
ABSTRACT 

SAMTOLIH, B. E. The relative safetvsf morninu and 
afternoon exercise in ~atiends with coronary artery disease. 
f4S in Adult Fftness/Cardiac Rehabilitation, 1994, 52pp. (3. 
Porcalri) 

Sixteen males (mean age = 62.1 yrs) with documented coronary 
artery disease performed a 30-minute bout of exercise in the 
morning (6:OO - 8:00 a.m.) and in the afternoon (4:00 - 6 : 0 0  
p.m.). Each session was conducted on a motorized treadmill 
at an identical speed and grade. HR, SBP, and DBP were 
measured at rest, every 5 minutes during exercise, and in 
recovery. ECQ was monitored csntinuously and recorded every 
5 minutes. Bl60d samples were drawn before and after both 
the A.M. and P.M. exercise sessions and the plasma was 
analyzed Ear tissue-type plasminogen activator (tPA), 
pbasminogen activator inhibitor-type 1 (PAL-11, and tl?A/PAS- 
1 complex. There were no significant differences (p > .05) 
in resting HR, SBP, or DBP, or in exercise HR, SBP, DBP, 
RPP, or RPE responses between exercise sessions. There were 
also no differences in ST segment responses or dysrhythmias 
between A.K. and P.M. exercise. Data for t P A ,  PAX-1, and 
tPA/PAI-1 complex concentratisns are presented below: 

A.M. P.M. 
(N) Pre Post Pre Post 

Mean & SD Mean + SB Mean + SD Mean + SD 
(ng/ml) (ns/ml) (ng/ml) (ns/ml) 

tPA 16 1.4 + 0.50 1.8 f 0.77 1.3 9 0.57 1.6 + 0.59 
PAX-1 14 16.6 + 9.12 16.1 + 9.18 6.7 + 4.37 5.2 + 1.96 
Complex 10 1.5 & 1.39 2.9 9 2.65 9.3 + 1.32 2.12 2.06 

Overall, mean preexescfse tPA and tPA/PAZ-1 complex values 
were significantly higher (p < .05) in the A.M. versus the 
P.M. and increased.significantly (p < . 0 5 )  from pre to post 
exercise for both sessions. Mean PAI-1 values were 
significantly higher (p < .05) in the A.M. and did not 
change significantly (p > . 0 5 )  as a result of exercise. 
In conclusion, there were no significant differences in the 
hernodynamic or ECG responses between A.M. and P,H. exercise, 
and since both tPA and tPA/PAP-1 complex increased with 
exercise, favoring fibrinolysis, it would appear that it is 
safe for patients with coronary artery disease to exercise 
at any time of the day. 
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THE RELATIVE SAFETY OF MORNING AND AFTEWOQN EXERCISE 

IN PATIENTS WITH CORONARY ARTERY DISEASE 

INTRODUCTIQN 

The primary goal of cardiac rehabilitation is to assist 

the patient in achieving their optimal physiological, 

psychological, vocational, and recreational status.' 

Exercise therapy is widely recognized as a primary component 

in developing preventive and rehabilitative strategies for 

patients with cardiovascular di~ease.~ Physiologic 

adaptations resulting from exercise training include an 

increase in functional capacity, whish decreases the 

occurrence of angina pectorisf3 beneficial alterations in 

blood pressure4 and serum and a decreased 

susceptibility to ventricular fibri~lation.~*~ The above 

benefits of exercise training in patients with 

cardfovascular disease are well documented, however, , 

participation is the key to attaining these benefits. 

Overall patient compliance to an exercise program is 

not encouraging, with a 40 - 50% drop-out rate within the 
first 6 months of program irmitiati~n.~ One factor which 

seems to enhance program compliance is the time of day at 

which an indi-vidual exercises. Individuals are more likely 



to comply with an exercise regimen if it is in the morning, 

as opposed to the evening.'' However, research has suggested 

that exercising in the morning may place an individual at a 

higher risk far myocardial events such as: sudden cardiac 

death, myocardial infarction, and myocardial ischemia, when 

compared to the e~ening.'l*'~ The precipitating events 

triggering ischemic episodes are poorly understood, however 

research has revealed a distinct ciroaaian pattern to these 

events. Evidence indicates that myocardial infarction is at 

least three times more likely to occur in the morning.'3114 

Circadian variations in heart sate, blood pressure, 

plasma catecholamines, and platelet aggregability may be 

linked to a higher incidence of ischemic events in the 

morning hours. Heart rate, blood pressure, plasma 

catecholamines, and platelet aggregability have been 

reported to be at their highest physi3logic levels between 

6:QO a,m. and 12:OQ p.m."915 The increase in blood viscosity 

and increased platelet aggregability, coupled with an 

insufficient increase in tissue-type plasminogen activator 

(43%) may produce a skate of hypercoag~labili%y."1'~ Since 

physical exertion may exaggerate these responses, exercising 

cardiac patients in the morning could be questioned. 

Recently, research has shown that physical exertion may 

increase the release of tPA, an e~d~g@n~us clot dissol~er.'~ 

Plasminogen activator inhibitor-type 1 (PAI-1) inhibits most 



of the tPA activity. The tPA/PAL-1 concentration (tPA 

equivalent) reflects -;=he induction of fibrinslytic pathways 

(from Diagnostics Stags tPA/PAI-1 Kit insert). ~ibrinolysfs 

prevents fibrin accumuLation in the blood vessels of the 

body which could lead to thromboeiabsbism formation. A t  

physiological ranges for tPA/PAT-1 complex, low or no 

Pibrinolytic activity is detected in plasma. Thus, even 

though during the morning hours one is more prone to 

increased blood coagulability, it may be offset by 

exercising due to an increase in tPA. A study by Niazi et 

a1.18 found that the time of day had little effect on cardiac 

risks associated with exercise training. It was found that 

cardiac patients had hyperaggregable platelets in the 

evening hours, not in the morning hours, as previously 

reported in apparently healthy individuals. 

