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The problem addressed in this study is whether 

physiologic, hematologic, and performance parameters 

obtained during and after a long term program of anaerobic 

and aerobic exercise can be used as markers of chronic 

fatigue. Two groups, one elite (N=7), consisting of top 10 

ranking female middle- and long-distance runners in the 

United States who used anaerobic training during the 

competitive season and a control group (N=7) of good runners 

who did not use anaerobic training, were examined. The 

elite group was tested after base training, which consisted 

primarily of aerobic exercise and after the competitive 

season, during which anaerobic training was emphasized. 

There was no change in V02max or body composition for 

the elite group between testing sessions. Running economy 

improved at higher submaximal running speeds after the 

competitive season, despite higher ventilation, heart rate, 

and lactic acid concentrations. Anaerobic capacity 

increased from base training to after the competitive season 



for the elite group (p<.05) and decreased between testing 

sessions for the control group (pc.05). iron storage as 

reflected by serum ferritin increased with supplementation 

across the elite group during the competitive season. The 

hematologic markers of overtraining, creatine phosphokinase, 

haptoglobin, and Cortisol pointed toward greater stress 

after base training rather than after the competitive 

season, though none were significant. Running mileage was 

significantly higher during base training than during the 

competitive season (p<.05). 

The data suggest there is greater stress during the 

early season. In addition, the use of extensive anaerobic 

training and, or, a reduction in base training, may 

interfere with aerobic conditioning and result in a drop-off 

in performance. Chronic fatigue may result from inadequate 

nutrition due to insufficient caloric intake, which may lead 

to iron and glycogen depletion. Chronic fatigue may also 

result from overtraining and chronic high anxiety levels. 

The use of the cortisol-to-testosterone ratio to determine 

training status seems warranted if baseline values have been 

established. Physiologic and hematologic markers may be 

useful in predicting chronic fatigue when used with 

interviews and examination of the athlete's training diary. 
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CHAPTER I 

INTRODUCTION 

The ability to postpone the onset of, or recover from 

fatigue is essential to success in endurance sports. 

Fatigue must be accurately defined, and its various 

etiologies understood for athletes to better cope with its 

effects. Traditionally, fatigue has been defined as an 

inability to maintain the required force necessary to 

perform a constant level of work (Edwards, 1981; Gollnick & 

Hermansen, 1973). This acute fatigue, present during the 

performance of and after intense endurance activity, is 

characterized by increased effort to maintain a given power 

output, by pain in the working muscle, and by a perception 

of reduced power output (Edwards, 1981). 

Acute fatigue, which is most often associated with 

impaired athletic performance, involves both aerobic and 

anaerobic metabolism. Fatigue in conjunction with aerobic 

metabolism occurs when muscles appear to have an adequate 

amount of oxygen. While fatigue in the presence of 

anaerobic metabolism is related to a state in which the 

oxygen use by the muscles is insufficient to meet the energy 

demand, fatigue occurring during aerobic metabolism results 

from any one or all of the following: glycogen depletion in 
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exercising muscles (Hermansen, Hultman, & Saltin, 1967), 

reduced plasma glucose levels (Saltin, 1981), heat 

accumulation within muscles (Edwards et al., 1972), and 

dehydration (Saltin, 1964). The onset of fatigue during 

anaerobic metabolism has been related to elevated blood and 

muscle lactic acid (Duchateau, Hontigny, & Hainault, 1987), 

low blood and muscle pH (Metzger, & Fitts, 1987), reductions 

in high-energy phosphates (Hirvonen, Rehunen, Rusko, & 

Harkonen, 1987), and afferent activation of inhibitory 

neurons in the central nervous system (Asmussen & Mazin, 

1978). 

However, fatigue that affects performance in athletic 

events may be both acute and chronic in nature. Chronic 

fatigue reduces the ability or desire to perform for days 

or weeks. It is thought to arise, in part, from repeated 

work bouts of excessive intensity (Mikesell & Dudley, 1984), 

reduced iron stores leading to anemia (Eichner, 1986; 

Gimenez, Uffoltz, Paysant, Belleville, & Nabet, 1988), 

chronic glycogen depletion (Costill, 1985), exhaustion of 

the adrenal glands, and a stress-induced catabolic state 

resulting from a high cortisol-to-testosterone ratio 

(Farrell, Garthwaite, & Gustafson, 1983; Hax'konen et al., 

1985; Watson & Ismail, 1985). Chronic fatigue is related to 

the stage of exhaustion in Selye's general adaptation 

syndrome when excessive stress results in a breakdown of an 

organisms ability to adapt (Selye, 1937). The etiology of 



chronic fatigue has emotional as well as physical components 

that make an accurate diagnosis as well as a precise 

definition difficult. Although fatigue has been widely 

studied, the interaction among its many components, 

especially regarding chronic fatigue and intense, anaerobic 

training, has not been carefully examined in elite female 

middle- and long-distance runners. 

It is the purpose of this study to examine performance 

and physiologic adaptations resulting from anaerobic work 

and to identify markers of chronic fatigue due to 

overtraining and other causes that lead to reduced 

performance. In this study, the responses of female middle-

and long-distance runners to the stresses of anaerobic 

training and competition were monitored. The athletes 

involved in this study were training for the 1987 World 

Championships and the 1988 Olympics. The intense mental and 

physical stress involved in preparation for these events 

makes the results of this study all the more interesting to 

the athletic community. It should be stated, however, that 

the findings of this study have the greatest applications 

for the individuals involved. While inferences may be made 

from the data, it is apparent that the response to a given 

stressor varies in a very specific manner both from athlete 

to athlete and within a specific athlete over time. 



Significance of the Study 

The effects of high-intensity anaerobic training have 

been the subject of only a few studies (Cunningham & 

Faulkner, 1969; Houston & Thompson, 1977? Simoneau, et al., 

1986; Snow, Harris & Gash, 1985). The effects of high-

intensity anaerobic training have not been examined in 

relation to elite female middle— and long—distance runners. 

The effects of anaerobic training on hematologic markers 

such as hemoglobin, hematocrit, serum ferritin, red blood 

cell (RBC) ferritin, and haptoglobin concentration and on 

whether these markers are valid indicators of chronic 

fatigue should be investigated. The effects of high-

intensity training on transferrin concentration have not 

been investigated. 

These athletes train at a higher intensity and volume 

than do non-elite athletes. They also maintain a lower body 

fat. These conditions would seem to predispose the elite 

athlete to the negative effects of training such as anemia, 

glycogen depletion, muscle tissue breakdown, and chronic 

fatigue. Research into the effects of training on the 

hematologic status of athletes has concentrated on long-

distance runners and individuals engaged in primarily 

aerobic events (Bannister & Hamilton, 1985; Buick, Gledhill, 

Froese, Spriet, & Meyers, 1980; Ehn, Carlmark, & Hoglund, 

1980; Hegenauer et al., 1983; Eichner, 1985; Lampe, Slavin, 

& Apple, 1986). There have been no studies on the effects 



of high-intensity anaerobic training on these hematologic 

variables for elite female middle- and long-distance 

runners. 

Statement of the Problem 

The problem addressed in this study is whether 

physiologic, hematologic, and performance parameters 

obtained during and after anaerobic and aerobic exercise can 

be used as markers of chronic fatigue. 

Purpose of the Study 

The purpose of this study was to examine the effect of 

high-intensity training on aerobic and anaerobic performance 

capacity in elite female middle- and long-distance runners. 

This study also evaluated interactions between training and 

performance in these same middle- and long-distance runners 

through an analysis of alterations in selected hematologic 

parameters known to be related to both acute and chronic 

fatigue. 

Hypotheses 

1. Anaerobic training will not result in improvements 

in the anaerobic capacity, peak blood lactic acid 

concentrations, and time to exhaustion on a treadmill of 

elite female distance runners. 

2. Aerobic training will not have detrimental effects 

on anaerobic capacity or maximal lactate values as measured 

by an anaerobic capacity test. 

3. Prolonged, anaerobic training will not result in 



reduced body iron stores as measured by serum and RBC 

ferritins. 

4. Chronic fatigue accompanied by a lowered hemoglobin 

content of the blood will not reduce anaerobic capacity as 

measured by peak lactic acid concentrations in the blood and 

by duration on an anaerobic capacity test. 

5. Indicators of overtraining such as haptoglobin, 

CPK, and Cortisol will not correlate significantly with 

higher ventilation <VE), heart rates, and lactate levels at 

submaximal running speeds on the treadmill. 

6. Prolonged use of anaerobic training will not result 

in increased total iron-binding capacity (TXBC), decreased 

transferrin saturation, and decreased haptoglobin 

concentration. 



CHAPTER II 

REVIEW OF THE RELATED LITERATURE 

Acute and chronic fatigue have been reported to result 

from high-intensity anaerobic training. Acute fatigue may 

be due to a buildup of lactic acid and hydrogen ions (H+) 

within the muscle cells, plasma, or both. It may also be 

due to a reduction of pH (the negative log of the H + 

concentration ([H*])) within the muscle cell. This increase 

of [H+] may interfere with both the energy production and 

contractile properties of the cell. 

Chronic fatigue may be due to a reduction of glycogen 

within the working muscle, resulting from overtraining or 

inadequate caloric intake. Chronic fatigue may also stem 

from a reduction in body iron stores due to excessive loss 

of hemoglobin, dietary insufficiency, or inadequate 

absorption of iron. For example, it can result from anemia 

that is a result of persistent iron deficiency. Causes of 

iron deficiency that could lead to anemia may also include 

runner»s hemolysis, an increase in RBC fragility due to 

increased plasma acidity, reduced pH, and inadequate 

availability of protein for hemoglobin synthesis (Yoshimura 

et al., 1980). A reduction in total body iron stores 

eventually leads to anemia. This is associated with reduced 
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hemoglobin concentration, decreased oxygen carrying 

capacity, and lowered aerobic and anaerobic performance 

capacity. Chronic fatigue has also been attributed to 

excessive emotional stress. 

Acute Fatigue 

Acute Fatigue and Lactic Acid 

Lactic acid is formed in the muscle cell during 

glycolysis when excess H* combine with pyruvic acid to form 

lactic acid. Lactic acid is an easily diffusible molecule 

that allows efflux into the bloodstream (Wasserman, Beaver, 

& Whipp, 1986). The efflux of lactic acid, lactate, and 

H + from the cell permit glycolysis to continue (Hochachka & 

Mommsen, 1983). In the bloodstream, the H+ combine with 

bicarbonate and form carbonic acid which, at the lung, 

dissociates to water and carbon dioxide and is excreted. 

The lactate is transported to the liver and the working and 

inactive muscles to serve as fuel (Gollnick, Bayly, & 

Hodgson, 1986; Gollnick & Hermansen, 1973). 

High blood lactate and improved athletic performance 

were correlated by Robinson and Harmon (1941), who 

demonstrated an increased tolerance for lactate after 

training. Some years later, lactic acid was proposed as a 

limiting factor in high-intensity exercise of short duration 

by Robinson, Robinson, Mountjoy, and Bullard (1958). 

Despite much speculation in the popular literature, no 

further studies have shown lactic acid to be a limiting 



factor in exercise (Hermansen, 1969). 

Peak lactate has been found to be an excellent 

indicator of anaerobic metabolism and anaerobic capacity 

(Fujitsuka, Yamamoto, Ohkuwa, Saito, & Miyamura, 1982; Gass, 

Rogers, & Mitchell, 1981; Ohkuwa & Miyamura, 1984). High 

blood lactate levels after high-intensity work are also 

excellent indicators of cellular lactate levels (Jacobs & 

Kaiser, 1982). Complications may arise when using serum 

lactate as an indicator of anaerobic involvement. For 

example, during maximal exercise, translocation hinderances 

such as a decrease in buffer capacity within the muscle 

reduced the efflux of lactic acid to the plasma (Jorfeldt, 

Juhlin-Danfeldt, & Karlsson 1978). Also, after repeated 

bouts of exercise inhibition of glycolysis due to glycogen 

depletion, is manifested by reduced blood lactate levels at 

exhaustion (Jacobs, 1981). 

