from:



58

1. both control sessions to both carbohydrate-
loading sessions

2. both carbohydrate-depletion sessions to both
carbohydrate-loading sessions

At the eighty percent target heart rate intensity interval,

work loads achieved significantly decreased from control session num-

ber two to the standard carbohydrate-deplete session.

At the ninety percent target heart rate intensity interval,

work loads achieved significantly increased from:

1. control session number two to the varied vitamin
B-6 carbohydrate-load session

2. both carbohydrate-depletion sessions to both
carbohydrate-loading sessions

At all three target heart rate intensity intervals the achieved

workloads significantly increased during the carbohydrate-loading

phase when contrasted with the achieved work loads during the carbo-

hydrate-depletion phases. There was no significant difference in

work loads achieved when the varied vitamin B-6 supplementation was

contrasted to the standard charbohydrate-depletion-loading schedule.

Only at the eighty percent target heart rate intensity interval were

both carbohydrate-loading sessions significantly increased from both

control diet sessions.

Results of the Observed S-T Segment Lengths: Hypothesis #2

Tables X, XI, and XII present data obtained from the six

exercise sessions and the analysis of Student's t testing of depend-

ent means for significant difference. Figure 14 presents the data
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TABLE X

Student's t test of dependent means for testing significant
difference. S-T segment lengths observed at the sixty percent
target heart rate intensity interval (0.05 level of significance
with 38 df = 1.69).

Cl C2 D1 Ll D2 L2

Control #1

Control #2

Deplete #1
(2 mg B-6)

Load #1
(2 mg B-6)

Deplete #2
(10 mg B-6)

Load #2
(10 mg B-6)

0.00

1.30

0.00

0.42

1.93

1.62

0.00

0.60

2.53

1.13

1.85

0.49

0.35

1.53 2.65
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TABLE XI

Student's t test of dependent means for testing significant
difference. S-T segment lengths observed at the eighty percent
target heart rate intensity interval (0.05 level of significance
with 38 df = 1.69).

Cl C2 D1 Ll D2 L2

Control #1

Control #2

Deplete #1
(2 mg B-6)

Load #1
(2 mg B-6)

Deplete #2
(10 mg B-6)

Load #2
(10 mg B-6)

0.00

0.23

0.75

2.70

0.11

0.32

0.95

3.61

0.15

0.63

3.58

0.14

3.77

0.74 3.34
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TABLE XII

Student's t test of dependent means for testing significant
difference. S-T segment lengths observed at the ninety percent
target heart rate intensity interval (0.05 level of significance
with 38 df = 1.69).

Cl C2 D1 Ll D2 L2

Control #1

Control #2

Deplete #1
(2 mg B-6)

Load #1

(2 mg B-6)

Deplete #2
(10 mg B-6)

Load #2

(10 mg B-6)

0.35

2.05

1.70

3.44

2.72

4.74

3.61

7.71

8.70

0.26

2.57

1.07

2.45

1.18 2.19
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Figure 14. Standardized 'Z' values for observed
S-T segment lengths during intervals of sixty
(-- --), eighty (--o--), and ninety (--*--) percent
target heart rate intensities.
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plotted for variation in standardized 'Z' values during each of the

target heart rate intensity intervals.

Interpretation

The null hypothesis stated that standardized 'Z' values for

observed S-T segment lengths obtained during each of the target heart

rate intensity intervals would be equal for each of the six exercise

sessions. Based on the values indicated in Tables X, XI, and XII,

the null hypothesis was rejected at all three target heart rate

intensity intervals.

Significant difference occurred during the sixty percent target

heart rate intensity interval between:

1. both control sessions and the varied vitamin B-6
carbohydrate-load session

2. the standard carbohydrate-deplete session and
the varied vitamin B-6 carbohydrate-deplete
session

3. the varied vitamin B-6 carbohydrate-deplete
session and the varied vitamin B-6 carbohydrate-
load session

There was no significant difference during the sixty percent

target heart rate intensity interval between:

1. the two control sessions

2. both control sessions and both carbohydrate-
depletion sessions

3. both control sessions and the standard
carbohydrate-load session

4. both carbohydrate-depletion sessions and

and the standard carbohydrate-load
session
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S. the standard carbohydrate-deplete session and
both carbohydrate-loading sessions

