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CHAPTER 1. INTRODUCTION

1.1 Background

Ultraendurance sports, allowing athletes eager to test the limits of their endurance,

are becoming increasingly popular in the United States and throughout the world. The

numbers of 100 mile running events; lronman-distance triathlons (2.4 mile swim, 112

mile bike ride, 26.2 mile run); and multi day, multi-sports events such as the Eco

Challenge are increasing. To date, few researchers have investigated the effects these

ultraendurance events have on the human heart.

1.2 Theories

In the early 1990's William Rowe suggested that permanent cardiac injury could

develop in some endurance athletes in the absence ofcoronary atherosclerosis. Injury to

the coronary endothelium as a result of endurance exercise could occur in athletes

participating in multiple events if sufficient time is not allowed for endothelial repair.

Rowe proposed that high levels of circulating catecholamines produced by endurance

exercise might cause acute myocardial ischemia, patchy fibrosis, as well as coronary

vasospasm (sudden, transient constriction of blood vessels). The vasospasm then

produced high-sheer endothelial turbulence thus injuring the endothelium. These injuries

suffered overtime would adversely affect the heart (Rowe 1992; 1993).

In a review of catecholamine cardiotoxicity, Rona stated that the release of

catecholamines during exercise might deplete the energy reserves of cardiac muscle cells

and this depletion could ultimately result in necrosis. Moreover high-circulating levels of

catecholamines might increase cardiac-muscle cell-membrane permeability (Rona 1985)

Do events that test the upper limits of human endurance in fact have any adverse effects
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on the heart? If so, what are they? Are these effects transient or permanent? What is the

minimum level of effort at which injury is first observed? These questions prompted this

study and the results will contribute to the limited but increasing knowledge regarding the

cardiac effects and/or side effects ofultraendurance exercise.

1.3 Myocardial Infarction Markers

In the past the enzyme creatine kinase (CK) and its isoform creatine kinase

CKMB, found in cardiac muscle, were used as specific markers of myocardial infarction.

Creatine kinase is required for muscle contraction. It catalyzes the reversible transfer of a

phosphate group from phosphocreatine to adenosine diphosphate (ADP) to form

adenosine triphosphate (ATP), a very high-energy molecule (Stedman's, 1995).

Phosphocreatine is a storehouse for high-energy phosphate; phosphocreatine replenishes

ATP in a muscle that is rapidly contracting. Muscle contraction requires energy, which is

obtained by the hydrolysis of ATP. Phosphocreatine, stored in the muscle and possessing

a high phosphate group transfer potential, with the assistance of creatine kinase, can

transfer a phosphate group to ADP to form ATP, which provides energy for muscular

activity. The action of creatine kinase is required for this ATP regeneration (Groff and

Gropper, 2000).

Damaged cells leak enzymes into the circulation suggesting elevated levels ofCK

and CKMB indicate injury to the cardiac muscle. CK and CKMB, however, are present

in skeletal as well as cardiac muscle. Muscular trauma such as that occurring in

endurance exercise, though, can elevate total CK and CKMB. Although the percentage

of CKMB in skeletal muscle is small, skeletal muscle mass is much greater than that of

cardiac muscle mass so skeletal muscle has a larger amount of CKMB in the body than
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does cardiac muscle. Thus skeletal muscle can greatly contribute to circulating CKMB

levels when there is skeletal muscle injury. In myocardial infarction with no obvious

skeletal muscle damage, the amount of CKMB as a proportion of the total CK is greater

than 5-6% of the total CK This percentage has been used in the diagnosis of a

myocardial infarction. (Van Vlaanderen E. 2000). Researchers have found CKMB

levels can be elevated in athletes following prolonged exercise although none of the

athletes studied suffered permanent cardiac injury as a result ofhis/her participation in

these events (Bonetti et al. 1996; Laslett et al. 1996; Rifai et al. 1999).

A cardiac regulatory protein that may be an even better marker for myocardial

injury than CKMB is the cardiac protein troponin I. It has been suggested that this

protein is a better marker than CK or CKMB because of cardiac troponin l's tissue

specificity, which CK, CKMB, and even the other cardiac enzymes in the troponin

complex do not have (Van Vlaanderan 2000). Cardiac troponin I accurately discerns

small amounts of myocardial necrosis (Mair et al. 1992). Troponin I, troponin T, and

troponin C are the three subunits of the troponin complex which functions in muscle

contraction. To understand the role oftroponin in muscle contraction, one must discuss

the filaments involved. The contractile apparatus of cardiac muscle consists of two

different filaments: firstly, the thick filament composed of myosin and secondly, the thin

filament composed of actin, tropomyosin, and the troponin complex. Each actin (thin)

filament is composed of a helical strand of repeating subunits of the globular protein G

actin called fibrous actin (F actin). In the groove formed through the length of the helix

is the protein tropomyosin. The troponin complex is located near one of each

tropomyosin molecule Myosin, the thick filament, is composed of two distinct portions:
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the tail and the head. The head portion, referred as the crossbridge, contains an actin

binding site, which allows it to interact with the thin filament. Myosin also has an ATP

binding site for the energy supply involved in muscle contraction. Contraction occurs

when there is a cyclic interaction between the thin and the thick filaments. For the

interaction to occur, the troponin complex physically moves the tropomyosin off the

myosin-binding site located on the actin. When the myosin-binding site is exposed, the

myosin attaches to the actin and causes the development of muscular force. Under

resting conditions, tropomyosin blocks the binding site on actin. Troponin T binds onto

tropomyosin to prevent it from leaving the actin-binding site. Troponin I also positions

tropomyosin on the actin binding site. When intracellular calcium concentration rises to a

critical level, calcium molecules bind to troponin C. A conformational change then

occurs with the troponin complex physically moving the tropomyosin to expose the

myosin-binding site on the actin. (Rhoades and Tanner 1995, Brooks et aL 1996).

1.4 Cardiac Stunning

Researchers have noted that prolonged endurance exercise may result in cardiac

fatigue or stunning. Myocardial stunning is defined as "the mechanical dysfunction that

persists after reperfusion despite the absence of irreversible damage and despite

restoration ofnormal or near-normal coronary flow" (Bolli, 1999). In exercise, stunning

may be the result of transient ischemia (Bolli, 1999). However the specific sequence of

events in which transient ischemia leads to depressed contractility after blood flow is

restored is unknown at this time (Bolli, 1999). Researchers have suggested myocardial

fatigue or stunning to explain cardiac abnormalities following ultraendurance events.
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Cardiac stunning resulting from endurance exercise is reversible. It is measured by

echocardiography to assess left ventricular function (Whyte et al 2000).
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CHAPTER 2. PRIOR STUDIES

2.1 Endurance Exercise

To assess the impact of endurance exercise on the heart, a number ofresearchers

have investigated the relationship of levels of cardiac troponin T and troponin I and

endurance exercise Results thus far have been inconclusive.

2.2 Runners

Researchers from Austria and France measured plasma enzyme concentrations in

19 male runners (aged 25-55) in the Berlin Marathon. All finished the competition with

no evidence of myocardial ischemia or extraordinary exhaustion. After the race, only one

runner (age 51) exhibited mild increases in cardiac troponin T and troponin 1. Although

the mechanism of myocardial injury in this runner was unknown, it was possible that it

was due to coronary atherosclerosis (Koller et at 1995).