The timing of postexercise blood sampling to determine 

peak lactates has been examined by numerous investigators 

and found to be between three and seven minutes. Fujitsuka 

et al., (1982) compared maximal lactates after an exhaustive 

one-minute run on a treadmill and found that peak lactate 

occurred between 6.44 and 9.95 minutes, with a mean time of 

7.65 minutes. Gass et al. (1981) found that peak lactates 

occurred at the sixth minute after exhaustive exercise in 

13 trained men. Ohkuwa and Miyamura (1984) found in a study 

of eight sprinters and eight long-distance runners that 
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after an all-out 400 meter (m) dash, peak lactates occurred 

between five and 10 minutes after exercise. 

Acute Fatigue and pH 

Hydrogen ions produced in association with lactic acid 

have been proposed as a limiting factor in high-intensity 

exercise of short duration (Sutton, Jones, & Toews, 1981). 

A lowered pH caused by a buildup of [H+] within the cell was 

seen to reduce glycolysis by inhibiting phosphofructokinase 

(PFK), the rate-limiting glycolytic enzyme. Lowered pH also 

had an adverse effect on the interaction of the contractile 

filaments within the muscle as the H + seemed to compete with 

calcium for the binding site on troponin in isolated rabbit 

muscle (Fuchs, Reddy, & Briggs, 1970). 

Repeated 30 second sprints to exhaustion reduce 

cellular pH from 7.0 to 6.4 and plasma pH from 7.4 to 6.8 

(Boobis, Williams, & Wooten, 1983; Cheetham, Boobis, Brooks, 

fi Williams, 1986) and results in lactic acid concentrations 

of close to 30 mmol/1 (Costill, Barnett, sharp, Fink, & 

Katz, 1983). 

The efflux of the products of anaerobic metabolism, 

such as lactate and H + is dependent on the buffering 

capacity of the blood and muscle. The buffer capacity is 

determined by the degree to which a buffer can absorb H + and 

resist changes in pH (Parkhouse & McKenzie, 1984). It is 

measured by the concentration in millimoles per liter 

(mmol/1) of [H+] or [OH ] needed to change pH one unit. The 
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buffer capacity of the muscle is reduced from 24 mmol/kg at 

rest to 2-3 mmol/kg at exhaustion (Hermansen, 1979). A 

high-buffer capacity indicates the capacity to withstand 

large amounts of lactic acid, which results from exhaustive 

exercise, with a minimal fall in intracellular pH. The 

buffers include the bicarbonate, phosphate, and protein 

buffer systems (Guyton, 1981). The most powerful buffer 

system, which makes up more than half of the buffer 

capacity, is composed of the proteins found in the cells and 

plasma such as carnosine and hemoglobin (Parkhouse et al., 

1983) . 

Eventually, when the buffer systems have reached 

saturation, the pH of the cell declines to the critical 

level of 6.2-6.4. At this pH, the glycolytic enzyme PFK is 

inhibited, thereby reducing the production of adenosine 

triphosphate (ATP). In addition, the H + compete with 

calcium for binding sites on troponin (Fuchs et al., 1970). 

The ultimate effect is to slow muscle contraction. Also, as 

pH decreases, afferent fibers to the reticular formation 

within the brain are activated and cause inhibitory impulses 

to the working muscle through the efferent nerve fibers 

(Asmussen & Mazin, 1978). All of these responses may serve 

to maintain homeostasis within the organism and keep acid 

labile cell components from being damaged by excess acidity. 

Acute Fatigue and Training 

Svedenhag and Sjodin (1984) compared 29 elite male 
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middle- and long-distance runners and found higher blood 

lactates after exhaustive exercise in the middle-distance 

runners, suggesting that training intensity might influence 

peak lactates. High-intensity anaerobic training also 

improves anaerobic performance, as was demonstrated by 

Houston and Thompson (1977), who found a 16.7% increase in 

time to exhaustion on an anaerobic capacity test and a 14% 

increase in peak lactates after six weeks, four days a week, 

of hill training. High lactate levels at exhaustion were 

also found to be associated with a high anaerobic 

performance capacity (Fujitsuka et al., 1982) and a high 

buffer capacity (Parkhouse & McKenzie, 1984). 

Training and Buffer Capacity 

Short, intense bouts of anaerobic work, such as 

interval training and racing, result in local muscle fatigue 

as the buffering capacity is exceeded. However, high-

intensity training over a period of weeks postpones the 

onset of acute fatigue through increases in the amount and 

activity of the glycolytic enzymes (Pournier et al., 1982), 

increases in the available ATP (Houston & Thompson, 1977), 

and an improved buffer capacity of the muscle and blood, 

leading to improved performance (Mc Kenzie et al., 1983; 

Parkhouse et al., 1983; Sharp, Costill, Fink, & King, 1986). 

Endurance training does not improve buffering capacity, 

but does appear to delay the accumulation of lactate (Sharp, 

Armstrong, King, & Costill, 1983). That sprint training 
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enhances anaerobic performance to a greater extent than does 

endurance training has also been shown by McKenzie et al. 

(1983). 

To determine whether specific training improves buffer 

capacity, it is necessary to be able to measure anaerobic 

capacity accurately. Testing protocols to determine 

anaerobic capacity have been established by Bar-Or, Dotan, 

and Inbar (1977); Cunningham and Faulkner (1969); Komi, 

Rusko, Vos, and Veikko (1977); Schnabel and Kindermann 

(1983); and Volkov, Shirkovets, and Borilkevich (1975). 

Chronic Fatigue 

In contrast with fatigue resulting from short-term, 

intense exercise, chronic fatigue may persist for days, 

weeks, and even months. There are many mechanisms by which 

chronic fatigue develops, not all of which are known. 

Chronic Fatigue and Iron Deficiency 

Some highly trained athletes engaged in intense 

endurance training have been found to be iron deficient (Ehn 

et al., 1980; Lampe et al., 1986; Schoene et al., 1983). 

Athletes whose iron intake or absorption is less than 

excretion and whose iron stores are low are in danger of 

becoming anemic (Eichner, 1985; Lampe et al., 1986). Women 

with high iron excretion, due to mensruation and poor 

nutritional habits are especially prone to anemia during 

periods of intense training (Clement & sawchuk, 1984). 

Anemia is also found in athletes despite iron intake that 
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apparently meets the minimum daily requirement (Clement & 

Asmundson, 1982; Magnusson, Halberg, Rossander, & Swolin, 

1984). 

The maximum rate by which iron can be absorbed from a 

meal high in iron has been reported as 3-4 mg/day (Lynch & 

Morck, 1983). However high fiber diets and meals low in 

iron reduce this maximal level (Delpeuch, Cornu, & 

Chevalier, 1980). Bazzarre, Marquart, Izurieta, and Jones 

(1986) found in a study involving triathletes and endurance-

trained athletes that women engaged in intense physical 

activity have inadequate dietary iron consumption whereas 

their male counterparts consumed adequate iron. 

A low-serum ferritin concentration has been reported by 

several authors as a valid indicator of depleted total body 

iron stores (Delpeuch et al., 1980? Harju, Pakarinen, & 

Larmi, 1984? Lampe et al., 1986? Lipschitz, Cook, & Pinch, 

1974). Ferritin is the iron storage protein found, for the 

most part, in the liver, bone marrow, and spleen, although 

it is present in all tissue, including the plasma, and RBC. 

Normal values for serum ferritin range from 12 to 250 pg/1. 

When values fall below 12 no stainable iron can be 

found in bone. Iron deficiency is suspected when values 

fall below 20 ng/1. Half the storage iron in the body is 

bound in ferritin? the other half is bound to the protein 

hemosiderin. Hemosiderin is formed by the breakdown of 

ferritin, in which the protein fraction is degraded and the 
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remaining iron aggregates into large complexes. Hemosiderin 

is formed when there is an excess of iron stores in the 

body and is insoluble in contrast to the soluble iron-

protein complex ferritin. Iron is removed from ferritin 

before hemosiderin. However, iron from newly formed 

hemosiderin is more readily available than that from 

ferritin (Jones, Grady, 6 Peterson, 1983). 

The transport of dietary iron from the intestine to 

various storage depots within the body is mediated by an 

iron-binding protein, transferrin. The mechanism by which 

iron is absorbed begins with the secretion of apotransferrin 

from the mucosal cells of the proximal portion of the small 

intestine (Olson, 1984). The apotransferrin is then 

saturated with iron in the small intestine and becomes 

transferrin. The complex then attaches to receptor sites in 

the lumen, where it is endocytosed. This process takes 

place over the entire length of the small intestine but for 

the most part in the proximal portion. The iron is 

separated, and the apotransferrin reappears in the lumen 

within an hour. Plasma transferrin then binds with the 

available iron and, in this form, attaches to receptor sites 

on the plasma membrane of immature erythrocytes; then the 

iron is released. 

A low-transferrin concentration reduces the transport 

capacity for iron and is an indicator of reduced iron 

absorption (Delpeuch et al., 1980; Taylor & Gatenby, 1966). 
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Transferrin concentrations are also low in cases of protein 

deficiency (Delpeuch et al., 1980). It should be noted that 

transferrin is normally 30% saturated. When transferrin is 

less than 15% saturated there is good reason to suspect that 

there is insufficient iron for erythropoiesis (Lynch & 

Morck, 1983). Transferrin contains two iron-binding sites, 

a low-affinity site and a high-affinity site. Iron is 

normally bound to the low-affinity site on the N-terminal 

protein (Jones et al., 1983). Iron bound to the low-

affinity site is more available to the young erythrocyte. 

TIBC is another marker of depleted iron stores. TIBC is an 

indirect measure of transferrin and is a mirror image of 

tissue iron stores (Ballas, 1979). TIBC rises as serum 

ferritin decreases, before the fall in serum iron 

associated with iron deficiency. 

Athletes engaged in intense training often resort to 

iron supplements to prevent the adverse effects of excess 

iron loss. Bannister and Hamilton (1985) found that only 

when the athlete is undertaking a reduced training load is 

supplementation effective. These investigators found that 

although the saturation of transferrin was 50%, iron 

supplementation was not successful during periods of heavy 

training due to the low concentration of transferrin, which 

prevented transport of available iron to the bone marrow. 

Iron absorption is aided by ingestion of valine, the end-

terminal amino acid on the transferrin molecule, along with 
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histidine and ascorbic acid (El-Hawary, El-Shobaki, Kholief, 

Sakr, & El-Bassoussy, 1975). 

Negative effects of training on iron stores include 

runner's hemolysis, a breakdown of RBC seen in high-mileage 

runners (Eichner, 1985). Increased RBC hemolysis is 

indicated when the level of free haptoglobin is reduced. 

Haptoglobin is a circulating protein that combines with free 

hemoglobin and transports it to the liver where it is 

catabolized. In normal circumstances, the introduction and 

removal of haptoglobin in the blood is in balance. Since 

training is said to increase RBC hemolysis, reduced 

haptoglobin concentrations might serve as a marker for 

dangerously high training levels (Spitler, Alexander, 

Hoffler, Doerr, & Buchanan, 1984). This hemolysis could 

lead to a negative iron balance and, thereby, iron 

deficiency. Iron deficiency results in a reduction in the 

rate of synthesis of hemoglobin, the oxygen-carrying protein 

in RBC (Schoene et al., 1983). iron deficiency, if 

unchecked, will lead to anemia and chronic fatigue 

(Nickerson & Tripp, 1983). 

