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OVERLOAD AND OVERTRAINING 2 

This third issue of Volume 4 of Coaching Science Abstracts reviews articles concerned with 

training overload and overtraining. It supplements the information contained in Volume1(3) that 

covers the same topics. 
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Well-trained runners (N = 10) were subjected to a variety of exercise bout intensities: high-

continuous (90-92% VO2max), high-intermittent, low-continuous (60% VO2max), and rest 

(control condition). Exercise bouts were one hour and estimated to be of equal energy 

expenditure. Blood parameters of hemoglobin, hematocrit, red blood cell count, and 

erythropoietin (EPO) were measured at pre-exercise, and immediately, 4, 12, 24, and 48 hours 

post-exercise. 

It was found that neither moderate nor intense exercise altered EPO in trained athletes. 

Implication. EPO changes are one of the theoretical justifications for altitude training. However, 

this study showed that such changes are not an outcome of exercise stress. It would appear that 

EPO is not a factor related to performance changes in already well-trained athletes and therefore, 

should not be considered as a possible benefit from altitude training. 

Raglin, J. S., Kocjea, D. M., Stager, J. M., & Harms, C. A. (1996). Mood, neuromuscular function, and 

performance during training in female swimmers. Medicine and Science in Sports and Exercise, 28, 372-

377. 

MOOD RESPONSES TO TRAINING IN BOTH GENDERS 

Rohaly, K. A., Pierce, E. F., Hammer, W. L., & Pace, J. (1994). Gender differences in mood 

state response to training periodization. Medicine and Science in Sports and Exercise, 26(5), 

Supplement abstract 1117. 
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Collegiate swimmers (M = 12, F = 17) completed a Profile of Mood States (POMS) in the early-

season, mid-season, overtraining, and taper stages of a competitive season. Average daily 

training volumes were 3868, 6145, 9745, and 4300 m for each respective stage.  

Significant mood disturbance and fatigue score increases and vigor decrease occurred during 

overtraining compared to the other three stages. Vigor increased significantly during taper. No 

sex differences were found in any of the factors for any stage of the study. 

These results are similar to those revealed for mood responses to defined periodized stages of 

training. 

Implication. The POMS could serve as a cross-validation index of differential response to 

obvious stages in periodized training. One should not expect any between-sex difference in the 

nature of mood disturbances. 

FEMALES RESPOND NORMALLY TO LONG-TERM TRAINING 

Raglin, J. S., Kocjea, D. M., Stager, J. M., & Harms, C. A. (1996). Mood, neuromuscular 

function, and performance during training in female swimmers. Medicine and Science in Sports 

and Exercise, 28, 372-377. 

 

Twelve collegiate female swimmers were measured on various factors during pre-season, peak 

training, and taper.  

During peak training neuromuscular function (-8.6% -- motoneuron excitability) and peak 

anaerobic swimming power (-9.4% -- tethered swimming test) were reduced below baseline (pre-

season) levels. Mood disturbance was also above baseline. These variables returned to baseline 

values during taper. 

Implication. These types of response are similar to those recorded for males. However, more 

importantly one has to question the value of suppressing anaerobic power and neuromuscular 

function during training to only have these capacities return to pre-season values. Since they are 

important factors in explosive performances one would expect they should be improved rather 

than repressed in adaptive training. 

PSYCHOLOGICAL MEASUREMENT OF PERFORMANCE FACTORS 

Berglund, B., & Safstrom, H. (1994). Psychological monitoring and modulation of training load 

of world-class canoeists. Medicine and Science in Sports and Exercise, 26(8), 1036-1040. 

 

POMS to indicate the onset of overtraining. Athletes are at risk of developing staleness 

(overtraining) when (a) global POMS scores are more than 50% over the individual basal off-
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season global POMS as well as, (b) the measure of fatigue is greater than the measure of vigor. 

This is a RISK LEVEL and is used to indicate when to lower the training load. 

Rating of training load (RTL). A rating scale that has been used to assess a week's training 

stress is the RTL. It is as follows: 

¶ 2 = very, very easy  

¶ 4 = very easy  

¶ 6 = easy  

¶ 8 = average  

¶ 10 = hard  

¶ 12 = very hard  

¶ 14 = very, very hard 

Rating of training speed (RTS). A scale for measuring training speed is as follows: 

¶ 1 = low intensity "jogging"  

¶ 2 = mean speed for long distance racing (>60 min)  

¶ 3 = threshold speed (mean speed in a 30-min race)  

¶ 4 = mean speed during a 4-min race  

¶ 5 = maximum speed during a 30-s race 

¶ MEASURES OF EXCESS POST-EXERCISE OXYGEN CONSUMPTION ARE 

UNRELIABLE 

¶ Comerford, S. R., Cordain, L., & Melby, C. L. (1997). Reliability of the measurement of 

excess post-exercise oxygen consumption following two identically controlled cycling 

bouts. Medicine and Science in Sports and Exercise, 29(5), Supplement abstract 1108. 

¶  
¶ Two identical controlled bouts of cycle-ergometer exercise were performed by active 

males (N = 7) and excess post-exercise oxygen consumption (EPOC) measured. Results 

were evaluated for the degree of replication (reliability). 

¶ It was found that measures of EPOC varied significantly within the same Ss on separate 

occasions even though the protocol and conditions were as identical as could feasibly be 

constructed. 

¶ Implication. Generalizations and implications from single measures of EPOC should not 

be strongly considered because test results are likely to be unreliable. This is a measure 

that should be "shelved" until a better, more reliable procedure is developed. 

¶ FURTHER PROBLEMS WITH MEASURING EXCESS POST-EXERCISE 

OXYGEN CONSUMPTION 

¶ O'Malley, W. L., Quinn, T. J., Kertzer, R. & Vroman, N. B. (1977). Effects of exercise 

modality on excess postexercise oxygen consumption (EPOC) in female runners. 

Medicine and Science in Sports and Exercise, 29(5), Supplement abstract 1109. 

¶  
¶ This study determined whether female runners (N = 7) elicited the same 3-hour EPOC 

after a typical run on a treadmill when compared to a non-familiar, air-braked cycle 

ergometer workout of equivalent relative work level. 
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¶ Ss rested for one hour before being measured for baseline values. That was followed by 

45 minutes of exercise at 75% of the randomly selected, mode-specific VO2max. Ss then 

rested quietly for three hours. Ss performed under both conditions. 

¶ It was found that physiological familiarity with an exercise modality, in this case running 

on a treadmill, yielded a lower EPOC than that of the non-familiar cycling task. 

¶ Implication. Testing for EPOC using activities other than those of the specific-trained 

sport will yield spurious values. 

¶ Higher post-exercise metabolic activity results from performing unfamiliar activities. 