Thus, the effect of an acute exercise bout on blood 

clotting factors in cardiac rehabilitation patients is 

unclear, as is the relative safety of morning versus 

afternoon exercise training. The purpose of this study was 

to determine the effects of exercise on circadian variations 

in tPA, PAL-1, and tPA/PAI-1 complex and ECG responses to 

exercise in cardiac patients in the morning versus tho 

afternoon. 



METHODS 

Subject Selection 

Sixteen male volunteers between the ages of 49 and 77 

were used in this study. All subjects had a known history 

of cardiovascular disease (previous myocardial infarction, 

coronary artery bypass grafting, percutanecus transluminal 

coronary angisplasty, angina, or known coronary artery 

disease, as documented by invasive or noninvasive studies). 

Each subject had a consent form (see Appendix €3) signed by 

their physician before beginning any testing. Each subject 

had completed a graded exercise test within the past year 

and had participated in a cardiac rehabilitation program 

without any major complications for at least 1 month. 

Testing Protocol 

All testing took place in the Human Performance 

Laboratory on the University of Wisconsin-La Crosse 

campus, Each subject exercised on two separate occasions: 

once in the morning between 6:06  - 8 : 0 0  a.m., and once in 

the afternoon between 4:OQ - 6 : 0 0  p.m. One half of the 

group exercised in the A.M. first, and the other half 

exercised in the P.M, first. A t  least one day separated the 

exercise sessions. Each subject completed an informed 

consent document (see Appendix C) and a health history 

questionnaire (see Appendix Dl) prior to undergoing any 

testing procedures. 



Exercise Sessions 

Both the morning and afternoon exercise sessions were 

conducted in an identical manner. Upon completion of the 

informed consent document and health history questionnaire, 

subjects had their height and weight measured. They were 

then prepped for a standard 12 lead electrocar~liag~am (ECG) 

and connected to a Marquette Case I1 electrocardiograph 

recorder. Each subject also had an appropriately sized 

blood pressure (BP) cuff applied at that time. They then 

were required t~ lie supine for 5 minutes, after which 

resting ECG and BP were taken. The subject was prepared for 

venipuncture. A tourniquet was applied to the left arm and 

an antecubital vein was palpated. The area around the vein 

was prepped with 70% isopropyl alcohol and betadine swab. A 

4 milliliter (ml) blood sample was then drawn into a blue 

top tube containing 0.5 ml of 3.8% sodium citrate. 

Disposable latex gloves were worn by the researcher at all 

times when prepping and obtaining the blood samples. 

Following completion of the blood sanple callection, 

the subject performed a warm-up session consisting of 

stretching activities (arm circles, side bends, modified 

hurdler stretch, etc.), and a brief warm-up on the treadmill 

gradually increasing to their normal training intensity. 

The exercise phase consisted of each subject exercising 

for 30 minutes at a self-selected speed on the treadmill. 



The speed was recorded and the same speed was used for the 

other exercise session. Subjects were instructed to choose 

an intensity that best approximated their daily training 

intensity. Intensity was later quantified as a percentage 

of maximal heart rate19 from previous graded exercise testing 

data. Typically, exercise is prescribed to be 55 - 90% of 
the maxiliial heart rate or a rating of percaived exertion 

(RPE) of 11 - 15 on the Borg scale. Heart rate and systolic 

and diastolic BP were measured at rest, every 5 minutes 

during exercise, and in recovery. ECG was monitored 

continuously and recordings were made every 5 minutes during 

the exercise sessiol~s. The BP wai; measured by auscultati.on 

in the left arm using a sphygmomanometer and stethoscope, 

with the 4th Karotkoff sound being used as the diastolic BP. 

The ST segment was measured on each ECG and quantified by a 

cardiologist. 

The cool-down phase consisted of each person walking at 

a self-selected speed for 5 minetes. Following cool-down, 

the postexercise blood sample was drawn in the same fashion 

as the preexescise sample. 

Plasma Sam~le AnaPvses -- 
After obtaining the blood samples, the sample was 

centrifuged at 4100 revoPutions per minute (rgm) for 8 

minutes. The plasma was pipetted into a plastic tube and 

placed immediately in a refrigerator. The sample was then 



placed in a freezer at -70'~ within 2.5 hours of drawing. 

Before performing the quantitative determinations, the 

citrated plasma samples were thawed at room temperature for 

at least 30 minutes. 

The concentration of tissue plasminogen activator was 

determined by using an Asserchrom tPA kit, utilizing an 

enzyme immunoassay procedure for the quantitative 

determination of tPA (see Appendix E). Plasminogen 

Activator Inhibitor-type I concentration was determined by 

using an Asserchrom PAI-1 kit, utilizing an enzyme 

immunoassay for the quantitative determination of PAI-1 (see 

Appendix F). The concentration of tPA/PAI-1 complex was 

ineasured utilizing an Asserchrom tPAJPAI-1 kit (see Appendix 

GI 

Statistical Analvses 

Standard descriptive statistics were used to describe 

the patient population. Differences between morning and 

afternoon pretesting values were compared using dependent 

t-tests. Differences between the responses as a result of 

exercise, and between A.M. and P.H. sessions were determined 

using a two-way ANOVA with repeated measures, Alpha was set 

at p c .05 to achieve statistical significance. 

RESULTS 

The research protocol required all subjects to complete 

a 30-minute bout of exercise in the morning (6:OO - 8:06 



a.m.) and in thc afternaon (4:OO - 6:00 p.m.). A11 16 

subjects completed both exercise sessions. Before and after 

each session, blood samples were obtained. The mean age, 

height, and weight of the subjects are presented in Table I, 

along with their maximal heart rate and METS obtained from a 

graded exercise test performed within the past year. 

Table 1. Descriptive characteristics of subjects (a = 16) 

Variable Mean rf: SD Range 

Height (em) 176.9 + 4.83 170.0 - 185.0 
Weight (kg) 84.4 k 11.92 64.6 - 108.2 
Maximal HR (kpm) 153.0 + 18.99 112.0 - 197.0 
Maximal METS 12.1 + 2.14 9.2 - 17.0 

Table 2 presents individual subject characteristkcs, 

including subject number, age, type of cardiac event, and 

intervention, and the medications each subject was on at the 

time of testing. All but two subjects had aspirin included 

as part of their daily drug regimen. 