The etiology of anemia in athletes has been attributed 

to several causes. They include: high sweat rates during 

intense activity, that result in the loss of up to 2 mg/day 

of iron, which is twice the 1 mg/day normal amount, (Ehn et 

al., 1980), high acidity resulting from supramaximal work 

that destroys fragile RBC components (Yoshimura et al., 
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1980), and high 2,3-diphosphoglycerate (2,3-DPG) 

concentrations, found in immature reticulocytes after 

training (Brotherhood, Brozovic, & Pugh, 1975) which 

restricts erythropoiesis (Hallberg s Magnusson, 1984). The 

authors state that the increased level of 2,3-DPG leads to 

decreased levels of erythropoitein, the erythropoietic 

hormone, which results in a reduced production of 

erythrocytes. At the onset of training, this decreased 

synthesis may be due to an increased deposition of myoglobin 

in the exercising muscles and the demands for protein in 

hypertrophy (Yoshimura et al., 1980). 

Athletic anemia, which is characterized by a decrease 

in the erythrocyte count and hemoglobin during the early 

stages of training, does not occur when diets are high in 

protein and is only temporary in diets with normal protein 

intake (Yoshimura et al., 1980). Yoshimura suggested that a 

lack of protein used to form hemoglobin, transferrin, 

haptoglobin, and ferritin may contribute to the onset of 

athletic anemia. The lack of protein may be due to 

increasing demands for protein in the exercising muscle 

which may reduce the protein available for erythropoiesis. 

Although athletic, or short—term, anemia reduces the oxygen-

carrying capacity of the blood, it appears to have no effect 

on either aerobic or anaerobic iron-containing enzymes 

(Celsing, Blomstrand, Werner, Pihlstedt, & Ekblom, 1986) . 

Blood volume and total hemoglobin are increased 
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after training (Brotherhood et al., 1975). There is up to a 

20% increase in blood volume and total hemoglobin for 

athletes. However, plasma expansion precedes the expansion 

in hemoglobin. This results in hemodilution, which may have 

been confused with iron deficiency anemia. There is no iron 

deficiency, however, and iron supplementation is not 

required (Magnusson et al., 1984). It is, in fact, a 

pseudoanemia. 

Another positive effect of training is the reduced 

affinity of hemoglobin for oxygen at low oxygen pressures. 

This is a result of hemolysis of aging RBCs, with a 

corresponding stimulation of erythropoiesis leading to an 

increase in the number of young erythrocytes after training 

(Mairbaurl, Humpeler, Schwaberger, & Pessenhoffer, 1983). 

Chronic Fatigue and Glycogen Depletion 

According to Costill (1988), the diet consumed by many 

mature runners contains too much protein and fat and not 

enough carbohydrate. Piehl (1973) determined that glycogen 

stores were not replaced after two hours of strenuous 

exercise on a 60% carbohydrate diet until 46 hours after 

exercise. This indicates that the time, approximately 

48 hours, necessary to replace glycogen depleted after an 

intense workout will not be sufficient on a diet with the 

normal amount of carbohydrate. After three 10-mile runs on 

three consecutive days, glycogen stores were not replaced 

after five days in three of five subjects, who were on diets 
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consisting of 40-50% carbohydrate (Costill, Bowers, Branham, 

& Sparks, 1971). 

In fact, after a marathon, even a diet high (400 g) in 

carbohydrate resulted in a less than 50% replacement of 

muscle glycogen after five days (Costill, 1985). In the 

same article, it was noted that athletes who ate what they 

wanted underestimated their carbohydrate requirements. 

Women endurance runners have been found to consume less 

than the recommended daily allowances of iron, calcium, and 

other nutrients. At the same time that the diet has an 

inadequate amount of carbohydrate, there are an insufficient 

amount of calories consumed. It is clear that if too few 

days of rest are taken between strenuous workouts, 

especially in combination with an inadequate diet, chronic 

fatigue will result due to chronic glycogen depletion. 

Chronic Fatigue and Overtraining 

Chronic fatigue in athletes may stem, in part, from 

overtraining (Harkonen et al., 1985). Overtraining occurs 

when increases in training volume or intensity result in 

decreased performance with an increased susceptibility to 

illness and injury (Harre, 1982). Indicators of 

overtraining include reduced performance, increased resting 

heart rate, increases of perceived exertion at similar 

workloads, and increased muscle tenderness (Murray, Bates, & 

Light, 1987). Indicators of acute fatigue, such as elevated 

levels of Cortisol and CPK, may also serve as a predictive 
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function for overtraining that leads to chronic fatigue 

(Harkonen et al., 1985). 

One positive adaptation to endurance exercise is an 

immediate increase in testosterone levels (Urhausen & 

Kinderman, 1987). However, with intense exercise, there is 

an increase in Cortisol (Farrell, Garthwaite, & Gustafson, 

1983) and a reduction in the production of testosterone 

(Urhausen & Kinderman, 1987). A high testosterone value in 

conjunction with a reduced level of Cortisol is an 

indication of positive adaptation, while low testosterone 

and high Cortisol readings indicate maladaptation. The use 

of the cortisol-to-testosterone ratio has been suggested as 

a predictor of overstress or overtraining by Harkonen et al. 

(1985). Increased production of corticosteroids sets up a 

catabolic reaction within the muscle. Over a prolonged 

period of time, this has the effect of reducing muscle 

tissue, a negative effect of training. 

Chronic Fatigue and Emotional Stress 

When determining the cause of chronic fatigue in elite, 

female, middle- and long-distance runners, emotional as well 

as physical stressors should be examined. Catecholamines 

increase during periods of emotional stress to a similar 

degree as in exercise (Dimsdale & Moss, 1980). 

Additionally, impending competition has been seen to cause 

increased epinephrine levels (Pierce, Kupprat, & Harry, 

1976). Emotional stress also has a negative effect on the 
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cortisol-to-testosterone ratio by reducing testosterone 

without impacting Cortisol (Francis, 1981). Personal 

interviews are important in determining the emotional state 

of the subject. Negative test results due to depression or 

overarousal might otherwise be misinterpreted as being the 

result of training. 



CHAPTER III 

PROCEDURES FOR COLLECTION OP DATA 

Subjects 

The subjects were elite female middle- and long-

distance runners from the United States. The elite status 

was determined from the top 10 rankings of Track & Field 

News (February, 1987; January-February, 1986) for the 1,500, 

3,000, 5,000, and 10,000 meters (m). There were 80 possible 

rankings in these four events over two years. However, the 

population consisted of 51 women, because several of the 

athletes were ranked in more than one event and were on the 

list both years. 

A control group of seven subjects who performed 

endurance training (25 miles per week (mpw)) but no intense 

anaerobic work, was tested using the same protocol on two 

occasions that corresponded to those of the elite group. 

Selection of the Sample 

Nine women from all areas of the United States were 

selected from this list. Information concerning the testing 

to be carried out was distributed to as many of the 51 

subjects as possible. Those athletes who replied were 

included according to their rankings on the Track & Field 

News' top 10 lists. Of the nine originally selected, one 

23 
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did not complete testing as her career ended before she 

returned to the laboratory for a second session. Another 

did not complete all of the required tests due to chronic 

fatigue resulting from undernourishment, and overtraining. 

A third was included, although she was unwilling to perform 

all of the anaerobic testing. We were left with a sample 

size of seven elite athletes. 

The control group was selected from women in the Dallas 

area. It was somewhat difficult to obtain nine women who 

did extensive aerobic work but did not incorporate anaerobic 

work of some sort into their training program. One of the 

original eight subjects fell and fractured her pelvis and 

had to be dropped from the study. The seven remaining 

subjects completed all phases of training and testing. 

Equipment 

All subjects were tested on a 4* X 8" motor-driven 

treadmill (Pacer Industries, Inc.) to determine maximum 

values for oxygen uptake (VC>2, L/min standard temperature 

and pressure dry (STPD)), pulmonary ventilation (V_, L/min 
£ 

STPD), and respiratory exchange ratio (RER). During the 

treadmill tests, the subjects breathed through a low-

resistance valve (Hans Rudolph #2000). Continuous 

monitoring of the gas exchange responses to work were made 

with the Amtek 02 (S-341) and CC>2 (CD-3A) analyzers, 

Rayfield spirometer and Apple H e computer. The analyzers 

were calibrated before and after each test with a gas 
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mixture verified by a mass spectrometer (Perkin-Elmer MGA-

1100). Heart rates were continuously monitored by a Quantum 

XL Fitness Monitor (AMP-American). 

During the anaerobic capacity test expired air was 

collected in Douglas bags to determine oxygen consumption 

during the test, and to provide a second method to confirm 

V02max. The Douglas bags were analyzed on the Perkin-Elmer 

mass spectometer for 02 and C02 concentration. Volume of 

the Douglas bags was determined with the Rayfield 

spirometer. 

Blood samples were analyzed for lactic acid with a 

Yellow Springs model 23-L lactate analyzer. The lactate 

analyzer was calibrated before and after each test with 

known concentrations (5 and 15 mmol) of lactate. 

Testing 

The athletes were tested twice throughout the year. 

The first testing session occurred after the base training, 

the primarily aerobic training phase, to determine peak 

aerobic fitness and establish baseline anaerobic and 

hematologic values for future comparison. The second 

session occurred immediately after the athlete's competitive 

season. Each athlete had a unique training schedule, and 

the timing of the testing sessions corresponded with that 

athlete's individual program. 

On arrival in the laboratory, the subjects signed a 

consent form in which they were informed of possible dangers 
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as a result of their participation in the study, their right 

to privacy, and their right to withdraw from the study at 

any time. The subjects were given a blank training diary, 

which they filled out giving the volume and intensity of 

their training for the three months before testing. The 

diary and competition results were compared with the data 

from the hematologic and physiologic tests. The comparisons 

pointed out possible early warning signs of overtraining and 

chronic fatigue. Test results could also be used to 

determine why training had been successful. Each subject 

also provided a detailed, written account of her iron status 

before testing. During the first testing session each elite 

subject was given a diet guestionaire to be filled out and 

returned to a TAC nutritionist for evaluation. The subjects 

were then provided with a detailed analysis of their 

nutritional status and dietary requirements. 

On the morning of testing, blood was drawn through 

venipuncture to obtain samples that were assayed for 

hemoglobin, hematocrit, serum ferritin, RBC ferritin, 

transferrin concentration, percentage transferrin 

saturation, haptoglobin, Cortisol, and CPK. In addition, 

for those with a history of iron deficiency, a small portion 

of the sample was used for a baseline determination of iron 

tolerance. In this test, 10 mg ferrous sulfate was 

administered orally. Two hours later, a blood sample was 

drawn for analysis to determine iron tolerance. 
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The subjects were weighed and measured, and the 

resulting data were used in calculations concerning body 

fat and oxygen uptake. The elite subjects were weighed 

hydrostatically to determine body density. Body fat was 

calculated from density by the equation of Siri (1961). 

Skinfold measures were also used for comparison purposes. A 

seven-site skinfold measure derived from an athletic 

population (Thorland, Johnson, Tharp, Fagot, & Hammer, 1984) 

was used to estimate percentage fat. 

The elite subjects ran five submaximal exercise bouts, 

each five minutes in duration, on the level treadmill to 

determine running efficiency, lactate breakpoint, and to aid 

in the determination of the speed selected for the V02max 

test. The speed of the treadmill was calculated by counting 

the number of belt revolutions in one minute and multiplying 

by the measured length of the belt. To begin the test, the 

subject stood on the treadmill, and a countdown warned of 

the start of the belt. The five-minute interval began as 

soon as the subject was running freely. Immediately after 

each submaximal speed, blood was drawn from a finger prick 

to determine blood lactate. Approximately 100 /x 1 of blood 

was drawn into a capillary tube after elimination of the 

first drop to avoid contamination of the sample. 