When recovering from exercise or competitions, active metabolisms speed repair and 

restoration mechanisms. To produce the highest level of post-exercise metabolism it 

probably would be helpful to perform unfamiliar untrained activities at a low to moderate 

intensity. 

EPOC IS SPECIFIC TO THE EXERCISE TASK 

Dooly, C. R., Reed, K. C., & Dotson, C. O. (1997). Excess post-exercise oxygen consumption at 

different intensities with equal energy expenditure. Medicine and Science in Sports and 

Exercise, 29(5), Supplement abstract 1113. 

 

This study compared the effects of two exercise conditions of varying intensity and duration but 

with equal energy expenditure upon excess post-exercise oxygen consumption (EPOC), EPOC 

magnitude (the caloric cost expended above resting level), EPOC duration (amount of time 

above resting level), recovery heart rate, and recovery respiratory exchange ratio (RER). 

Ss (Females = 15) performed treadmill exercise for either 30 min at 50% VO2max. or 21.4 min at 

70% VO2max.. Duration was adjusted to equalize energy expenditure (197 kcal). 

When the 50% and 70% tasks were compared the following were found: 

¶ EPOC accounted for 19.9% and 25.9% of the total energy cost of the exercises,  

¶ EPOC durations were significantly different (15.2 min vs 21.8 min),  

¶ EPOC magnitudes were significantly different (49.0 kcal vs 68.8 kcal), and  

¶ recovery heart rates curves were significantly different. 

The slightest modification in the exercise task significantly altered energy requirements. 

Implication. This study showed just how specific are the demands for exercise energy. Even 

though the same amount of work was performed, an alteration in the work characteristics 

significantly altered the energy demands. Apart from beneficial exercise, training tasks that vary 

will train different energy delivery mechanisms, magnitudes of energy used, and thus, different 

levels of perforCORTISOL CHANGES AFTER A TAPER IN MOST RUNNERS 

Neary, J. P., Gaul, C. A., & Smith, D. J. (1997). Reduced cortisol during tapering in elite 

runners. Medicine and Science in Sports and Exercise, 29(5), Supplement abstract 1265. 
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This study examined the effects of a "taper" on urinary free cortisol and serum testosterone in 

eight (M = 6; F = 2) runners. Following heavy training, a taper period of reduced volume but 

intensity maintenance was performed. 

It was found that 7 of 8 Ss had reduced cortisol values post-taper. In 4 of 6 males "biologically" 

significant increases in serum testosterone levels were exhibited. 

It was concluded that urinary cortisol is a good marker for monitoring physiological changes 

after heavy training and tapering in elite runners and that a taper helps reverse the hormonal 

changes experienced from strenuous training. The observation of this factor is better if data and 

frequent measures are evaluated on an individual basis. 

Implication. While cortisol eventually exhibits change in most runners after a taper it is not 

sensitive enough to indicate daily responding during a taper, something which needs to be known 

to enhance coaching decisions during that critical time. Cortisol is not a universal marker for all 

sports. At present, it can be used for some runners. It should only be used after an individual has 

been evaluated and demonstrated that it is a valid marker. 

mance efficiency/economy 

. A WEEKEND OF SWIMMING COMPETITION PRODUCES OVERTRAINING 

SYMPTOMS 

Griffin, A., & Unnithan, V. B. (1997). Physiological effects on intense swimming competition on 

elite female swimmers. Medicine and Science in Sports and Exercise, 29(5), Supplement 

abstract 1617. 

 

The effects of a weekend of intense swimming competition on aerobic power, anaerobic power 

and shoulder flexibility in a group of elite (national/international status) female swimmers (N = 

8) was assessed. Testing occurred prior to and immediately after a weekend of competition, and 

on one separate occasion to establish diurnal variability in each measure. 

It was found that intense competition caused symptoms of excitatory (acute) overtraining. 

Resting heart rate increased and maximal heart rate, blood lactate accumulation, and shoulder 

flexibility were reduced. 

Implication. Training programs should focus on recovery and not on overload following a 

weekend of intense competitions. 

SOME SLEEP DISRUPTION IN NON-OVERTRAINED ATHLETES DURING PEAK 

TRAINING 
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Taylor, S. R., Rogers, G. G., & Driver, H. S. (1997). Effects of training volume on sleep, 

psychological, and selected physiological profiles of elite female swimmers. Medicine and 

Science in Sports and Exercise, 29, 688-693. 

 

Sleep and psychological changes in female swimmers (N = 7) were examined across a 

competitive swimming season. Full analyses were performed at season onset, peak training, and 

taper. A daily sleep diary was completed each day of the study. 

Sleep onset latency, time awake after sleep onset, total sleep time, and rapid eye movement sleep 

times were similar at all training stages. Slow wave sleep formed a very high percentage of total 

sleep at onset (26%) and peak (31%) training but was significantly reduced during taper (16%). 

This supports the theory that restorative slow wave sleep is reduced with reduced physical 

demand. The amount of movement during sleep was significantly higher during peak training 

volumes suggesting some sleep disruption. 

In contrast to several other studies reported on mood disturbance and swimming, in this 

investigation mood actually deteriorated as training volume decreased. One explanation for this 

contradictory finding was that these Ss were not overtrained. 

Implication. The nature of sleep is affected by training stress with increased stress resulting in 

increased slow wave sleep and body movements. However, since Ss in this study were not 

overtrained it is possible that different disruptions could occur in overtrained Ss. 

OVERTRAINING IN LESS-EXPERIENCED ATHLETES 

Steinacker, J. M., Lehmann, M. J., Gastmann, U., Opitz-Gress, A., Reibnecker, S., Baur, S., Liu, 

Y., & Grunert-Fuchs, M. (1996). Intensive bicycle training-related overtraining in less 

experienced athletes. Medicine and Science in Exercise and Sports, 28(5), Supplement abstract 

936. 

 

It was found that less-adapted athletes may be at risk for overtraining during monotonous, 

intensive, non-cyclic (inadequate rest) training of more than three weeks. Hematological and 

blood-chemical parameters were inadequate for monitoring the onset of overtraining. 

Implication. Less-experienced athletes should be provided adequate rest from the outset of a 

training period to avoid overtraining. A maximum of three-weeks of intensive training should be 

programmed before an unloading microcycle is instituted. Blood parameters do not signal the 

onset of overtraining in this category of performer. 

POMS CONFIRMS SOME OVERTRAINED SWIMMERS 
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Raglin, J. S., & Morgan, W. P. (1994). Development of a scale for use in monitoring training-

induced distress in athletes. International Journal of Sports Medicine, 15, 84-88. 

 

Items from the Profile of Mood States were used to predict the state of distress associated with 

swimming training. Coaches' opinions of their swimmers' states were used to signal the existence 

of intensive training stress.  