Siegel et a1 studied 51 runners in 1998 to 2000 who completed the Boston

Marathon. Although he found mean values for troponin I increased 6.5-fold, this increase

was within the normal range. In a study of II runners who completed the Boston

Marathon in 200 I, Siegal et a1 found the increase in cardiac troponin I was not

significant

In Austria, researchers studied 24 runners who participated in the Alpine

marathon and 12 who ran the Alpine cross-country marathon. After the races, four

participants demonstrated marked increases in cardiac troponin T levels although the

subjects had no detectable levels two days after the event These four participants trained

one to three times a week whereas the others trained five to six times a week. The

researchers concluded that individuals who train modestly (one to three times a week)
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might exhibit subclinical myocardial damage associated with prolonged aerobic exercise.

High levels of exercise (five to six times a week), however, may provide some protection

against myocardial injury during strenuous endurance exercise. The researchers found

that performance did not affect cardiac troponin T levels (Koller et aI. 1999).

A very limited study was conducted on five male participants (aged 53-62 years)

in a Western States IDO-Mile Endurance Run held in California. Ofthe five, only two

completed the entire distance. While all five participants showed increased levels above

the normal value of cardiac troponin T after the event, the two runners who completed the

entire distance displayed extremely high levels. Based on their preliminary findings, the

researchers who conducted this study suggested that extremely prolonged intense

exercise may induce subclinical myocardial injury but did not offer an explanation why

this type of injury would happen (Laslelt et al. 1996). A subsequent study conducted on

40 runners during Western States Endurance Run revealed no indications of injury to

cardiac muscle during high intensity, prolonged exercise. In this subsequent study,

researchers used a revised and more specific troponin T assay (Laslett et aI. 1997).

2.3 Cyclists

Research has also been conducted on ultraendurance cyclists. Neumayr et aI.

investigated the effects of strenuous ultraendurance exercise on the heart in 38 male

participants in an Alpine bicycle ultramarathon (230K) in Austria. All participants were

experienced, well-trained cyclists. Neumayr et al. found that plasma levels ofcardiac

troponin I, negative before the race, increased in 13 ofthe 38 participants after the

competition and significantly decreased in 12 participants 24 hours after the event.

Among the study participants, the highest level oftroponin I was observed in the athlete

7



who achieved the best perfonnance. The researchers suggested that extraordinary long

term exertion might induce minor cardiac injury even in well-trained athletes, In his

study, Neumayr found that the athletes with increased cardiac troponin I values trained at

a higher level and were younger and faster than those who did not have increased levels

These findings are in contrast to Koller's conclusion that regular high levels ofexercise

might protect against cardiac injury (Neumayr et al. 2001). Neumayr suggested that the

clinical significance and potentiallong-tenn consequences of increased post-event

cardiac troponin I values were uncertain (Neumayr et al. 2001).

In another cycling study, Bonetti and his group in Italy tested 25 male

professional cyclists (aged 24-36 years) during a two-week cycling event in Italy. Due to

withdrawals from the race and dropouts from the protocol, only 10 participants

completed the entire event. Cardiac troponin T was found in the serum of five athletes,

but these levels did not exceed the threshold considered to be a sign of myocardial

ischemia. The researchers suggested that altered membrane permeability possibly caused

the release of the protein and concluded that intense endurance exercise did not appear to

cause permanent cardiac injury (Bonetti et al. 1996).

2.4 Triathletes

Triathletes have also been studied. In a study conducted on 21 participants in the

Hawaii lronman, researchers looked at the effect of endurance events on left ventricular

systolic perfonnance. Although they did find abnormalities in left ventricular functions

after the athletes completed the event, these functions returned to pre-race values during

recovery; and the researchers found no significant, if any at all, irreversible cardiac
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damage. They suggested cardiac fatigue or stunning might have occurred (Douglas et al.

1987).

In a study conducted at the New Zealand Ironman, researchers analyzed blood

samples from 63 athletes after they had completed the event. In four athletes, both

cardiac troponin T and I were elevated above the reference values (0-0.10 ug/L and 0-2.0

ug/L, respectively) and in one athlete, only troponin I was elevated above normal. The

researchers could not determine whether the increases indicated acute myocardial damage

in these five athletes but did state that the extreme exertions could have produced minor

transient myocardial injury or stunning which then increased troponin levels (Cleve et al.

2001)

Rifai and his research team conducted another study on 23 well-trained amateur

athletes in the Hawaii Ironman Triathlon. Ofthe participants, 11 were male (aged 25-41)

and 12 were female (aged 29-57) All 23 athletes finished the event. The researchers

found elevated cardiac troponin T levels in four of II males and in two of 12 females and

elevated cardiac troponin I levels in two of II males and in none of the females. In

addition to measuring cardiac troponin T and troponin I levels and other skeletal muscle

injury markers, the researchers conducted echocardiograms on 12 of the 23 athletes. All

athletes demonstrated normal echocardiograms before the race. After the race, nine of 12

showed some type of abnormality. The researchers found a correlation between number

of abnormal wall segments in the echocardiograms and the increased levels of cardiac

troponin T and I post-race. They were unable to determine iflocal ischemia had occurred.

There was no correlation, however, between increased troponin levels and depressed

ejection fractions. The exact mechanism producing troponin leakage and regional
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abnormalities was not specified. Based on these findings, they suggested that abnormal

segmental wall motion after prolonged exercise is not simply cardiac fatigue but cardiac

injury. Whether or not the injury observed represents significant cardiac injury was not

answered given the absence of tissue histological analysis or follow-up. The findings of

the Rifai study appear to contradict the conclusion of an earlier 1987 Ironman study in

which the researchers suggested no myocardial injury occurred (Rifai et al. 1999;

Douglas et al. 1987).

Whyte and his research team conducted tests on athletes who competed in a half

Ironman triathlon and four weeks later competed in a full Ironman triathlon. Fourteen

male athletes participated in the half-Ironman; 10 of the 14 athletes participated in the full

Ironman triathon. All successfully completed their events. The researchers conducted

echocardiographs on the participants pre-race, post-race and 48 hours after the race.

Additionally they looked at cardiac troponin T, total creatine kinase, and creatine kinase

MB. Although the researchers found post-race left ventricular dysfunction for both

events, the echocardiographs were normal for all 48 hours after the events. Troponin T

was significantly increased post-race for both distances but returned to normal 48 hours

after the events. Elevated post-race levels were seen in total creatine kinase and creatine

kinase MB; these enzymes were still elevated 48 hours after the events. Based on the

increased troponin T values, the researchers suggested that myocardial damage may have

occurred as a result of prolonged endurance exercise and the damage may be partly

responsible for cardiac dysfunction (Whyte et al. 2000)

The fact that athletes who participate in these types ofultraendurance events

continue to successfully do so suggests that the injury, if any, is transient rather than
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permanent (Rifai et al. 1999). Further, that they continue to successfully participate in

ultraendurance events argues against cumulative injury.
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CHAPTER 3. THIS STUDY

3.1 The Objective

The objective of the present study was to examine the effects of ultraendurance

running on the heart by measuring the levels of cardiac troponin I in subject runners

before and after an ultra endurance event. Troponin I was selected as the cardiac marker

because Diagnostic Laboratory Services, which analyzed the blood samples, uses the.