The maximal treadmill test consisted of two minutes 

level running at nine to 10 mph with an increase of 1% in 

grade for the next minute and 1% a minute thereafter until 
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exhaustion. The protocol was designed to exhaust the 

subjects within eight to 10 minutes. The test measured 

peak V02, rer, and VE. Maximal heart rate was again 

determined by the Quantum XL. On cessation of the test, 

blood was drawn by means of a finger prick at one, three, 

five, seven, and 10 minutes or until a peak lactate value 

was determined, and lactate samples were analyzed by the 

procedures listed above. After the first testing session 

determined baseline values, the anaerobic capacity test was 

consistently run before the V02max test. 

The procedure for the anaerobic capacity test was as 

follows: the treadmill was set at 2% higher than the grade 

established in the max VC>2 test. The treadmill was 

started with the subject standing on the belt. As soon as 

the subject was running freely, timing commenced. The test 

was halted as soon as the subject signaled she could not 

continue or until she could not keep up with the speed of 

the belt. The protocol was designed to exhaust the subject 

within approximately two minutes. 

Anaerobic capacity was calculated by subtracting the 

oxygen consumed during the anaerobic capacity test from the 

estimated oxygen cost of the athlete running on the inclined 

treadmill for the length of the test. The estimated oxygen 

cost of running on the inclined treadmill was determined 

using the subject's own data for level running and allowing 

3.31 ml/kg/min for every 1% of grade. Blood was again drawn 
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from fingertip samples to determine peak lactates at three, 

five, seven, and 10 minutes after exercise. 

When possible, the testing was spread over two 

consecutive days, with underwater weighing and submaximal 

runs conducted on the first day. The blood draw, aerobic 

and anaerobic capacity tests were conducted on day Two. The 

procedures for each test remained the same. 

Data Analysis 

The study employed a two-by-two factorial design. The 

experimental group was tested before anaerobic training and 

after the competitive season. The control group was tested 

at approximately the same times. The study attempted to 

determine the effects of a prolonged period of anaerobic 

training on various physiologic and hematologic variables. 

The markers of overtraining were correlated with laboratory 

performance data. 

Statistics 

A paired-comparisons t test for determining the 

significance of the difference between the means was applied 

to all pretest and post-test data not common to both groups. 

A repeated measures analysis of variance (ANOVA) with one 

repeated factor (training) and one grouping factor 

(performance) was used to determine differences between 

groups. The data were evaluated using the Crunch 

Statistical Package from Crunch Software Corporation. 

Hypothesis five was tested using regression analyses. 
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Training# the independent variable, was designated as either 

high or low intensity and correlated with the various 

dependent variables. Those variables included, in the fifth 

hypothesis, CPK, Cortisol, haptoglobin, lactate levels at 

submaximal running speeds, and performance on treadmill 

tests. Each hypothesis was restated in the null form for 

testing. The alpha level was set at the .05 level of 

significance. 



CHAPTER IV 

RESULTS 

The seven elite subjects had a mean age of 26.3 

±4.35 years. This figure did not differ significantly from 

that of the control subjects, who were 29.1 ±5.64 years old. 

Three of the elite subjects were tested after their 

competitive season and before their base season. Four were 

tested after their base season and then after their 

competitive season. The mean time between testing sessions 

for the elite subjects was 133.7 ±27.52 days. The time 

between the pretest, and post-test for the control subjects 

was 103.1 ±10.8 days. The difference between the two groups 

was significant; however, large differences in the 

variations between the two groups may make the t test 

inappropriate. 

Physiological Testing 

Anthropometric Data 

Body composition for the elite and control subjects 

included height, weight, and percentage body fat (Table I.). 

31 
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TABLE I 

Descriptive Statistics for Anthropometric Measures of Elite 

and Control Subjects 

Post-Base Postseason 

Elite (N =7) 

Height (cm) 161.3 ±6.6 

Weight (kg) 49.3 ±4.9 49.0 ±4.7 

%Fat 8.6 ±1.9 8.7 ±1.3 

Control (N=7) 

Height (cm) 162.1 ±6.4 

Weight (kg) 50.8 ±4.0 51.2 ±4.8 

%Fat 13.2 ±4.3 14.7 ±6.2 

Note. Values are means ± SD. 

There was no statistically significant difference in 

pretest and post-test means for weight or percentage fat for 

either group or between the two groups for height or weight. 

There was a significant difference (p<.05) in percentage fat 

between the elite and control subjects. 
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Submaximal Runs 

VO_, V_, heart rates, and lactate concentration, at 
2 E 

9, 10, 10.5, and 11 mph for the elite subjects are noted in 

Figure 1. There was a trend toward lower vo2 at each of the 

running speeds after the competitive season, but it did not 

reach significance. There was also a trend for higher VE, 

heart rates, and lactate concentration. The results 

approached but did not reach significance except at 10.5 

mph. 

VO_, V_, heart rates, and lactate concentration at six, 
2 E 

seven, and eight mph are compared (Figure 2) for the 

control group. V02 was significantly (|><.02) lower after 

the post-test at six mph, but unchanged at seven, and eight 

mph. Lactate concentration, and heart rates were 

significantly (p<.05) lower during the post-test at eight 

mph but unchanged at six and seven mph. 

Maximal Aerobic Power 

Indicators of maximal aerobic power for the elite and 

control groups, including VC>2, V£, peak heart rates, RERmax, 

and maximum lactate levels, are listed in Table II. 
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TABLE II 

Maximal Exercise Responses for Elite and Control Subjects 

Post-base Postseason 

Elite (N=6) 

V02max (L/min) 3.38 ±0.41 3.32 ±0.39 

V02max (ml/kg/min) 67.3 ±2.8 66.1 ±4.2 

VEmax (STPD, L/min) 98.4 ±23.0 92.6 ±18.1 

Peak HR (bprn) 190.0 ±8.9 189.4 ±11.3 

RERmax 1.14 ±0.04 1.13 ±0.4 

Max Lactate (mmol/1) 8.1 ±0.6 8.5 ±1.5 

Control (N=7) 

V02max (L/min) 2.59 ±0.27 2.72 ±0.33* 

V02max (ml/kg/min) 50.9 ±4.2 53.1 ±6.1 

VEmax (STPD, L/min) 71.7 ±11.7 80.3 ±9.0** 

Peak HR (bpm) 182.6 ±9.7 184.0 ±11.0 

RERmax 1.12 ±0.02 1.16 ±0.07 

Max Lactate (mmol/1) 5.8 ±2.0 6.5 ±2.4 

*E<.05. **e<.03. Note. Values are means ± SD. 

For the elite subjects V02max in L/min and ml/kg/min 

was unchanged between the two sessions. V_max did not 
£ 
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differ statistically. Peak heart rate, RERmax, and maximal 

blood lactate were also unchanged for the elite subjects. 

V02max for the control group increased between testing 

sessions. The increase in L/min was significant. The 

VO max in ml/kg/min just missed significance (d<.06). V_max 
^ E 

was also significantly higher. Peak heart rates, RER, and 

maximal lactates did not change. 

The elite group's combined V02max for the two testing 

sessions was 3.35 L/min (66.7 ml/kg/min) which compares with 

a combined V02max for the control subjects of 2.65 L/min (52 

ml/kg/min). There was a significant (g<.005) difference in 

VO max between the elite, and control groups. Maximal v_ 
£, E 

was 95.5 L/min for the elite subjects compared with a 

combined total of 76 L/min for the control subjects. The 

difference (p<.05) was significant. There was no difference 

between the groups for maximal heart rates or lactates. 

Anaerobic Capacity 

Data which includes anaerobic capacity, speed and grade 

of the treadmill test, time to exhaustion, and maximal 

lactates for elite and control groups for both testing 

sessions are reported in Table III. 
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TABLE III 

Anaerobic Capacity Measures for Elite and Control Subjects 

Post-base Postseason 

Elite (N=6) 

ANC (L) 2.94 ±0.81 3.26 ±0.90* 

Max Lactate (mmol/1) 9.0 ±1.1 11.3 ±4.0 

Speed (mph) 9.8 ±0.4 9.8 ±0.4 

Grade (%) 8.2 ±1.5 8.2 ±1.6 

Run time (seconds) 159.5 ±33.4 167.7 ±60.3 

Controls (N=7) 

ANC (L) 4.48 ±1.2 3.26 ±1.26** 

Max Lactate (mmol/1) 8.0 ±1.9 8.1 ±1.8 

Speed (mph) 6.9 ±0.9 6.9 ±0.9 

Grade (%) 9.9 ±2.0 10.1 ±2.0 

Run time (seconds) 199.4 ±95.1 159.0 ±48.9 

*E><.05. * * p < . 0 1 . Note. Values are means ± SD. 

Anaerobic capacity increased significantly for the 

elite subjects from after base training to after the 

competitive season. Speed and grade of the test were 

unchanged. Run time was not significantly different. Also, 
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maximal lactates were higher after the competitive season 

but not significantly (p<.14). 

The control group's testing sessions revealed a 

significant decrease in anaerobic capacity between testing 

sessions. Maximal lactates, treadmill speed, and grade on 

the anaerobic capacity test did not differ. The mean run 

time for the control subjects was 40 seconds less on the 

second occasion. The decrease was not significant. 

The elite and control groups anaerobic capacity 

differed significantly (p<.05) during the initial testing 

session but the two groups did not differ following the 

second testing session. There was a highly significant 

(P<.001) difference in their respective response to 

training. The elite group increased significantly from 

after base training to after the competitive season, while 

the control group decreased significantly from the first 

testing period to the second. There was no difference in 

percentage grade, run time, or maximal lactates between the 

two groups. However, treadmill speed (p<.005) did differ 

significantly. 

Hematologic Testing 

Iron and Iron Storage 

Hemoglobin, hematocrit, serum ferritin, RBC ferritin, 

and serum iron for the two groups and for both testing 

sessions are reported in Table IV. 
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TABLE IV 

Measures of Iron Storage for Elite and Control Subjects 

Post-Base Postseason 

Elite (N=7) 

Hgb (gm/dl) 14.0 ±0.7 13.9 ±0.9 

Hct (%) 42.0 ±1.9 41.3 ±2.4 

Ferritin (ng/ml) 52.9 ±36.7 66.6 ±58.3 

RBC Ferritin (ag/RBC)* 10.6 ±5.1 9.0 ±2.9 

Fe (ng/dl) 137.0 ±72.3 99.4 ±33.1 

Control (N=7) 

Hgb (gm/dl) 12.2 ±0.6 12.5 ±0.4 

Hct (%) 36.7 ±1.4 37.3 ±1.6 

Ferritin (ng/ml) 26.4 ±15.5 20.6 ±9.6 

RBC Ferritin (ag/RBC)* 7.4 ±3.2 5.5 ±2.8 

Fe (jug/dl) 106.1 ±50.4 130.9 ±74.2 

Note. Values are means ± SD. *attograms per RBC 

The indicators or iron storage did not differ 

significantly from after base training to after the 

competitive season for the elite runners or for the control 

subjects pretest to post-test. 



39 

Hemoglobin (Hgb), and hematocrit (Hct) were 

significantly (£<.02) higher in the elite subjects compared 

with the controls. Ferritin was also higher, although it 

just missed (£=.058) significance. There was no difference 

between the two groups in serum iron or RBC ferritin. 

TIBC, for the elite subjects, ranged from 323.6 ±45.9 

jug/dl after base training to 349.6 ±78.7 jug/dl postseason. 

The increase was not significant (p<.l6). Transferrin 

concentration was unchanged (333.5 ±33.7 mg/dl after base 

training and 330.2 ±79.3 mg/dl postseason). Percentage 

saturation of transferrin ranged from 30.9 ±12.7% after base 

training, to 38.6 ±13% postseason. The change was not 

significant. 

TIBC for the controls was 409.4 ±93.8 tig/dl pretest and 

427.1 ±107 Mg/dl post-test. There was no statistical 

difference. The two groups differed significantly (£><.05) 

in TIBC. Transferrin was not measured in the control 

subjects. 