Over four competitive seasons data were collected on 70 female and 100 male swimmers. 

Responses to the POMS were regressed to predict whether or not Ss were distressed. When all 

information was included the accuracy for predicting males was 93.9% and females 100%. 

Seven POMS items were consistently indicated as being predictors. When those seven items 

were used to predict a sample of 33 male swimmers on a monthly basis accuracy ranged from 

55.6% to 79.8% with an average of 69.1%. This level of accuracy was cross-validated with track 

and field athletes. 

The seven POMS items most commonly appearing in the analyses were: worthless, miserable, 

guilty, unworthy, sad (all from the depression scale), and bad-tempered and peeved from the 

anger scale. 

Implication. The content of the POMS for predicting overtrained or overreached states involve 

the depression and anger scales. The items indicate negative, depressed, and intolerant features. 

Without actually giving a test, a coach can determine that if athletes are negative, bad-tempered, 

depressed, and lacking in confidence then accentuated rest (restoration) is in order. 

PSYCHOLOGICAL VARIABLES ARE BETTER DETECTORS OF OVERTRAINING 

THAN PHYSIOLOGICAL VARIABLES  

Theriault, D., Richard, D., Labrie, A., & Theriault, G. (1997). Physiological and psychological 

variables in swimmers during a competitive season in relation to the overtraining syndrome. 

Medicine and Science in Sports and Exercise, 29(5), Supplement abstract 1237. 

 

During a competitive swimming season a group of 22 swimmers was followed in order to assess 

levels of psychological stress, clinical fatigue, and potential physiological markers of stress and 

fatigue. Swimmers completed a battery of tests in order to evaluate training status at four stages 

of a training season (post-training camp, taper, high volume-high intensity, and post 

competition).  

No correlations were found between psychological and clinical variables and the different 

physiological variables. Physiological variables were not altered when moderate elevations of 

stress and fatigue were detected consistently by psychological and clinical instruments. 

Measuring physiological variables does not seem useful in the detection of the overtraining 
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syndrome when moderately high levels of stress and fatigue are encountered in the yearly 

monitoring of elite swimmers.  

Implication. Psychological variables are associated more with the onset of and moderate levels 

of overtraining than are physiological variables. When monitoring training responses, coaches 

would be well advised to monitor psychological variables rather than physiological variables. 

Physiological variables are relatively unreliable in the detection of overtraining symptoms and 

eventually the overtrained state. Using physiological measures is not warranted if monitoring the 

stress of training is the purpose of testing. 

MONITORING OVERTRAINING - ANOTHER ATTEMPT 

Hill, M. R., Motl, R. W., Estle, J., & Gaskill, S. (1997). Validity of the stamina index test for 

monitoring elite athletes. Medicine and Science in Sports and Exercise, 29(5), Supplement 

abstract 46. 

 

The effectiveness of the Stamina Index Test (SIT) as a monitoring tool of morning heart rates in 

elite level Nordic and biathlon skiers during a winter of racing was assessed. 

Skiers (M = 2; F = 6) performed the SIT every morning for six months. SIT involves using a 

heart-rate monitor to record resting (HR1), elevated after 30 knee-bends (HR2), and recovery 

heart rates (HR3) and is calculated as (HR1+HR2+HR3-200)/20. Variables assessed were fluid 

intake prior to SIT, hours of sleep, internal variables, training hours, and training intensity. 

Cannonical correlation analyses related the variables. Two significant correlations were revealed. 

1. More sleep was associated with lower heart rates and SIT values as well as enhanced-

feeling status, and  

2. lower elevated heart rates and enhanced-feeling status were associated with fewer colds 

and internal problems. 

Implication. Sleep is a significant value for producing better physical function and mental states. 

This should be a major factor involved in recovery periods or taper periods prior to important 

competitions. Elevated heart rates also indicate poor status of feeling and health although the 

degree of association is relatively low. 

The provision of opportunities to obtain adequate sleep is a factor that must be considered in the 

training life of an elite athlete 

BIOLOGICAL MARKERS DO NOT RECOGNIZE OVERTRAINING 

Van Heest, J. L., Skinner, J., Cappaert, J. M., Rodgers, C. D., & Ratliff, K. (1966). Monitoring 

training stress in elite swimmers using biological markers. Medicine and Science in Exercise 

and Sports, 28(5), Supplement abstract 1083. 
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Elite male swimmers (N = 7) were evaluated with performance and laboratory tests and 

subjective interviews periodically over nine months.  

Subjective descriptions of overtraining indicated high levels on three occasions (at least 5 of 7) 

while no reports were offered at the other times. These reports in no way coincided with the few 

(LDH and CPK) significant but inconsistent biological differences. A time-lag between 

subjective reports and some elevated markers was noted. 

Implication. This paper supports the contention that overtraining, at least initially, is primarily a 

central nervous system phenomenon. Psychological measures locate this state whereas the often 

unrelated or insensitive common biological markers do not. If one waits until biological or 

physiological changes occur, an athlete may be too damaged in a physiological/structural sense 

to be able to effect a relatively short "cure." 

BLOOD FACTORS NOT ASSOCIATED WITH OVERTRAINING 

Rowbottom, D. G., Keast, D., Goodman, C., & Morton, A. R. (1995). The haematological, 

biochemical and immunological profile of athletes suffering from the overtraining syndrome. 

European Journal of Applied Physiology, 70, 502-509. 

 

Athletes (N = 10) suffering from overtraining syndrome were evaluated for blood parameters. 

It was found that the debilitating fatigue experienced by overtrained athletes was not related to 

any blood parameters traditionally associated with chronic exercise stress (levels were normal). 

The only parameter which deviated significantly from the normal range for the athletes was 

plasma concentration of glutamine. However, it remains to be shown that there is any correlation 

between glutamine concentrations and other clinical symptoms of overtraining such as depressed 

physical capability. 

Implication. Blood analyses of fatigued athletes are not likely to yield reliable and valid 

information associated with overtraining. 

DIAGNOSING OVERTRAINING WITH BLOOD FACTORS ARE OF LIMITED 

VALUE 

Lehmann, M., Wieland, H., & Gastmann, U. (1997). Influence of an unaccustomed increase in 

training volume vs intensity on performance, hematological and blood-chemical parameters in 

distance runners. The Journal of Sports Medicine and Physical Fitness, 37, 110-116. 
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Whether hematological and blood chemical parameters could serve as markers in the early stages 

of overtraining was assessed. Overtraining occurs when the stress of all training and non-training 

factors exceeds recovery opportunities. Carbohydrate deficit, catabolic-anabolic imbalance, 

sympathetic-parasympathetic imbalance, and amino-acid-imbalance have been established to 

explain some pathogenic mechanisms in overtraining. Short-term overtraining (overreaching) is 

not usually a serious problem unless the symptoms are mistaken and training load is increased in 

an attempt to overcome them. Accidental or prolonged overreaching can cause overtraining. 

