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The purpose of this study was: 1) to compare the
change in QT interval values before, during, and after
exercise following carbohydrate depletion and loading, and
2) to assess the change following vitamin B-6 supplementa-
tion. ECG monitoring devices and bicycle ergometers were
used to collect ECG tracings and control the workload of
four male bicyclists.

A two-way analysis of variance indicated that a
QT value difference from a resting to an exercise state was
smaller (p < .05) than the control at the three work inten-
sities which followed depletion diets. The analysis of
variance further indicated that a QT value difference from
a resting to an exercise state was smaller (p < .05) than
the control at the final work intensity level, 90% of max-
imal heart rate (MHR), which followed loading diets. Pair-
wise contrasts of QT value increases between resting and
exercise states when comparing two levels of vitamin B-6

intake (2 mg, 10 mg) showed that QT value increases were



greater (p < .05) with the higher level of vitamin B-6
at the beginning work intensity level, 60% of MHR,
following both the depletion and léading diets.

Results of the study established that a low
percentage of dietary carbohydrates was unfavorable for
the cardiac and QT interval demands of exercise stress at
all three of the work intensities. A high percentage of
dietary carbohydrates was unfavorable only at an anaerobic
work intensity of 90% of MHR. In addition, the study
showed that the QT interval fesponse to exercise at an
aerobic work intensity of 60% of MHR was more favorable

with a higher vitamin B-6 intake.
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QT INTERVAL CHANGES DURING MONITORED EXERTION
FOLLOWING VARIED CARBOHYDRATE FEEDINGS
AND VITAMIN B-6 SUPPLEMENTATION IN HUMANS

CHAPTER I
INTRODUCTION

Changes from normality of the QT interval in an
electrocardiograph (ECG) tracing is regarded as an early
indication of possible metabolic and myocardial disturbance.
The QT interval represents the time for depolarization and
repolarization of the ventricular chambers of the heart to
take place. This portion of the cardiac cycle is also
referred to as ventricular systole or contraction time.
Figure 1 illustrates the position of the QT interval in a

sample electrocardiogranm.

Purpose of the Study

The purpose of the study was to investigate
changes in the QT interval in experienced bicyclists be-
fore, during, and after exercise following varied dietary
percentages of carbohydrate feedings and vitamin B-6

supplementation.

Significance of the Study

The possibility of a direct relationship between
diet and exercise with regard to the QT interval has

always existed. Measurement of the QT interval, mathemat-
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Position of the QT interval in a sample ECG

tracing.

Figure 1.



ically corrected for heart rate, has made clinical
analysis of the QT interval possible. This correction
for heart rate of the QT interval is referred to as K,
or QT corrected.

When the K value constantly appears beyond
normal limits in a resting state, this points to a host
of cardiac abnormalities (15,33). These include hypo-
calcemia, myocardial infarction, and ventricular
arrhythmia (15,25,33). A non-significant increase in K
during a change from a resting to an exercise state may
also indicate such abnormalities in cardiac function (38).
The presence of this non-significant increase in K con-
stitutes an abnormal or inadequate response of the heart

to meet the increased demand of exercise stress.

Methodology and Delimitations

A comparison of K values were based on six
administrations of a 50 minute exercise condition. For
control purposes, two exercise conditions were conducted
following a normal dietary percentage of carbohydrates
during the first week. Two exercise conditions followed
periods of low dietary percentages of carbohydrates and
high dietary percentages of carbohydrates during the third
week. Two exercise conditions were conducted during the

sixth week in the same manner as the third week with the
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exception of the supplementation of the diets with 8 mg
of vitamin B-6.

Data measured reflected heart rate ‘and QT
interval responses. The criterion measure was the change
in the QT corrected (XK) value from a resting to an exer-

cise state at the three work intensities and was represen-

ted by D.
Hypotheses
The following three null hypotheses were
tested.
1. Hjy: No significant difference would

exist in D values between exercise
sessions following a control diet
and two depletion diets at 60%,

80%, and 90% MHR work intensities.

2. H. : No significant difference would
exist in D values between exercise
sessions following a control diet
and two loading diets at 60%, 80%,
and 90% MHR work intensities.

3. H_.: No significant difference would
exist in D values between exercise
sessions following diets containing
2 mg of vitamin B-6 and diets
supplemented with 8 mg of vitamin
B-6 at 60%, 80%, and 90% MHR work
intensities.

First, the null hypothesis that D values
following the depletion diet regimens were equal to the
control at the three work intensity levels was tested.

Mean values for D at each of the three work intensities
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were set equal to: Dgg_(p» Dgp_cy» and Dgg..y1 following the
control diet, D60-d1’ D80-d1’ and D90-d1 following the
first depletion diet, and Deo-az2» Dgp-qz» and Dgg-42
following the second depletion diet which was supplemented
with 8 mg of vitamin B-6. The sub-hypotheses to be

tested for each work intensity were:

Hy Deo-c1 = Dgo-d1 = Deo-4a2

Hy: Dgo-c1 = Dgp-a1 = Dgo-4a2

Ho: Dgg-c1 = Dgp-a1 = Dgo-4a2

Second, the null hypothesis that D values
following the loading diet regimens were equal to the
control at the three work intensity levels was also
tested. Mean values for D at each of the three work
intensities were set equal to: D60-c2’ D80-c2’ and
Dgg..p following the control diet, Dgq_ 79, Dgy.q7, and
D90-11 following the first loading diet, and D60-12’
Dgg.q12» and Dgg-12 following the second loading diet which
was supplemented with 8 mg of vitamin B-6. The sub-hypo-
theses to be tested for each work intensity were:

Hyt Dgo-c2 = Deo-11 = Deo-12
Hy: Dgg-c2 = Dgp-11 = Dgo-12

Hot Dgg-c2 ® Dgp-11 = Pgo-12



Third, the null hypothesis that D values
following diets containing 2 mg of vitamin B-6 were equal
to D values following diets supplemented with 8 mg of
vitamin B-6 at each of the three work intensity levels

was tested. The sub-hypotheses to be tested were:

Hy' Dgo-da1 = Deo-az
Hy: Dgo-q1 = Dgo-a2
Hy: Dgg-q1 = Dgo-dz
Hy: Dgo-11 = Deo-12
Hy: Dgo-11 = Dgo-12
Hy: Dgg-11 = Dgo-12

A two-Qay analysis of variance was used to

determine rejection of the first two null hypotheses (26).
Rejection of a sub-hypothesis would indicate that the

diet being tested produced unfavorable responses in the

QT interval at the exercise work intensity. Not rejecting
a sub-hypothesis would indicate that the diet did not
produce changes in the QT interval. Pairwise contrasts
were used to determine rejection of the third null hypo-
thesis (26). Rejection of a sub-hypothesis would indicate
that a vitamin B-6 supplementation of 8 mg produced a

more favorable response in the QT interval at the exercise

work intensity.



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 population to be tested. The findings
of this study were based from a tested population of four
subjects that were very homogeneous in nature with respect
to age and experience. Therefore, caution was and must be
exercised when interpreting and applying the results of

this study to other populations.

Summary

The availability of ECG equipment, personnel,
and a rigidly controlled dietary intake made possible a
precise determination of QT interval lengths under the
varied conditions of dietary percentages of carbohydrates
and vitamin B-6 supplementation. These QT interval meas-
urements gave some indications about possible effects
that different types of diet and vitamin B-6 supplemen-
tation had on ECG levels, specifically the QT interval,

before, during, and after exercise.

Definition of Terms

Aerobic--"Aerobic" referred to work performed

at a heart rate less than or equal to 75% of MHR.
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Anaerobic--As used in this study '"anaerobic"
referred to work performed at heart rates exceeding 753%
of MHR.

Arrhythmia--"Arrhythmia" described a condition

in which an irregularity in the rhythm of the heart beat
resulted from an impulse or conduction disturbance.

Bicycle ergometer--"Bicycle ergometer" referred

to a stationary bicycle apparatus used for determining
the amount of work performed by the rider.

Blood sample #1-3, day #1-6, week #1-6--The

preceding terms were used in this study to chronological-
ly list each blood sample, day, and week.

D--"D" as used in this study referred to the
numerical difference in seconds between the K value under
observation and the K value at rest.

D D

Dgo--”Déo, D80’ Dgo” were used to

60 “80°
describe the numerical differences in seconds between the

K values at varying work intensities (60%, 80%, and 90%
of MHR respectively) and the K value at rest.

Depletion--As used in this study '"depletion"
referred to a diet consisting of a low percentage of car-
bohydrate foods.

Electrocardiogram--"Electrocardiogram' described

the curve produced by an ECG. This was also referred to

as an ECG tracing.
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Electrocardiograph--Also referred to as ECG,

"electrocardiograph'" referred to an instrument used to
record electric potentials associated with the electric
currents that traverse the heart.