Overtraining Markers 

The proposed indicators of overtraining: Cortisol, 

haptoglobin, and CPK are reported in Table V. 
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TABLE V 

Overtraining Markers; Elite Athletes 

Post-base Postseason 

Elite (N=7) 

Cortisol (/ig/ai) 20.4 ±7.9 17.3 ±7.6 

Haptoglobin (mg/dl) 45.1 ±32.9 61.4 ±38.7 

CPK (U/L) 191.9 ±86.3 130.7 ±44.2 

Note. Values are means ± SD. 

The results, when base training markers were compared 

to post-competitive season markers, were not statistically 

significant. Correlations between changes in VO_, v_, 
2 E 

heart rate (HR), and lactate (LA) at 10.5 and 11 mph and 

changes in haptoglobin, Cortisol, and CPK are reported in 

Table VI. 
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TABLE VI 

Correlation Coefficients Between Changes in Indices of 

Overtraining and Aerobic Fitness for Elite Subjects 

Haptoglobin Cortisol CPK 

10 .5 mph 

V°2 -0.44 0.58 -0.005 

VE -0.90* -0.19 0.19 

HR -0.85* -0.75 0.29 

LA 

o
 • 
0
 1 -0.21 -0.80 

11 mph 

V°2 -0.07 0.93* 0.16 

VE -0.97* -0.43 0.35 

HR -0.91* -0.65 0.59 

LA -0.28 -0.94* -0.27 

*p<.05. Note. Changes are post-base to postseason. 

There was a significant negative correlation between 

changes in VE and HR and haptoglobin concentration at 10.5 

and 11 mph. Changes in Cortisol were correlated with 

changes in V02 at 11 mph and negatively correlated with 

changes in LA at that same speed. There were no significant 

correlations between changes in VO„, V_, HR, or LA for 
2 E 
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either submaximal speeds and changes in CPK. 

The white blood cell count (WBC) was unchanged for the 

elite subjects between the two sessions. WBC after base 

training was 5.3 ±0.74 K/cu mm and 6.2 ±2.8 K/cu mm after 

postseason. WBC for the control subjects was also unchanged 

(6.2 ± 1.3 K/cu mm pretest to 5.18 ±0.23 K/cu mm post-test). 

There was no difference between the elite and control 

groups. 

Blood Lipids 

Cholesterol and triglycerides were 188 ±40 mg/dl and 57 

±18.3 mg/dl after base training, and 183 ±37.1 mg/dl and 

73.4 ±30.6 mg/dl after the competitive season. High density 

lippoproteins were 57.3 ±11.2 mg/dl after base training 

compared with 58.3 ±9.8 mg/dl after the competitive season. 

There was no difference in the results between testing 

sessions. 

Training 

Training mileage for the elite subjects was 

significantly (p<.02) higher during the base period (63 

±18.2 mpw) than during the competitive season (53 ±17.9 

mpw). The control subjects averaged 26.9 ±16.4 mpw during 

the three months before the pretest and 25.9 ±17.5 mpw 

between the two testing sessions. There was no difference 

in mileage between the two sessions. Mileage run per week 

by the elite group was significantly higher than that of the 

control group (j><. 005) . 
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CHAPTER V 

DISCUSSION 

The physiologic tests were used to determine current 

fitness levels and the effects of intense training on nine 

elite athletes who agreed to be part of the testing program 

in early 1987. Seven individuals completed the two testing 

sessions, with five continuing for another year. Of those 

seven who completed both testing sessions, one was unwilling 

to perform the anaerobic capacity test during the second 

session. 

Physiologic Testing 

Anthropometric Data 

The results indicate that these elite athletes have 

less body fat than has been documented in previous reports 

(Malina, Harper, Avent, & Campbell, 1971; wilmore, Brown, & 

Davis, 1977). This discrepancy may be due to the time 

elapsed since the publication of these papers, when the 

caliber of women's performances was not as high and there 

were fewer women engaged in athletics. Another reason for 

the difference could be age. The mean age of Wilmore and 

Brown's subjects was 32.4 ±4.5 years, while the age of 

Malina et al.'s subjects was 19.9 ±1.1 years. 

An unfortunate result that occurs due to the attempt of 

45 
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many women to reach or maintain the low body fat necessary 

for top performance is amenorrhea. Individuals tested in 

our laboratory (unpublished data), who had low body fat and 

amenorrhea, as well as athletes examined by other 

investigators, have been found to have reduced bone density 

(Drinkwater et al., 1984). Only one of the elite athletes 

was in this study was amenorrheic, even though the group's 

mean body fat was less than 10%. That amenorrheic athlete 

also had the highest percentage fat of the nine original 

subjects. Factors such as training, diet, and stress seem 

to be involved in the complicated etiology of amenorrhea 

that may lead to premenopausal osteoporosis (Drinkwater et 

al., 1984; Loucks & Horvath, 1985). 

The overall increase in body fat over the training 

period for the control group was attributed to illness and 

lifestyle changes. The greatest increase in body fat was in 

one individual who missed up to six weeks of training due to 

influenza and gained 11 pounds during that time. 

Submaximal runs 

The submaximal tests were used to determine vo , 
2 ' 

ventilatory, heart rate, and lactate responses to exercise 

as well as running economy. The submaximal tests were run 

at speeds that approximated training and race pace for the 

athletes. The subjects found the information gained from 

these sessions quite helpful in assessing their current 

fitness level, thus compliance involving the five submaximal 
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tests was not a problem. 

It has been demonstrated that lactate samples taken 

after submaximal work bouts can be used to determine 

training status (Jacobs, 1983; Jacobs, 1986; Yoshida, Chida, 

Ichioka, & Suda, 1987). Improved aerobic fitness was 

indicated by a decreased lactate concentration, reduced 

heart rates and VE. Also, performance has been related to 

the onset of blood lactate accumulation (Farrell, wilmore, 

Coyle, Billing, & Costill, 1979). In general, during this 

study, lactate values closely paralleled heart rate changes, 

however, in one case of suspected glycogen depletion lactate 

values were depressed. 

Elite athletes whose subjective fitness, evidenced by 

difficulty in maintaining higher submaximal running speeds 

in laboratory tests, declined between testing sessions, had 

increased lactate, heart rate, and V_ responses on those 
£1 

tests. Athletes whose subjective fitness improved or 

remained similar, demonstrated similar or lowered lactate, 

heart rate, and ventilatory responses. One reason for 

decreased aerobic performance after the competitive season, 

may have been suggested by Bertocci, Hodgson, Kelso, Grant, 

and Gollnick (1986), who noted depressed mitochondrial 

function after intense exercise. Another possible reason 

for the reduced aerobic response could be the significant 

decrease in mileage from base training to the competitive 

season, especially as volume was reduced for several months. 
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The finding of increased running economy at the higher 

submaximal running speeds after the competitve season, 

despite decreases in lactate, heart rate, and ventilatory 

thresholds, is of interest. One effect of racing and speed 

training appears to be an increase in economy at those 

speeds approximating high training, and race pace. One can 

only speculate that at the begining of the season, it takes 

more effort (i.e., more muscle fibers) to run at 

unaccustomed speeds. Later in the year, when neuromuscular 

coordination has improved due to repeated efforts at these 

higher speeds, running economy is likewise improved. 

Simultaneously, a decrease over a period of months in the 

volume of aerobic training eventually leads to decreased 

production of aerobic enzymes, decreased lactate clearance, 

and increased heart rate. In other words, the anaerobic 

threshold is lowered. 

The significant changes across the training period for 

the control group in ventilatory, lactate, and heart rate 

responses and running economy were at the speeds of six and 

seven mph. The changes appeared to be due to an increase in 

aerobic fitness. 

When three individuals who had run well one season and 

poorly the next were separated from the elite group, the 

results were of great interest, though not always 

statistically significant. Oxygen uptake, V_, heart rates, 
£ 

and lactates were higher for each submaximal speed when the 
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results were poor as compared with the times when the 

athletes were successful (Figure 3.). There were, at least, 

three different reasons for this result. In subject one, 

low blood pressure and overstress coincided with decreased 

running economy. In subject three, iron depletion resulted 

in low hemoglobin, hematocrit, and serum ferritin and a 

reduction in aerobic capacity. Subject four became fatigued 

from training and travel and was forced to reduce aerobic 

training for five months, which may have lowered the 

percentage of V02max at which the athlete could sustain race 

pace. 

Aerobic Power 

That maximal aerobic power, or V02max, of the elite 

runners was unchanged between the two testing sessions 

agrees with research by other authors who report stable 

maximal oxygen uptake values over time in mature, well-

conditioned athletes (Mitchell, Sproule, & Chapman, 1958; 

Saltin & Astrand, 1967; Snell & Mitchell, 1984). There was 

no difference in the maximal aerobic power of the three 

athletes tested during both successful and unsuccessful 

racing seasons. The conclusion drawn from this study and 

other authors' data points to factors such as buffer 

capacity, and the exercising muscle's ability to sustain 

work at a high percentage of V02max, other than solely 

V02max, as the deciding components for determining 

performance in endurance running (Newsholme, 1986; Snell & 
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Mitchell, 1984). 

The significant increase in aerobic power of the 

control group could be the result of familiarity with the 

test protocol or the result of a regular training program 

that was adhered to for a period of 12-18 weeks. Certainly, 

with weight changes, there were fluctuations in the relative 

values reported but not in absolute terms. 

Confirmation of maximal aerobic power can, in most 

instances, be made using data from the anaerobic capacity 

test. It has been shown that when the aerobic demands are 

supramaximal and the test is at least 120 seconds in 

duration, the last minute elicits maximal oxygen uptake 

(Medbo et al., 1988). 

Certainly, signs of chronic fatigue could not be 

determined in the test for aerobic power. Other tests, such 

as the submaximal runs, are much more useful in the early 

detection of overtraining that leads to chronic fatigue. 

Anaerobic Capacity 

The use of accumulated oxygen debt to determine 

anaerobic capacity is well established (Volkov et al., 1974; 

Medbo et al., 1988). Using accumulated oxygen debt 

subtracted from theoretic oxygen cost in this study, the 

anaerobic capacity of each elite athlete increased from base 

training to postseason values. 

It is not entirely clear to what degree this increase 

is due to training or individual responsiveness to training. 
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Cunningham and Faulkner (1969) related training to an 

increase in run time and lactate concentration after a short 

supramaximal run. Heredity is responsible for the 

percentage of fast twitch fibers in muscle (Komi et al., 

1977), and fast twitch fibers have been associated with a 

high glycolytic potential (Komi et al., 1977). It would 

seem that the absolute anaerobic capacity would be due to 

heredity, but training is responsible for the degree to 

which it is developed. Preselection, along with training, 

may account for the greater increase in the anaerobic 

capacity of the 800 and 1,500 m runners (Table VII.) when 

compared with the 10,000 m and marathon runners. 

TABLE VII 

Anaerobic Capacity of Elite 1.500-3.000 and 10.000 m Runners 

1,500-3,000 m 10,000 m 

runners (n=4) runners (n=2) 

Post-base 3.35 ±0.64 L 2.11 ±0.04 L 

Postseason 3.75 ±0.61 L* 2.28 ±0.05 L 

% increase 11.9 8.0 

*E<.05. Note. Values are means ± SD, 
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The absolute as well as the percentage increase in 

anaerobic capacity was greater for 1,500-3,000 m runners as 

compared with the 10,000 m runners. The anaerobic capacity 

of the 1,500-3,000 m runners was 50% higher than the 10,000 

m runners but as there were only two 10,000 runners, a 

statistical comparison was not practical. 