Experienced distance runners (N = 8) were subjected to an unaccustomed 103% increase in 

training volume over four weeks. One year later 9 runners were subjected to a 152% increase in 

training intensity for activities. Seven athletes participated in both studies. 

¶ Volume increased training produced performance improvements after two weeks but that 

stopped between weeks 3 and 4. Maximum performance worsened at the end of the 

period indicating the onset of overtraining.  

¶ During increased intensity training, submaximum and maximum performances increased 

continuously.  

¶ When compared to increased intensity values, increased volume training caused 

significant reductions in white blood cell count, serum iron, ferritin, VLDL-cholesterol, 

LDL-cholesterol, albumin, resting and maximum FFA, maximum lactate, glucose 

(resting, submaximal, maximal), summed amino acid, and ammonia concentrations at all 

levels. 

However, there was no single blood facet that could be used to indicate overtraining in all Ss. 

Only when performance and particular blood reactions are taken together for individuals can 

overtraining be better diagnosed. 

Implication. Blood changes do occur with overtraining but no one indicator is useful as a 

universal diagnostic factor. Normally, a group of "unusual" levels in some blood factors along 

with diminished performance is adequate to diagnose an overtrained state. Overtraining, can be 

avoided by interpreting overreaching as a first stage breakdown rather than questioning whether 

reduced performances in overreaching are caused by a lack of effort, intestinal fortitude, or 

inadequate "mental toughness." 

BLOOD AND ENDOCRINOLOGICAL PARAMETERS NOT RELATED TO THE 

ONSET OF OVERTRAINING 

Knizia, K., Gastman, U., Netzer, N., & Steinacker, J. M. (1997). Monitoring high-intensity 

endurance training using resting hematological, blood-chemical, and serum/plasma 

endocrinological parameters. Medicine and Science in Sports and Exercise, 29(5), Supplement 

abstract 1267. 
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The hypothesis tested was that changes in resting hematological, blood-chemical, and 

endocrinological parameters can indicate an early stage in the overtraining process during high-

intensity endurance training.  

Ss (N = 6) participated in 40-60 min/d, six times per week, for six weeks. Total training was 5-7 

times greater than normal activity. 

Submaximum and maximum power output increased for three weeks and then either stabilized or 

deteriorated over the remainder of the study period. No overcompensation was evidenced after 

regeneration but rather, a decrease in maximum power output was demonstrated indicating an 

early stage of the overtraining process. An extensive inventory of blood and endocrinological 

tests failed to reflect the onset of overtraining. Only serum ferritin and glucose levels were 

related to the changed state. 

Implication. Hematological and endocrinological measures are not sensitive to the onset of an 

overtrained state. Only serum ferritin and glucose levels seem to have any relationship with the 

change of condition. 

BLOOD FACTORS NOT ASSOCIATED WITH RESPONSES TO INTENSIFIED 

TRAINING 

Mackinnon, L. T., Hooper, S. L., Jones, S., Gordon, R. D., & Bachmann, A. W. (1997). 

Hormonal, immunological, and hematological responses to intensified training in elite 

swimmers. Medicine and Science in Sports and Exercise, 29, 1637-1654. 

 

Elite swimmers (M = 8; F = 16) were subjected to progressively intensified training over a four-

week period. Symptoms of over-reaching were identified in eight Ss (decrements in 

performance, high ratings of fatigue, log book records of poor adaptation). 

There were no differences between adapting and over-reached swimmers for concentrations of 

plasma norepinephrine, cortisol, testosterone, testosterone-cortisol ratio, peripheral blood 

leukocyte and differential counts, neutrophil-lymphocyte ratio, CD4-CD8 ratio, serum ferritin, 

and blood hemoglobin concentrations, erythrocyte number, hematocrit, and mean red cell count. 

Mean red cell count increased in both groups during the observation period suggesting increased 

red cell turnover. Urinary norepinephrine excretion was the only variable to distinguish between 

the two groups of athletes. Low levels were observed 2-4 weeks prior to the onset of over-

reaching suggesting that it might be a symptom that signals failing adaptation. 

Implication. Blood analyses and hormonal factors are not sensitive to declines in performance 

due to a failure to cope with intensified training. 

TRAINING AND OVERTRAINING FOR ENDURANCE SPORTS 
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Lehmann, M. J., Lormes, W., Opitz-Gress, A., Steinacker, J. M., Netzer, N., Foster, C., & 

Gastmann, U. (1997). Training and overtraining: An overview and experimental results in 

endurance sports. Journal of Sports Medicine and Physical Fitness, 37, 7-17. 

 

Overtraining is defined as "Training/competition to recovery imbalance." It primarily is caused 

by too little time for regeneration. Additional non-training stress sources, such as social, 

educational, occupational, nutritional, and travel factors and the monotony of training increase 

the risk of overtraining. Symptoms of overtraining are persistent performance incompetence, 

persistent high fatigue rating, altered mood state, increased rate of infections, and suppressed 

reproductive function. 

This review considered three studies that evaluated effects on participants. 

¶ ITV (Increase in Training Volume) consisted of daily monotonous long-distance runs 

with a volume increase of 100% (from 85.9 km/week to 174.6 km/week).  

¶ ITI (Increase in Training Intensity) consisted of tempo-pace and interval runs increasing 

by 150% along with a volume increase of 37%. However, this included a much lower 

training load than that of the ITV condition, one rest day per week of no training, and 

alternation of hard and easy training days to minimize training monotony.  

¶ ITE (Intensive Ergometer Training Study) exposed less adapted individuals to an 

unaccustomed intensified training load and monotonous programming. 

The ITV condition produced consistently depressed performances that persisted for a three-

month period. On the other hand, the ITI study increased performances and did not produce an 

overtrained state. Its added rest period, greater variety of stimulation, and alternating hard and 

easy sessions better accommodated regeneration and the avoidance of monotony. [An opinion 

was offered by the authors that monotony might be just as critical in suppressing regeneration of 

an overtrained state as is training load.] 

The ITE study confirmed what the authors had suspected, "that it seems easier to cause a 

performance decrease in athletes dependent on prolonged monotonous extensive training at a 

high training load than on intensified training of 1-2 hours per day." (pp. 9-10) In the ITE study, 

performances improved over the first three weeks but by week 6 performances and motivation 

were depressed despite the inclusion of extra regeneration weeks (microcycles). 

Proposed Principle 1. An increased risk of staleness is likely after three weeks of intensified or 

prolonged monotonous endurance training. 