6. the standard carbohydrate-load session and the
varied vitamin B-6 carbohydrate-load session

Significant difference occurred during the eighty percent

target heart rate intensity interval between:

1. both control sessions and the varied vitamin
B-6 carbohydrate-deplete session

2. the standard carbohydrate-deplete session with
the varied vitamin B-6 carbohydrate-deplete
session

3. the varied vitamin B-6 carbohydrate-deplete
session with both carbohydrate-loading sessions

There was no significant difference during the eighty percent

target heart rate intensity interval between:

1. the two control sessions

2. both control sessions and the standard carbo-
hydrate-deplete sessions

3. both control sessions and both carbohydrate-
loading sessions

4. the standard carbohydrate-deplete session and
both carbohydrate-loading sessions

Significant difference occurred during the ninety percent

target heart rate intensity interval between:

1. both control sessions and both carbohydrate-
depletion sessions

2. both control sessions and both carbohydrate-
loading sessions

3. the standard carbohydrate-deplete session and
the varied vitamin B-6 carbohydrate-deplete

session
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4. both carbohydrate-loading sessions and the
varied vitamin B-6 carbohydrate-deplete
session

There was no significant difference during the ninety percent

target heart rate intensity interval between:

1. the two control sessions

2. the standard carbohydrate-deplete session
and both the carbohydrate-loading sessions

3. the standard carbohydrate-load session and
the varied vitamin B-6 carbohydrate-load
session

Results indicate the length of the S-T segment of an

electrocardiogram was significantly varied during specific target

heart rate intensity intervals through dietary manipulation.

At the sixty percent target heart rate intensity interval, S-T

segment lengths increased significantly from:

1. both control sessions to the varied vitamin
B-6 carbohydrate-load session

2. the varied vitamin B-6 carbohydrate-deplete
session to the varied vitamin B-6 carbohydrate-
load session

At the sixty percent target heart rate intensity interval, S-T

segment lengths decreased significantly from the standard carbohy-

drate deplete session to the varied vitamin B-6 carbohydrate-deplete

session.

At the eighty percent target heart rate intensity interval, S-T

segment lengths decreased significantly from the varied vitamin B-6

carbohydrate deplete session to both control session, both carbohy-

drate-loading sessions, and the standard carbohydrate-deplete session.



66

At the ninety percent target heart rate intensity interval, S-T

segment lengths decreased significantly from:

1. both control sessions to both carbohydrate-
depletion and carbohydrate-loading sessions

2. the standard carbohydrate-deplete session
to the varied vitamin B-6 carbohydrate-
deplete session

3. both the carbohydrate-loading sessions to
the varied vitamin B-6 carbohydrate-deplete
session

At all three target heart rate intensity intervals, the S-T

segment lengths decreased significantly during the session of

carbohydrate-depletion with the vitamin B-6 supplementation when

contrasted with the standard carbohydrate-depletion schedule. In

target heart rate intensity intervals of eighty and ninety percent,

significantly decreased S-T segment lengths were observed during the

varied vitamin B-6 supplementation and carbohydrate-depletion sessions

when contrasted with all of the other five testing sessions. When

the exercise intensity reached ninety percent target heart rate

levels, significantly decreased S-T segment lengths were observed in

all experimental treatment sessions when contrasted to the control

sessions.

Discussion

The purpose of this study was to monitor coronary responses

occurring in the S-T segment of an electrocardiogram obtained from

expert bicyclists before, during, and after exercise of sixty, eighty,

and ninety percent target heart rate intensity intervals following a



67

standard carbohydrate-loading schedule with varied vitamin B-6

supplementation. As stated previously, this investigation was unique

as no study of this nature has been published in the English Language

literature. The testing of the two hypotheses supported previously

published findings, provided some evidence for unpublished assumptions,

but also raised some very serious doubts concerning a practice that

is quite popular among athletic competitors.

First, the study established that the external work output of

the human body can be increased through dietary manipulation of the

energy sources available in the greatest concentration while the

internal work of the heart remains fairly constant. This finding was

evidenced at all three levels of target heart rate intensity during

the carbohydrate-loading sessions in which the actual heart rates

were all within one standard deviation. Thus the rationale behind

carbohydrate-loading to increase one's performance is substantiated.