Hypocalcemia--"Hypocalcemia" referred to a

condition in the human body in which a low serum calcium
level existed.

Loading--"Loading" as used in the present study
referred to a diet consisting of a high percentage of car-
bohydrate foods.

MHR--Also referred to as maximal heart rate,
"MHR" described the maximum heart rate an individual was
predicted to achieve for his age according to maximum age-
specific rate formulas. For this subject population, MHR
was equal to 200 beats per minute.

Mixed--Also referred to as normal or control in
this study, "mixed" described a diet consisting of a mod-
erate percentage of each of carbohydrate, fat, and protein
foods which was typical of the daily intake of an average
American adult.

Myocardial infarction--'""Myocardial infarction"

referred to the death of muscle tissue of the heart

resulting from failure of local blood supply to the area.
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QT corrected--Also referred to as K, "QT

corrected'" represented the numerical value derived by
dividing the observed QT interval length, measured in
seconds, by the square root of the cardiac cycle length,
also measured in seconds.

R-R--"R-R" as used in this study referred to
the time lapse for the heart to beat once. This was also
referred to as a cardiac cycle length.

THR--Also referred to as target heart rate, "THR"
described the heart rate which the subjects maintained
during a work intensity level. A "THR" in this study was

either 60%, 80%, or 90% of MHR.
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CHAPTER 11

REVIEW OF LITERATURE

The purpose of this study was to investigate
changes in the QT interval in experienced bicyclists
before, during, and after exercise following varied
dietary percentages of carbohydrate feedings and vitamin
B-6 supplementation. The significance of such a study
seemed to be of major value since no study involving QT
interval measurements before, during, and after exercise
in combination with dietary intake has been reported in
the English Language literature.

The review of literature began with a review
of the clinical importance of the QT interval measure as
well as the development of its standards, formulas, and
range of values. Next, an analysis of the electrocardio-
graphic effects of diet alone was presented. Electrocard-
iographic effects based on exercise alone was described
next. Then, the electrocardiographic effects of diet and
exercise in combination with each other was reported.

The review concluded with a discussion of the significance

of this study based on previous studies reported in the

literature in this field.
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Clinical Importance of the QT Interval

Electrocardiograms measure electrical potentials
associated with waves of excitation which spread through
the heart. The science of electrocardiography presents
useful information about electrical events of the heart,
obtained by recording the voltage produced by the beating
heart at the surface of the body (22). The QT interval is
an important diagnostic criterion in clinical electrocard-
iographic analysis (10,15,32,33,35,36). A prolongation
of the QT interval beyond normal limits increases the
likelihood that a premature beat can occur, thus initiating
ventricular fibrillation (32). The significance of a con-
stantly prolonged or shortened QT interval is an early
indication of a metabolic disturbance of the muscle tissue
of the heart, the myocardium (30). Such departures from
normality in the QT interval occur in many conditions
including hypocalcemia, myocardial infarction, and ventric-
ular arrhythmia (4,9,10,12,15,25,33,36). The ECG and
exercise stress test are crucial tools in the population

studies which examine coronary heart disease (7).

History of the Evolution of QT Values

The development of a range of normal values for
the QT interval was pioneered by Bazett (5) in 1920. He

measured QT interval changes after exercise in a small
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number of subjects. His formula produced a constant, K,
also termed QT corrected. K was equal to the observed QT
interval length measured in seconds, divided by the square
root of the cardiac cycle length (R-R), also measured in
seconds. Bazett's average values were K=.368 for men,
and K=.399 for women. From 1920 to 1962, other studies
generally supported Bazett's findings with a range of
average K values from .373 to .415 (1-3,17,23,34). These
numerous QT measurements of normal, healthy individuals
contributed to the formation of a table from which a
normal range of limits for specific heart rates was
established (1). This table was then the basis for com-
paring an individual's K value with a normal or average
K value. Some values have been suggested that beyond
which would indicate an abnormal response. Friedman (15)
suggested K=.425 while Isner (18) and Schwartz (33) con-
sidered a K greater than .44 to be abnormal.

In 1962, Simonson et al (35) reviewed published
formulas and developed a linear equation to predict the
QT interval length based on a normal population, given

heart rate and age. This formula was expressed as:
QT normal =.2423+.140 (R-R) + .0003 (age in years)

Another criterion for QT interval prolongation
was developed by Master and Rosénfeld (23) in 1961. Two

values were discussed: the QX/QT fraction and the QT
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ratio. The former term, the QX/QT fraction, compared the
duration of the entire depolarization and repolarization
ventricular contraction (QT) in a given heart beat to the
duration of ventricular depolarization (QX) in the same
beat. The value of using the QX/QT fraction was in assess-
ing S-T segment depression during the heart's contraction.
An S-T segment depression of unusually long duration was
considered abnormal. The QT ratio on the other hand
described the ratio of the QT interval, as measured from
an ECG tracing, to a normal QT interval value for the
observed heart rate. This normal, or average, QT interval
was based on Bazett's K value of .40. Master considered
a QX/QT fraction greater than .50 or a QT ratio greater
than or equal to 1.08 an abnormal response. A comparison
of Bazett's and Master's measurement techniques through
mathematical computation showed that a QT ratio equal to
1.08 was equivalent to a K value of .432.

0f the formulas presented, Bazett's formula has
been commonly used, particularly in North America. For
the purposes of this study, the difference from a resting
to an exercise state in the K value produced by Bazett's

formula

_ QT interval length (seconds)
(R-R)? (seconds)

K

was the criterion measure to be examined and tested for

significance.
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QT interval prolongation as a predictor of
sudden death in patients with myocardial infarction was
reported by Schwartz and Wolf (33) in 1978. Over a
seven year period, 55 patients and 55 controls were ECG
monitored in a resting state every two months. The mean
K value between patients and controls was significantly
different as was the QT variability over several measure-
ments in time. Of the 55 patients who started the study,
27 were still alive at the completion of the seven year
study period. A significant difference was found between
surviving and deceased patients with respect to the mean
K value and its variability. Schwartz and Wolf concluded
that a constant prolongation of the QT interval (K > .44)
would be of help in defining a subgroup of myocardial
infarct patients to be at a higher risk for sudden death.
The value of such a definition might lead to effective
preventive measures for those at a higher risk. The in-
vestigators cautioned however, that a prognostic judgement
of such an increased risk should be made only on the basis

of measurements taken from several ECGs of an individual.

Dietary Influence on the QT Interval

Studies on the effects of diet alone on the QT
interval are extremely limited. Isner et al (18) per-

formed a thorough investigation into the effects of the
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liquid-protein-modified fast (LPMF) diet on the QT interval
in 1979. Prolongation of the QT interval occurred in nine
of the ten patients who were dieting and subsequently died.
The observed resting QT interval values ranged from .37 to
.60 seconds. The corresponding K values ranged from .45
to .65 seconds. The QT intervals were judged to be sig-
nificantly prolonged both by comparison of K to the arbi-
trary upper limit of normal of .44 seconds set by Isner
(18) and Schwartz (33), and by comparison of the observed
QT interval values to the age/rate adjusted normal values
presented by Simonson et al (35). In four of the nine
patients who had prolonged QT intervals while dieting,
pre-dieting ECGs were also available. Of these four ECGs,
only one was considered to have an abnormally prolonged
QT interval. Hence, the direct effects of the LPMF diet
on the prolongation of the QT interval were supported.

The unique feature about these nine patients was that most
died from ventricular arrhythmias associated with QT inter-
val prolongation after massive, rapid weight loss while on
the LPMF diet. 1Isner felt it was reasonable to believe
that QT interval prolongation was the underlying cause of
the fatal ventricular arrhythmias in these patients.
Evidence presented by Cahill (11) showed
starvation induced certain pathologic alterations of the

central nervous system (CNS). This supported Isner's (18)
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conclusion that the rapid and extensive weight loss
experienced by LPMF dieters induced metabolic alterations
affecting the CNS as well as the electrical system of the
heart. Further support to this conclusion was lent by
Schwartz (32,33) who found that an imbalance in cardiac
sympathetic innervation, which prolonged the QT interval,
was shown to increase the incidence of arrhythmias assoc-
iated with coronoary artery occlusion and to lower the
ventricular fibrillation threshold.

Studies such as those reported by Isner (18)
have raised implications for persons restricting their
dietary or carbohydrate intake. The question, "Is a
carbohydrate depletion diet possibly harmful to a person's
health?", has been seriously addressed in the light of

such findings in the literature.

Exercise and the QT Interval

Studies regarding the effects of exercise alone
on the QT interval have been more commonly reported than
those dealing with diet alone. Exercise testing with ECG
monitoring was first proposed by Goldhammer and Scherf
(14) in 1932 as an aid in the diagnosis of ischemic heart
disease.