Table 2. Subject characteristics 

Subject Age Cardiac Event Medications 

1 61 MI, HTN ASA, Amiodarone 
Furosemide, Lisinopril, 

2 59 MI, CABG ASA, Lovastatin 

3 60 MI, PTCA, CABG, VR ASA, Coumadin 

4 65 HTN, MI, CABG ASA, Diltiazem 

5 65 HTN, CAD ASA, Diltiazem, 
provastatin 

6 69 PTCA, MI, CABG ASA, Diltiazem, Isosorbide 

7 70 HTN, CAD Nifedipine 

8 77 CABG ASA 

9 57 HTN, CABG ASA, AtenoPol, Simvastatin 

10 49 HTN, MI, CABG ASA, Metoprolol 

11 59 MI, CABG (twice) ASA 

12 70 PTCA, CABG ASA 

13 57 MI ASA, Metoprolol 

14 60 PTCA, CABG ASA, Nifedipine 

15 64 MI None 

16 51 HTN, PTCA ASA, Lovastatin, Prinivil 

MI: Nyocardial Infarction; HTN: Hypertension; CABG: 
Coronary Artery Bypass Graft; PTCA: Percutaneous 
Transluminal Coronary Artery; VR: Valve Replacement; CAD: 
Coronary Artery Disease; ASA: Aspirin 

Responses to the A.M. and P.M. exercise session are 

presented in Table 3. Because subjects were at a steady- 

state for the 30-minqte period, variables were measured at 



5-minute intervals during each 30-minute exercise session. 

The values presented represent mean values for minutes 5 - 
30. There were no significant differences (p > .05) 

'between resting HR, SBP, and BBP, or exercise HR, SBP, and 

BBP, IRPP, and RPE responses between A.M. and P.M. exercise 

sessions. Electrocardiograms were monitored continuously 

and recorded every 5 minutes during the exercise sessions 

and there were no significant electrocardiographic changes 

(p > .05] nor dysrhythmias noted during the sessions. 

Table 3. Comparisons of A.M. versus P.M. exercise sessions 
(N = 16) 

Variable 
A.M. 

Mean 5 SD 
P.M. 

Mean + SD 

RSBP (mmHg) 120 9 16.5 125 & 16.9 

RDBP (mmHg) 76 + 6.8 77 + 5 - 5  

ExHR (bpm) 96 + 18.7 98 + 17.8 

ExDBP (mmHg) 73 & 8.9 73 + 8.6 

ExRPP 13.5 + 3.8 13.4 $. 3.9 

ExRPE 12 3- 1.5 12 + 1.4 

RHR: Resting Heart Rate; RSBP: Resting Systolic Blood 
Prer- ye; RDBP: Resting Diastolic Blood Pressure; ExHR: 
Exerase Heart Rate; ExSBP: Exercise Systolic Blood 
Pressure; ExDBP: Exercise Diastolic Blood Pressure; ExRPP: 
Exercise Rate Pressure Product; ExRPE: Exercise Rating sf 
Perceived,Exertion; %HRmax: Percentage of Heart Rate 
Maximum. 



Table 4 presents the plasma parameters which were 

measured before and after both the A.M. and P.M. exercise 

sessions. For tPA, there was a significant difference 

(p < .05) between preexercise A.M. and P.M. measurements, 

with the A.M. tPA levels being higher. The postexercise tPA 

levels were significantly higher (p < -05) in comparison to 

preexereise values for both exercise sessions. This 

indicates that even though tPA levels were higher in the 

A.M., the response of tPA concentration to exercise was 

similar in the A.M. and P.M. 

Table 4. Plasma determinations of tPA, PAX-1, and complex 

A.M. P.M. 
(H) Pre Post Pre Post 

Mean + SD Mean + SD Mean + SD Mean 3. SD 
(nglml) (nglml) (nslml) (ng/ml) 

Complex 10 1.5 + 1.39 2.9 + 2.65 1.3 rf: 1.32 2.1 + 2.06 

For PAI-1 levels, the preexercise A.M. levels were 

significantly higher (p < .05) than the preexercise P.M. 

levels. There were no significant differences (p > .05) 

between pre- and postexercise levels for either the A.M. ~r 

P.M. sessions, although there was a tendency for the values 

to decrease slightly for both sessions. 



The results for the tPA/PAI-I complex ware similar to 

tPA. The morning preexercise concentrations were 

significantly higher (p < .05) in comparison to the 

,afternoon but the magnitude o f  the difference was small (0.2 

ng/ml). Both A.M. and P.M. tPA/PAI-1 concentrations 

increased significantly (p < . 8 5 )  as a result of exercise. 

For the PAI-1 plasma determinations, only 14 values 

were used because two participants had values that were 

extreme outliers. Only 10 participants had their tPA/PAI-1 

concentrations determined due to laboratory error. 

DISCUSSION 

The purpose of this study was to determine the relative 

safety of morning versus afternaan exercise in cardiac 

patients as assessed by determining hemodynamic and plasma 

parameters. It has keen shown that there are circadian 

rhythms that may make one mere prone to ischemia and 

myocardial infarction in the morning. Thus, a major 

question is whether or not cardiac rehabilitation 

participants are more prone to have adverse effects if they 

exercise in the morning. Murray et al.20 found that the 

incidence of cardiac events during cardiac rehabilitation 

during the morning was 3.0 per 100,000 patient hours and 2.4 

per 100,000 patient hours in the afternoon. 

In this study, only men with known heart disease were 

used as subjects. All of the subjects were on medications 



and 1 4  of the 16 subjects took aspirin as part of their drug 

regimen. The participants were asked to take their 

medications as they normally would before they came in for 

testing. Muller and Tsfles2' have stated that beta blockers, 

and aspirin to a smaller degree, selectively reduce cardiac 

events in the morning. Most of the other studies on 

circadian variation were done on apparently healthy 

individuals who were not on any type of medication. 