Second, the investigation supported previous findings (2) that

the dietary phase consisting of low percentages of carbohydrates

(depletion) was unfavorable for exercise performance. This study

established the external work output of the human body was decreased

during depletion phases while the internal work, measured by heart

rate, remained constant at all three intervals of intensity. This

finding supported a study reported by Bergstrom et al. who analyzed

work done by skeletal muscle, following varying percentages of carbo-

hydrates in the diet, in which carbohydrate-depletion was found to be

undesirable for skeletal muscle performance (2).
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Third, the study established that vitamin B-6 did not

significantly alter the work loads achieved during the carbohydrate-

depletion phase or the carbohydrate-loading phase at any of the three

heart rate intensities tested. Vitamin B-6 and its relation to

strenuous exercise had been previously studied by Leklem and was

concluded that a redistribution of vitamin B-6 does occur with exer-

cise but its role in energy transformations was unclear (28).

Fourth, the investigation documented that cardiac function, as

assessed through the S-T segment, was affected quite markedly through

dietary manipulation of the percentages of carbohydrate ingestion.

Cardiac function, as assessed through the S-T segment, was affected

thusly:

1 At the sixty percent target heart rate intensity
interval, vitamin B-6 supplementation appeared to
assist cardiac function during the carbohydrate-
loading phase, which resulted in a lengthened S-T
segment when contrasted with the standard carbo-
hydrate-loading session versus the control session.
Vitamin B-6 supplementation, however, appeared to
deter cardiac function during the carbohydrate-
deplete phase, which resulted in a shortened S-T
segment.

2 At the eighty percent target heart rate intensity
interval, vitamin B-6 supplementation again
appeared to deter cardiac function during the
carbohydrate-depletion phase, which also resulted
in a shortened S-T segment.

3. At the ninety percent target heart rate intensity
interval, cardiac function appeared to be detered
during both phases of carbohydrate-depletion and
-loading during both the standard and the varied
vitamin B-6 supplementation as very significantly
shortened S-T segments were observed during all
four experimental sessions.
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The experimental design of this study followed an underlying

assumption that vitamin B-6 would assist in the metabolism of carbo-

hydrates. Since carbohydrates are the body's most readily available

energy source, it was assumed cardiac performance would also be

assisted with additional vitamin B-6 supplementation. The study

supported these assumptions so long as the intensity of the exercise

performed remained fairly close to the sixty percent target heart

rate intensity. Once the intensity of the exercise increased above

the sixty percent level and approached near maximal exertion, vitamin

B-6 supplementation assisted in the acknowledgement of a condition

never before addressed in the English Language literature. That

condition was whenever cardiac tissue metabolized carbohydrates, or

in its simpler form glucose, and then approached near maximal exer-

tion, the metabolism of the heart, as assessed through the S-T

segment length, was hindered. One of the aspects of cardiac function

the S-T segment indicates is the interval in which the heart is

profusing itself with blood. When the S-T segment becomes shortened

to a certain degree (several authors would not establish a numerical

value [9, 16, 19, 31, 32, 38, 50, 52, 58]) subjectively it becomes

labeled coronary insufficiency. As stated earlier, coronary insuf-

ficiency is the inability of the normal blood flow going to the heart

to maintain sufficient myocardial metabolism (19). If the end result

of myocardial metabolism of glucose during intervals of near maximal

exertion is coronary insufficiency, then indeed the merits of an

increased external work capacity must be weighed against the possible

consequences of coronary insufficiency. The acute situation of
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coronary insufficiency may precede myocardial infarction and actual

tissue destruction (8, 10, 19, 32, 38).

The physically trained, young, and apparently healthy male

subject population of this study demonstrated unfavorable coronary

responses during both the carbohydrate-depletion and carbohydrate-

loading phases during near maximal exertion. Unfavorable skeletal

muscle responses were also indicated at all three levels of intensity

when the external work performed was contrasted during periods of low

dietary percentages of carbohydrates with those of normal and high

percentages of carbohydrates. It was not the purpose of this study

to practice medicine and, based on the results of this investigation,

prescribe an optimal dietary percentage of carbohydrates for athletic

performance, but instead was to carefully monitor subjects' responses

to a commonly practiced diet during various intensities of exercise.