The first comprehensive study on the effects of

exercise on QT interval lengths before, during, and after
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exercise was reported by Yu et al (38) in 1950. Four
groups comprised the subject population. These groups
were described as normal, hypertensive and arterioscler-
otic heart disease, congenital heart disease, and pulmon-
ary heart disease groups. Resting K values were measured
from a sitting position rather than the common backlying
position. The exercise consisted of a walk on a tread-
mill for a duration of ten minutes or less, depending on
the individual's work tolerance. Only the normal group
experienced a significant increase in K during the exer-
cise session compared to their own resting K values.
Figure 2a shows the observed pattern of change in the QT
interval in this normal group as one of a prolongation of
K during exercise, a reduction of K during the first three
minutes of recovery, and a return to the resting K value
during late recovery. In Contrast, Figure 2b shows that
none of the three abnormal groups experienced either a
significant increase in K values from a resting to an
exercise state, or a significant reduction of their aver-
age K value during early recovery in comparison with that
during resting or exercise states. Failure to meet either
of these two criteria constituted an abnormal response of
the heart to meet the increased demands of exercise stress.
This was an important study in attempting to ascertain pat-

terns contributing to abnormal responses of the heart to

exercise stress.
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Figure 2a. Normal pattern of change in the QT interval
before, during, and after exercise (38).
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Figure 2b. Abnormal pattern of change in the QT interval
before, during, and after exercise (38).
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Studies designed to demonstrate what ECG changes
would occur in a normal population given a training
regime have also been reported. One such study, by
LaForge, Wilson, and Obma (19), measured many ECG responses,
including the QT interval length, on 36 healthy untrained
college males. Responses were measured before and after
an eight week training program, but not during the actual
exercise activity. These measurements were collected
while the subjects were in a resting, supine state. The
authors concluded that such a training regime could induce
a significant, and therefore favorable, increase in the QT
interval due to ventricular volume changes of the heart.

The importance for physicians to recognize ECG
changes as normal variants when seen in well-trained
. athletes also has been emphasized by Lichtman et al (21).
The investigators reported that three studies found no
significant difference in the QT interval between controls
and athletes during exercise. However, in two other
studies, the opposite finding was the case. The QT inter-
val was significantly longer in athletes than in the con-
trols during exercise.

Blackburn et al (7) further cautioned that most
variations from the normal were nonspecific and there was
no agreement among experts about the diagnostic interpre-

tation, cardiac status, or prognosis of these ECG variations.
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For this reason, it has been important for the researcher
to be very cautious when interpreting ECG responses in
light of conflicting findings stated in the literature.
A committee of the International Society of Cardiology

reported:

emphasis should be placed on
reporting the actual findings
without recourse to interpre-
tation which would follow
later (29, p. 315).

ECG responses measured both during and after
maximal exercise were taken from 20 elite marathon runners
as reported by Gibbons et al (16). Although the QT inter-
val was not included in the ECG measurement set, this
study was unique in the following regards: 1) the 20 indi-
viduals represented one of the most well-trained and
highly-conditioned group of athletes ever studied at one
time and 2) ECG monitoring was conducted both during and
immediately following maximal exercise in contrast to
most previous studies' efforts of monitoring only resting
(before exercise) ECGs or recovery (after exercise) ECGs.
As reported by Blackburn (7) and Lichtman (21), some ECG
abnormalities in apparently healthy, young, and well-
trained individuals were reasonable due to the training
process involved. This training process induced brady-

cardia (a heart rate of less than 60 beats per minute),

an increased R wave voltage, and an increased PR interval.
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Gibbons et al (16) found that five of the 20 marathoners
showed significant S-T segment depressions after maximal
exercise. The fact that these ECG abnormalities found in
elite marathoners were the same found in the general pop-
ulation was important. Gibbons cautioned to:

look beneath apparent ECG abnormal-

ities in otherwise normal, healthy

individuals before becoming overly

concerned with ECG changes or overly

cautions in allowing strenuous

activity. The ECG cannot be inter-
preted in a vacuum (16, p. 283).

Diet and Exercise
and their Influence on the QT Interval

The effects on the QT interval before, during,

and after exercise in conjunction with a regulated diet

was the focus of this study. There has been no study of
such a nature reported in the English Language literature
to date.

The influence of a carbohydrate diet on exercise
was originally studied by Bergstrom et al (6) with respect
to work performance. At work intensity levels exceeding
75% of MHR, evidence showed that the larger the initial
muscle glycogen stores, the longer work could be performed
at a specified work intensity level. Bergstrom found
initial glycogen content levels following a three day
depletion diet to be only 35% of that measured after a

normal diet; initial glycogen stores following a three day
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loading diet were twice that found after a normal diet.
Similarly, only a performance of limited duration could
be achieved following a depletion diet when compared to
the normal diet.

During aerobic metabolism, the preference of
the heart has been reported to be a ratio of 65% fatty
acids and 35% carbohydrates (13). During anaerobic work
intensities, the heart further restricts its utilization
of carbohydrates and relies predominantly on fatty acids.
A build-up of cardiac metabolic waste products and the
demands of skeletal muscle for available carbohydrates
have been thought to be reasons for the shift of the heart
to use a higher percentage of fats as fuel at anaerobic
work intensities.

A change in the role of vitamin B-6 metabolism
during exercise has been documented in male adolescents
(20). Vitamin B-6 is known to be a coenzyme 1in the met-
abolism of carbohydrates in the body. The study showed
that the demands of exercise changed vitamin B-6 metabol-
ism and led to a redistribution of the vitamin throughout
the body. The present study has subsequently suggested
that with supplementary amounts of vitamin B-6 in the diet,
cardiac metabolism of carbohydrates would increase during

aerobic exercise. This would then lead to a more efficient

rate of work by the heart.
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Three recent studies have attempted to deal
with ECG responses, not including the QT interval, to
exercise in conjunction with the depletion and loading
diets.

Blair et al (8) assembled ten males to follow
a seven day diet which consisted of three days of a de-
pletion diet, followed by four days of a loading diet.

He measured several ECG responses both before and within
20 minutes following a marathon run completed by all ten
subjects. The responses measured were heart rate, PR
interval, QRS width, S-T segment deviation, and T-wave
height and inversion. The depletion and loading diets

had no adverse effects on the ECG responses in this group
of marathon runners. It was unfortunate that ECG responses
were not measured on the third and final day of the deple-
tion diet. Significant changes and abnormalities may have
been occurring in these runners at that time. It was also
unfortunate, and perhaps impractical, that ECG responses
could not have been measured during exercise.

The influence of glucose, a carbohydrate, in the
form of a liquid solution on resting and exercise ECG
responses was reported by Riley, Oberman, and Sheffield
(30). Thirty-five subjects were tested while running on
a treadmill. The findings indicated that the ECG responses

were significantly different from normal values in 11 of
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the 35 subjects following ingestion of the glucose
solution. Riley stated that the variability of response
to glucose was dependent in part on the individual's
ability to metabolize the solution. This study assessed
the effect of glucose intake prior to exercise in contrast
to the present study's focus on ECG responses to a diet
of three days duration prior to exercise.

A case study of a 40 year old male marathon
runner of moderate caliber was outlined by Mirkin (24).
While loading in preparation for an upcoming marathon, the
runner experienced dull pain in his chest. His ECG showed
abnormalities and he did not enter the marathon race.
After eating one small meal a day for five consecutive
days, pain disappeared, and two weeks later his ECG was
judged normal following a daily training run. Mirkin
commented that carbohydrate loading and the large, single
pre-race meal could raise possible problems for older
runners as well as those susceptible to myocardial infarc-
tion. Furthermore, he stated that there was a significant
relationship between cardiovascular disease and hyper-
glycemia which could occur during the loading phase. This
position was previously stated by Ostrander (27). Unfor-
tunately, this case study was lacking in many specific
details. How many days had the runner depleted and loaded?

What percentage of carbohydrates was he consuming? At
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what point in the six days leading up to the planned
marathon run did his pain occur? What kind of training
and work intensity was he performing during the depletion
and loading phases? Was the abnormal ECG tracing a direct
result of depletion and loading diets or were there other
hereditary and environmental risk factors involved? Being
of moderate athletic caliber, could this athlete's ECG

tracing have been misinterpreted?

Summary

The significance of a study which could measure
QT interval changes before, during, and after exercise in
conjunction with different diets became apparent to this
investigator. The review of literature has shown that
some aspects of the present study have been reported in
various capacities, but the relationship of diet to ECG
responses, particularly the QT interval, before, during,
and after exercise had not yet been explored. This rela-
tionship has been of particular relevance in regard to
the increasing interest and involvement with diet, work,
recreation, exercise, and competitive athletics. Thus,
the application of such a relationship to daily living
practices would be a significant and worthy contribution
to the literature. It was therefore, the purpose of this
study to provide information of such changes in the QT

interval and its relationship to diet and exercise.
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CHAPTER III

METHODOLOGY

The purpose of this study was to investigate
changes in the QT interval in experienced bicyclists be-
fore, during, and after exercise following varied dietary
percentages of carbohydrate feedings and vitamin B-6
supplementation. Four experienced, college-aged, male
bicyclists comprised the subject population. Standard
ECG protocol was followed in monitoring the subjects'
cardiac responses. Parameters measured were heart rate
and the QT interval. The same measurement tools, tech-
niques, and procedures were used during each of the six
test administrations for each subject. An experimental
research design was constructed to explore causal rela-
tionships that dietary and vitamin B-6 conditions would
have with the QT interval 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 white males, ranging in
age from 20 to 22 years old, who had completed an advanced

bicycling class at Oregon State University were selected.
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All four subjects were attending college as full-time
undergraduates during the experimental period.