In this study, the resting and exercise hemodynamic 

responses were not different between the morning and 

afternoon exercise sessions. Exercise HR and SBP were 

within 2 beats per minute and 3 mmHg of each other 

respectively, and the DBP was identical. The percentage sf 

maximum HR at whish the subjects exercised was also similar 

between sessions. Therefore, we can assume that the 

exercise sessions were performed at a consistent level. A 

limiting factor to this study was that the subjects 

exercised at only 64% of maximum HW, which is close to the 

minimum intensity for aiding cardisvascular endurance 

recommended by the American College of Sports Medieine.19 

Also, there were no ECG changes nos dysrhythmia noted during 

either testing session. 

When discussing tFA concentration, normal values range 

between 1 - 12 ng/ml according to the tPA Asserchsom kit. 
Tissue plasminogen activator is an enzyme responsible for 



converting plasminogen to plasmin which promotes 

fibrinolysis thereby inhibiting clot formation. There was a 

significant difference between preexercisa A.M. and P.M. 

,levels, with the A.M. values being higher. This differs 

from studies done on circadian variations sf  PA.^^^^^ It was 

reported in these two studies that tPA was lowest in the 

1 morning and increased significantl'y by late afternoon, 
1 

Their studies were done on apparently healthy individuals, 
I 
I 
! whereas this study utilized men with known cardiac disease. 

In a study by Niazi at a1.18, it was found that cardiac 

patients had hyperaggregable platelets in the P.M. hours, 

not i n  the morning hours as previously reported in healthy 

individuals. I% leads one to wonder if cardiac patients 

have different fibrinslytic activity in comparison to 

normal, healthy individuals. The tPA levels increased by 

26% with exercise, which is similar to the study performed 

on healthy individuals,~ In the study performed on healthy 

individuals by Chandler et z~l.'~, the total tPA increased by 

92% with exercise. 

With the PAI-1 levels, normal values range between 

4 - 43 ng/ml according to the PAP-1 Asserchrom kit. 
Plasminogen activator inhibitor-type 1 is synthesized by the 

endothelial cells and inhibits the activity of tPA, thereby 

inhibiting fibrinolysis. The preexercise A.M. levels were 

significantly higher than the P.M. levels which correspond 



with the findings of Kluft et done in apparently 

healthy males. The levels decreased between A.M. versus 

P.M. sessions and pre- versus postexercise but not 

'significantly, which is similar to the findings of Chandler 

et a1.17 The findings follow the same pattern of ~l-§ayedu, 

who also showed that the PAP-f levels decreased from pre to 

postexercise during resistance exercise in healthy 

individuals. ~l-sayedB concluded that resistance and 

aerobic exercise sessions produce similar changes in 

fibrinolysis. 

The tPA/PAI-1 complex concentration (tPA equivalent), 

which reflects the induction of fibrinolytic pathways, 

reacted in the same manner as t P A ,  with the concentration 

being lower in the P.M. and increasing between pre- and 

postexercise. In a study by Chandler et a1.17, performed on 

healthy individuals during acute exercise, the tPA/PAI-1 

complex and PAI-1 concentrations reacted similarly and did 

not change significantly as a result of exercise. Normal 

values have not been determined for this parameter, and the 

tPA/PAI-1 complex is currently being used for research 

purposes only. 

CONCLUSIONS 

There were no significant differences in the 

hernodynamic and ECG responses to exercise between morning 

and afternoon exercise sessions. The tPA and PAX-1 values 



were within normal range for morning and afternoon exercise. 

Additionally, tPA and tPA/PAf-1 complex concentrations 

increased with exercise, and PAI-1 dec~eased with exercise, 

'thus favoring fibrinolysis. Thus, it would appear that it 

is safe for cardiac patients to exercise at any time of the 

day. However, because of the complexity of the subject and 

as the exact interplay between the various clotting factors 

becomes more evident, it is recommended that further studies 

be done to evaluate the fibrinslytic effects sf exercise in 

individuals with coronary artery disease and in women. 
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REVIEW OF LITERATWE 

Introduction 

There are limited numbers of articles published in 

English comparing the safety of morning versus afternoon 

exercise in the cardiac patient. The key areas concerning 

this topic include circadian variations in heart rate, blood 

pressure, catecholamines, tissue plasminogen activator 

(tPA), pbasminogen activator inhibitor-type I (PAI-l), and 

tPA/PAI-1 complex. This review of literature will discuss 

each of these topics. 

Circadian Variation 

Clinical studies in the past have documented circadian 

variation in arterial blood pressure, heart rate, and plasma 

cateehsBamine levels, with higher levels occurring in the 

morning than any other part of the day. It is felt that the 

higher incidence of myocardial ischemic events which occur 

between the hours of 6 a.m. and 12 p.m., may be related to 

these circadian variations.' Thirty-two subjects with 

chronic stable  symptom^ sf coronary artery disease were 

monitored for one or more days with ambulat~~y ECG 

equipment. Thirty-nine percent of the ischemic episodes 

occurred between 6 a.m. and 12 p.m. Peak activity occurred 

within the first 2 hours of arising, with an average arising 

time of 6 : 2 5  a.m. Thirty-two percent of the ischemic events 

occurred in the evening, within 6 hours of going to sleep, 

with a mean time of going to bed,of 10:45 p.m. When 



comparing myocardial ischemic episodes to the time of day, 

there was no apparent relationship between the activity 

level and when ischemia occurred. 

According to stone2, increases in heart rate, blood 

pressure, or myocardial contractility may be responsible for 

the higher incidence of ischemic events in the morning. All 

of these factors increase myocardial oxygen demand. 

Additionally, increases in heart rate that occur in the 

morning may be more likely to contribute to ischemic events 

than those that occur in the afternoon or evening. He found 

that ischemia occurred at a lower heart rate in the morning, 

in comparison to the heart rate at which ischemia occurred 

in the afternoon, during supervised graded exercise testing. 

This suggests that the myocardial oxygen demand at which 

ischemia develops varies throughout the day, most likely due 

to coronary vasomotor tone. 