Beckman Coulter system, a state-of -the-art system which measures troponin I. This

system has increased sensitivity and increased specificity for troponin I. It detects minor

myocardial injury in the presence of substantial skeletal muscle injury (Reppun, 2001).

The hypothesis of this study was that elevated levels of cardiac troponin I below

the reference value «O.lng/mL) in endurance athletes do not indicate permanent cardiac

injury. Healthy individuals with no underlying heart disease suffer no long-term

deleterious effects from participation in ultrarunning events at distances of 100 miles.

This study attempted to determine how the heart is affected after such an event.

3.2 The Course

This study involved participants running a certified distance of either 100

kilometers (622 miles) or 100 miles in a 36-hour period on 19-20 January 2002 on the

island of Oahu in the State ofHawaii. The event was the second annual Hawaii Ultra

Running Team (H.URT) 100-Mile Endurance Run. The event was conducted on trails

within the jurisdiction of the State of Hawaii Department ofLand and Natural Resources,

Division of Forestry, Na Ala Hele program. The 100-mile course consisted of five laps

in a tropical rainforest. (See Appendix). Each lap was 20 miles and consisted of 98%

single-track trail, 125% broken pitted asphalt, and .75% asphalt. Over the course of 100
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miles, there was more than 23,750 feet of elevation gain and loss. The ascents were steep

and occurred in short sections of no more than 1.7 miles. There were two stream

crossings per lap. The trails were moderately packed dirt with roots and rocks, which

were slippery when wet (HURT Runners' Booklet 2002).

The lOOK course consisted of three laps with a short 2.5-mile lap at the end.

Because of the heavy rain and high winds during the event, II study participants who had

originally planned to complete 100 miles opted for the lOOK distance. The only

stipulation was that a runner had to be on the course for at least 10 hours to be included in

the study.

3.3 The Subjects

A total of21 runners volunteered for this study (seven females and 14 males). Of

the 21, five completed 100 miles (two females and three males); 15 completed lOOK

(four females and II males). Although one female runner did not finish the event, she

completed 40 miles and was on the course for more than ten hours so was therefore

included in the study.

The age of study participants varied from 20 to 61 with an average of45 (+/- SD

11.3). All but one female study volunteer had completed at least one ultradistance

running event prior to the HURT event. Most were very experienced ultradistance

runners. All of the study participants were in excellent health and none had a history of

heart problems. One female was on medication for hypertension. Training for the event

varied greatly among the study volunteers. Seven ofthe 21 volunteers were from out of

state. Ofthose seven, five had participated in the race in 2001 and were familiar with the

course and one had trained on the course prior to moving to the continental United States.
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Only one study participant was completely unfamiliar with the course. Those runners

participating in the event who lived on Oahu were able to train on the course. None of

the subjects fasted prior to the pre-race blood draw.
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CHAPTER 4. MATERIALS AND METHODS

4.1 General Information

The study was approved by the University ofHawai(i Committee on Human

Studies (CHS). Informed consent was obtained when each study participant signed a

consent form in accordance with University of Hawaii protocols.

In the afternoon prior to the race, baseline blood samples were drawn and

electrocardiograms (ECG) were obtained from each subject. Similar blood samples and

ECGs were taken immediately after each study participant finished the event Blood

samples were spun and placed on ice prior to delivery to the lab. Diagnostic Laboratory

Services, Inc. in Honolulu, Hawaii performed all blood analyses. Cardiac troponin I was

measured because Diagnostic Laboratory Services, Inc. uses the Beckman Coulter

method which reports troponin I rather than troponin 1. Qualified technicians using a

Mortara ELI 100 portable machine took electrocardiograms.

4.2 Troponin I

The Beckman Coulter Access Immunoassay System AccuTnI (Cat No. 33340)

was used to assess cardiac troponin 1. The Access Accu TnI assay is a paramagnetic

particle, chemiluminescent immunoassay for the quantitative determination of cardiac

troponin I in human serum and plasma using the Access Immunoassay Systems. The

Access AccuTnI monoclonal antibody pair is selected to be cardiac troponin I specific.

The assay is a two-site immunoenzymatic ("sandwich") assay Skeletal muscle does not

express cardiac troponin I, either in development or in response to stimuli. Therefore, the

absolute cardiospecificity of myocardial infarction is distinct from rhabdomyolysis

(Beckman Coulter, Inc, 200 I).
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4.3 Creatine Kinase MB

The levels of CKMB were assessed using the Beckman Coulter Access

Immunoassay System (Cat No. 33300). The Access CK-MB assay is a paramagnetic

particle, chemiluminescent immunoassay for the quantitative determination ofCKMB

levels in human serum or plasma. It is a two-site immunoenzymatic ("sandwich") assay

(Beckman Coulter, Inc., 2001).

4.4 Creatine Kinase

The levels of CK were measured using the Beckman Coulter SYNCHERON LX

System. The CK Reagent is intended for the quantitative determination of CK activity in

serum or plasma. The CK Reagent is used to measure CK activity by an enzymatic rate

method (Beckman Coulter, Inc, 1998).

4.5 Electrolytes

Sodium and potassium levels were determined using the Beckman Coulter

SYNCHRON LX System. The SYNCHRON LX ISE Electrolyte Buffer Reagent and

SYNCHRON LX ISE Electrolyte Reference Reagent, in conjunction with SYNCHRON

LX AQUA CAL 1, 2, and 3, are intended for the quantitative determination of sodium

and potassium in serum, plasma, or urine. The system determines sodium ion

concentration by indirect potentiometry utilizing two glass sodium electrodes (one acts as

the reference electrode). The system determines potassium ion concentration by indirect

potentiometry utilizing a potassium ion-selective electrode in conjunction with a sodium

reference electrode. Calcium levels were determined using the Beckman SYNCHRON

LX System. The SYNCHRON LX ISE Electrolyte Buffer Reagent and SYNCHRON LX

ISE Electrolyte Reference Reagent, in conjunction with SYNCHRON LX AQUA CAL 1
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and 2, are intended for the quantitative determination of calcium in serum, plasma, or

urine. The system determines total calcium concentration by indirect potentiometry

utilizing a calcium ion-selective electrode in conjunction with a sodium reference

electrode. A calcium ion-selective electrode measures un-bound free calcium ions in

solution. (Beckman Coulter, Inc, 1998).

4.6 Blood Urea Nitrogen

Blood urea nitrogen (BUN) levels were measured using the Beckman

SYNCHRON LX System. BUN Reagent, in conjunction with the SYNCHRON System

Multi Calibrator, is intended for the quantitative determination ofurea nitrogen in serum,

plasma, or urine. BUN Reagent is used to measure nitrogen concentration by an

enzymatic rate method (Beckman Coulter, Inc., 1998).

4.7 Creatinine

Creatinine levels were measured using the Beckman SYNCHRON LX System.