Prior to testing, each subject completed a
medical history evaluation form and a verification of a
physical examination performed by a physician within the
past year. 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 impor-
tant process to screen out any extraneous variables which

might have influenced the validity of the treatments.

Pre-Testing Procedure

A review was made of each subject's past medical
history and physical examination results to determine if
any of the selected subjects' histories would contra-
indicate their performance in a study of this nature. A
formal introductory trial session was then held with the
four subjects in which the following material was presented
to familiarize them to the testing protocol:

1. Purpose and procedures of the study
was described.

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

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

presented.



29

4. All possible risks that were conceiv-
able for a study of this nature were
presented.

5. Testing procedures for before,
during, and after exercise were
demonstrated.

6. Subjects were familiarized with the
exercise apparatus--a stationary

Monark

bicycle ergometer.

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

8. Blackburn CM-5 resting and post-
hyperventilation ECGs also were
administered to the subjects.

9. Subjects practiced informally on the
exercise apparatus.

10. Subjects reconfirmed their willing-
ness to participate in the study.

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

Following the introductory trial session,

tracings of each subject'’

tion ECG was reviewed to
be found in the tracings
subject's performance in
abnormal blood chemistry

range) was also reviewed

s resting and post-hyperventila-
determine if any rationale could
which would contra-indicate the
the study. The results of any
tests (those outside the normal

with a physician to determine if

this would have contra-indicated the subject's participa-

tion in the study.

Blood and urine samples were taken at various

infervals during the experimental period by Ann deVos and
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Lauren Hatcher of the Foods and Nutrition Department at
Oregon State University for the purposes of data collec-
tion for their theses. S-T segment responses from ECGs

were also obtained by Art Siemann for thesis purposes.

Instrumentation

ECG tracings were obtained from single channel
ECG monitoring devices using administrative and operating
procedures consistent with the protocol outlined for their
use. When a subject was tested he was assigned to the
same ECG monitoring device, bicycle ergometer, seat height,
testing location, technician, and starting time. The
standardization of these extraneous variables prior to
the commencement of the study minimized their effect on
the validity 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 positions shown in
Figure 3.

The lead II and V5 lead tracings were observed
at each interval. Procedure consistent with prior studies
dictated that the lead where the termination of the T wave
was most clearly identified would be the lead from which
the QT values would be measured (18). The ECG tracings

were taken at a speed of 25 mm/second in all cases.



31

y \ L

RL e o 0?’ LL

Figure 3. Anatomical positions of electrode patches.
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Testing Procedure

The six test administration periods were
identified as day #1-6 and were all within six weeks of
each other. Days #1, 3, and 5 corresponded to the Wed-
nesdays of weeks #1, 3, and 6, respectively. Similarly,
days #2, 4, and 6 corresponded to the Saturdays of weeks
#1, 3, and 6, respectively. Subjects were tested at the
same time on each of the six days. Individual 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 I. The foods com-
prising the daily diet contained 2 mg of vitamin B-6.
Standardized cooking and feeding procedures were followed

for each meal the subjects consumed.
Exercise

The following exercise procedure was adhered to
on each of the six testing days.
Before Exercise:

1. A backlying resting ECG tracing was
taken in a supine position.

2. A 20 second hyperventilation was
performed by the subject in a sitting
position.

3. A post-hyperventilation ECG tracing
was then taken.
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Table I. Diet and exercise schedule during the
experimental period.

Week #1
Diet:

Exericse:

Exercise:

Week #6
Diet:

Exercise:

Normal (mixed) diet: 39.9% carbohydrate,
42.5% fat, 17.5% protein; 2 mg vitamin B-6.

Average level of exericse (Sunday-Tues-
day), light level of exercise (Wednesday-
Friday).

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

Average level of exericse (Sunday-Tuesday),
light level of exercise (Wednesday-Friday).

Depletion diet: 11.3% carbohydrate, 66.4%
fat, 22.3% protein (Sunday-Tuesday); sup-
plement of 8 mg of pyridoxine hydrochloride
(vitamin B-6).

Loading diet: 70.7% carbohydrate, 12.6%
fat, 16.6% protein (Wednesday-Friday); sup-
plement of 8 mg of pyridoxine hydrochloride
(vitamin B-6).

Average level of exercise (Sunday-Tuesday),
light level of exercise (Wednesday-Friday).
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Blood sample #1 was drawn before
the start of exercise.

During Exercise:

1.

10.

11.

Subjects were started on a bicycle
ergometer at a rate of 20 km/hr

(50 pedal rev/min) with a resistance
workload of zero.

. While maintaining the 20 km/hr rate,

the workload was increased until
60% of maximal heart rate (MHR = 200)
was achieved (THR = 120).

From the initial start point of
exercise the workload was then man-
ipulated so as to maintain a 60%
MHR for 30 minutes.

At the 30 minute mark of exercise
the workload was increased to alter
the THR to 80% MHR (THR = 160).

The 80% MHR level was then maintained
for 15 minutes.

At the twelfth minute of this 15 min-
ute interval at an 80% MHR level,
blood sample #2 was taken.

At the 45 minute mark of exercise the
workload was increased to alter the
THR to 90% MHR (THR = 180).

The 90% MHR level was then maintained
for five minutes.

At the conclusion of the five minute
interval at a 90% MHR level, an active
recovery phase began. Blood sample

#3 was taken at the second minute of
this active recovery phase.

The active recovery phase was main-
tained for six minutes.

At the conclusion of the six minute
active recovery phase, a seated recov-
ery phase of six minutes duration began.
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12. ECG tracings and calculations were
performed by the technicians at
two minute intervals to monitor
the subject's performance before,
during, and after exercise. In
addition, two blood pressure read-
ings were taken: before exercise,
and at the fifty-eighth minute.
Constant verbal communication was
also maintained with the subject.
13. At any time during exercise, the
subject or the technician could
have terminated the exercise. If
any symptoms which contra-indicated
the continued performance of exer-

cise occurred, then the exercise
was terminated.

After Exercise:

Immediately following the termination of
exercise an active recovery period began during which
the load was immediately reduced by 50% for the first min-
ute and removed (reduced to zero) for the remaining five
minutes. Bicycle ergometer rate was also reduced accord-
ing 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. ECG trac-
ings and blood pressure calculations were taken during
the active and seated recovery periods at every minute.

Once the subject returned to and maintained a normal
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sinus cardiac rhythm, ECG and blood pressure monitoring

was discontinued.
Diet

The diets administered to the subjects are shown
in Tables II, IIIa, and IIIb. The diets were adequate
with all respect to all nutrients for which there were
established nutrient requirements. All meals were pre-
pared in the metabolic kitchen of the Foods and Nutrition
Department at Oregon State University. On the day of
each of the exercise tests, the breakfast meal was served
following the exercise 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
recovery periods. In addition, subjects were not allowed
to consume any other food than that which was provided to
them. Inappropriate food or water intake would have
invalidated the obtained measures. When a supplemental
amount (8 mg) of vitamin B-6 was provided during week #6,
it was administered in the form of a solution and given
with each breakfast meal.

Each subject was expected to fulfill certain
requirements during the course of the study. They were:

1. The subjects were to eat all food pro-

vided and consume no other food other
than water or decaffienated beverages.
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Table II. Diet during week #1: normal (mixed) diet.
Values following each food represents the
food's weight in grams.

Breakfast Lunch Dinner

Eggs, 120 Tuna, water-pack, 60 Milk, whole, 250

Toast, wheat, 60
Orange juice, 250
Milk, whole, 250
Margarine, 55

Cheese, cheddar, 60
Salad dressing, 40
Bread, wheat, 60
Carrots, 100

Pears, 200

Ginger snaps, 90
Candy, 25

Hamburger, 180
Cheese, cheddar, 60
Rice, 60

Green beans, 100
Bread, wheat, 50

Table IIla.

Diet during the first three days of weeks #3

and 6 (Sunday-Tuesday): depletion diet.
Values following each food represents food's
weight in grams.