Nadamanee, Intarachst, Josephson, and singh3 studied 97 

patients with angina and found that ischemia occurred more 

frequently between 8 a.m, and 3 p.m. with the least number 

of events occurring between 1 a.m. and 5 a.m. Occurrences 

peaked in the late morning to early afternoon. They felt 

the contributing factors for ischemia were due to the fact 

that blood pressure and heart rate were significantly higher 

during the daytime in comparison to nighttime, secondary to 

increased adrenergic activity. Increased blood pressure may 

also contribute to plaque rupture due to sheer stress. The 



plaque rupture can- lead to myocardial infarction, 

dissection sf the coronary artery or intimal hematoma. 

Other known contributing factors for ischemia include 

physical and mental stress. Muller, Tsfler, and stone4 

found that exercise can cause an increased vasomotor 

sensitivity to norepinephrine, histamine, and serotonin, 

with a paradoxical vasoconstrictor response to 

acetylcholine. Exercise n~rmally causes vasodilation of the 

coronary arteries. However, patients with coronary artery 

disease may also have endothelial dysfunction that can cause 

vasoconstriction when one would normally see vasodilation. 

Like ischemia, circadian variation has been noted in 

studies sf myocardial infarction. Peak occurrence for the 

onset of symptoms for a myocardial infarction have been 

found to occur between 6 : 0 0  a.m. and 12:OO p.m.' The data 

of Pel1 and ~ ' ~ l o n z s ~  agree with these findings. They also 

found that the peak incidence of myocardial infarction 

occurred in the morning hours. 

Circadian elevation in endogenous plasma levels of 

catecholamines and cortisol may also be an inducing factor 

in early morning infarction.' Increased cortisol levels can 

increase the sensitivity of the coronary arteries to the 

vasoconstrictor effects of catecholamines. The 

vasoconstrictor effects can occur upon assumption of the 

upright position. 



Fibrinolvsis 

The fibrinolytic system helps to maintain hemostatic 

balance. Regulation of fibrinolysis, an important mechanism 

by which vascular clots are retarded or resolved is, in 

part, controlled by diurnal variation of tPA and PAL-1 

concentrations. The relative concentrations of tissue 

plasminogen activator and plasminogen activator inhibitor- 

type f are factors that may play a role in the increased 

incidence of myocardial infarction in the morning. Another 

factor which may play a role is the tPA/PAI-1 complex. This 

section will present information concerning tPA, PAI-1, and 

tPA/PAI-1 complex. 

Tissue Plasminoqen Activator 

Tissue plasminogen activator is a serine protease 

composed of 1 polypeptide chain containing 527 amino acids. 

It is normally stored in the endothelial cells of tissue and 

is released into the bloodstream. Tissue plasminogen 

activator is an enzyme present in human tissue that is 

responsible for converting plasminogen to plasmin. Plasmin 

is the active fibrinolytic agent in the circulation. 

Elimination of tPA takes place in the liver. Tissue 

plasminogen activator levels can build up with hepatic 

disorders. 

Plasminoaen Activator Inhibitor. Tvse 1 

PAI-1, a single chain glycoprotein, is produced by 

endothelial cells and is the physiologic inhibitor sf tPA. 



It can exist in active (compkexed with tPR) or latent form 

(not complexed with tPA). The active form is usually 

contained in the endothelial cells but can change rapidly 

into the latent form upon secretion. Platelets and 
I 

hepatocytes also contain PAI-1. Vitronectin binds PAX-1 and 

stabilizes it. Vitronectin is a plasma glycaprotein and has 

a number of functions, including assisting with blood 

coagulation. 

tPA/PAI-1 Com~lex 

There is limited literature published in English in the 

area of tPA/PAf-1 complexes. Fibrinolysis is a complex 

system, preventing fibrin accumulation in vessels and 
C 

evolution to thrombqembolic disease. Tissue plasminogen 

activator released from endothelial cells is a key factor in 

fibrinolysis. However, the presence of its specific 

inhibitor, PAI-1, induces complex formation in plasma with 

inhibition of most of tPA activity. There are other 

inhibitors to *PA, but. with a much Lower efficiency than 

PAX-1. The t P A  and PAI-1 cancsn%rations are of great 

importance for the induction af fibrinolytic activity 

generated on fibrin deposition. 

Normally, law or no fikrinalytic activity is detected 

L 

i 
in plasma. During pathological conditions, an imbalance 

: 
i usually occurs due to large excesses of PAX-1 in the 

bloodstream, thus favoring clot formation in the blood 
I 

I vessels. 
i 
I 
I 



The results of the measurement of tPA and tPA/PAI-1 

complex reflects the induction of fibrinolytic pathways. It 

can be useful for diagnosis in various pathological states 

with endsthalial stimulation. It also is useful for 

understanding the fibrinolytic equilibrium in pathology. 

Fibrinolvtic Studies 

Hluft, Jie, Rijkea, and verheijen8 studied the blood 

fibrinolytic activity of 10 apparently healthy volunteers at 

the following times: 9 a.m., 12 p.m. and 3 p.m. PAI-1 

showed an opposite pattern of that of tPA, with higher 

levels in the morning and decreasing in the afternoon. They 

concluded that the appearance in the blood of tPA and PAI-1 

showed a daytime fluctuation, suggesting a coordinated 

circadian fluctuation in production of both proteins by 

endothelial cells. 

Muller et al.4 also found that tPA increased between 

the hours sf 9 a.m. and 9 p.m. They noted a marked 

decreased in tPA between 1 a.m. and 9 a.m. in studying 6 

normal, healthy volunteers. 

Exercise Studies 

Chandler et studied the fibrinolytic response 

during acute exercise and epinephrine infusion in healthy 

males. All studies were performed in the late morning and 

early afternoon. They found PAX-2 to be Pow at baseline and 

it did not change significantly with either exercise or 

epinephrine infusion. The tPA/PAI-1 complex reacted in the 



same manner as PAI-1 and did not change significantly with 

exercise or epinephrine infusion. They also found that the 

tPA levels in the blood did not increase until the 

epinephrine level increased, suggesting epinephrine released 

during exercise stimulates tPA secretion. They felt that 

50% of the increase in tPA during exercise was due to the 

Increase in epinephrine. The other 50% increase in tPA was 

probably due to decreased hepatic clearance during exercise. 