SYNCHRON Creatinine Reagent, in conjunction with SYNCHRON LX AQUA CAL 1

and 2, is intended for the quantitative determination of creatinine in serum, plasma, or

urine. The SYNCHRON LX System determines creatinine by means of the Jaffe rate

method (Beckman Coulter, Inc., 1998).

4.8 Lymphocytes

Lymphocyte counts were determined by using a Bayer ADVIA 120 analyzer.

The ADVIA 120 is a fully automated hematology system based on cytochemical and

laser technology to provide information on complete blood count with differential

Methodology involved in determining the total white cell count and differential involved

the peroxidase channel and basophil channel
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CHAPTERS. RESULTS

5.1 Troponin I

This study found that plasma levels of cardiac troponin I, negligible before the

race, increased in all of the participants after the event, regardless ofdistance completed.

Although the mean troponin I increased significantly (pre Vs post, 0.01 nglmL Vs 0.06

nglmL; t = 5.14, P < .001), the levels were still below the reference value «O.lnglmL) in

all but three subjects. (Figure I) The reference value is what is considered to be normal.

In the three individuals with troponin I values above the reference value post-event, one

female had a level ofO.23nglmL; one male had O.llnglmL, and another male had 0.10

nglmL, which was borderline normal. (Figure 2) These three individuals completed the

lOOK distance. All 100-mile finishers had post-event cardiac troponin I values ofless

than O.lng/mL. Values for the 100-mile finishers ranged from a low ofO.04nglmL to a

high of 0 08 nglmL. All subjects had normal post-race ECGs. There was no significant

difference in cardiac troponin I values between males and females after running

(F = .340, P = .566). The major finding was while there was a statistically significant

difference between the pre and post-race cardiac troponin I values, no participant had an

increase sufficient to justify an interpretation of myocardial injury.

5.2 Electrocardiogram Recordings

Electrocardiogram (ECG) recordings were evaluated by an experienced clinician

both pre- and post-event and showed no changes of clinical significance. No indicators

of current or past myocardial injury were found in the ECGs of any participant.

5.3 Creatine Kinase and Creatine Kinase MB
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All participants in this study demonstrated increases in total CK and CKMB after

the event compared to before the event. (Figure 3 and Figure 4, respectively) (Normal

values for total CK are 35-232 IUIL; normal value for CKMB is <5.0 nglmL). The

increases in mean CK (pre Vs post, 117.33 IUIL Vs 4902.33 IUIL) and CKMB (pre Vs

post, 2.87 nglmL Vs 84.14 nglmL) were significant (t = 5.11, P < .001 and t = 3.99,

P = .001, respectively). The proportion ofCKMB to total CK in post-race samples,

however, was less than 5% in all subjects, and averaged only 1.8%. There was no

correlation between the change in CKMB and the change in troponin I (r = .063, P =

.393), which also supports a non-cardiac source for the elevated post-event CKMB.

(Figure 5) The change in CKMB was highly correlated to the change in total CK (r =

.738, P < .001), which is what one would expect if the elevated CKMB was of skeletal

muscle origin (Figure 6)

There was no significant difference in the change in CKMB between males and

females (F = 1.59, P = .221). There was only a nearly significant difference in the change

in CK between males and females (F = 301, P = .098).

There was a marginally significant association between speed and the change in

CK (r = .439, P = .052). (Figure 7) The faster the individual, the greater the changes in

CK. There was no significant association between speed and the change in CKMB

(r= .194, p= .411).

Distance was not significantly associated with the change in either CK (F = .019,

P =890) or the change in CKMB (F = .473, P = .500). (Figure 8 and Figure 9,

respectively)

5.4 Leukocytes and Lymphocytes
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All participants demonstrated a post-event leukocytosis, and this trend was

statistically significant (pre-event WBC 6.07 x !03/mm3 ± 1.36 Vs 11.04 x !03/mm3

±1.89 post; t = 11.36, p <.001). There was a consequent decrease in the lymphocyte

count when expressed as a percentage of the total white blood cells (WBCs). Both of the

above are normal findings. (Normal WBC count is 4.8 - !O.8 x 109/L; normal

lymphocyte count is 12-14 %). There was also a modest but statistically significant

decrease in absolute lymphocyte count (pre-event count 1.84 x 103 ± .37 Vs 1.45 x 103 ±

.39 post-event; t = 10.72, P < .001). There was a significant negative correlation between

post-event troponin I and the change in lymphocytes expressed as a percentage of total

WBCs (r =- 430, P = .026) The meaning and the importance ofthis finding are

unknown.

5.5 Electrolytes

There was a small but significant decrease in sodium (pre Vs post, 138.33 mEq/L

Vs 136.19 mEq/L; t = 3.40, P = .003) after the event compared to prior to the event.

There was no significant change in potassium (serum) after the event compared to prior

to the event (pre Vs post, 3.65 mEq/L Vs 3.67 mEq/L; t = .28, P = .782). (Figure 10)

(Normal values for sodium are 136-146 mEq/L; normal values for potassium are 3.6-5.0

mEq/L). One participant, though, had an appreciable decrease in potassium (from 3.5 to

2.6 mEq/L) which had not fully normalized 24 hours later. There was a significant

decrease in total serum calcium (pre Vs post, 9.46 mg/dL Vs 8.91 mg/dL; t = 5.34,

P <001), which was explainable by the roughly 14% hemodilution that occurred during

the event. (Figure II) (Normal values for total calcium are 8.3-10.5 mg/dL).

5.6 Creatinine
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At the end of the event, creatinine had increased from 0.89 mg/dL pre-event to

0.98 mg/dL post-event (t = 3.63, P = .002). (Figure 12) (Normal range for creatinine is

0.6-15 mg/dL) The change in total CK was significantly correlated to the change in

creatinine (r = .596, P = .042). (Figure 13) There was no significant difference in the

change in creatinine between those who completed lOOK and those who ran 100 miles

(F = .173, P = .682). (Figure 14) Speed did not affect the change in creatinine (Figure

15) There was no significant difference in the change in creatinine between males and

females (F = 105, P = .317).

5.7 Blood Urea Nitrogen (BUN)

A comparison of pre-event and post-event values showed that BUN increased

from 15.00 mg/dL pre-event to 25.24 mg/dL post-event, which was significant (t = 6.09,

P < .001). (Figure 12) (Normal range for BUN is 6-19 mg/dL). There was a significant

association between distance and the change in BUN (F = 5.35, P = .032). The largest

changes in BUN were found in the participants who ran 100 miles. (Figure 16) There

was a significant correlation between the change in BUN and the change in serum

creatinine (r = 384, P = .043). (Figure 17) There were highly significant correlations

between the change in BUN and the change in CK (r = .538, P = .006) and between the

change in BUN and the change in CKMB (r = .600, P = .002). (Figure 18 and Figure 19,

respectively) A significant association was seen between the change in BUN and speed

(r = .448, p =047). The faster the individual, the greater the change in BUN. (Figure 20)

5.8 Hematocrit, Hemoglobin, and Plasma Volume

There was a significant association between speed and the change in hemoglobin

(r = .543, p =013). The greater the hemoglobin decrease, the faster the individuals ran
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There was no significant association between speed and the change in hematocrit

(r = .186, P = .430) or between speed and the calculated percentage change in plasma

volume (r = .204, P =387).