Proposed Principle 2. If alternating hard and easy days is considered and at least two rest days 

(one per week) are included, there is only a risk of transient performance depression 

(overreaching) over periods of less than three weeks with an intensified high total training load. 

The Autonomic Imbalance Hypothesis 
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The type of overtraining condition that results from endurance training can be described as an 

autonomic nervous system imbalance, where the parasympathetic nervous system dominates the 

sympathetic system. [This is not a new hypothesis: It was proposed by T. K. Cureton (1963; 

Review of studies to improve cardiovascular fitness at the Physical Fitness Research Laboratory, 

1941-1963. Champaign, IL: University of Illinois) that when training was progressing well, the 

sympathetic nervous system was dominant promoting an athlete to be mildly aroused and vital (a 

condition labeled "sympatheticotonia"), but in overtraining the reverse occurs and 

"parasympatheticotonia" takes over.] 

This condition is marked by a reduction in basal catecholamine excretion, which indicates a 

decrease in sympathetic intrinsic activity. However, that symptom only occurs when the 

overtrained state has progressed extensively. If one waited until this index was revealed then a 

difficult period and program of rehabilitation would be warranted. 

Another "late" outcome of overtraining is elevated noradrenaline plasma levels. Unless 

overtraining studies progress to the stage where chronic and debilitating overtraining occurs 

these two hormonal factors might not be evident. 

Observed overtraining-related reduced catecholamine sensitivity acts in a manner similar to what 

would result from using beta-blockers, that is, peripheral fatigue and depressed responses are 

evident. 

Yet another symptom of overtraining is a decrease in neuromuscular excitability. This central 

nervous system feature is likely to occur "earlier" than the previous two "late" markers. The ITE 

study showed this decrease while no decrease in sensitivity to catecholamines had occurred. 

These factors interfere with the ability to correctly stimulate the appropriate organs/musculature 

of the body to produce high-level performance movements. 

Summary 

". . . steps in a protective mechanism of target organs against pathological overload during the 

overtraining process, might be (I) a decrease in neuromuscular excitability, (II) a decreased 

cortisol release, (III) in parallel to slightly increased growth hormone release representing a 

shift to a more anabolic neuroendocrine responsibility (inhibition of catabolic stress), (IV) an 

inhibition of alpha-motoneuron activity, (V) a decrease in beta-adrenoreceptor density in 

advanced stages which cannot be overridden by an increased noradrenaline stress response, and 

(VI) a decrease in intrinsic sympathetic activity as reflected by a clearly reduced basal 

catecholamine excretion. All these mechanisms can be seen as impairment or inhibition of the 

transmission of ergotropic (catabolic) signals to target organs, which are complemented by 

intracellular protective mechanisms such as increased synthesis of heat shock proteins (HSP70), 

as observed in overtrained rowers." (p. 16) 

Implication. If training loads are to be increased, the increase should come primarily from 

increased quality. Such changes have to be coupled with alternating hard and easy training 

sessions, at least one full day per week on no activity, and close monitoring of the athlete's 
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response to ensure that regeneration is allowed to occur. Of prime importance, is the content of 

programming, which should be various and stimulating so as to avoid monotony. Such increases 

should not be planned for more than three weeks. 

OVERLOAD AND OVERTRAINING 3 

This fourth issue of Volume 7 of Coaching Science Abstracts reviews articles concerned with 

overload and overtraining. Two previous issues, namely Volume 1(3) and Volume 4(3), also 

dealt with this topic. The information from those two sources, as well as that contained in this 

issue, will yield an extensive knowledge base of recent research in the application of the 

overload principle and overtraining, which results from extended and excessive overload 

training. 
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http://coachsci.sdsu.edu/csa/vol74/kerr.htm
http://coachsci.sdsu.edu/csa/vol74/kerr.htm


Dr mouwfk Al mola Documents 2010 

 

 

ي
تب
مك

ن 
 م

رة
ش

با
م

/
ى
ول

لم
 ا
يد

ج
 م

ق
وف

م
 

20 
 

Sawamura, S., Raglin, J., Alexiou, S., Hassmen, P., & Kentta, G. (1998). Training 

practices and staleness in age-group swimmers: A cross-cultural study. Medicine and 

Science in Sports and Exercise, 30(5), Supplement abstract 503.  

19. BLOOD AND HORMONAL FACTORS NOT ASSOCIATED WITH ELITE 

FEMALE TRAINING RESPONSES  

VanHeest, J. L., & Ratliff, K. (1998). Hematological and hormonal changes in elite 

female swimmers. Medicine and Science in Sports and Exercise, 30(5), Supplement 

abstract 986.  

20. SERUM GROWTH FACTORS CHANGE WITH TRAINING BUT IN NO 

USEFUL WAY  

Hickson, R. C., Koziris, L. P., Chatterton, R. T., Groseth, R. T., Christie, J, M., & 

Unterman, T. G. (1998). Serum insulin-like growth factor-I (IGF-I) and IGF binding 

protein (BP) -1, -3 adaptations to training. Medicine and Science in Sports and Exercise, 

30(5), Supplement abstract 989.  

21. PLASMA INSULIN AND LACTATE MIGHT BE SENSITIVE TO 

OVERTRAINING  

Oh, J. K., Yoo, R. R., Cho, J. Y., & Cho, Y. E. (1998). Lactate levels and hormonal 

responses to excessive training in elite swimmers. Medicine and Science in Sports and 

Exercise, 30(5), Supplement abstract 1554.  

22. GLUTAMINE IS NOT ASSOCIATED WITH OVERTRAINING  

Koziris, L. P., Hickson, R. C., Chatterton Jr., R. T., Groseth, R. T., Christie, J. M., 

Osborne, D. F., & Karl, I. E. (1999). Progressive reductions in blood glutamine levels and 

improved performance occur with competitive swim training. Medicine and Science in 

Sports and Exercise, 31(5), Supplement abstract 278.  

23. OVERTRAINING PRODUCES INDIVIDUAL HEART RATE AND VO2max 

RESPONSES  

Uusitalo, A. L., Uusitalo, A. J., & Rusko, H. K. (1999). Heart rate and blood pressure 

variability during heavy training and overtraining in the female athlete. International 

Journal of Sports Medicine, 20, 45-53.  

24. INSUFFICIENT CHO INTAKE COULD CONTRIBUTE TO OVERTRAINING  

Roach, W., & Berning, J. (1999). Carbohydrate intake and markers of overtraining. 

Medicine and Science in Sports and Exercise, 31(5), Supplement abstract 885.  