~l-§ayedlo studied fibrinslytic and hemostatic 

parameters in response to acute resistance exercise. Seven 

healthy individuals were studied during a control period, 

during high volume resistance exercise (HVRE), and during 

low volume resistance exercise (LVRE). Accelerated 

fibrinolyois and increased activity sf tPA was demonstrated 

in response to high and low volume exercise, The tPA 

activity increase was related to the exercise volume, with 

HVRE being the highest. The findings were similar to the 

results of other studie~~~*~~~'~. ~l-8ayed13 stated that the 

exact underlying mechanism for the increased t P A  levels with 

exercise is not fully understood, but may be attributed to 

an increased rate of synthesis, increased rate of release, 

increased rate of activation, or decreased clearance. PAX-1 

activity decreased significantly in response to both HVRE 

and LVRE. PAI-1 activity was also significantly lower in 

response to HVRE than LTFRE. The inhibitor responded in an 

opposite mannee to that sf tPA. 



The effects sf cardiac exercise training on circadian 

variations in catecholamine output and platelet aggregation 

were studied and it was found that the effects of a.m. and 

p.m. exercise on these factors were similar. Platelet 

aggregation was higher in the afternoon and after exercise. 

It was concluded that patients with coronary artery disease 

had hyperaggregable platelets in the afternoon and that the 

time of day had little effect on cardiac risks with exercise 

training. l4 

The effects of physical conditioning on fibrinolysis 

were studied in a group of 23 young and old healthy adults 

who participated in intensive endurance exercise training 

for 6 months.'' The subject population consisted of 18 young 

males (24 - 30 years) and 13 older males (60 - 82 years). 
At baseline, the older group had higher levels sf p A f - l ,  

tPA, and fibrinogen in comparison to the younger group. 

None of the fibrinolytic variables change3 significantly 

during training in the younger group, while the older group 

had a 39% increase in tPA activity and a 58% decrease in 

PAI-1 activity following training. They concluded that with 

exercise training, fibrinolysis is increased in the older, 

healthy group because sf increased resting levels of tPA and 

decreased PAI-1 activity, They also felt that these effects 

may be important mechanisms which may reduce the risk of 

developing cardiovascular disease through regular physical 

activity. 



A retrospective study was performed to compare the risk 

of exercise in the morning to that of the afternoon in 

patients with known heart disease.16 The subject population 

exercised in a supervised setting for 1 hour, submaxfmally, 

in the morning or afternoon. Five cardiac events were notad 

during 168,111 patient hours of exercise in the morning. 

The incidence for cardiac events in the morning was 3.0 per 

100,086 patient hours. There were 2 cardiac events in the 

afternoon during 84,491 patient hours of exercise. The 

incidence for cardiac events in the afternoon was 2.4 per 

100,000 patient hours. The risk ratio for cardiac events 

was 1.27 with a 95% confidence interval, in comparing 

morning exercise with afternoon exercise. The authors felt 

that the incidence of events was low during submaximal 

exercise for both the rn~rning and afternoon sessions, and 

therefore the time of day need not be a concern for cardiac 

patients to when they should exercise. 

Summary and Conclusions 

The physiologic benefits of oardiac rehabilitation are 

supported by the 3fterat~re.'~~~~~'~ A t  the present time, 

further evaluation is needed to determine the relative 

safety of morning and afternoon exercise in the cardiac 

patient. Evaluation of the role of tPA, PAI-1, and tPA/PAI- 

1 complex in fibrinolysis for individuals with coronary 

artery disease, when exercising, needs to be determined. 



Most studies to determine fibrinolytic activity have been 

done on apparently healthy males, not on individuals with 

coronary artery disease or in women. Also since many 

cardiac patients are on medications, the role of medications 

on fibrinolysis needs to be determined. 
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IYFOWEB CONSENT 

Proiect Titie: The relative safety of morning and afternoon 
exercise in patients with coronary artery disease. 

Principal Investiaators: John Porcari, Ph.D., Barbara 
, Santolin, R.N. 

Backaround Information and Purgose of Studv: You are being 
asked to participate in this study because you have 
experienced a heart problem in the past. The purpose of this 
study is to evaluate the safety of exercising cardiac 
rehabilitation participants in the morning, in comparison %a 
the afternoon. 

Studv Procedure: If you agree to participate in this study, 
the following will occur: 

A. You will be asked to participate in two exercise 
sessions, one in the morning between 6:00 a.m. and 
8 : 00 a.m. , and one in the af terneon between 4 : 60 p.m. 
and 6 : 0 0  p.m. Each session will be separated by at 
least 24 hours and consist of a warm-up phase, a 30 
minute aerobic phase and a cool-down phase. The 
aerobic phase will take place on a motor driven 
treadmill in the Human Performance Laboratory at the 
University sf Wisconsin-La Crosse. You can either 
walk or jog on the treadmill, at an intensity you 
normally exercise at. You will be supervised by a 
registered nurse who is certified in advanced cardiac 
life support. 

B. You will have two blood sampbes drawn from your arm 
by one of the researchers, during each session (four 
samples total). Qne will be drawn before the warm-up 
phase and the other after the cool-down phase. 
Standard venipuncture technique for obtaining the 
blood sample and handling of the blood sample will be 
followed. These blood samples will he used to 
determine if exercise changes the ability sf your 
blood to clot. 

C. Your heart rhythm will be monitored at all times by 
electrocardiogram to detect any abnormalities, Your 
hlsod pressure will be taken prior to warm-up, at 
five minute intervals during exercise, and after 
cool-down, 

Benefits; You will receive one month free in the La Crosse 
Exercise and Health Program-Cardiac Rehabilitation Unit upon 
completion of your participation in this study. Research of 
this type wilL hopefully provide information that will allow 
you a more flexible sxercise schedule. You may receive no 



direct benefit from being in this study. However, the 
knowledge gained from your participation may benefit other 
people. 