The hematocrit decreased by 7.48 % and the hemoglobin by 7.39%, which

indicates hemodilution in the study participants. The increase in plasma volume

calculated from the change in hematocrit using the formula ofvan Beaumont (1972) was

14%.
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CHAPTER 6. DISCUSSION

6.1 Troponin I

Researchers have attempted to determine a minimum value for troponin I that, in

conjunction with other markers, indicates cardiac damage. In studies conducted on

patients with unstable angina, researchers have used values ofO.lng/mL, OAng/mL, and

values between O.lng/mL and OAng/mL to detect cardiac events (Morrow et a12001,

Fearon et a11999, Antman et aI1996). Of the HURT study participants, two had levels

above O.lng/mL and one had a level ofO.lng/mL According to the Beckman Coulter

assay system used by Diagnostic Laboratory Services, Inc., a person with typical

myocardial infarction will have cardiac troponin I values greater than 0.5 ng/mL

(Reppun,2001). None of the study participants had values that high. All had normal

post-race ECGs.

This study supports the observation of Koller, Mertelseder, and Moser who

concluded that "increase in troponin levels in a healthy individual as a result ofprolonged

bout of exercise, such as a marathon, does not have any clinical or athletic consequence

or relevance" (Koller et a1. 200 I). Why was there an increase in cardiac troponin I levels

in all subjects? It has been suggested that permanent cardiac injury could develop in

some endurance athletes despite the absence of coronary atherosclerosis. A proposed

mechanism by which cardiac injury could occur involves high circulating levels of the

catecholamines epinephrine and norepinephrine. These high levels would give rise to a

decreased blood flow to the heart (ischemia) and a sudden, transient constriction of

coronary blood vessels (vasospasm). Both of these conditions could produce myocardial

scar tissue that replaces normal tissue. Large increases in circulating levels of
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catecholamines that accompany exercise bouts of moderate or greater intensities (50% or

greater of maximum oxygen uptake) might deplete the energy reserves of cardiac muscle

cells. This depletion could ultimately result in necrosis Additionally, high circulating

levels of catecholamines may increase cardiac muscle cell membrane permeability, which

may account for the presence of troponin T and troponin I seen in some athletes

following ultraendurance exercise (Rona 1985, Rowe 1992 and 1993).

Mayer and his associates studied the circulating levels of norepinephrine and

epinephrine in sprinters, middle distance runners, and long distance runners. They found

that the intensity of exercise was a more determinant ofthe rise in plasma levels of

catecholamines than the duration of exercise (Meyer et al. 1988). Meyer's finding does

not support that of previous studies in which researchers suggested ultra endurance events

might cause myocardial injury (Laslett et al. 1996; Rifai et al. 1999; Whyte et al. 2000;

Neumayr et al. 2001).

Further, the findings ofHURT do not support the suggestion that, although a

single event may not damage the myocardium, injury could occur as a result of the

cumulative effect of multiple endurance events (Rowe 1993). In the HURT event there

were two runners (one male, one female) who had completed numerous 100-mile events

during the preceding 12 months without a decrement in performance. Based on both

cardiac troponin I levels and ECGs, these two study participants exhibited no sign of .

cardiac injury after HURT. The findings of the HURT study support those researchers

who found no evidence of myocardial injury after ultra endurance events (Douglas et al.

1987; Koller et aL 1995; Laslett and Eisenbud, 1997; Bonetti et al. 1999). Laslett studied

runners in Western States 100-Mile Endurance Run. He and his group suggested that
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high intensity exercise could result in undetected myocardial injury. At that time, he

raised the question ofassay interference and planned a larger study using a more specific

assay (Laslett et al. 1996). A subsequent study on 40 runners in Western States 100-Mile

Endurance Run revealed no evidence of cardiac injury. In his subsequent study on

runners in Western States, a second generation immunoassay for cardiac troponin Twas

used, which precluded cross reactivity (Laslett et al. 1997). It is possible that the earlier

study indicated cross reactivity rather than myocardial injury.

6.2 No Evidence of Cardiac Injury

Based on the results of pre and post-race blood tests and ECGs, this study found

no evidence to support the theory that ultra endurance events cause myocardial injury in a

healthy individual. That some ofthe study participants have continued to train and

successfully compete in ultra endurance events since the HURT event also suggests that

no myocardial injury occurred Two participants were tested more than 24 hours after

they completed the event, one due to very low potassium (2.6 mEqIL) and one due to

elevated total CK (16780 IUIL) post-event. The individual (female) with the low

potassium also had the highest level of troponin I (.23 nglmL) post-event and third

highest total CK value (9610 IUIL) When she was retested, her potassium level had risen

to 34 mEqlL (normal is 3.6-5.0 mEqlL) and her cardiac troponin I level had returned to

her pre-race value of 0.01 nglmL (normal < 0 1nglmL). Her total CK had dropped to

2492 IUIL, which was above the normal value of35-232 IUIL. When the individual

(male) with the abnormally high total CK was retested, his total CK level had dropped to

7500 lUlL, which was still well above the normal value. His cardiac troponin I value,

which had risen to .07 nglmL post event (normal range), had dropped to .02 nglmL,
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which was very close to his pre-race value of,0 I ngimL. Based on the results of these

two individuals, it is likely that the cardiac troponin I values of the remaining study

participants had also returned to the normal resting value 24 hours after completion,

6.3 Creatine Kinase and Creatine Kinase MB

In the HURT event, however, elevated levels of total CK and CKMB, which were

indicative of skeletal muscle injury, were found in all of the study participants, This

finding was consistent with previous studies indicating markers of skeletal muscle injury

rise following endurance exercise (Laslett et al. 1996; Rifai et al. 1999; Whyte et al.

2000; Neumayr et al. 200 I), Since hemodilution occurred, the extent of muscle injury is

greater than the numbers would suggest In some studies, a proportion of CKMB to total

CK of less than 5% indicates that the origin of CKMB is skeletal muscle rather than

cardiac muscle (Douglas et a11987, Koller et a11995, Laslett et a11996, Whyte et aI

2000, Neumayr et aI2001), A value of2,5% has also been cited as the minimum used to

determine the source ofCKMB (Lemos et a12001), A value less than 2,5% indicates

skeletal muscle is the source; a value greater than 2,5% indicates myocardial injury, If

2 5% is considered the threshold for diagnosing myocardial injury, two participants with

ratios of4% each might be considered to have some myocardial damage, Both of these

subjects, however, had only minor increases in troponin I and no ECG abnormalities,

6.4 Cardiac Fatigue

In the absence of echocardiography results on the study participants, it is not

possible to say if cardiac fatigue did or did not occur. Based on previous findings of

cardiac fatigue during events of shorter duration, though, it is possible that the HURT II

participants did experience cardiac fatigue to an unknown degree (Douglas et al 1987;
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Rifai et al 1999; Whyte et al. 2000). This fatigue was most likely transient with no long

term adverse effects.

6.5 Low Levels of Troponin I

Why were the levels of cardiac troponin I so low compared to other studies?