25. LACTATE/RPE RATIO NOT USEFUL FOR MONITORING OVERTRAINING  

http://coachsci.sdsu.edu/csa/vol74/sawamura.htm
http://coachsci.sdsu.edu/csa/vol74/sawamura.htm
http://coachsci.sdsu.edu/csa/vol74/sawamura.htm
http://coachsci.sdsu.edu/csa/vol74/vanheest.htm
http://coachsci.sdsu.edu/csa/vol74/vanheest.htm
http://coachsci.sdsu.edu/csa/vol74/vanheest.htm
http://coachsci.sdsu.edu/csa/vol74/hickson.htm
http://coachsci.sdsu.edu/csa/vol74/hickson.htm
http://coachsci.sdsu.edu/csa/vol74/hickson.htm
http://coachsci.sdsu.edu/csa/vol74/hickson.htm
http://coachsci.sdsu.edu/csa/vol74/oh.htm
http://coachsci.sdsu.edu/csa/vol74/oh.htm
http://coachsci.sdsu.edu/csa/vol74/oh.htm
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http://coachsci.sdsu.edu/csa/vol74/koziris.htm
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Campbell, A. R., & Potteiger, J. A. (1999). Identification of overtraining in well-trained 

runners using the lactate/RPE ratio. Medicine and Science in Sports and Exercise, 31(5), 

Supplement abstract 1393.  

26. HEART RATE IS NOT RELATED TO OVERTRAINING IN FEMALE 

RUNNERS  

Uusitalo, A. L., Uusitalo, A. J., & Rusko, H. K. (1998). Exhaustive endurance training for 

6-9 weeks did not induce changes in intrinsic heart rate and cardiac autonomic 

modulation in female athletes. International Journal of Sports Medicine, 19, 532-540.  

ONCE GROWTH HAS CEASED ENERGY CAPACITIES ARE FIXED AND NOT 

ALTERED BY TRAINING 

Novitsky, S. A. (1998). No change in energy systems power rate production constants over a 

competitive swimming season. Medicine and Science in Sports and Exercise, 30(5), 

Supplement abstract 613. 

 

The aerobic and anaerobic energy systems' power rate production constants were studied over a 

competitive season. Female collegiate swimmers (N = 15) performed three maximal tethered 

swims (10-s, 30-s, and 90-s) on three occasions during a collegiate swimming season. 

Total work for each of the duration-trials or the power rate productions for each energy system 

did not change significantly over the season. 

The author attempted to assert that the changes observed were of practical significance but the 

fact is the study showed that any observed changes were no better than those that could be by 

chance (given the small F values and the low probability estimates). 

Implication. In collegiate female swimmers, changes in either aerobic or anaerobic energy 

production do not occur over a season of swimming. This supports the contention that when 

growth has ceased in trained athletes no further changes in capacity of the energy systems occur 

HLa:RPE INDEX NOT AS SIMPLE OR USEFUL AS ORIGINALLY THOUGHT 

Snyder, A. C., & Naik, J. (1998). Relationship of HLa:RPE to percent oxygen uptake. Medicine 

and Science in Sports and Exercise, 30(5), Supplement abstract 624. 

 

The ratio of blood lactate concentration to rating of perceived exertion (HLa:RPE x 100) has 

been proposed as a simple method of assessing training adaptations as well as a possible means 

of detecting overtraining. For example, during overtraining blood lactate is lower at a given 

workload for the same RPE but it rises during restoration. 

http://coachsci.sdsu.edu/csa/vol74/campbell.htm
http://coachsci.sdsu.edu/csa/vol74/campbell.htm
http://coachsci.sdsu.edu/csa/vol74/campbell.htm
http://coachsci.sdsu.edu/csa/vol74/uusital2.htm
http://coachsci.sdsu.edu/csa/vol74/uusital2.htm
http://coachsci.sdsu.edu/csa/vol74/uusital2.htm
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Healthy Ss (N = 39) performed a maximal incremental cycle ergometer task. A subgroup (N = 

12) then trained for four weeks over which the workload volume was increased by 150%. 

It was found that HLa:RPE responded similarly to that reported in previous investigations when 

expressed relative to VO2max. The ratio remained below unity during normal training as well as 

during overtraining. The index appears to not be as useful as first thought and depends upon each 

individual's baseline level. 

Implication. The HLa:RPE index should only be related to an athlete's baseline level. There is 

no simple standard, such as unity, for its interpretation 

PREVIOUS EXERCISE SUPPRESSES TESTOSTERONE BUT NOT hGH 

Ronsen, O., Haug, E., Rasmussen, T., Pedersen, B., K., & Bahr, R. (1998). Hormonal response to 

single vs repeated bouts of intensive endurance exercise. Medicine and Science in Sports and 

Exercise, 30(5), Supplement abstract 1551. 

 

The hormonal response of one versus two endurance bouts of exercise on the same day was 

compared. Elite athletes (triathlon = 4; speed skating = 5) were measured at rest and during 

exercise (65% VO2max for 65 minutes on a cycle ergometer). A rest period of three hours was 

provided between the two test trials. Ss rested in bed when not exercising.  

The responses of testosterone and human growth hormone (hGH) were different between the rest 

and exercise trials. Under the rest condition, there was no diurnal change in hGH but testosterone 

was 33% lower in the early evening. During both exercise trials testosterone and hGH increased 

similarly and significantly above rest values. During recovery from exercise, testosterone was 

suppressed but hGH was elevated when compared to the rest condition values. There was a 

difference between the one and two-bout exercise conditions in hGH but not testosterone. In the 

two-exercise condition, the level of testosterone in the second bout was significantly lower than 

in the first. 

Previous exercise on the same day suppresses testosterone reactivity in the second exercise bout. 

There is no affect of previous exercise on hGH values. 

Implication. Previous exercise suppresses testosterone but not hGH. Extraneous use of 

testosterone, as in drug cheating, would increase the quality of responses in a second training 

session. 

TWO OBVIOUS MARKERS OF OVERREACHING/OVERTRAINING 

Hartmann, U., & Mester, J. (2000). Training and overtraining markers in selected sport events. 

Medicine and Science in Sports and Exercise, 32, 209-215. 
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Daily determinations of serum urea (SU) and serum creatine kinase (CK) were made on rowers 

and international athletes of both genders. SU values for women were approximately 1.5 mM 

lower than males. Male CK values tended to be at least twice the levels of those for women. The 

extreme individual variability meant the reporting of averages and standard deviations was 

meaningless. Any use of these measures should be on an individual basis at no more than a three-

day interval. If large increases are noted after a period of heavy training/exertion, then 

overtraining/overreaching is very likely. 

Implication. The use of serum urea or serum creatine kinase on an individual basis is likely to 

verify overtrained/overreached states if measures are considered individually, frequently, and 

over a long period. [Chronically depressed performances will be evidenced long before either of 

these markers reacts.] 