As has been previously reported by Svedenhag and Sjodin 

(1984), those athletes who performed events that require 

greater involvement of anaerobic metabolism such as the 800 

and 1,500 m had higher peak lactates at exhaustion than did 

those in events such as the 10,000 m and marathon. Higher 

maximal lactate values in this study were, for the most 

part, related to improvements in anaerobic capacity. This 

finding confirms the problems encountered when using only 

postexercise lactate readings to measure improvements in 

anaerobic capacity due to training (Svedenhag & sjodin, 

1984; Jacobs, 1986). 

In those individuals in whom meet performance could be 

compared, it was difficult to measure the effects of 

increased anaerobic capacity on performance as the aerobic 

conditioning varied from subject to subject. As explained 

in the section on submaximal testing, the improvements 

appeared to result more from changes in lactate threshold 

than any other source. The use of anaerobic training in 

these athletes during the competitive season did not appear 

to be excessive. These seven athletes had a mean of 12% of 
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training distance for intense runs. They were, on the 

whole, successful individuals who demonstrated few problems 

during the season. A study of those subjects whose season 

had been well below expectations might discover quite 

different results. 

The anaerobic capacity of the control group was 

significantly lower for the second testing session. This 

was not expected as training had remained constant 

throughout the program. Due to the inclusion of road races 

in some of the control group's training schedule, complete 

elimination of an anaerobic component was impractical. 

Apparently, these races did not have a significant impact on 

the anaerobic capacity test. 

Hematologic Testing 

Results of the hematologic testing pointed to several 

areas of concern for elite female endurance runners. There 

was evidence of iron depletion at some time during the 

testing sessions in more than 35% of the elite athletes, 

which corresponded with previous findings (Nickerson, 

Holubets, Tripp, & Pierce, 1985; Lampe et al., 1986; Risser 

et al., 1988). Without the use of serum ferritin and RBC 

ferritin measures, this iron depletion would not have been 

evident as there was no change in hemoglobin, or hematocrit 

between the two testing sessions. 

A comparable percentage of the control athletes, 28% 

after the first session and 42% after the second, were found 
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to be iron depleted. These control subjects also increased 

storage iron levels after iron therapy. Their values for 

serum ferritin were consistently lower for both testing 

sessions than were those for the elite subjects. This may 

have been due to the lower incidence of iron supplementation 

among the control subjects as none were taking iron before 

their first testing session. 

The significant difference between the two groups in 

hemoglobin and hematocrit is likely due to the iron 

supplements taken by the elite subjects. This is likely so 

as the elite subjects run more than twice as many mpw as the 

controls, and Eichner (1985) reported a decrease in 

hemoglobin concentration in direct proportion to miles run 

per week. Hemoglobin (grams per deciliter) and hematocrit 

are decreased in endurance athletes, as the result of the 

expansion of plasma volume, while total hemoglobin is 

increased (Brotherhood et al., 1975; Eichner, 1985; Schmidt, 

Massen, Trost, & Boning, 1988). 

Iron depletion may be diagnosed by examining the 

results of hematologic tests for proteins responsible for 

iron transport, storage, and recycling. These include 

plasma ferritin, RBC ferritin, transferrin concentration, 

transferrin saturation, TIBC, hemoglobin, hematocrit, 

haptoglobin, and serum iron levels. A combination of these 

tests produces a more-sensitive indicator of iron depletion 

that may lead to anemia and chronic fatigue. 
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The effects of hematologic changes were evidenced in 

the submaximal tests. Lowered hemoglobin and hematocrit 

reduced the oxygen-carrying capacity of the blood and 

resulted in higher VE and increased lactate at the same 

speeds during testing as seen by Schoene et al. (1983). In 

accordance with Celsing et al. (1986), there was no evidence 

that low serum ferritin or RBC ferritin values had any 

negative effect on aerobic capacity before the reduction in 

hemoglobin and hematocrit. 

Iron Absorption and Storage 

The increase in body iron storage, as measured by serum 

ferritin in the elite group across the training sessions, 

was probably due to the high incidence of iron 

supplementation as six of the seven elite subjects were 

supplementing by their second testing session. However, the 

increase in serum ferritin was not statistically 

significant, due to the great variability in serum ferritin 

values among athletes. Certainly, those who began taking 

ferrous sulphate had increased serum ferritin levels. The 

increased serum ferritin levels in the elite subjects who 

supplemented indicate there was no difficulty in absorbing 

iron supplements during strenuous training, despite reports 

to the contrary in the literature (Ehn et al., 1980; 

Bannister & Hamilton, 1985). 

It was clear through an examination of the dietary 

history of this group and another group of good but not 
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elite runners that inadequate iron in the diet rather than 

the interference of intense training on absorption had the 

greatest influence on storage iron. In the separate study 

that included these seven elite athletes in a sample size 

of 74, it was found that the incidence of iron depletion was 

the same across all groups that included good but not elite 

runners and slim, nonathletic controls (Balaban, Cox, Snell, 

Vaughan, & Frenkel, 1989). others have reported that female 

athletes had insufficient iron in their diet to prevent 

depletion of bone marrow stores (Fredrickson, Puhl, & 

Runyan, 1983; Bannister & Hamilton, 1985; Magazanic et al., 

1988; Risser et al., 1988). Factors in the diet such as 

high fiber content and coffee or tea consumption also 

negatively affect the absorption of dietary iron (Nickerson 

& Tripp, 1983; Colt & Heyman, 1984; Eichner, 1986). 

In the study involving good rather than elite runners, 

three of the incidences of severe iron depletion were in 

athletes who stated they were bulimic. None of the elite 

athletes indicated that she had similar difficulties. 

However, bulimia cannot be ruled out as a possible cause of 

severe iron depletion in slim compulsive women (Gandour, 

1984; Robinson, 1986; Mizes, 1988). Those athletes with 

dramatic weight fluctuations, high cholesterol counts, and 

low iron stores despite supplementation should be watched 

for other tell-tale signs. 

TIBC was increased, although not significantly (p<.i6), 
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from the conclusion of base training to the end of the 

competitive season. In only one athlete did it decrease, 

and then only minimally. An increase in TIBC is the result 

of the body(s greater need for iron during training 

(Fredrickson et al., 1983; Magazanik et al., 1988). Higher 

TIBC may also be caused by the necessity for greater 

myoglobin synthesis with training (Gimenez et al., 1988). 

No change in TIBC was noted in the control group. 

Overtraining Markers 

Theoretically, in overtraining, as greater and greater 

workloads are used to cause a training response, the 

adaptation process fails. The workload applied is so great 

as to eventually cause the development of chronic fatigue. 

It was hoped that overtraining could be predicted and, 

therefore prevented through the use hematologic tests. 

Included in the hematologic tests were several variables 

implicated as markers of acute and chronic overstress or 

overtraining. Cortisol, CPK, and haptoglobin were the first 

three markers to be sampled (Tiidus & Ianuzsso, 1983; Watson 

& Ismail, 1985; Eichner, 1985; Warhol, Siegel, Evans, & 

Silverman, 1985). When selected individuals complained of 

chronic fatigue or lethargy that could not be explained 

through either iron storage or previously used overtraining 

markers, free testosterone and the Cortisol-to-testosterone 

ratio were added to the battery of tests (Harkonen et al., 

1985; Aldercreutz et al., 1986). The high cost of blood 
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chemistries involving hormones made the inclusion of the 

control group in this battery of tests impossible. 

Cortisol 

Cortisol was higher for the elite group after base 

training than after the competitive season, although not to 

the level of statistical significance. This finding was the 

opposite of what had been expected. It was supposed, at the 

outset of the study, that intense anaerobic work combined 

with racing would increase this catabolic hormone (Farrell 

et al., 1983; Harkonen et al., 1985). However, we, as well 

as others, found the highest Cortisol values after prolonged 

use of endurance exercise rather than after anaerobic work 

or racing (Taylor et al., 1987). 

Perhaps these elite athletes train at a more exhausting 

level during the endurance phase of their programs. 

Possibly, the athletes were not well trained or were not 

accustomed to intense training during the endurance phase. 

Training has been shown to have a greater effect on the 

Cortisol response to exercise in the unfit (Kuoppasalmi, 

Naveri, Rehunen, Harkonen, & Aldercreutz, 1976). By the end 

of the competitive season, the athlete has experienced 

intense workloads over an extended period of time. As 

Cortisol rises appreciably only after exhaustive work bouts, 

it is assumed that training has reduced the body's stress 

response to a given workload (Selye, 1937; Farrell et al., 

1983). 
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CPK 

The response of the muscle enzyme CPK, which is 

released after the breakdown of or injury to muscle tissue 

was the same as for Cortisol. Values were lower after the 

competitive season than they were after the base season, 

although, not to the level of statistical significance. CPK 

levels have been found to be higher in untrained compared 

with trained subjects after exercise (Byrnes et al., 1985). 

This may be due to the unfamiliarity of the body for the 

rigors of training after a period of reduced work or 

inactivity. It would seem that it takes more intense or 

prolonged activity in the late season to elicit the same 

response that a given workload will produce early in the 

training year (Dressendorfer, Wade, & Amsterdam, 1981; 

Magnusson et al., 1984; Ohkuwa, Saito, & Miyamura, 1984). 

The athlete becomes calloused to the effects of training. 

Haptoglobin 

Haptoglobin decreases when the amount of free 

hemoglobin released after the breakdown of RBCs increases 

(Brus & Lewis, 1959). As it is supposed that training 

accentuates the breakdown of RBCs a decrease in the 

haptoglobin concentration might be evidence of a deleterious 

training effect (Spitler et al., 1984; Taylor et al., 1987). 

The haptoglobin concentration was lower after base training 

than after the competitive season but not significantly so. 
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There was evidence of increased V£ and heart rates being 

significantly related to decreased haptoglobin 

concentration. This correlation would point to haptoglobin 

as an early indicator of chronic fatigue. Once again we are 

faced with the possible conclusion that the chance of 

developing chronic fatigue, which may stem from 

overtraining, is greater after base training than in the 

competitive season. 

Testosterone 

Free testosterone levels and cortisol-to-testosterone 

ratios were extremely low in two individuals diagnosed as 

overtrained. The diagnosis was made on the basis of poor 

performance and subjective estimation of chronic fatigue. 

While overtraining leads to reduced free testosterone and a 

lower cortisol-to-testosterone ratio, other factors also 

apply (Harkonen et al., 1985; Aldercreutz et al., 1986). in 

addition, psychologic stress has been reported to reduce 

free testosterone but not increase Cortisol (Francis, 1981). 

Knowledge of a low free testosterone or low cortisol-to-

testosterone ratio is not enough to be certain of the 

interpretation of test results, as there is a wide diversity 

of reaction depending on the intensity or duration of 

previous exercise and the mental state at time of testing 

(Francis, 1981? Guglielmini, Paolini, & Conconi, 1984). It 

is important to obtain baseline testosterone values for 

female athletes engaged in less-strenuous periods of 
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training in the future. Also, the time frame involved in 

observing free testosterone approach normal values after 

overtraining would indicate the amount of time an athlete 

should undergo reduced training to recover from chronic 

fatigue. 

Blood Lipids 

One measure taken that was thought to be little 

affected by training was cholesterol. It was assumed that 

slim, athletic women on restricted diets would have low 

serum cholesterol. Surprisingly, a majority of the elite 

athletes had elevated (>200 mg/dl) cholesterol counts 

after base training, including some of those who were 

vegetarians and who watched fat intake closely, on review 

of the literature, it was found that individuals with 

anorexia or bulimia and women with comparable percentage 

body fat had been reported to have elevated cholesterol 

counts (Klinefelter, 1965; Mordasini, Klose, & Greten, 1978; 

& Rotkis, Boyden, Parmenter, Stanforth, & Wilmore, 1981). 