Risks: As with obtaining any venous blood sample, there are 
routine risks such as hematoma (black and blue), soreness, 
superficial infection and in the worst case, phlebitis. To 
minimize these risks, the blood will be drawn by a trained 
nurse. There is always a slight risk ~f having abnormal heart 
rhythms, heart attack, stroke, or even death with exercise. 
However, with monitoring the electrocardiogram and blood 
pressure, quick assessment will be available to hopefully 
prevent any untoward events. Also, you will be exercising at 
an intensity which you are regularly accustomed to. 

Research Related Injuries/Illnesses: Immediate necessary care 
is available if you become ill or are injured during 
participation in this study. There are no provisions for free 
medical care or compensatian for such occurrences. 

Voluntary Partici~ation: Your participation in this study is 
voluntary. You may refuse to participate, stop the testing at 
any time, or withdraw from the study at any point. 

Inauiries: If you have any questions or concerns about this 
study, please contact the researcher at 785-8683 or 787-5798. 

Confidentiality: Information obtained in this study will be 
held in strict professional confidence. The researcher and 
other health professionals helping with this study may review 
data that is obtained. The data may be used for research 
purposes, however no names will be used. 

Consent: I have read this form, had the study explained to 
me, and understand the procedures, risks and benefits. I 
consent to participate in this study. 

Date Signature of Participant 

Signature of Witness 
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PHYSICIAN CONSENT 

Dr. . 
I am a graduate student in the Adult Fitness/ Cardiac 
Rehabilitation Program at the University of Wisconsin 
La Crosse. Your patient, has 
voluntarily agreed to participate in a research project that 
will investigate the safety of morning versus afternoon 
exercise in patients with cardiovascula~ disease. 

Each subject will be required to exercise once in the 
morning and once in the afternoon. Exercise intensity will 
be at the same level at which they normally exercise (RPE 
11-15). Subjects heart rate, blood pressure, 
electrocardiogram, and signsfsymptoms will be observed by a 
registered nurse, certified in ACLS, throughout the testing 
period. 

Venipuncture will also be performed prior to and after each 
exercise session to determine the levels of tissue 
plasminogen activator, plasminogen activator inhibitor-type 
1, and tissue plasmin~gen activator/plasminogen activator 
inhibitor-type 1 complex. These serum samples, along with 
heart sate, blood pressure, and ST changes, will be analyzed 
to specify whether differences exist between morning and 
afternoon exercise. 

Please sign at the bottom of the page if there are no 
contraindieations that would preclude this individual from 
participating in this study. If you have any questions or 
concerns, please call the La Crosse Exercise and Health 
Program at 785-8683. Thank you for your time and 
cooperation. 

Sincerely, 

Barbara E. Santolin, R.N., B.S.M. 

Physician Signature 
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HEALTH HISTORY F0RT.I 

Name Phone Number 
Date of Birth Sex (circle) Male Female 
Primary Physician Clinic (circle) Gunderssn 

Skemp 

Nave you had the following: (circle one) 

1. Myocardial Infarction (Heart Attack) Yes No 
If yes, when: 19- 

2. Angina (Chest Pain) 
If yes, when: 19 

Yes No 

3. Rheumatic Heart Disease Yes No 

4. congenital Heart Disease Yes No 

5. Heart Murmur Yes No 

6. Cardiac Pacemaker Implantation 
If yes, when: 19 

7. Coronary Artery Bypass Surgery 
If yes, when: 19 

8. Heart Valve Replacement 
If yes, when: 19 

9. Angioplasty (PTCA)/Arthrectomy 
If yes, when: 19 

Yes No 

Yes No 

Yes No 

Yes No 

10. Other Cardiac Procedures Yes No 
If yes, describe:- 

11. Have you had pain, pressure, tightness, burning, aching, 
or other type of discomfort in your chest, neck, 
shoulders, arms, or back in the past month? Yes No 

12. If yes, did anything precipitate this discomfort? 
Yes No 

13. If yes, is your physician aware of this discomfort? 
Yes No 

1 4 .  During the past year, have you had an abnormal heart 
rhythm? 

Yes No 

15. If yes, were you given any medications to treat the 
abnormal heart rhythm? Yes No 



Have you ever been told you have high blood pressure? 
Yes No 

pre you currently being treated for high blood pressure? 
Yes No 

Do you currently smoke cigarettes? 
If yes, how many packs per day? 
If yes, how many years? 

Yes No 

IF you are an ex-smoker, when did you quit? 
How many packs per day? 
How many years did you smoke? 

Are you allergic to anything? Yes No 
If yes, what? 

Have you ever been told you have diabetes? Yes No 
If yes, when? 

Do you have high blood cholesterol? Yes No 

What is your current weight? 
What do you consider your ideal weight? 

Are there any orthopedic problems that would prevent you 
from walking or jogging on a treadmill? Y e s  No 

Do lab technicians usually have diff isulty drawing your 
blood? 

Yes No 

Please list all the medications you are currently taking, 
what times you take them, the dosage, and the reason you 
are taking them? 
F e d i c a t f o n e  Time (hour) Reason 



I have read the above questions and answered them to the best 
of my knowledge. 