OVERREACHING IS LIKELY TO BE CAUSED BY PERIPHERAL FACTORS 

Hedelin, R., Kentta, G., Wiklund, U., Bjerle, P, & Henriksson-Larsen, K. (2000). Short-term 

overtraining: Effects on performance, circulatory responses, and heart rate variability. Medicine 

and Science in Sports and Exercise, 32, 1480-1484. 

 

Elite athletes (canoeists; N = 9) volunteered for this training study. They participated in a 6-day 

training camp where the training load was approximately 50% greater than normal. Activities 

included endurance cross-country skiing (65%), strength training (10%), and high-

intensity/anaerobic training (25%). 

The athletes' performance and physiological markers declined over the short camp-period. Run 

time to exhaustion worsened, and heart rates at all workloads, VO2max, and Lamax decreased 

significantly. Plasma volume increased. No changes in high or low frequency heart rate 

variability were observed. The pattern of responses suggested that alterations were peripherally 

mediated rather than being centrally determined. 

Implication. Fatigue from excessive training loads (overreaching) is likely to be peripheral in 

nature rather than caused by central circulatory factors. 

OVERREACHING PRODUCES MORE DISRUPTIVE SYMPTOMS THAN 

OVERTRAINING 

Brechtel, L. M., Braumann,K. M., & Wolff, R. (1999). Time course of symptoms during the 

development of a parasympathetic overtraining syndrome. Medicine and Science in Sports and 

Exercise, 31(5), Supplement abstract 786. 

 

The effects of seven weeks of overtraining (increased training volume and intensity) on long-

distance runners (N = 7) were evaluated weekly. Symptoms of overload (overreaching) emerged 
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after three weeks of training, and overtraining was exhibited after 5.5 weeks of the experience. 

The total number of musculo-skeletal, health, sleep, and mood changes increased in overload 

training, but were reduced, but not back to normal, in overtraining. Disruptive symptoms 

remained for up to four weeks after termination of the study.  

Implication. Overreaching produces more and varied disturbance symptoms than when an 

athlete is overtrained. Varied and disrupted responses should be used as signals that training is 

excessive. 

INTERMITTENT TRAINING SUSTAINS GREATER WORK VOLUMES THAN 

CONTINUOUS TRAINING 

Billat, V. L., Bocquet, V., Slawinski, J., Demarle, A., Lafitte, L., Chassaing, P, & Koralsztein, J. 

P. (1999). Intermittent running at vVO2max allows to sustain a longer time at VO2max that severe 

continuous submaximal run. Medicine and Science in Sports and Exercise, 31(5), Supplement 

abstract 275. 

 

This investigation compared time sustained at VO2max in exhaustive exercise under two 

protocols: 

¶ 30-30 second intermittent run at 100% VO2max and then 50% VO2max; and  

¶ a continuous run at lactate threshold velocity (vLT) plus 50% of the difference between 

vVO2max and vLT. 

Ss were long distance runners (N = 9) unfamiliar with intermittent training. 

Intermittent work provided greater time at VO2max and lower blood lactates than in continuous 

training. 

Implication. Work volumes at VO2max are extended with intermittent training over those 

achieved with continuous training. 

THE HARDER A SWIMMER TRAINS, THE SLOWER WILL BE SPRINTING 

Fitts, R. H., Costill, D. L., & Gardetto, P. R. (1989). Effect of swim exercise training on human 

muscle fiber function. Journal of Applied Physiology, 66, 465-475. 

 

The effects of a typical collegiate swim-training program and an intensified 10-day training 

program on deltoid muscle fibers were evaluated.  

A 10-week training program produced an almost twofold increase in the mitochondrial marker 

enzyme, citrate synthase, in the muscle fibers. Peak tension of single fibers was not altered by 
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either the usual or intensified training experiences. No differences in peak tension were observed 

between type I (slow-twitch) fibers or type II (fast-twitch) fibers. Fast-twitch fibers contracted 

almost five times faster than slow-twitch fibers. 

Normal training increased the contractile speed of the slow-twitch fibers and decreased that of 

the fast-twitch fibers. The increased training load further and significantly decreased the 

contractile speed of the fast-twitch fibers. After a period of detraining, both fiber types returned 

to control/normal levels. 

Implication. Normal/tolerable swimming training does not alter the force-velocity relation in 

either type I or type II fibers. Intensified training reduces the contractile velocity of type II fibers 

further. The harder a swimmer trains, the poorer will become sprint-swimming performances. 

Tapering will produce a recovery from depressed sprinting performances. 

RPE IS USEFUL FOR ESTIMATING WORK INTENSITY 

Hrovatin, L. A., Florhaug, J. A., Brice, G., Esten, P. L., Mikat, R. J., & Foster, C. (2000). Effect 

of interval duration on markers of exercise training intensity. Medicine and Science in Sports 

and Exercise, 32(5), Supplement abstract 1567. 

 

The purpose of this study was to evaluate the ability of S-RPE to evaluate training load during 

interval training, with different durations of the hard/easy segments. Recreational athletes (N = 

12) performed a 30-min bout at 90% of anaerobic threshold. Each also performed interval 

training at the same mean power output, but with hard/easy (1:1 ratio) segments of 0.5, 1.0, and 

2.0 minutes (power output during hard/easy were + 25% steady state). Training load was 

calculated using the S-RPE method and a summated heart rate score, based on heart rate zones 

(HR-Z) related to HRmax.  

Regression lines for both methods were essentially the same. Both S-RPE and HR-Z methods 

were related to objective markers of exercise intensity (VO2 and blood lactate).  

S-RPE can assess the relative exercise loading during interval training as well as during steady 

state exercise. 

Implication. Session-RPE is a useful method for judging exercise intensity during variable 

workload activities (interval training) as well as steady state exercise. 

TRAINING INDICES VARY WHEN CYCLISTS UNDERGO HARD TRAINING 

Hill, M. R., Motl, R. W., & Johnson, S. C. (1998). Health maintenance test responses to five 

consecutive days of high intensity cycling. Medicine and Science in Sports and Exercise, 30(5), 

Supplement abstract 612. 
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The Health Maintenance Test (HMT - morning heart rates following 5-min rest, 30 deep knee 

bends, 60-sec recovery) was monitored during five consecutive days of high-intensity interval 

training. Male competitive cyclists (N = 5) were monitored for one week of baseline assessment, 

one of the experimental intervention, and a further week of recovery. 

The HMT, resting and recovery heart rates, when compared to baseline, were significantly 

increased on days 1 and 5 of the interval-training week. Days 2, 3, and 4 were not different to 

baseline values. Heart rates did not change during the week of training. Creatine kinase was 

significantly higher on day 5 of interval training than on day 1 suggesting accumulated fatigue. 