Breakfast

Eggs, 120

Cheese, cheddar,
73

Bread, wheat, 74

Orange juice, 124

Canadian bacon, 42

Margarine, 38

Lunch

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

Dinner

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

Cream, 30
Table IIIb. Diet during the last three days of weeks #3
and 6 (Wednesday-Friday): loading diet. Val-
ues following each food represents food's
weight in grams.
Breakfast Lunch Dinner
g8, Tuna, water-pack, 80 Milk, skim, 250

Bread, white, 100
Orange juice, 250
Crispy rice
cereal, 70
Sugar, white, 15
Fruit jam, 46
Milk, skim, 500

Bread, white, 120
Carrots, 100

Salad dressing, 20
Raisins, 30

Milk, skim, 250
Ginger snaps, 125

Seven-Up drink, 14 oz.

Tuna, water-pack,
100

Cheese, cheddar, 30

Rice, 90

Green beans, 100

Bread, wheat, 50

Pears, 200
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2. Vitamin or mineral supplements were
not to be taken other than those
provided.

3. A record of all physical activity
during the six week period was to
be kept. During the weeks the sub-
jects 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 on Sunday through
Tuesday. This was equivalent to the
subjects' normal exercise activity.
On Wednesday through Friday, light
exercise was prescribed, consisting
of 30 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 ex-
perimental week, as well as their
exercise activity levels.

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

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

Data Reduction

All QT intervals and R-R cycles were read,
measured and recorded by the investigator. All deflec-
tions were measured to the nearest one-hundredth of an
inch. When converted to an ECG tracing speed of 25 mm/sec,
this yielded a corresponding value of one-hundredth of a
second. Three successive QT intervals and R-R cycles were

measured, and the average value was recorded. A sample
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ECG tracing is illustrated in Figure 4 to depict the two
measured parameters. Table IV represents sample numerical
values of these parameters.

The standard deviation of 23 repeated measures
of the same QT interval and R-R cycle, taken over a four
week period by the investigator was found to be minimal.
Mean and standard deviation values were .28 * .0000 for
the sample QT interval, and 1.6013 * .0034 for the sample
R-R cycle. The mathematical conversion of the repeated
measures to K values produced a mean and standard devia-
tion of .3863 * .0004. These non-significant variations
between measurements insured the standardization and reli-
ability of these measurements. The criterion measure for
this study was the difference between an observed K value
during exercise and the K value at rest. This was repre-

sented by D.

Statistical Treatment

An experimental research design was constructed
to explore the causal relationships that varied levels of
dietary carbohydrate percentages and vitamin B-6 supple-
mentation would have with the QT interval before, during,
and after exercise. A two-way analysis of variance was
used to determine whether a difference would exist in D

values between exercise sessions following a control diet
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measurements from an ECG tracing.

Figure 4.
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Table IV. Minute of exercise, R-R (inches), QT interval
(inches).

Minute R-R QT Interval

1 .61 .26
2 .55 .24
3 .57 .29
4 .57 .29
5 .52 .29
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and depletion diets at the three work intensities. This
statistical treatment was repeated for testing the differ-
ence following loading diets. Contrasts of equivalent D
values when comparing two levels of vitamin B-6 intake
were also used to determine if D values were significantly
greater during the period of 8 mg vitamin B-6 supplemen-
tation. The significance level for all statistical anal-

yses was .05.
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CHAPTER IV

RESULTS AND INTERPRETATION OF DATA

The purpose of this study was to investigate
changes in the QT interval in experienced bicyclists
before, during, and after exercise following varied
dietary percentages of carbohydrate feedings and vitamin
B-6 supplementation. An experimental research design
was used to explore causal relationships that dietary
and vitamin B-6 conditions might have with the QT inter-
val before, during, and after exercise. D values were
calculated on the basis of 31 K values collected from the
50 minute exercise period. A two-way analysis of variance
and pairwise contrasts were employed to test for the sig-
nificance of the hypotheses under investigation. Table V
presents K values before, during, and after exercise for
each of the six exercise days. Figure 5 illustrates the
pattern of change in the K values for each of the six

exercise days.

Results of Depletion: Hypothesis #1

Table VIa presents data obtained from days #1,
3, and 5, and the analysis of variance of the hypothesis
being tested. Figures 6a, 6b, and 6c illustrate the dif-
ference between the D values at each of the three work

intensities.



Table V. QT values (K in seconds) before, during, and after exercise for the subject

population.
Depletion, Loading,
8 mg 8 mg
Control Control Depletion Loading vitamin B-6 vitamin B-6
Day #1 Day #2 Day #3 Day #4 Day #5 Day #6

Mean s.d. Mean s.d. Mean s.d. Mean s.d. Mean s.d. Mean s.d.

Before Exercise .366 .024 .352 .019 .376 .022 .357 .038 .363 .016 .356 .032

During Exercise

60% MHR .407 .015 .410 .018 .387 .025 .404 .020 .388 .024 .409 .022
80% MHR .396 .013 .393 .020 .387 .020 .397 .027 .377 .019 .391 .024
90% MHR .376 .011 .376 .024 .372 .020 .371 .028 .361 .019 .370 .021

After Exercise

Active

Recovery .380 .029 .374 .012 .358 .018 .369 .013 .361 .015 .377 .022
Seated .399 .015 .398 .013 .400 .016 .403 .012 .388 .017 .407 .021
Recovery

vy
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Figure 5a. Changes in mean QT values (K in seconds)
before, during, and after exercise following
a control diet and two depletion diets.
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before, during, and after exercise following
a control diet and two loading diets.
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Table VIa. D value (seconds) data following a control
diet and two depletion diets, and F ratios
for testing H : D _,=D,,=D at each work
intensity. ° cl "dl “d2

Control Depletion Depletion+B-6
Work Day #1 Day #3 Day #5
Intensity Mean s.d. Mean s.d. Mean s.d. F
60% MHR .041 .015 .011 .025 .025 .024 39.82
80% MHR .029 .013 .011 .019 .014 .020 12.32
90% MHR .010 .010 -.004 .019 -.002 .018 4.42

4gignificant at .05 level. d.f.:2,210(60% MHR);2,90 (80%

MHR); 2,54 (90% MHR).

Table VIb. F ratios for pairwise contrasts between D
values following a control diet and a depletion
diet supplemented with vitamin B-6, at each
work intensity.

F F
Work - = . =
Intensity Hy:D1=Dgy Hy:Dey=Dg)
60% MHR 79.52 22.52
80% MHR 21.82 14,22
90% MHR 7.42 5.62

aSignificant at .05 level. d.f.:2,210(60% MHR); 2,90(80%

MHR); 2,54 (90% MHR).
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Figure 6a.

Means and standard deviations of D following
a control diet and two depletion diets at
the three work intensity levels.
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Interpretation

The null hypothesis stated that D values
following the depletion diets were equal to the control
at the three work intensities. The alternate hypothesis
stated that following the depletion diets, D values would
be significantly smaller than the corresponding D values
which followed the control diet. The null hypothesis was
tested at each of the three work intensities.

Based on values indicated in Table VIa and
Figure 6a, the null hypothesis was rejected (p < .01) at
each of the three work intensities. A difference existed
in D values between a normal diet and the two depletion
diets. Table VIb and Figures 6b and 6c contrast D values
between days #1 and 3, and days #1 and 5. Results indi-
cated that exercise following depletion diets, when com-
pared to the control, produced significantly smaller D
values during each work intensity which, in turn, consti-
tuted an inadequate response of the heart to meet the

demands of exercise stress.

Results of Loading: Hypothesis #2

Table VIIa shows data collected from days #2, 4,
and 6, and the analysis of variance of the hypothesis
being tested. Table VIIb displays the contrasts and F

ratios between the three exercise days under investigation.



49
Figures 7a, 7b, and 7c depict the difference between the

D values for each of the three work intensities.

Interpretation

The null hypothesis stated that D values
following the two loading diets were equal to the control
at the three work intensities. The alternate hypothesis
stated that following the loading diets, D would be sig-
nificantly smaller than the corresponding D which followed
the control diet. The null hypothesis was tested at each
of the three work intensities.

Based on values indicated in Table VIIa and
Figure 7a, the null hypothesis was not rejected at the
60% MHR and 80% MHR work intensity levels and rejected
(p < .02) at the 90% MHR work intensity. The only differ-
ence that existed in D values between a normal diet and
the two loading diets transpired at the 90% MHR work
intensity. Table VIIb and Figures 7b and 7c describe the
contrasts between days #2 and 4, and days #2 and 6.
Results showed that exercise following loading diets when
compared to the control produced significantly smaller D
values at the final, 90% MHR work intensity level. This
represented an inadequate response of the heart to meet
the demands of strenuous exercise at a 90% MHR work

intensity.



50

Table VIIa. D value (seconds) data following a control
diet and two loading diets, and F ratios
for testing HO:DCZ=D11=D12 at each work

intensity.
Control Loading Loading+B-6
Work Day #2 Day #4 Day #6
Intensity Mean s.d. Mean s.d. Mean s.d. F
60% MHR .049 .018 .047 .020 .053 .022 2.8
80% MHR .041 .020 .040 .027 .035 .024 .
90% MHR .024 .024 .015 .028 .014 .021 3.42

aSignificant at .05 level. d.£f.:2,210(60% NHR); 2,90(80%
MHR); 2,54 (90% MHR).