There may be two explanations. Because the course was technically difficult with steep

ascents and declines and numerous roots and rocks, participants were forced to slow their

pace. The overall finishing times were considerably slower than for those 100 mile and

lOOK events run in the continental United States. In HURT the winning time for the 100

mile event was 25 hours 18 minutes (male); the winning time for the lOOK event was 13

hours 50 minutes (male). In the continental United States trail runs, it is common for

runners to complete 100 miles in less than 24 hours and lOOK in less than 10 hours. For

example, in California on May 4th, 2002, runners participated in the Mi-wok lOOK held

in the Marin Headlands north of San Francisco. The course, considered difficult, was

described as very hilly with approximately 9500 feet of elevation gain and consisted of

mostly fire roads and single-track trails with about 5 miles of road (What, Mi-wok Trail

lOOK Runners' Booklet 1998). The winning time (male) for that race was 8 hours 44

minutes and 52 seconds On June 28-29 2002, Western States 100-Mile Endurance Run,

considered one of the most arduous organized running events, was held in California.

Starting in Squaw Valley and finishing in Auburn, it was conducted along the middle.

portion of the Western States Trail. Beginning in Squaw Valley, the trail ascended from

the valley floor (elevation 6,200 feet) to Emigrant Pass (elevation 8,750 feet), a climb of

2,550 feet in the first 4.5miles. From the pass, following many of the trails used by gold

and silver miners, runners traveled west to Auburn. Over the distance of 100 miles from
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Squaw Valley to Auburn, there was a total of 18,090 feet of climb and 22,970 feet of

descent (Western States Endurance Run Runners' Booklet, 1999). The winning time

(male) was 16 hours, 19minutes, and 10 seconds.

In HURT, course difficulty dictated a slower pace, which resulted in decreased

overall intensity, thus decreasing workload on the heart. Another reason for lower levels

of post-race cardiac troponin I might have been the cooler weather with high winds and

rain. After finishing, all participants reported feeling cold and most were hypothermic.

Perhaps warmer temperatures with less rain and wind would have increased the level of

effort for the runners, which may have resulted in higher levels of cardiac troponin I.

Two factors, course difficulty and weather, may have resulted in a decreased level of .

intensity but longer fatigue on the part of the subject runners. This lower intensity of

work in turn may have resulted in a decreased amount of circulating plasma

catecholamines. As one approaches exhaustion, however, catecholamines increase to try

to help until depletion occurs and the individual collapses. A decreased amount of

catecholamines may have made the cardiac membrane less permeable thereby decreasing

the amount of cardiac troponin I in the blood (Meyer et aI., 1988).

As previously mentioned, one individual (female) had an elevated level of

troponin I above reference value upon completion of lOOK. She was hypertensive and on

medication. This increase could be due to the level of effort expended. This participant

also had a dangerously low level of serum potassium. It is possible that this person, who

completed the lOOK in 22 hours and 50 minutes, put more stress on the heart by pushing

the limits of her cardiovascular endurance (Neumayr et al. 2001). She suffered no

residual effects, however, and her post race ECG as well as her ECG taken the day after
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completion of the event were unchanged from the pre-race ECG.

6.6 Leukocytes and Lymphocytes

All subjects had an increase in leukocytes after the event. This increase may

represent a shift ofleukocytes from tissue reservoir to the circulation. It occurs following

the release of epinephrine during strenuous exercise (Haq et aI1993). All participants had

a decreased lymphocyte count (expressed as percentage and absolute) at the conclusion of

the event compared to prior to the event. The decreased lymphocyte count may reflect

the movement of lymphocytes from the circulation into damaged muscle cells following

prolonged exercise (Berk et aJ 1990). This finding of a leukocytosis and a decrease in

lymphocytes is consistent with other studies (Steensberg et a12001, Haq et a11993,

Gabriel et al 1991).

6.7 Hemodilution

Both the hematocrit and the hemoglobin decreased by about 7.5%, which suggests

that hemodilution occurred. Calculated plasma volume increased by a mean of 14%.

During the event, the runners had liberal access to food (bean soup, hamburgers, pork

sandwiches, peanut butter and jelly sandwiches) and sports drinks served at the aid

stations that contained sodium and potassium. Also, most ofthe subjects ingested

electrolyte capsules that contained sodium and potassium. The combination of drinks,

capsules, and food probably contributed to the increase in plasma volume.

6.8 Electrolytes

There were some changes in electrolytes over the course of the event. There was

a small but statistically significant decrease in plasma sodium. The change in potassium

was negligible. The statistically significant decrease in calcium seen in the HURT study
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contrasts with the findings of other studies. Buchman et aI. reported that there was no

significant change in serum calcium of26 runners who completed a marathon (Buchman

et al. 1998). Overgaard et al reported no change in plasma calcium levels in ten runners

who completed a lOOK road race (Overgaard et aI 2002). The decrease in calcium

observed after the HURT event was likely due to hemodilution since plasma volume

increased by 14%.

6.9 Blood Urea Nitrogen (BUN) and Creatinine

BUN is the amount of nitrogenous substances present in the blood as urea. It is

used as a rough indicator of kidney function After the race, all study participants

exhibited an increase in BUN. Additionally, most of them had a level above normal (6

19m9/dL). This increase in BUN likely reflects an increase in protein metabolism which

indicates a breakdown in skeletal muscle. BUN was highly associated with CK (r = .538,

P = .006) and CKMB (r = .600, P = .002), both ofwhich are markers of skeletal muscle

damage.

Creatinine is an end product of muscle metabolism, a derivative of muscle

creatine It is produced continuously and the plasma concentration is usually stable. It is

a measure of renal function (glomerular filtration rate). (Rhoades et alI995). (Moseby's

1990). As previously mentioned, the increase between pre-race and post-race levels of

creatinine was significant. All of the post-race creatinine levels, however, were within

the normal range (0.6 mg/dL), which indicated normal kidney functions.

6.10 Study Limitations

In the absence of echocardiographs on the HURT participants, it is unknown to

what degree the runners suffered from cardiac fatigue. Since serum catecholamine levels
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ofthe participants were not measured before or after the race in the HURT study, it is

unknown what role, if any, circulating catecholamines played in the increased troponin I

levels found in all study participants.
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CHAPTER 7. SUMMARY

This study examined 21 volunteers who participated in a 100-mile or lOOK

ultraendurance run over hilly, rocky, and rooted single-track trails on the island of Oahu

in Hawaii in January 2002. The purpose of the study was to determine if any cardiac

damage occurred to the runners as a result of their participation in an ultraendurance

running event. The markers measured to assess cardiac injury were cardiac troponin I,

creatine kinase MB, and ECGs. Although the runners exhibited increases in cardiac

troponin I, only two ofthem had levels above the reference value ofO.lng/mL and one

had a level of 0 Ing/mL. All of them, however, had normal post-race ECGs. Based on the