Signature of Participant Date 



APPENDIX E 

TISSUE PLASMINOGEF ACTIVATOR 



TISSUE PLASMINOGEN ACTIVATOR 

Tissue plasminogen activator (tPA), an important past 

of fibrinolysis, is stored in the endothelial cells of 

tissue where it can be released into the bloodstream. It is 

measured by using an Asserchrom tPA kit, utilizing an enzyme 

immunoassay procedure for the quantitative determination of 

tissue plasminogen activator. One volume sf plasma and 4 

volumes of 10-fold concentrated phosphate buffer were placed 

into a 5 milliliter (ml) plastic tube. A test sample was 

then instituted using 0 ,  f:2, 1:4, 1:8 and 9:16 dilution to 

obtain the calibration values. Each subject's test sample 

of 200 microliters (ul) was placed into a well coated with 

mouse monoclonal anti-human tPA F(ab1)2 fragments, 

stabilized and hermetically sealed, according to the 

directions for the asserchrom kit. The wells were covered 

and incubated for 2 hours at room temperature. After the 

incubation period, the wells were washed five times with a 

1:20 dilution of washing solution. Next, 200 ug of mouse 

monoclonal anti-human tPA antibody coupled with peroxidase 

and freeze-dried with stabilizers were reconstituted with 

phosphate buffer and added to each well. The wells were 

covered and an incubation period of 2 hours followed at room 

temperature. All wells were washed five times with washing 
I 

solution after the incubation. Prior to the wash, four 

tablets, each containing 2 milligrams (mg) of 



ortho-phenylsnediamine (OPD) were added to 16 ml of 

distilled water. After the tablets dissolved, 50 UP of 3% 

hydrogen peroxide (H202) were added to make an OPD/H202 

substrate. Each well was filled with 200 ub of OPD/H202 
i 

substrate and incubated for 6 minutes at room temperature. 

Fifty milliliters of sulfuric acid was then added to stop 

the reaction. A period of 10 minutes passed and the 

absorbance was measured at 490 nm on a plate reader. The 

results were plotted on a log-log graph. The tPA levels 

were placed on the x-axis and the absorbance values on the 

y-axis. A calibration curve was drawn and the values read 

directly from the calibration curve. 
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PLASMINOGEM ACTIVATOR INHIBITOR-TYPE 1 

Plasminogen activator inhibitor-type 1 (BAI-I), is 

an inhibitor of tPA synthesized by endothelial cells, 

platelets and hepatocytes. It is measured by using an 

Asserchrom PAP-1 k.j,t, utilizing an enzyme immunoassay 

procedure far the quantitative determination of plasminogen 

activator inhibitor. 

One volurne of plasma and four volumes of 10-fold 

concentrated phosphate buffer were placed into a 5 

milliliter (ma) plastic tube. Each subject's test sample of 

200 micrograms (ul) was placed into a well coated with mouse 

monoclonal anti-human PAI-1 fragments, stabilized and 

hermetically sealed, according to the aaserchrom kit. 

directions. The wells were covered and an incubation period 

of 1 hour ensued, After the hour incubation, all wells were 

washed five times. The washing solution was a 20-fold 

concentrated washing solution, diluted 2 : 2 0  with distilled 

water. Three vials of mouse anticlonal anti-human PAX-f 

antibody, coupled with peroxidase, and freeze dried, were 

diluted with 24 ml of phosphate buffer. By pipette, 200 ul 

of this solution was added to each well. Each well was 

covered and incubated for Z hour at room temperature. When 

the incubation was completed, each well was washed five 

times with the washing solution. Prior to the wash, Four 

tablets, each containing 2 milligrams (mg) of 



ortho-phenylenediarnine were added to 16 ml of distilled 

water. After the tablets dissolved, 50 ul of 3% hydrogen 

peroxide (H202) was added to make a QPD/H202 substrate. Pnto 

each well, 200 ul of OPD/H28, substrate was added and 

incubated for 3 minutes. Fifty ml of sulfuric acid was 

added to stop the reaction. A 10 minute waiting period 

occurred and the absorbance was measured at 490 nm on a 

plate reader. Calibration was performed by using 

lyophilized human plasma containing a PAI-1 level in the 

range sf I00 ng per ml after reconstitution with 2 r n l  of 

phosphate buffer. To obtain the five calibration values, a 

dilution of 0, 1:2, 1:4, 1:8 and 1:16 were used. 

The results were obtained by using a log-log graph to 

plot the calibrator values (nanogram per milliliter) on the 

x-axis and the corresponding absorbance values on the y- 

axis. A calibration curve was then drawn. The subjects' 

values were obtained by interpolating the absorbance values 

on the calibration curves to get their PAI-1 levels. The 

results were read directly from the curve, 
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tPA/PAI-1 COMPLEX 

The concentration of tPA/PAI-1 were also measured from 

each subject" thawed plasma sample, Three vials, each 

containing 20 nanograms (ng) of tPA/PAf-1 complex were 

reconstituted with two milliliters (ml) of dilution buffer 

per vial to obtain a solution titrating 10 ng of tPAIPA1-f 

complex per ml. This is measured as tPA equivalent. The 

subjects8 plasma samples were tested at 1 to 5 dilution, one 

volume plasma and four volumes of dilution buffer. A 20 ml 

bottle of dilution buffer, tenfold concentrated phosphate 

buffer with bovine albumin, Na2 EDTA and Ween 20 was 

diluted with distilled water for a 1:10 dilution. 

Each precoated well had 200 ul of calibrator or 

subjects8 plasma added to it. Each well was precoated with 

monoclonal anti-tPA (ab8)2 fragments. An incubation period 

of 2 hours followed. After the incubation, five successive 

washings with washing solution were performed. Immediately 

after the fifth washing, 200 ul of anti-tPA-1 peroxidase was 

added to each well. To obtain the anti-tPA-1 peroxidase, 

three vials of anti-PAX-1 peroxidase conjugate were diluted 

with 24 ml of dilution buffer. Incubation for 2 hours at 

room temperature was performed. Five successive washings 

with washing solution were completed after the incubation 

time. An ortho-phenylenediamine substrate was made by 

adding five tablets of OPD/2HC1, freeze-dried with its 

buffer, with 20 ml of distilled water and 5 tablets of 



hydrogen peroxide (H,O,). These were then mixed and 200 ul 

of the OPD/H202 substrate were added to each well. An 

incubation period for 3 minutes was completed and the 

reaction stopped by adding 50 rnl sf sulfuric acid. The 
I 

wells were incubated for 10 minutes at room temperature and 

then the optical density was measured at 490 nln on a plate 

reader. 

The test results were plotted on a log-log graph paper. 

The tPA/PAI-1 (tPA equivalent) were plotted on the x-axis 

and the optical density was plotted in the y-axis. The 

value obtained was multiplied by the dilution factor, which 

was five. 