Table VIIb. F ratios for pairwise contrasts between D
values vollowing a control diet and a loading
diet, and a control diet and a loading diet
supplemented with vitamin B-6, at each work

intensity.
Work F F
or . = : =
Intensity Hy:De2=Dyq Hy:D.,=Dy;
60% MHR 0.90
80% MHR 0.13 .
90% MHR 4.42% 5.7

agignifi : % MHR; 2,90(80%
Significant at .05 level. d.f.:2,210(60% MHR; 2,
'8 MHR); 2,54 (90% MHR).
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Means and standard deviations of D following
a control diet and two loading diets at the
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Results of Vitamin B-6: Hypothesis #3

Tables VIa and VIIa have previously presented
data obtained from exercise on days #1-6. Table VIII
shows the contrasts and F ratios between days #3 and 5,
and days #4 and 6 for the purposes of assessing the
effects of varied levels of vitamin B-6 intake on the D
value. Fugures 8a and 8b describe the difference between

the D values for each of the three work intensities.

Interpretation

The null hypothesis stated that D values
following vitamin B-6 supplementation would be equal to
those values prior to such supplementation to the diet.
The alternate hypothesis stated that following vitamin B-6
supplementation, D would be significantly greater than
the corresponding D following diets which contained normal
amounts (2 mg) of the vitamin. The null hypothesis was
tested for each pair of days (depletion days #3 and 5, and
loading days #4 and 6) and at each of the three work inten-
sities.

Based on values indicated in Table VIII and
Figures 8a and 8b, the null hypothesis was rejected
(p < .01) at the 60% MHR work intensity level and not
rejected at the 80% MHR and 90% MHR work intensities for

exercise following both the depletion and loading diets.
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Table VIII. F ratios for pairwise contrasts between D
values following vitamin B-6 variation at
each work intensity.

F F
Work H :D,.=D H :D,,=D
Intensity o°~dl “ds o""11 “12
60% MHR 17.392 5.452
80% MHR 0.80 1.09
90% MHR 0.13 0.08

4gignificant at .05 level. d.f.:2,210(60% MHR);2,90(80%
MHR); 2,54 (90% MHR).



54

. 060}
™
. 040
L d
g [ M
X
S .
§. 0200 ///// N
§’ b [
A
.000 -
1 = ,:g—-—-——.r.\
-, 020) | 5
—t —t —
3 5 3 5 3 5  Days
60% MHR 80% MHR 90% MHR

Means and standard deviations of D following
vitamin B-6 variation during two depletion
diets at the three work intensity levels.

Figure 8a.

T T
.060L -
s P~ T .
w 3 '
2. 020,
13) 1 o e
E’ 1
A
« 0004
!
-. 020L
bt e e e
4 6 4 6 4 6 Days
60% MHR 80% MHR 90% MHR
Figure 8b. Means and standard deviations of D following

vitamin B-6 variation during two loading diets
at the three work intensity 1levels.



55
The only difference that existed between D values, when
assessing the effects of vitamin B-6, occurred at the
60% MHR work intensity level, regardless of the percen-
tage of carbohydrates in the diet. Interestingly, one
subject's D value was significantly (p < .01) greater
following the depletion diet containing 2 mg of vitamin
B-6 than following the same diet supplemented with 8 mg

of vitamin B-6.

Discussion

The exploration of the causal relationships
that varied levels of dietary carbohydrate percentages
and vitamin B-6 supplementation would have with the QT
interval before, during, and after exercise proved to be
quite revealing. As previously stated, this investiga-
tion was unique since no study of this nature was avail-
able in the English Language literature. The testing of
the three hypotheses disclosed major findings, previously
unreported, regarding diet and exercise and their rela-
tionship to cardiac function, specifically the QT interval.

First, the study established that the dietary
phase consisting of a low percentage of carbohydrates
(depletion) was unfavorable for the cardiac demands of
exercise stress at all three work intensity levels tested.
This finding complements a study reported by Bergstrom

et al (6) who analyzed work done by skeletal muscle
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following varying percentages of carbohydrates in the
diet. The depletion diet was shown to be inadvisable
for work performance by the skeletal muscle. The present
study has shown that such a diet is also inadvisable for
work performance by the cardiac muscle at both aerobic
and anaerobic work intensities.

Second, the investigation showed that a diet
comprised of a high percentage of carbohydrates (loading)
was unfavorable for the cardiac demands of exercise stress
at an anaerobic work intensity of 90% MHR. This result
suggests that a loading diet is imprudent for work per-
formed by the cardiac muscle at such an extreme work
intensity.

Third, the study documented that an increase in
the amount of vitamin B-6 in the diet produced a more fav-
orable cardiac response to exercise at an aerobic work
intensity of 60% MHR. Vitamin B-6 and its relation to
exercise has previously been studied during strenuous ex-
ercise (20). That study concluded a redistribution of
vitamin B-6 in the body resulted from exercise. An assump-
tion of the present study was that vitamin B-6 would aid
in the metabolism of carbohydrates. Since carbohydrates
are the body's most readily available source of energy,
then cardiac work performance is assumed to be more effi-
cient in response to exercise given the additional vitamin

B-6 in the body. The present study established that addi-
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tional vitamin B-6 showed a more favorable cardiac
response to exercise at an aerobic work intensity of 60%
MHR. The fact that this was not significant at anaerobic
work intensities may be explained by a greater preference
of skeletal muscle for carbohydrates as its major source
of fuel during these work intensity levels (13). Thus,
the cardiac muscle is influenced to depend more on fats
as its predominant source of energy.

A constantly prolonged or shortened QT interval
is recognized to be an early indication of a metabolic
disturbance of the heart (30). Therefore, the significance
of the findings of this study is readily apparent in re-
gard to the increasing interest in diet and exericse. A
specific application of depletion and loading diets is
followed regularly by athletes prior to a marathon run and
other endurance events lasting two hours or more (8,24).
The practice of a depletion diet in preparation for such
events has serious cardiac implications based on this
study's results. The loading diet, however, is safe since
the unfavorable anaerobic work intensities of 90% MHR are
not normally found in endurance events such as the mara-
thon which typically require work intensities ranging from
70% to 85% of MHR. But work intensities of 90% MHR do
occur, particularly in the latter stages of a marathon,
when the athlete becomes fatigued. Therefore, caution

must be taken by the performer in such instances. Supple-
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mentation of vitamin B-6 has been shown to be favorable
with respect to cardiac response to exercise at an aero-
bic work intensity. This is assumed to be due to a car-
diac metabolism of a greater amount of carbohydrates.
This then facilitates a more efficient work performance
by the heart at this work intensity level. For this
reason, vitamin B-6 may be of use in aiding the heart to
meet the demands of exercise stress which are aerobic in
nature. Such a generalization may not always be appro-
priate, however. The present study showed that one sub-
ject's QT interval response to increased vitamin B-6
dosage during a depletion diet was different from the
remainder of the group's response. This was true despite
an overall group significance in favor of increased vit-
amin B-6 in the depletion diet. This finding was the
only significant variation between subjects in the tested
population. A variation such as this must be interpreted
cautiously as previously encouraged by several other
investigators (16,29).

For this experienced, young, and apparently
healthy male subject population, results reported unfav-
orable cardiac responses for varying work intensities
following depletion and loading diets. For each signifi-
cant result, at least three of the four subjects showed
the group pattern of response. It is beyond the scope of

appropriateness of this investigator to make clinical
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judgements concerning medical abnormalities that are
likely to be reflected in the ECG tracings following such
dietary departures from normality. Suffice it to state,
however, common abnormalities that could develop are ven-
tricular arrhythmias or myocardial infarctions (15,25,33).
Upon extrapolating these unfavorable effects on the heart
to a population which has more coronary risk factors with
respect to age, training state, and heredity, then it is
clear the depletion and loading diets are inadvisable
whether they are to be tools used for the purposes of a
reducing diet or an upcoming endurance event such as the

marathon run.
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CHAPTER V

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

Summary

No study has been reported in the English
Language literature which has assessed the relationship
of the QT interval to both diet and exercise in regard
to before, during, and after exercise activity. The
purpose of this study was to investigate this relation-
ship. Specifically, the purpose was to investigate
changes in the QT interval in experienced bicyclists
before, during, and after exercise following varied
dietary percentages of carbohydrate feedings and vita-

min B-6 supplementation.