HURT study, it appears that the elevation in troponin I observed after ultraendurance

events is the result of cell wall leakage and does not indicate myocardial necrosis. As

expected in ultraendurance running, the levels ofCK, CKMB, and BUN increased post

race and indicated muscle damage. Since there was an increase in plasma volume, the

increase in CK, CKMB, and BUN were greater than the numbers indicate. As one might

expect, a faster speed results in more muscle damage than a slower pace. Also runners

completing the longer distance of 100 miles experienced more muscle damage than those

completing the lOOK did. Although there was no significant change in weight on the

average, speed was correlated to a change in weight. The faster runners lost the most

weight. Overall, though, participants were aware of the need to remain hydrated

throughout the event as seen in the mean increase of plasma volume by 14%.
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CHAPTER 8. CONCLUSION

Based on the levels oftroponin I, CKMB, and ECGs ofthe runners participating

in the HURT study, the increasingly popular sport ofultrarunning does not appear to

cause cardiac injury. Although levels of cardiac troponin I increased in this event, the

post-event values (with only three exceptions) were comfortably below clinical

thresholds for myocardial injury, and all participants had normal post-event ECGs. That

runners continually to successfully compete in ultraendurance events indicates that

increases in cardiac troponin I may be of statistical significance but have no clinical

importance in the absence of other indicators. Ultraendurance running is more injurious

to skeletal muscles than to cardiac muscle. As found in other studies, the runners had

some degree of muscle damage following this ultraendurance event.
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Troponin I in 21 Runners
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Figure 1. Troponin I measured pre and post running for all study participants. Increase
post-event was significant (t = 5.14, P < .001).

34



0.25

0.20

~ 0.15
E-Cl
C
~

c
I- 0.10

Female and Male Tnl

c=J Female
c=J Male

0.05

0.00 --'--------'----'----
Pre Pre Post Post

Pre and Post

Figure 2. Female and male troponin I (TnI) values measured pre and post-event. There
was no significant difference in pre and post-event values between males and females
(p = .566).
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Creatine Kinase in 21 Runners
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Figure 3. Creatine kinase values measured pre and post-event for all study participants.
Post-event values were significantly higher than pre-event values (t = 5.11, P < .001).
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Creatine Kinase MB Isoforrn in 21 Runners
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Figure 4. Creatine kinase MB isoform values measured pre and post-event in all study
participants. Post-event values were significantly higher than pre-event values (t =3.99,
p= .001).
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Change in Creatine Kinase MB Isoform vs. Change in Troponin I
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Figure 5. Change ([pre-event] - [post-event]) in creatine kinase MB values vs. the change
in troponin I values for all study participants. Note the lack ofcorrelation. F-test for the
regression yields F = 0076, P = .785.
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Change in Creatine Kinase MB Isoform vs.
Change in Creatine Kinase
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Figure 6. Change ([post-event] - [pre-event]) in creatine kinase ME isoform values vs.
the change in creatine kinase values for study participants. The regression of creatine
kinase on creatine kinase ME is significant (F = 22.7, P = ,0001).
(.&.CK = 2026 + 34.0 x '&'CKMB, r =73)
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Figure 7. Change ([post-event] - [pre-event]) in creatine kinase values vs. speed
measured in meters per min (m/min). The regression of creatine kinase on speed was
marginally significant (F = 4.31, P =0525). (.6.CK = -6981 + 168.5 x speed; r = 39)
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Figure 8. Creatine kinase values according to distance completed. There was no
difference (p = 890).
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Figure 9. Creatine kinase MB isoforrn values according to distance completed. There
was no difference (p = .500).
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Figure 10. Sodium and potassium values measured pre and post running for study
participants. Post-event sodium values were significantly higher than pre-event values
(t = 3.40, P = .003). The change in potassium values was not significant.
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Calcium in 21 Runners
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Figure 11. Calcium values measured pre and post running in all study participants.
Post-event values were significantly lower than pre-event values (t = 5.34, P <001).
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BUN and Creatinine in 21 Runners
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Figure 12. BUN and creatinine values measured pre and post running event in all study
participants. Post-event BUN values were significantly higher than pre-event values
(t = 6.09, P < .001). Post-event creatinine values were significantly higher than
pre-event values (t = 3.63, P = .002).
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Change in Creatine Kinase vs. Change in Creatinine
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Figure B. Change ([post-event]- [pre-event]) in creatine kinase values vs. change in
creatinine values for study participants. The regression of creatinine on creatine kinase is
significant (F = 10.5, P = .0043)
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Change in Creatinine By Distance Run
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Figure 14. Change ([post-event] - [pre-event]) in creatinine according to distance run
for study participants. Change was not significant by distance completed (p = .682).
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Speed vs. Change in Creatinine
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Figure 15. The change ([post-event] - [pre-event]) in creatinine values vs. speed
measured in meters per minute (m1min) for study participants. These two were not
significantly correlated (F = .748, P = .398).
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Change in BUN By Distance Run
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Figure 16. Change ([post-event] - [pre-event]) in BUN according to distance run. Change
was significant by distance completed (t = 6.09, P = .032).
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Change in BUN V5. Change in Creatinine
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Figure 17. Change ([post-event] - [pre-event]) in BUN values vs. the change in
creatinine values for study participants. The regression of creatinine on BUN was not
significant (p = .0856).
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Change in BUN vs. Change in Creatine Kinase
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Figure 18. Change ([post-event] - [pre-event]) in BUN values vs. change in creatine
kinase values for study participants. The regression of BUN on creatine kinase is
significant (F = 7.76, P = .012).
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Change in BUN vs. Change in Creatine Kinase MB Isoform
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Figure 19. Change ([post-event] - [pre-event]) in BUN values vs. the change in creatine
kinase ME values for study participants. The regression of BON on creatine kinase is
significant (F = 10.71, P = .004) (....BUN = 6.206 + 0.04962 x ....CKMB, r =57)
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Change in BUN vs. Speed
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Figure 20. The change ([post-event] - [pre-event]) in BUN vs. speed measured in meters
per minute (m/min). The regression ofthe change in BUN on speed is significant
(F = 453, P = .047)

53



ackass Ginger . ~'aa..u~
: ....~: :'. ,:~ . --"- ,
..• ···.1
.:...~~' ..

."

'r.~ -.J. ""r;;

Road Crossing

Aid Station 1

Aid Station 2

""2.
'-!..\,..,
I)

<.I"'

"1-
~

;;~~ 5.) Crossr~ad to M~~~ cliffs 'Trail (Road to 8) .~
X

::,;.; ~ L,.~ .' -:. . ti:~·':'::._ ....." ...... ,' 6.) Take Manoa Cliffs trail to Pauoa flats (DON'T TAKE KALAWAHINE CONTINUE UP l<')... ", . . _. .
.•,:-::,." .'. _.. ,'.. .:.. ~, . '". ~;.. MANOA rT .rli'T<'.C: Tn ATI (nl"cc pn,."cpr! ",,,n' (;"nrt;nn R In 1m

'-'l
v'\
<I..
~

~
..

...+--

"'.