Athletes had abnormally high cholesterol counts during 

periods of heavy training. Cholesterol counts decreased 

during enforced periods of reduced training for those same 

athletes. Subject Five, whose cholesterol count had 

averaged more than 240 mg/dl for more than a year, saw it 

fall to 187 mg/dl within two months at the end of the 

Olympic year and on begining an unrestricted diet. The 

effects of stress and low body weight upon elite athletes 
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appears to be a fertile field for study. Certainly, further 

exploration of these findings are beyond the scope of this 

paper. It does appear that nutrition and psychologic stress 

have a greater impact on the cholesterol levels of these 

individuals than does training. Due to cost factors, we 

were unable to measure the cholesterol levels of the control 

subjects. 

Training 

Training volume declined as intensity rose for the 

elite subjects. Athletes who were primarily 10,000 m 

runners covered more mpw than did the 3,000 m runners, as 

would be expected. One of the 10,000 m runners was on a 

restricted training program, or the differences would be 

greater. Only one 1,500 m runner completed the study, and 

she ran fewer miles than has been reported by others for 

that event. 

It is difficult to discern developing fatigue through 

only an analysis of miles run. Chronic fatigue can develop 

with no change in training as the result of lack of sleep, 

inadequate nutrition, or illness. Overtraining may also be 

the cause of sleep loss or increase the susceptibility to 

illness. Adequate nutrition for a sedentary person may 

result in a nutritional deficit for the endurance athlete. 

Chronic fatigue may develop from one or any number of 

combinations of the preceding causes. A thorough 

examination of the athlete's training diary and 
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conversations with the individual, as well as the results of 

the physiologic, and hemotologic tests are necessary to make 

an informed decision on adjustments in the training program. 

Hypotheses 

#1—The results reveal that intense anaerobic training 

does increase anaerobic capacity in elite female middle- and 

long distance runners, but even though there was an increase 

in peak lactates after the competitive season, it was not 

significant. The null hypothesis was rejected in terms of 

anaerobic capacity and retained regarding maximal lactic 

acid concentrations. 

#2--There were decreases in anaerobic capacity at the 

end of base training. It would be impossible to isolate 

aerobic training as the cause of a reduced anaerobic 

capacity within the design of this study. Therefore, the 

null hypothesis is retained. 

#3—Training did not have a detrimental effect on the 

ability to absorb iron. If the individual received an iron 

supplement, her iron stores increased, no matter which phase 

of training was involved. The null hypothesis is retained. 

#4—Neither chronic fatigue nor reduced hemoglobin 

concentration appeared to impact anaerobic capacity; 

therefore, the null hypothesis is retained. Some of the 

individuals who were classified as overtrained and who had 

poor performances in events such as the 3,000 and 10,000 m 

ran their best times in 800 and 1,500 m during the same 
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period. Again, every athlete saw improvement in anaerobic 

capacity after the competitive season, regardless of the 

level of fatigue. 

#5—There was no significant correlation between the 

overtraining indicators Cortisol and CPK and VO^, V„, heart 
2 E 

rate or lactate concentration. Increased VE negatively 

correlated with haptoglobin at higher submaximal treadmill 

speeds. The null hypothesis is retained in all cases except 

for the significant correlation between lower haptoglobin 

concentration and increased v „ . 

#6—There was no indication that high-intensity 

anaerobic training resulted in any significant change for 

the hematologic variables; thus, the null hypothesis is 

retained. The volume and composition of the diet appeared 

to have the most significant impact. 

Conclusions 

Our findings indicate that what has been described as 

the overtraining syndrome actually appears to be a series of 

conditions, unique to each individual, which result in 

chronic fatigue. Chronic fatigue is most often expressed by 

a reduced desire or ability to train, and poor or 

inconsistent performances. It may be due, in part, to 

impaired iron storage, resulting from inadequate intake or 

absorption, leading to iron depletion and anemia, reduced 

glycogen stores, resulting from an inadequate diet or too 

little rest between intense, prolonged work. The results of 
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high anxiety, which may include the eating disorders such as 

bulimia and anorexia, mimic the effects of excessive work. 

The origins of chronic fatigue often occur during the early 

season, or following a period of reduced training, when the 

athlete has not adapted to intense training. 

Body composition did not vary between testing sessions 

for the elite athletes as a whole. However, weight loss 

combined with an increased body fat percentage occurred in 

two subjects with chronic fatigue, which points to the use 

of body composition as a useful tool to monitor chronic 

fatigue. A less than 10% body fat did not indicate the 

presence of amenorrhea. 

The submaximal aerobic tests were the most useful 

predictors of athletic success. In those individuals whose 

performance improved, aerobic indicators of fitness 

improved, or remained stable. Running economy (VO submax) 

improved following the competitive season even in those 

individuals whose VE, heart rates, and lactate concentration 

increased. However, athletes with chronic fatigue had 

dramatic increases in VC>2, as well as Vfi, heart rates, and 

lactate concentration at the higher submaximal running 

speeds. In those whose performance declined, the aerobic 

fitness indicators declined. Reasons for the decrease in 

aerobic fitness may have been that athletes who were 

chronically fatigued decreased aerobic training, and, or 

that there was a significant reduction in miles run per week 
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for the elite group during the competitive season. 

Whether that decrease was due to too much anaerobic or 

too little aerobic training is open to debate. There is 

evidence that low pH levels in the cell will interfere with 

the production of aerobic enzymes. If there was a regular 

reduction of pH several times a week over a period of months 

as there is in many training programs, then intense 

anaerobic training could have a detrimental effect on 

overall as well as aerobic performance. It is clear that an 

optimal level of aerobic training should be maintained 

throughout the competitive season to maximize performance. 

Maximal aerobic power did not change during the period, 

up to three years, of testing for any of the elite athletes. 

Maximal aerobic power was not as useful a predictor of 

athletic success as were the submaximal aerobic indicators. 

The anaerobic capacity of each of the elite athletes 

increased following the competitive season. Therefore, the 

anaerobic training employed by the elite athletes was 

successful but the improvement in anaerobic capacity did not 

necessarily relate to competitive success for these 

subjects. 

Ferrous sulphate was used to improve iron storage as 

measured by serum ferritin concentration, even during 

periods of intense training. It appears that the use of 

free testosterone as a predictor of overtraining should be 

explored as very low (<1) cortisol-to-testosterone ratios 
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were present in two athletes who were chronically fatigued. 

Reduced haptoglobin concentration correlates with increased 

ventilation and heart rates at higher submaximal running 

speeds. A low haptoglobin concentration, indicating high 

levels of RBC hemolysis, may be used as a predictor of 

chronic fatigue following periods of intense work. 

There is sufficient evidence to suspect overtraining or 

a sudden increase in training intensity or duration as 

contributing factors to poor performance, especially after a 

period of decreased training or inactivity. However, once 

the body adapts to a level of training, the reasons for 

subsequent decrements in performance should be investigated 

with other possible causes in mind as well. An examination 

of the athlete's training diary along with in-depth 

interviews will enable the investigator to better interpret 

the test data. 
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Case Histories 

The following are reports of elite athletes who used 

the University of Texas-St Paul Human Performance Center to 

monitor the effects of training from 1987 to 1988. 

Subject number one.—This individual had been a 

national champion in 1986 and, in March 1987, was a member 

of the United States World Cross Country Championships team. 

She began physiologic testing in spring 1987. The results 

of these tests, which were in normal ranges for elite 

athletes, gave the athlete and her coach important baseline 

information. 

Unfortunately, her performance in June 1987 at the The 

Athletics Congress (TAC) outdoor championships was far below 

previous standards, which left her depressed and puzzled. 

Questions arose from the athlete's coach about the problem 

being psychosomatic. Her track training appeared to be 

going well as evidenced by excellent interval workouts 

performed before the TAC meet. When the athlete was tested 

in the laboratory two weeks after the TAC championships, it 

was found that her anaerobic capacity had indeed increased 

from 4.07 L at the first testing period to 4.22 L after the 

second session, making improvements in speed-oriented 

interval training quite understandable. However, her 

submaximal tests indicated a severe dropoff in aerobic 

capacity (Figure 4.). The onset of blood lactate 
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accumulation occurred at a lower treadmill speed. Efforts 

that had previously been easy aerobic runs had become 

anaerobic in nature. 

Results of the hematologic tests revealed no 

abnormalities in oxygen-carrying capacity or iron storage. 

There were indications of a low cortisol-to-testosterone 

ratio, but because testosterone was not measured during her 

first visit, when all other signs pointed toward good 

health, a baseline determination of free testosterone had 

not been made. 

Subject number one's training diaries were examined, 

there was daily evidence of high intensity training, and it 

was suggested that a reduction in training intensity might 

benefit her condition. She continued easy training but was 

never able to perform at her previous level through the 

Olympic trials in July 1988. A physician, on examining the 

athlete, found she had abnormally low blood pressure. 

Evaluation of the results of a recent blood draw indicated a 

low sodium content, with an increase in sodium, blood 

pressure increased, and her former vitality returned. She 

is scheduled to resume competition in the near future and 

will be retested in the laboratory in conjunction with the 

end of her competitive season. 

Subject number two.— This subject had been a national 

champion the previous season, 1986, and had decided to focus 

on the 1988 Olympic trials. Her program called for a 
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reduced training volume and intensity during 1987. Her 

conditioning for the testing sessions was at a lower level 

than normal. 

During her first visit to the laboratory, it was 

discovered that, on the basis of a serum ferritin level of 

19 ng/ml, the subject was iron deficient, and she was 

instructed to begin daily supplementation with 200 mg 

ferrous sulfate (Plowman & McSwegin, 1981; Nickerson & 

Tripp, 1983; Colt & Heyman, 1984). Serum ferritin had 

increased to 38 ng/ml by her second visit to the laboratory, 

four and one half months later . 

Her physiologic tests (Fig 5.) were little changed 

between testing sessions as the volume of training (47 

mpw during base training and 45 mpw during the 

competitive season) was not great. Some of the decrease in 

aerobic capacity seen during her second testing session 

resulted from a two-week layoff after an injury. The 

subject went on to perform well in 1988 and set a personal 

record at the Olympic trials. 

Subject number three.— The subject was a young 

distance runner who made a breakthrough performance at the 

TAC outdoor championships in June 1986. Her coach thought 

she might benefit from physiologic testing. Her training 

had been interrupted by injury, and even though she was able 

to train once again, she was struggling to attain her normal 

training intensity and volume. 
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An examination of the results of the athlete's 

physiologic tests, performed in March 1987, demonstrated 

high lactates, RER, and heart rates at submaximal treadmill 

speeds. A review of her hematologic results, available a 

day later, revealed that she was severely iron depleted, 

with a serum ferritin of 12 ng/ml. She was at once advised 

to begin supplementation with 200 mg ferrous sulphate daily, 

Eventually she was able to increase this dosage to 600 mg 

daily without the constipation found in some cases or the 

diarrhea present in others. A subsequent blood test some 

two months later revealed a serum ferritin of 44 ng/ml, 

despite increased training intensity and volume. 

The athlete was again tested in October 1987. On this 

occasion, her serum ferritin was 34 ng/ml, well within 

normal ranges. Haptoglobin was <6 and 7 mg/dl, 

respectively, for the two testing sessions, indicating RBC 

destruction that could have been in part to blame for her 

original iron depletion. Her aerobic capacity was improved 

on each occasion, and her anaerobic capacity ranged from 

unchanged to slightly higher. The athlete's performances 

were greatly improved, and she made the United States World 

Championships team in Rome, where she set a personal record 

in the finals. 

The next season she prepared for the Olympic trials 

marathon and proclaimed herself in excellent condition. 

This observation was borne out by several excellent race 
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performances leading up to the trials. Unfortunately, she 

contracted a severe cold the week of the marathon trials; 

while she finished in the top 10, she did not run up to 

expectations. She was tested in the laboratory some three 

weeks later, and found to be in excellent aerobic condition, 

despite suffering from the aftereffects of the cold. Figure 

6 displays the results of each of her testing sessions. It 

was suggested that she increase anaerobic training slightly 

to prepare for the track trials eight weeks later. In those 

trials, she ran extremely well, won, and made the U.S. 