The observations did reveal situations in which cardiac abnormalities

occurred. The real merit to a study of this nature comes in the

extrapolation of these unfavorable effects on the heart into a pop-

ulation that may not be as durable as the population studied; one

that may have more coronary risk factors interplaying, such as age,

training state, and family history of coronary artery disease. Then

it becomes clear that the dietary manipulation that is associated

with a carbohydrate-depletion and -loading schedule would be contra-

indicative to the continued healthy performance of cardiac muscle

tissue.
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CHAPTER V

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

Summary

The relationship of the S-T segment of an electrocardiogram to

both diet and exercise has not appeared in the English Language

literature. The purpose of this study was to investigate this rela-

tionship. Specifically, the purpose was to investigate changes in

the work loads achieved and S-T segment changes that occur in exper-

ienced bicyclists following varied dietary percentages of carbohy-

drates and vitamin B-6 supplementation.

Procedures

Four experienced, college-age, male bicyclists comprised the

subject population. Heart rates, work loads, and S-T segments were

monitored at continuous intervals before, during, and after exercise

of sixty, eighty, and ninety percent target heart rate intensities

following a standard carbohydrate-loading schedule with varied vit-

amin B-6 supplementation. Each exercise testing session subjects

were assigned to the same electrocardiograph, Monark bicycle ergo-

meter, riding saddle height, testing location, monitoring technician,

and starting time. Food and drink intake was disallowed as it was

judged to be inappropriate for valid results.
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Data Analysis

Data were grouped according to the types of diets administered.

Exercise testing sessions were performed six times throughout the

study: once on Wednesday and once on Saturday for the control week

diet; once on Wednesday and once on Saturday for the standard carbo-

hydrate-depletion and -loading diets respectively; and once on

Wednesday for the varied vitamin B-6 carbohydrate-deplete and once on

Saturday for the varied vitamin B-6 carbohydrate-load phase of the

varied vitamin B-6 supplementation carbohydrate-loading dietary sched-

ule. Standardized 'Z' values were calculated for observations

monitored during the last five minute intervals for each of the three

target heart rate intensities. Student's t tests of dependent means

were performed to determine if significant difference existed between

dietary variables at each of the three target heart rate intensity

intervals. The 0.05 level of significance was chosen for rejection

of the null hypothesis in this study.

Conclusions

At all three target heart rate intensity intervals the achieved

work loads significantly increased during the carbohydrate-loading

phases when contrasted with the achieved work loads attained during

the carbohydrate-depletion phases. There was no significant difference

in work loads achieved when the varied vitamin B-6 supplementation was

contrasted to the standard carbohydrate-depletion-loading schedule.

Only at the eighty percent target heart rate intensity interval were
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both carbohydrate-loading sessions significantly increased from both

control diet sessions. Based on these findings, Hypothesis #1 was

rejected and it was concluded that various factors may influence the

amount of external work output for a given constant internal work, of

which the dietary percentage of carbohydrate intake is one.

At all three target heart rate intensity intervals, the S-T

segment lengths decreased significantly during the session of carbo-

hydrate-depletion and vitamin B-6 supplementation when contrasted

with the standard carbohydrate-depletion schedule. In target heart

rate intensity intervals of eighty and ninety percent, significantly

decreased S-T segment lengths were observed during the varied vitamin

B-6 supplementation and carbohydrate-depletion sessions when con-

trasted with all of the other five testing sessions. When the

exercise intensity reached ninety percent target heart rate levels,

significantly decreased S-T segment lengths were observed in all

testing sessions when contrasted to the control sessions. Based on

these findings, Hypothesis #2 was rejected and it was concluded that

many factors may affect myocardial metabolism, of which the dietary

percentage of carbohydrate intake is one and the intensity of physical

exercise is a second.

Recommendations

This investigation has raised several questions of how this topic

should be addressed for future consideration. Since the subject pop-

ulation was small and very homogeneous in nature, a casual suggestion

might be to increase the sample size and test subjects of various age
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groups, or perhaps, compare sprint-trained individuals versus

endurance-trained individuals. The major emphasis of this study was

that abnormalities in cardiac function were exhibited by a relatively

small sample population and appeared very frequently. Much like the

study performed by Gibbons et al. (22) in which cardiac abnormalities

were demonstrated by the country's best endurance trained individuals,

it is very difficult to design an experiment knowing that more than a

possibility exists for mishaps to occur. The gains that a colossal

experiment may hope to provide to science cannot take precedence

over the safety and well being of the human subjects. With these

considerations in mind, the following recommendations are made for

future study.