Procedures

Four experienced, college-aged, male bicyclists
comprised the subject population. Heart rate and QT
intervals were monitored by ECG monitoring devices at
continuous intervals before, during, and after exercise.
Each time a subject was tested he was assigned to the
same ECG monitoring device, bicycle ergometer, seat height,
testing location, technician, and starting time. Further-
more, inappropriate drink and food intake was disallowed

since it could have invalidated the obtained measures.
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Data Analysis

Data were grouped according to the types of
diets administered. A two-way analysis of variance for
depletion diets and loading diets was performed on D
values obtained from the three work intensity levels.
Pairwise contrasts were performed to test for the effects
of vitamin B-6 on D values. The .05 level of signifi-
cance was chosen for rejection of the null hypothesis in

this study.

Conclusions

An analysis of the data led to the following
conclusions:

1. D values differed significantly for
all three work intensities when
depletion diets were compared to a
control diet.

2. D values differed significantly
at the 90% MHR work intensity when
loading diets were compared to a
control diet.

3. D value increases differed signif-
icantly at the 60% MHR work inten-
sity when diets supplemented with
8 mg of vitamin B-6 were compared
to those diets containing 2 mg of
vitamin B-6.

Recommendations

This study demonstrated that for the subject

population under examination: a depletion diet resulted
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in an unfavorable QT interval response at all three work
intensities, a loading diet resulted in an unfavorable
QT interval response at the 90% MHR work intensity, and
vitamin B-6 supplementation resulted in a more favorable

QT interval response at the 60% MHR work intensity.

For Further Study

1. The subject population should be increased to
include individuals of both sexes and of different age
levels. An increase in sample size within each strata
would further support statistical conclusions.

2. A study in which performers of short work
duration ("sprint-trained") are compared to those of long
work duration ("endurance-trained'") would be of particular
use in examining the effects of vitamin B-6 would have on
the two distinct populations' criterion measures.

3. An increase in exercise duration of up to
180 minutes might be of greater value in applying findings

to longer endurance events such as the marathon run.

For Practice

1. The depletion diet should be considered
inadvisable whether it is to be used for the purposes of
a reducing diet or an upcoming endurance event.

2. The loading diet should be used with caution
when considering exercise requiring a work intensity of

90% of MHR.
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3. Vitamin B-6 supplementation would aid in
carbohydrate metabolism and cardiac response when consid-
ering exercise requiring a work intensity of 60% of MHR.
Such a practice would be inadvisable, however, for events
of one hour or more in duration which require a strict

savings of carbohydrates as fuel.
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Appendix A

Informed Consent Form

I, * s, give my consent to partici-
pate in this study. The study has been explained to me

and all my questions have been answered. I agreed to con-
sume all food and vitamin supplements provided and to pro-
vide a record of food consumed the week prior to each
experimental week. I agree to participate in the bicycle
ergometer test which will be conducted on Wednesday and
Saturday of each experimental week. I understand that
there is a risk of a heart attack during a test such as
this and that the type of exercise procedure to be con-
ducted has been explained and the equipment used to in
these procedures monitor heart (cardiac) function has been
demonstrated. I further agree to participate only after

a 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 term-
inate 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 Date

Witness Date

*Subject's name deleted to protect his rights to anonymity.
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APPENDIX B

Heart Rate (HR) and QT Interval (inches) Data

Day #1
(Control) Subject #1 Subject #2 Subject #3 Subject #3

Minute of

Exercise HR QT HR QT HR QT HR QT
0 50 .38 56 .35 47 .44 55 .38
1 107 .31 93 .31 - - 107 .31
2 104 .29 86 .32 - - 110 .31
3 - - 111 .28 89 .35 108 .30
4 107 .30 127 .28 - - 120 .29
5 130 .28 127 .25 107 .31 121 .29
6 138 .27 140 .26 116 .30 123 .29
8 127 .26 132 .24 110 .31 115 .28

10 137 .26 124 .27 127 .30 120 .29
12 128 .26 128 .28 123 .28 123 .28
14 119 .27 121 .27 126 .29 129 .27
16 117 .28 114 .27 121 .29 125 .28
18 117 .28 116 .27 120 .29 120 .29
20 116 .28 124 .27 121 .29 128 .29
22 115 .28 125 .26 121 .28 109 .31
24 116 .27 122 .27 126 .29 116 .30
26 117 .28 121 .26 126 .29 109 .31
28 120 .28 121 .26 119 .30 130 .29
30 122 .28 126 .25 119 .30 127 .29
32 145 .25 136 .25 138 .28 136 .28
34 145 .25 144 .23 149 .27 144 .26
36 150 .24 150 .23 155 .26 155 .24
38 154 .23 161 .23 164 .25 163 .25
40 154 .24 166 .22 164 .25 153 .25
42 154 .24 167 .21 157 .26 157 .24
44 154 .23 167 .21 158 .24 154 .24
45 153 .23 166 .22 157 .26 164 .23
46 154 .22 169 .21 164 .25 167 .22
47 163 .22 177 .20 169 .24 172 .22
48 169 .23 183 .20 175 .23 174 .21
49 172 .21 188 .19 177 .24 179 .22
50 181 .20 188 .19 181 .23 179 .22
51 169 .22 177 .21 169 .25 166 .22
52 135 .24 154 .22 138 .27 135 .24
53 117 .24 140 .23 127 .29 120 .27
54 115 .27 131 .23 118 .29 121 .28
55 112 .28 132 .23 109 .30 121 .29
56 110 .29 - - 108 .30 109 .29
57 104 .28 - - 92 .33 111 .30
58 100 .29 129 .26 99 .22 102 .30
60 102 .30 119 .27 89 .33 102 .30

62 93 .31 118 .27 93 .33 104 .30
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Day #2
(Control) Subject #1 Subject #2 Subject #3 Subject #4

Minute of

Exercise HR QT HR QT HR QT HR QT
0 41 .40 53 .35 44 .42 55 .38
1 88 .31 81 .31 69 .36 89 .34
2 93 .31 96 .30 89 .34 109 .31
3 91 .31 106 .29 94 .32 112 .30
4 102 .30 117 .29 100 .32 - -
5 104 .30 122 .29 102 .30 - -
6 116 .30 122 .28 101 .30 100 .31
8 115 .30 122 .28 114 .29 109 .29

10 122 .29 120 .28 114 .29 109 .29
12 120 .28 121 .26 117 .28 130 .28
14 121 .28 124 .25 118 .30 111 .29
16 121 .28 122 .27 119 .28 124 .27
18 120 .28 119 .28 118 .29 136 .25
20 123 .29 121 .27 118 .29 124 .27
22 117 .28 122 .27 121 .27 121 .27
24 121 .27 116 .28 123 .29 128 .27
26 114 .28 121 .28 125 .28 129 .27
28 115 .28 126 .27 130 .27 131 .26
30 116 .28 111 .27 127 .28 127 .28
32 141 .26 137 .26 134 .27 146 .25
34 150 .25 - - 144 .27 146 .25
36 160 .24 141 .25 148 .27 148 .25
38 160 .23 151 .24 157 .25 157 .23
40 164 .22 155 .24 157 .25 157 .23
42 161 .22 160 .24 157 .24 163 .22
44 164 .23 157 .24 161 .24 155 .23
45 164 .22 150 .25 161 .24 157 .23
46 169 .24 161 .23 164 .23 163 .22
47 172 .23 174 .22 169 .23 167 .22
48 172 .22 175 .22 172 .22 169 .22
49 174 .22 183 .21 174 .21 170 .21
50 174 .22 186 .20 179 .20 174 .21
51 161 .23 177 .21 . 169 .23 153 .24
52 128 .24 154 .22 138 .24 131 .25
53 118 .27 131 .24 127 .25 . 119 .27
54 111 .28 127 .25 113 .26 116 .27
55 116 .29 123 .26 113 .27 111 .29
56 105 .30 121 .27 106 .30 108 .30
57 109 .29 114 .28 96 .31 103 .30
58 121 .28 106 .28 97 .31 98 .31
60 107 .30 103 .28 89 .33 97 .31

62 100 .30 103 .29 91 .33 102 .31
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Day #3
(Depletion) Subject #1 Subject #2 Subject #3 Subject #4

Minute of

Exercise ~ HR QT HR QT HR QT HR QT
0 43 .41 56 .37 55 .45 56 .40
1 81 .27 99 .29 86 .35 89 .32
2 100 .22 110 .29 91 .35 102 .30
3 109 .22 116 .28 98 .33 107 .30
4 111 .23 107 .27 96 .32 111 .29
5 109 .23 126 .26 102 .31 109 .29
6 121 .23 129 .25 105 .30 127 .28
8 118 .22 114 .25 110 .30 122 .29