I
I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I
I

I
I

I
I

I
I

I
I

I
I

I
I

I
I

I
I

I



Appendix B: Data on 21 Runners
Table 1. Tnl in 21 Runners

ill Age Sex {a} TnI pre{b} TnI post

I 39 I 0.01 0.02

2 52 2 0.01 0.02

3 45 2 0.01 0.05

4 37 I 0.01 0.04

5 27 I 0.01 0.09

6 59 2 0.01 0.02

7 60 2 0.01 0.G3

8 54 2 0.01 0.07

9 40 2 0.02 0.08

10 54 I 0.01 0.23

11 53 1 0.01 0.06

12 58 2 0.01 0.07

13 43 2 0.01 0.07

14 34 2 0.01 0.05

15 50 2 0.01 0.04

16 34 I 0.01 0.05

17 37 2 om 0.11

18 20 2 0.01 0.05

19 61 2 0.01 0.1

20 41 I 0.01 0.01

21 50 2 0.01 0.06

{a} females = I; males = 2

{b} TnI = troponin I (ng/mL) measured pre and post race

55



Table 2. CKMB in 21 Runners

ill
I

2

3

4
5
6
7
8
9
10
11
12
13

14

15

16

17
18

19
20

21

CKMB pre {a}

I
3.3
5

5.3
2.5

2.1
4.8

2.1

2.3
3.5

1.1

24
09
2.7

5.3
1.1

2.4
1.4
7.4

2.1
1.6

CKMB post
19.9
57.6

82.6
48

27.2
86.2

374.5

317.5

77.8
144.2
10.2
53.5

25.5
100
95.4
31.6

77.2
15.2

40.3
53.7

28.8

{a} CKMB ~ creatine kinase MB (ng/rnL) measured pre and post race
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Table 3. CK and BUN in 21 Runners

ill CKpre {a} CKpost BUN pre {b} BUN post
1 49 821 10 12
2 211 2684 14 29
3 148 7990 11 22
4 248 2024 8 20
5 94 1446 22 23
6 122 5150 17 30
7 120 8660 22 46
8 124 16780 10 32
9 129 7920 13 35
10 137 9610 23 30
11 107 1013 13 22
12 87 3283 11 22
13 65 2740 18 29
14 128 9060 11 36
15 64 2238 20 21
16 60 2065 11 20
17 126 11370 16 17
18 101 1445 14 20
19 162 1565 22 28
20 68 1949 11 13
21 114 3136 18 23

{a} CK = creatine kinase (lUlL) measured pre and post race

{b} BUN = blood urea nitrogen (mg/dL) measured pre and post race

57



Table 4. Cr in 21 Runners

ill
1

2
3

4
5

6
7
8
9
10

11

12
13
14
15

16

17
18

19
20
21

Crpre {a}
0.8
1

0.9
0.8
0.9

1.2

11
0.9
1.2

0.6

0.7
08
0.9

0.9
11
0.8
0.7
1

0.7
0.8
0.8

Cr post
0.8
11
0.9
0.8
0.9
11
1.3

1.2

1.3

0.8
0.7
1

0.9
1.2

1

0.8
0.9
11
0.8
1

1

(a) Cr = creatinine (mgldL) measured pre and post race
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Table 5. Na, K, and Ca in 21 Runners

ID Napre{a} Na post K pre{b} K post Ca pre{c} Ca post
1 139 136 3.3 3.6 9.3 8.6
2 138 138 3.9 4.1 9.7 9.5
3 138 136 3.7 3.8 10 9
4 137 139 3.2 3.4 9.6 8.6
5 140 137 3.5 3.1 9.9 9
6 140 136 4.2 3.5 9.4 8.7
7 136 137 4.1 4.4 9.4 9.6
8 138 140 3.9 3.8 9.3 9
9 139 135 3.6 3.8 9.5 8.7
10 136 133 3.5 2.6 9.3 8.6
11 139 138 3.4 3.3 9.4 8.1
12 140 129 3.4 3.3 9.7 8.6
13 137 135 3.6 4 9.5 9.3
14 137 134 3.2 4.1 9.3 9.6
15 140 137 4 4.1 9.6 9.5
16 140 139 3.5 3.4 9.2 8.6
17 138 133 3.3 3.5 8.9 8.6
18 139 137 3.6 3.7 9.7 9.5
19 141 137 4.2 4.3 9.3 9.1
20 137 138 3.9 3.5 9.2 7.8
21 136 136 3.6 3.8 9.5 9.2

{a} Na = sodium (mEqIL) measured pre and post race

{b} K = potassium (mEqfL) measured pre and post race

{c} Ca = calcium (mg/dL) measured pre and post race
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Table 6 HCT and WBC in 21 Runners

ID HCT pre {a} HCT post WBC pre {b} WBCpost
1 43 39.3 7.5 8.3
2 48.8 47.1 6.7 10.9
3 48.4 46.1 5.9 12.3
4 45.3 37 6.1 12.6
5 47 42.7 4.6 13.3
6 44.3 37.5 5.5 8.4
7 47.3 46.1 5.5 10.8
8 46.9 41 9.7 11.3
9 46.1 40 8.3 13.8
10 39.4 37.6 7.1 12.3
11 41.7 39.8 61 10.9
12 39.7 34.3 5.2 14.3
13 44.4 41.6 5 9.7
14 43.6 44.5 4.7 10.2
15 44.5 42 71 11.8
16 43.5 38.3 6.1 10.8

17 43.7 44.7 5.8 12.6
18 43.1 43.3 6.7 10.5
19 44 42.2 4.6 8.9
20 46.5 39.4 4 6.9
21 46.3 42.9 5.3 11.3

{a} HCT = hematocrit (IlL measured pre and post race

{b} WBC = white blood cell (x 1O[9)IL) measured pre and post race
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Table 7. Lym and HB in 21 Runners

ID Lym pre{a} Lympost HB pre {b} HB post

I 33 25 14.1 13.2
2 24 14 15.5 15.1
3 36 15 15.8 15.2
4 26 14 14.8 12.8
5 50 8 15.8 14.4
6 37 16 14 12.8
7 33 15 15.6 15.2
8 23 14 15.2 13.5
9 25 10 15.4 13.4
10 31 11 13.5 12.5
11 32 20 13.1 12.4
12 30 7 13.8 11.9
13 39 15 14.8 13.5
14 32 16 14.8 13.8
15 16 8 15.2 14.4
16 36 17 13.9 12.8
17 30 10 14.8 13.8
18 24 8 15.4 14.2
19 43 20 13.7 13.5
20 27 13 15 13
21 30 10 15.5 14.3

{a} Lym = lymphocytes (% ofWBC) measured pre and post race

{b} HE = hemoglobin (gldL) measured pre and post race
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Table 8. Disl, Time, and Speed in 21 Runners

ID Dist{a} Time{b} Speed{ c}

1 100 1812 5519
2 100 2032 4921
3 100 1342 74.52
4 161 2086 7718
5 100 1459 68.54
6 100 1485 6734
7 100 1470 68.03
8 100 1270 78.74
9 161 1749 92.05
10 100 1370 72.99
11 DNF {d}

12 161 2129 7562
13 100 1410 70.92
14 161 1749 92.05
15 100 1302 76.80
16 161 2039 7896
17 100 1441 6940
18 100 1538 65.02
19 100 2034 49.16
20 100 1452 6887
21 100 1452 6887

{a} Dist ~ distance measured in kilometers

{b} Time measured in minutes

{c} Speed measured in meters/minute

{d} DNF = did not finish
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