For Further Study

1. Include blood pressure readings and determine
rate-pressure-product changes that occur with
myocardial adaptation to mild exercise and
diet.

2. Begin longitudinal studies following athletes
who have practiced and/or continue to practice
carbohydrate-depletion-loading for athletic
competition.

3. Engineer an affordable device, much like a
wrist watch, that persons can program to mon-
itor various bodily functions such as a beep
alarm that is activated when a target heart
rate is reached or an S-T segment begins to
shorten.
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For Practice

1. The carbohydrate-depletion diet should be
considered inadvisable when combined with
exercise for purposes of weight control or
for athletic competition.

2. The long range detrimental effects of coronary
insufficiency must be weighed with caution
against the possible improved athletic per-
formance in long-slow distance events associ-
ated with carbohydrate-loading. Where the
intensity of the exercise nears maximal
exertion, genuine consideration must be made
to the age, physical training state, heredity,
and other coronary risk factors that the
individual may exhibit regardless of dietary
intake.

Research emphasis should be placed toward a more thorough

understanding of how myocardial tissue responds to various stimuli,

such as diet and exercise, instead of the current trend toward

improving the response of the skeletal muscle tissue.
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APPENDIX A

Informed Consent Form

, give my consent to participate in this

study. The study has been explained to me and all my questions have

been answered. I agreed to consume all food and vitamin supplements

provided and to provide a record of food consumed the week prior to

each experimental week. I agree to participate in the bicycle ergo-

meter test which will be conducted on Wednesday and Saturday of each

experimental week. I understand that there is a risk of heart attack

during a test such as this and that the type of exercise procedure to

be conducted has been explained and the equipment used in these pro-

cedures to monitor heart (cardiac) function has been demonstrated.

I further agree to participate only after clearance of a physician

is given. I agree to allow 20 ml blood samples to be collected at

five times during each exercise test and to collect 24 hour urine

samples through each of the three experimental periods.

I understand that I will be paid $50.00 upon completion of the

study. I understand that I am free to withdraw from the study at any

time and that I can terminate the exercise part of the study at any

time. I also understand that the investigators reserve the right to

withdraw me from this study at any time.

All information concerning me will be kept confidential.

Name

Witness

Date

Date

*The subject's name was deleted to protect his rights to anonymity.
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APPENDIX B

Observation

Standardized 'Z' values for heart rates observed for the
sixty percent target heart rate intensity interval.

Cl C2 D1 Ll D2 L2

1 .06 1.20 1.77 .92 1.20 -.51
2 .06 -.51 1.20 -.51 -1.08 .06
3 -.51 -.51 .06 -.51 -.51 -1.93
4 .92 2.34 -.51 -.51 -1.08 .92
5 1.77 -1.08 -.51 -.51 -1.08 .92
6 1.20 .63 .06 -.51 -.51 -.51
7 .92 2.34 -.22 -.51 .06 -.51
8 -.51 2.34 .92 1.49 .06 -.51
9 -1.08 -1.08 -1.65 -.51 .63 -.51

10 -.51 -1.08 .92 -.51 -1.08 -.51
11 .06 .06 .92 1.77 .35 2.34
12 .06 1.20 -.51 -.51 -.51 -.51
13 2.34 .63 -.51 -.51 -.51 -.51
14 1.77 .63 -.51 .06 -.22 .63
15 .35 .63 -.51 1.49 -1.08 .63
16 -2.77 -.79 -.51 -.51 -1.93 .63
17 -.51 -.51 -.51 -.51 -.22 -1.08
18 -1.65 -.51 -.51 -.51 -.51 .63
19 2.34 -.51 -.51 -.51 .92 .63
20 1.77 -.51 .35 -1.08 -.51 -.51

Mean 0.31 0.25 -0.04 -0.12 -0.38 -0.01

Std. Dev. 1.34 1.16 0.81 0.82 0.77 0.93
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APPENDIX C Standardized 'Z' values for heart rates observed for
the eighty percent target heart rate intensity interval.