10 125 .22 121 .26 117 .29 122 .29
12 121 .22 123 .25 118 .28 118 .28
14 121 .22 121 .25 113 .29 118 .29
16 117 .28 117 .25 118 .28 118 .28
18 121 .27 121 .25 115 .29 121 .28
20 120 .29 126 .25 117 .29 121 .28
22 120 .28 125 .26 122 .30 116 .28
24 121 .28 121 .26 118 .30 119 .28
26 118 .28 118 .27 114 .30 118 .29
28 118 .28 111 .27 118 .30 119 .29
30 116 .26 120 .27 114 .30 114 .29
32 127 .26 136 .25 128 .28 131 .28
34 138 .25 140 .25 143 .26 148 .25
36 151 .25 155 .22 153 .25 148 .25
38 157 .24 158 .22 155 .24 151 .24
40 157 .25 153 .22 160 .24 160 .24
42 161 .22 157 .22 161 .24 157 .23
44 158 .23 158 .22 158 .24 163 .22
45 158 .22 160 .22 157 .25 157 .22
46 164 .23 167 .21 164 .23 166 .23
47 167 .22 172 .21 166 .23 172 .21
48 172 .23 175 .20 169 .23 175 .21
49 174 .22 177 .20 174 .22 177 .21
50 181 .20 179 .20 177 .22 181 .21
51 167 .20 169 .20 163 .23 169 .21
52 136 .23 149 .21 136 .25 137 .23
53 115 .26 127 .23 112 .26 116 .27
54 117 .27 126 .25 108 .27 122 .27
55 117 .28 124 .26 104 .30 112 .28
56 112 .30 128 .26 102 .30 109 .29
57 101 .29 111 .27 101 .30 101 .30
58 102 .29 109 .28 88 .33 101 .30
60 101 .30 110 .28 90 .33 99 .32

62 107 .30 106 .28 89 .35 97 .31
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Day #4
(Loading) Subject #1 Subject #2 Subject #3 Subject #4

Minute of

Exercise HR QT HR QT HR QT HR QT
0 37 .40 49 .36 40 .46 60 .39
1 81 .34 92 .31 78 .36 102 .35
2 76 .34 102 .30 78 .35 113 .35
3 90 .32 113 .27 93 .33 114 .31
4 86 .31 109 .26 98 .31 116 .31
5 94 .31 119 .26 104 .31 112 .31
6 104 .30 121 .27 108 .30 121 .32
8 107 .29 120 .27 124 .29 121 .30

10 107 .29 117 .26 114 .29 120 .30
12 114 .29 119 .26 114 .29 120 .30
14 117 .29 118 .26 118 .28 111 .31
16 116 .29 117 .26 118 .29 127 .31
18 118 .27 117 .26 118 .29 125 .31
20 118 .29 117 .26 118 .29 120 .31
22 117 .26 122 .26 117 .29 118 .30
24 116 .27 121 .26 127 .29 113 .30
26 124 .27 116 .26 116 .28 118 .30
28 117 .26 114 .26 118 .28 121 .29
30 115 .26 118 .26 124 .29° 114 .31
32 137 .26 131 .26 126 .28 128 .29
34 143 .26 146 .25 136 .27 134 .28
36 148 .24 153 .25 144 .27 149 .26
38 157 .24 158 .23 149 .27 150 .25
40 155 .24 160 .23 150 .26 155 .24
42 157 .23 164 .22 151 .26 158 .23
44 163 .22 166 .22 160 .25 160 .24
45 164 .21 163 .23 161 .24 161 .23
46 169 .21 172 .23 164 .24 161 .23
47 174 .20 177 .22 166 .23 167 .23
48 174 .21 179 .20 169 .22 172 .23
49 177 .21 177 .20 169 .22 175 .21
50 177 .20 181 .20 169 .21 175 .21
51 166 .22 161 .22 155 .24 161 .21
52 142 .23 151 .23 130 .26 140 .24
53 124 .25 127 .24 120 .25 121 .26
54 121 .25 119 .25 104 .28 118 .27
55 114 .28 118 .27 104 .29 113 .29
56 106 .29 112 .27 102 .30 105 .31
57 106 .30 104 .28 95 .32 98 .30
58 101 .30 105 .29 86 .33 98 .31
60 106 .30 98 .30 86 .34 94 .32

62 107 .30 103 .29 86 .35 97 .32
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Day #5
(Depletion,
10 mg
Vitamin B-6)Subject #1 Subject #2 Subject #3 Subject #4

Minute of
Exercise HR QT HR QT HR QT HR QT

0 43 .42 61 .34 49 .42 49 .39
1 97 .26 99 .28 104 .25 81 .34
2 107 .24 114 .27 104 .29 111 .31
3 104 .29 121 .26 111 .29 104 .30
4 103 .29 122 .26 122 .29 127 .30
5
6
8

114 .29 123 .27 119 .29 113 .29
114 .29 117 .27 121 .28 117 .28
120 .28 114 .26 120 .27 122 .29

10 115 .28 120 .26 124 .26 118 .29
12 118 .26 122 .25 121 .27 118 .29
14 118 .26 119 .25 118 .27 116 .29
16 117 .27 114 .25 126 .27 114 .29
18 118 .26 114 .25 126 .26 116 .29
20 117 .27 122 .25 117 .27 118 .29
22 124 .26 119 .26 117 .27 113 .29
24 112 .28 118 .26 120 .27 121 .29
26 118 .28 117 .27 120 .27 118 .29
28 116 .28 114 .26 122 .27 123 .28
30 117 .28 114 .27 114 .28 116 .28
32 125 .27 131 .25 136 .26 134 .27
34 143 .25 132 .24 157 .25 142 .27
36 149 .24 146 .22 160 .23 154 .24
38 154 .23 155 .22 161 .24 154 .23
40 158 .23 158 .21 164 .23 155 .24
42 163 .21 160 .20 169 .23 158 .23
44 164 .21 170 .21 167 .23 161 .23
45 164 .22 166 .20 167 .22 161 .22
46 161 .20 172 .20 174 .23 163 .23
47 164 .20 181 .20 174 .21 169 .22
48 174 .21 185 .19 177 .22 - -

49 179 .20 186 .19 181 .20 - -

50 177 .20 188 .19 179 .21 - -

51 169 .21 170 .20 166 .22 154 .24
52 143 .23 148 .21 133 .25 122 .25
53 123 .24 144 .23 119 .25 113 .26
54 121 .27 131 .24 118 .26 112 .28
55 111 .28 122 .26 111 .27 104 .29
56 115 .28 121 .26 115 .28 102 .30
57 98 .28 109 .26 114 .30 104 .30
58 94 .29 107 .27 96 .30 93 .30
60 105 .30 97 .29 95 .32 93 .31

62 95 .30 103 .28 93 .33 89 .32
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Day #6
(Loading,
10 mg
Vitamin B-6) Subject #1 Subject #2 Subject #3 Subject #4
Minute of

Exercise =~ HR QT HR QT HR QT HR QT
0 38 .40 50 .36 48 .43 44 .43
1 89 .34 96 .30 107 .31 87 .35
2 97 .31 10 .30 90 .33 111 .33
3 105 .29 106 .28 103 .31 106 .30
4 110 .29 109 .28 114 .29 110 .31
5 115 .29 116 .28 107 .29 114 .31
6 119 .29 117 .28 114 .29 114 .31
8 121 .28 120 .27 124 .29 116 .31

10 124 .27 121 .27 127 .28 116 .31
12 125 .28 121 .26 129 .29 123 .31
14 126 .27 123 .25 128 .27 114 .31
16 124 .28 123 .25 120 .28 116 .30
18 120 .28 118 .26 120 .29 125 .29
20 119 .29 123 .25 120 .29 117 .31
22 121 .28 121 .26 128 .29 117 .31
24 120 .28 121 .27 117 .29 119 .29
26 123 .28 112 .28 121 .30 120 .30
28 127 .27 121 .27 122 .29 118 .29
30 122 .28 112 .28 127 .29 113 .29
32 144 .26 129 .27 144 .27 130 .29
34 153 .25 137 .24 151 .26 140 .27
36 158 .23 144 .25 157 .25 149 .25
38 161 .22 160 .23 161 .25 154 .23
40 158 .22 163 .23 161 .23 161 .23
42 161 .21 163 .25 161 .25 161 .23
44 160 .21 158 .23 161 .24 166 .23
45 163 .21 161 .24 161 .24 154 .23
46 161 .21 169 .22 166 .22 163 .23
47 166 .21 177 .21 170 .22 170 .22
48 169 .21 181 .21 177 .22 177 .22
49 175 .20 179 .21 181 .21 177 .22
50 177 .20 179 .21 183 .21 179 .22
51 164 .20 154 .24 167 .23 150 .23
52 127 .25 127 .24 141 .25 127 .26
53 114 .25 127 .26 127 .26 112 .30
54 111 .26 121 .27 113 .28 107 .30
55 110 .28 120 .25 114 .31 103 .30
56 110 .28 114 .27 108 .30 111 .32
57 104 .30 116 .28 106 .31 98 .31
58 93 .31 111 .28 105 .31 95 .33
60 104 .30 103 .28 97 .33 99 .33

62 101 .30 100 .29 94 .34 102 .32