Olympic team. 

After the trials, she travelled to Europe for several 

races. She returned to the United States for a short time 

and then left for Japan where she completed preparations for 

Seoul. While in Japan, she complained of fatigue. A blood 

test indicated low normal hemoglobin and hematocrit values, 

but serum ferritin was not measured. She recovered from the 

fatigue, which was attributed to jet lag, within three days 

before setting out for Seoul. In Seoul, she ran well during 

the preliminaries and made the final. Pour days later, in 

the final, she was unable to perform up to expectations, 

complaining of fatigue from the outset. The next day, she 

again contracted a cold. This history is consistent with 

the development of chronic fatigue arising from a 

combination of stresses, such as travel and racing. Under 

such stressful conditions, resistance to viral infection is 
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reduced. 

Two weeks after returning from Seoul, she was recovered 

and was tested in the laboratory. While her excellent 

physical condition was confirmed, a low WBC count of 2.8 

K/cu mm indicated a lower resistance to viral infection. 

This may especially be the case when training, travel, or 

stress increases the level of fatigue. 

Subject number four.— This subject had her best season 

ever in 1987, making the World Cross Country Championship 

team as well as the IAAF World Championships and the Pan 

American team. Results of three separate testing sessions 

during this period confirmed her improving fitness level. 

Her success continued into 1988 when she again made the 

World Cross Country Champonship team, held in New Zealand, 

where she performed well. 

On returning from this trip, she increased training 

intensity for three weeks. At this point, in April 1988, 

she reduced aerobic training due to excessive fatigue. The 

fatigue that precluded normal aerobic training persisted 

through the Olympic trials in July, where she performed 

poorly in her specialty, the 3,000 m. Interestingly, her 

performances in shorter events, such as the 800 and 1,500 

m, were personal bests. A trip to Europe for competition 

after the Olympic trials was equally disappointing, and was 

cut short. 

After returning home, she came to the laboratory for an 
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evaluation of her condition. The results of the testing 

session revealed, not unexpectedly, a greatly reduced 

aerobic capacity. Figure 7 reveals the average of all three 

testing sessions run during 1987 compared with the 1988 

postseason session. Additionally, a low free testosterone 

(0.4 pg/ml) level and Cortisol-to-testosterone ratio were 

found. The original cause of her fatigue seemed to 

originate with the arduous trip abroad, followed by three 

weeks of intense training. However, the reasons behind the 

persistence of this fatigue are not so certain. The reduced 

aerobic capacity could be the result of five months of 

reduced training. The athlete did not have the energy to 

train up to her previous level, which may have been due to 

an impaired ability to recover from training resulting from 

low levels of free testosterone. The chronic fatigue may 

have been the evidence of inhibitory control mechanism 

within the central nervous system. The inhibitors could 

have kept the athlete from injuring herself through negative 

feedback that reduced the desire, or ability, to train 

(Schmolinsky, 1978). Whatever the reasons for the 

persistent fatigue, it was manifested in a reduced capacity 

for aerobic training and performance. 

During the fall of 1988, the athlete was instructed to 

reduce training further and to avoid races. By early 

November, she continued to report high resting and 

submaximal exercise heart rates. 
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During April 1989, the subject returned to the 

laboratory, and results indicated an improvement in aerobic 

capacity since the previous fall. When compared with values 

found during 1987, she was somewhat deficient. Testosterone 

values were improved. 

Subject number five.— she had been tested on a regular 

basis before 1987. She had great success during that time, 

winning two national titles and competing in the IAAF World 

Championships. 

During 1986, she was diagnosed as being iron depleted, 

which she attributed to diarrhea contracted in Europe. She 

was placed on 200 mg ferrous sulfate daily. This therapy 

resulted in a rapid return to normal of both her serum 

ferritin and performance. 

After the 1987 World Championships, where her 

performance was not up to her expectations, she was tested 

in the laboratory. The results indicated that her aerobic 

capacity was below previous levels but that all other 

predictors of performance, including iron stores and 

anaerobic capacity, were within normal ranges. 

She began training for the 1988 Olympic trials in the 

fall of 1987. The subject returned to the laboratory to 

assess the effects of training in January 1988. Those tests 

pointed to an underdeveloped aerobic capacity, it was 

suggested that she spend extra time on this phase of her 

training. Six weeks later she was again evaluated in the 
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laboratory. All of the values concerning aerobic capacity 

had improved (Figure 8.). Competitive performance was 

better than at any comparable point during her career 

through June 1988. However, she was beaten during this time 

by other competitors whom she would face in the Olympic 

trials, which increased her anxiety level. Ten days before 

the Olympic trials, she noticed an increased resting heart 

rate on awakening. This increased heart rate, coupled with 

a poor competitive performance over 800 m, compounded her 

anxiety. Normally, this increased heart rate would be an 

early sign of overtraining. In this case, training had been 

reduced for some two weeks. There were signs of bulimia 

such as rapid weight fluctuations, puffy eyes, and binging 

that complicated a diagnosis as to the origin of the 

increased pulse rate. Her performance in the Olympic trials 

was well below expectations. Other competitors were treated 

for dehydration intravenously immediately after the 

competition, but, although exhausted, she was not. 

She then took a two-week vacation and returned to race 

poorly once again. It was recommended that she reduce 

training and halt competition. Results of a blood test at 

this point revealed that Cortisol was 17 fig/a 1 and 

testosterone 34 ng/dl. One month later, another blood 

analysis indicated a slightly improved testosterone level of 

50 ng/dl but an unchanged Cortisol of 17 /ng/dl. she was 

diagnosed as overtrained, but indications beginning as early 
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as 1985 also pointed to bulimia and high anxiety levels that 

reduced performance. 

An analysis of her training diaries indicated 

comparable training in the six weeks leading up to the 1987 

TAC championships and 1988 Olympic trials. It can be 

assumed that both the self-imposed and societal pressures 

and the intense training associated with an Olympic year 

increased an already high anxiety level to the point that it 

had a negative effect on free testosterone levels. 

Certainly, the effects of extreme anxiety on athletic 

performance should be examined further. 

Subject number six.— The subject was a former national 

champion, who was coming out of a period of voluntarily 

reduced training. Her attempts to return to a high level of 

training and performance were frustratingly slow. Her 

return to the elite performance level was monitored through 

the use of the laboratory. 

She was able to perform well at both the 1987 TAC 

outdoor championships and the IAAF World Championships, 

although not to her previous standards. She increased 

training during the fall of 1987 and the winter of 1987-

1988. Unfortunately, an injury curtailed training in the 

early spring of 1988. Laboratory testing revealed that her 

conditioning was at a higher level than at any time in the 

previous year despite the injury (Figure 9.). The results 

convinced her, however, not to attempt a try at the marathon 
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distance. High heart rate and lactate levels at treadmill 

speeds comparable with marathon race pace indicated a state 

of conditioning incompatible with a competitive marathon. 

The testing also indicated a 2% increase in body fat that 

the athlete attempted to reduce. 

Her attempts were successful, and she ran personal 

bests for 10,000 m at the Olympic trials in July and at the 

Olympic games in late September. For this athlete, who had 

previously been reluctant to undergo testing, the 

physiologic tests were of great value in making intelligent 

decisions concerning the current level of fitness, the 

direction of further efforts, and the results of previous 

training. 

Subject number seven.— At 21 years old, the subject 

was the youngest of the eight athletes. She was an 800 m 

and 1,500 m runner who had been NCAA champion. Her first 

testing session followed the 1987 outdoor season during 

which she had performed at somewhat less than her highest 

level. This season followed her last college competition. 

It could be that the reduced performance level resulted from 

the effects of reduced aerobic training, competition, and 

intense training from January through August. The results 

indicated slightly less-than-normal aerobic values for elite 

middle-distance runners. The anaerobic capacity testing 

indicated a well-developed anaerobic component. 

The subject underwent a fall training program in which 
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she increased the amount of aerobic training to her highest 

level ever. When she returned to the laboratory in December 

1987, it was found that the results of both her submaximal 

runs (Figure 10.) and aerobic power had increased. Perhaps 

as the result of a lack of anaerobic training, the anaerobic 

capacity had declined. 

After the 1988 season in which she performed well from 

800 to 3,000 m, she was again tested. The results indicated 

continued improvement in her aerobic conditioning which 

confirmed the previous assumptions, made in August 1987 

after examining her previous training, that her aerobic 

capacity that had not been fully developed. Despite an 

unrestricted diet, she had a body fat of less than 10% and a 

cholesterol count of less than 150. These results might 

indicate that she was more genetically disposed to a lean 

physique than were other subjects and that she was not under 

dietary stress to maintain her weight. 

Subject number eight.— This individual was unable to 

complete the series of physiologic tests, but because the 

results obtained might be applicable to others, they are 

included here, she had been ranked as one of the top three 

marathon runners in the United States during 1986. She had 

occasional top performances, but they were always followed 

by long periods of poor results. 

After her first testing session, it was found that she 

was severely iron depleted. This condition was corrected, 
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again with 200 mg ferrous sulphate daily. The cycle of 

short periods of good performance alternating with much 

longer stretches of poor performance continued. 

By the fall of 1988 her condition had deteriorated so 

that performance over 10,000 m was about two minutes slower 

than in previous years. Physiologic, and hematologic tests 

were repeated. The major finding being increased VE and 

oxygen uptake at a given running speed. Paradoxically, 

despite increased perceived exertion at the higher running 

speeds, lactate levels and heart rates were lower and, at 

exhaustion, her blood lactic acid level was lower. There 

had been a decrease in weight but an increase in body fat. 

The hematological test results revealed an abnormally low 

(0.2 pg/ml) level of free testosterone and a low cortisol-

to-testosterone ratio. In addition, the WBC count was low 

at 2.9 K/cu mm. For the three year period that this 

athlete was a subject, WBC counts never reached normal 

levels and ranged from l.l to 3.6 K/cu mm. 

The subject indicated that she had been amenorrheic for 

three years. On questioning, the athlete revealed she had 

for some time followed a rigid diet that included little 

meat and almost no fat. During this same period cholesterol 

counts varied from 208 to 254 mg/dl. The total calories 

were close to those recommended for a sedentary woman of her 

weight and age. It appeared that she was in negative 

caloric balance. Also, the nutrients needed to maintain 
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adequate nutrition during intense training were not 

available. In a study of national caliber ballet dancers, 

who must also maintain low body fat percentages/ those 

athletes who did not have eating disorders consumed more 

calories than those who did (Hamilton, Brooks-Gunn, Warren, 

& Hamilton, 1988). 

It was recommended that this individual reduce her 

training load and increase her caloric intake. Her 

physician began estrogen therapy, and within a few weeks she 

had her first period in years. Soon she gained five pounds 

and began to feel better. Her cholesterol count dropped to 

185 mg/dl. She has resumed training without apparent ill 

effects. She has stopped estrogen therapy, at the advice of 

her physician, to determine whether she can maintain a 

monthly cycle without additional estrogen. At present, the 

results of this regimen are still being evaluated. 

Each of these cases was unique. The reasons for 

overfatigue were as diverse as the individuals themselves. 

Some were reluctant to disclose their training programs, it 

was difficult to assess the effects of specific training 

methods on these individuals. The athletes who benefited 

the most were those who used the tests to provide 

information in conjunction with distinct periods in their 

training program. Those who came to the laboratory in 

physiologic distress were able to confirm their current 

level of fitness, but it was much harder to determine 
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underlying reasons for decreased performance. The ability 

to diagnose the causes of excessive fatigue in elite 

athletes is at a stage where it is not possible, in all 

cases, to ascertain with certainty the underlying causes. 
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