Observation Cl C2 D1 LI D2 L2

1 -.37 -.90 -.37 -.90 -.90 -.90
2 .16 .16 .68 -.37 -.37 -.37
3 -.11 .16 1.21 .68 .42 .42

4 1.21 -.90 .42 .68 1.21 -.90
5 1.21 -1.43 -.11 .68 1.21 -.90
6 -.37 -.90 .16 -.90 .16 -.90
7 -.11 1.74 -.90 -.90 1.74 -.90
8 1.74 -.90 -.90 -.90 1.74 .16

9 -.90 -.37 -.90 -.90 1.21 1.74
10 -.37 .42 .42 .42 1.74 -.90
11 1.74 .42 .16 -.90 -1.96 1.21
12 1.74 1.74 .16 -2.22 -.90 .16

13 1.74 1.21 .68 -1.69 -.37 .16

14 -.11 1.21 .68 -1.16 3.06 .16
15 -.90 1.21 .68 -.90 -.11 .16

16 .42 .42 -2.22 -.90 -.90 .42

17 .42 -.90 -.90 -.90 -.90 -.37
18 -.90 1.21 -.90 -.37 -.90 -.37
19 -.90 -.90 .42 -.37 -.37 -.37
20 1.74 -.37 -.37 .16 1.74

Mean 0.35 0.12 -0.10 -0.62 0.25 -0.03

Std. Dev. 1.02 1.01 0.83 0.78 1.26 0.84
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APPENDIX D Standardized 'Z' values for heart rates observed for
the ninety percent target heart rate intensity interval.

Observation Cl C2 D1 Ll D2 L2

1 -.51 -2.51 -1.51 -.51 -.25 -.51
2 -.51 -.71 .49 .49 -1.11 .89
3 .49 .49 .49 .49 .49 1.29
4 .49 .89 .49 .49 .49 .89
5 -.51 2.09 1.49 2.09 .49 1.09
6 -.51 -2.31 -.51 -.51 -.51 -2.51
7 .49 -.51 -.51 -.51 .49 -.51
8 1.49 -.51 .09 -.11 .49 .49
9 -2.51 -.51 .89 .49 .49 .49
10 -1.51 -.51 -1.51 .49 1.29 .89
11 -.71 -.51 -.51 -.51 -.11 -1.51
12 .49 -.51 -.51 -.51 1.09 -.51
13 .49 .49 .49 -.51 1.49 .49
14 -1.51 1.49 -.51 -.11 1.49 .49
15 -.51 1.29 .09 .09 2.09 .49
16 .49 -.51 .49 -1.51 -1.51 -1.51
17 1.49 -.11 .49 -1.11 -.51 -1.11
18 1.49 -.51 .49 .49 -.51
19 -.31 .49 .49
20 .09 1.29

Mean -0.08 -0.18 0.02 -0.01 0.37 0.03

Std. Dev. 1.10 1.14 0.79 0.77 0.96 1.06
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Observation

Standardized 'Z' values for the work loads achieved for
the sixty percent target heart rate intensity interval.

Cl C2 D1 LI D2 L2

85

1 -.73 -.45 -1.10 .02 -.36 -.45
2 -.73 -.54 -1.29 .02 -.73 -.45
3 -.73 -.54 -1.47 .02 -.73 -.91
4 -.36 -.54 -1.47 .02 -.73 -.45
5 -.17 -.91 -1.47 .02 -.73 .02
6 -.91 .95 -.73 .95 .57 .02
7 -.91 .95 -.91 .95 .57 .02
8 -.91 .95 -.91 .95 .57 .02
9 -.91 .95 -.91 .57 .57 .02
10 -.91 .48 -.45 .57 .57 .02
11 1.32 1.50 1.13 1.88 -1.84 1.88
12 1.32 1.50 .95 1.88 -1.84 1.50
13 1.50 1.50 .95 1.69 -1.84 1.50
14 1.50 1.50 .95 1.69 -1.84 1.50
15 1.50 1.13 .95 1.69 -1.84 1.50
16 -1.84 -.17 -.64 -.45 -.45 .76
17 -1.38 -.17 -.64 -.45 -.45 .76
18 -1.38 -.17 -.64 -.45 -.45 .76
19 -.91 -.17 -.64 -.45 -.45 .57
20 -.91 -.17 -.64 -.45 -.45 .57

Mean -0.33 0.38 -0.45 0.53 -0.59 0.46

Std. Dev. 1.10 0.84 0.90 0.87 0.89 0.80
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APPENDIX F Standardized 'Z' values for the work loads achieved for
the eighty percent target heart rate intensity interval.

Observation Cl C2 D1 Ll D2 L2

1 .13 -.97 -1.41 .13 .35 .13

2 .13 -.97 -1.41 .13 .35 .13

3 .57 -.97 -1.63 .13 .35 -.42
4 1.23 -.97 -1.85 -.42 .35 -.97
5 1.90 -.97 -1.85 -.42 -.09 -.97
6 -1.41 .13 -.97 1.01 1.68 1.23

7 -1.41 .13 -1.52 1.01 1.23 1.23

8 -1.19 .13 -1.52 1.01 .57 1.23

9 -1.19 -.09 -1.52 1.01 .13 .68

10 -1.19 -.09 -1.52 1.01 .13 .13

11 -.53 1.23 1.68 1.68 -.97 1.68

12 -.31 .79 1.45 1.68 -.97 1.23

13 .13 .79 1.01 1.90 -.97 1.01

14 .13 .79 .57 1.90 -.97 .79

15 .13 -.75 .57 .68 -1.52 .79

16 -.97 -.53 -.97 .68 -.42 .79

17 -1.52 -.53 -.42 .68 -.42 .35

18 -1.52 .79 -.42 .68 -.42 .57

19. -1.52 -.09 -.42 .68 -.42 .57

20 -1.52 -.09 -.75 .68 -.75 .57

Mean -0.50 -0.11 -0.65 0.79 -0.14 0.54

Std. Dev. 1.01 0.72 1.12 0.67 0.80 0.71
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Observation

Standardized 'Z' values for the work loads achieved for
the ninety percent target heart rate intensity interval.

Cl C2 D1 LI D2 L2
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1 -1.82 -1.41 -1.74 -.58 -1.57 -1.00
2 -1.41 -.58 -1.08 -.17 -.09 -.58
3 -1.00 -.42 -1.08 -.17 1.15 -.58
4 -1.00 -.42 -1.08 -.17 1.15 -1.00
5 -.91 -.58 -1.08 -.17 1.15 -1.41
6 -1.08 -.58 -1.41 -.09 -.42 -.58
7 -.58 .24 -1.00 .08 .08 .24

8 .24 .57 -.58 .24 .08 .65

9 -1.41 .77 -.58 .41 .08 .65
10 -.58 1.07 -.25 .41 .08 .65

11 -.09 .24 .08 .57 -.42 1.40
12 .24 .77 .57 .57 -1.00 2.10
13 1.15 1.23 1.15 .77 -1.24 2.22

14 .57 1.23 1.15 .77 -1.41 2.22
15 1.15 1.23 -1.00 .77 -1.41 2.22
16 1.56 -1.41 -.17 -.17 -1.41 .08

17 2.06 -1.24 -.17 .24 -.58 .57

18 2.06 -1.08 -.17 .65 -.17 1.23
19 1.89 -.91 -.17 .65 -.17 1.89
20 .65 -.17 1.89

Mean 0.06 -0.07 -0.45 0.26 -0.32 0.64

Std. Dev. 1.28 0.95 0.80 0.42 0.85 1.22
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Observation
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Standardized 'Z' values for the length of the S-T segment
for the sixty percent target heart rate intensity interval.

Cl C2 D1 Ll D2 L2

1 .13 .13 -1.48 -1.48 -.68 .13

2 .13 .13 .13 -1.48 .13 -.68
3 .13 .13 .13 -.68 .13 .13
4 -.68 -.68 .13 -.68 .13 .13

5 .13 .13 .13 -1.48 .13 .13

6 .13 -.68 -.68 -1.48 -.68 .13

7 -1.48 -.68 -.68 -1.48 -1.48 -.68
8 -1.48 .13 -.68 -1.48 -.68 .13

9 -.68 .13 -1.48 -1.48 -1.48 -.68
10 -1.48 .13 -1.48 -1.48 -1.48 -1.48
11 -1.48 -.68 1.74 .13 .13 .13

12 .13 .13 1.74 .94 -.68 .94

13 -.68 .13 1.74 .13 -.68 1.74
14 -1.48 .13 1.74 .13 -.68 .94

15 .13 .94 1.74 .94 -.68 .94

16 .13 .13 .13 .94 .13 .94

17 1.74 -.68 .94 2.55 .13 .94

18 1.74 -.68 .94 .94 .94 1.74
19 .94 -.68 .94 1.74 .94 .94

20 .94 -.68 .13 1.74 .94 2.55

Mean -0.15 -0.15 0.29 -0.15 -0.27 0.45

Std. Dev. 1.02 0.47 1.13 1.02 0.76 0.96



89

APPENDIX I Standardized 'Z' values for the length of the S-T segment
for the eighty percent target heart rate intensity interval.

Observation Cl C2 D1 Ll D2 L2

1 .89 -.64 -.64 -1.41 -2.17 -1.41
2 .12 .12 .12 -1.41 -2.17 -1.41
3 .12 -.64 -.64 -.64 -.64 -1.41
4 -.64 -.64 1.65 .12 -1.41 -.64
5 -.64 .12 .89 .89 -1.41 -.64
6 -.64 .12 -.64 .12 -2.17 .89
7 -.64 1.65 -.64 -.64 -1.41 .12
8 -1.41 .89 -.64 -.64 -2.17 .89
9 -1.41 .89 -.64 .12 -1.41 .12

10 -.64 .89 -.64 .12 -.64 .12
11 -1.41 .12 1.65 .89 .12 .89
12 -.64 .12 .89 .89 .12 .89
13 .12 .12 .89 1.65 -.64 1.65
14 .12 .89 .89 2.41 .12 .12
15 -.64 -.64 .89 2.41 .12 1.65
16 2.41 -.64 .12 .12 .12 .12
17 .89 -.64 -.64 .12 -.64 .12
18 2.41 -.64 -.64 .89 .12 .12
19 1.65 .12 .12 .12 .12 .12
20 1.65 .12 .89 .89 .12

Mean 0.08 0.08 0.16 0.35 -0.84 0.12

Std. Dev. 1.20 0.68 0.84 1.05 0.91 0.89
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APPENDIX J Standardized 'Z' values for the length of the S-T segment
for the ninety percent target heart rate intensity interval.

Observation Cl C2 D1 Ll D2 L2

1 1.18 1.18 -1.15 -.37 -1.15 -1.15

2 -.37 1.18 .40 -1.15 -1.15 -1.15

3 .40 1.18 1.18 -.37 -.37 -.37

4 1.95 .40 .40 -1.15 -1.92 -.37

5 .40 1.18 1.18 -1.15 -1.92 -.37

6 -.37 .40 -1.15 -1.15 -1.92 -.37

7 -1.15 1.18 -1.15 -1.15 -1.15 -.37

8 -.37 .40 -1.15 .40 -1.15 -.37

9 -.37 1.18 -.37 1.18 -.37 .40

10 -1.15 .40 -.37 -.37 -1.15 -.37

11 -1.15 .40 .40 .40 .40 -.37

12 -.37 .40 .40 .40 -.37 .40

13 -.37 1.18 .40 1.18 -.37 -.37

14 3.50 1.18 -.37 -.37 -.37 -.37

15 2.73 .40 -.37 -.37 -.37 -.37

16 1.95 .40 -.37 1.18 .40 -.37

17 2.73 .40 -.37 1.18 -.37

18 1.95 .40 -.37 -.37

19 -.37

Mean 0.62 0.75 -0.17 -0.10 -0.81 -0.37

Std. Dev. 1.50 0.40 0.72 0.91 0.75 0.38
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APPENDIX K Variations in standardized 'Z' values for heart rate, work
load, and S-T segment lengths.

Standardized
'Z' Scores Cl C2 DI Ll D2 L2

. = heart rate; * = work load; o = S-T segment )

Sixty percent target heart rate intensity responses
of Heart Rate, Work Load, and the S-T Segment.



APPENDIX L Variations in standardized 'Z' values for heart rate,
work load, and S-T segment lengths.

Standardized
'Z' Scores CI C2 D1 LI D2
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L2

. = heart rate; * = work load; o = S-T segment )

Eighty percent target heart rate intensity interval
responses of Heart Rate, Work Load, and the S-T

Segment.



APPENDIX M Variations in standardized 'Z' values for heart rate,
work load, and S-T segment lengths.

Standardized
'Z' Scores Cl C2 Ll
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D2 L2

. = heart rate; * = work load; o = S-T segment )

Ninety percent target heart rate intensity responses of
Heart Rate, Work Load, and the S-T Segment.