Implication. There is a suggestion that HMT might be a training state indicator but its variability 

in and out of significance as an intense week of training progressed warrants further assessment 

of its validity 

EXCESSIVE TRAINING LOADS SUPPRESSES IMMUNE RESPONSE CAPABILITIES 

Verde, T. J., Thomas, S. G., Moore, R. W., Shek, P., & Shephard, R. J. (1992). Immune 

responses and increased training of the elite athlete. Journal of Applied Physiology, 73, 1494-

1499. 

 

Elite male runners (N = 10) increased training schedules by an average of 38% for three weeks. 

Resting heart rate and VO2max were unchanged but HR in acute exercise was decreased. Under 

normal training loads, phytohemaglutinin-stimulated lymphocyte proliferation was steady. After 

3-wk of increased training, the same exercise bout caused an 18% suppression of proliferation.  

The immune system of endurance trained athletes at rest seemed to tolerate the stress of 

increased training but superimposition of a bout of acute exercise on the chronic stress of heavy 

training resulted in immunosuppression, which was transient and most likely not of clinical 

significance. 

Implication. Under tolerable training loads, suppression of immune response capabilities is not 

severe. When training levels are raised extensively, immune response suppression is heightened 

noticeably when a standard test intensity is experienced. When training is excessive, the 

likelihood of athletes becoming ill due to infections is increased. 

MODERATE INCREASE IN OVERLOAD NOT SUFFICIENT TO INDUCE 

OVERTRAINING 

Billat, V. L., Flechet, B., Petit, B., Muriaux, G., & Koralsztein, J-P., (1999). Interval training at 

VO2max: Effects on aerobic performance and overtraining markers. Medicine and Science in 

Sports and Exercise, 31, 156-163. 
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The influence of a defined increase in training volume at vVO2max on aerobic performance, 

noradrenaline, and heart rate was investigated. 

Ss (N = 8) followed four weeks of normal training. One session per week was at vVO2max, 

comprising five repetitions run at 50% of the time that could be performed to maximum at 

vVO2max pace, each followed by recovery running at 60% of vVO2max. A further four weeks of 

"overload" training was performed with the number of vVO2max sessions being increased to three 

per week. 

vVO2max training improved running velocity associated with VO2max. Running economy increased 

but VO2max did not change. Time to exhaustion at vVO2max did not change nor did distance run at 

vVO2max. Overload training changed neither the performance nor the factors concerning 

performance. Submaximal heart rate decreased, and plasma norepinephrine at the end of a test 

effort increased, after overload training. 

These minimal changes suggest that the increased training load was not heavy enough to induce 

overtraining in the relatively short period of observation. 

Implication. Moderate increases in workload do not necessarily induce overtrained states.  

INCREASE HIGH-INTENSITY VOLUME FOR ATHLETES WHO ARE NOT 

IMPROVING 

Gaskill, W. E., Serfass, R. C., Bacharach, D. W., & Kelly, J. M. (1999). Responses to training in 

cross-country skiers. Medicine and Science in Sports and Exercise, 31, 1211-1217.  

 

This study evaluated whether national level US cross-country skiers, who did not respond 

positively to a training program consisting of high volume and low intensity, would improve if 

high-intensity training volume was doubled during a subsequent training year. 

Cross-country skiers (N = 14) were evaluated for VO2max, VO2threshold, lactate response, maximum 

arm power, and competitive results after a year of training. During the following year, Ss were 

divided into a control group (those who responded well to training in the previous year; N = 7) 

and a treatment group (those who responded poorly the previous year; N = 7). The treatment 

involved training modification to increase high-intensity training time (from <17% to >35%) as 

part of the total training experience, which was similar in volume for each year. 

Significant improved differences for the treatment group for all five variables and none for the 

control group were observed. Competitively, the treatment group improved to the level of the 

control group, which also had a marginal, but nonsignificant, performance improvement in the 

second year. 

Implication. Increasing the volume of high-intensity training for athletes who are not responding 

to high-volume low-intensity training is a likely avenue for performance improvement. 
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FIVE DAYS OF COMPETITIONS AFFECT SOME BIOCHEMICAL FACTORS 

Yau, C. Y. (1999). The effects of a five-day competition on the blood biochemistry of young 

male athletes. Medicine and Science in Sports and Exercise, 31(5), Supplement abstract 118. 

 

Male (N = 17) college tennis and table tennis players were studied before, during, and after a 

five-day sports competition. 

Most blood and urine factors showed changes ranging from 0% - 36%, but all remained within a 

normal range. Post-competition cortisol, dopamine, IgA, and IgG dropped significantly, and 

calcium and A/G ratio values increased significantly when compared to precompetition levels. 

Implication. Some biochemical factors change during extended competitions, but do not affect 

short-term health. 

CHRONIC FATIGUE SYNDROME IN AN ULTRA-ENDURANCE ATHLETE 

Rowbottom, D. G., Keast, D., Green, S., Kakulas, B., & Morton, A. R. (1998). The case history 

of an elite ultra-endurance cyclist who developed chronic fatigue syndrome. Medicine and 

Science in Sports and Exercise, 30, 1345-1348. 

 

An ultra-endurance cyclist (male aged 37 years) developed chronic fatigue syndrome (CFS). 

Since he had previously been tested for performance and physiological factors a comparison of 

non-CFS and CFS measures was possible. A further testing was performed when S had 

demonstrated significant improvement in the clinical CFS state. 

Maximum workload changed by -11.3%, VO2max by -12.5%, and anaerobic threshold by -14.3% 

during the CFS state. After significant recovery workload was still depressed by -7.9%, VO2max 

by -10.2%, and anaerobic threshold by -8.3%. 

It was concluded that the performance and measurement decrements were more a result of 

detraining rather than an impairment of aerobic metabolism. There is a possibility that CFS is 

associated with central neurological dysfunction rather than physiological exhaustion. 

Implication. Chronic fatigue syndrome in athletes is not likely to be associated with 

physiological causes but rather by a central neurological dysfunction. 

OVERTRAINING ASSOCIATED WITH HYPOTHALAMIC-PITUITARY 

DYSFUNCTION 
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Urhausen, A., Gabriel, H. W., & Kindermann, W. (1998). Impaired pituitary hormonal response 

to exhaustive exercise in overtrained endurance athletes. Medicine and Science in Sports and 

Exercise, 30, 407-414. 

 

The hormonal responses of overtrained male athletes (N = 17) at rest and during exercise 

consisting of a short-term exhaustive endurance cycle-ergometer test at 10% above anaerobic 

threshold were evaluated over 19 months in overtrained and normal training states.  

Overtrained states were promoted by increasing the frequency of high-intensity training or 

competitions without an increase in training volume. Rather than producing states of chronic 

overtraining, overtraining in this investigation was regarded as being "short-term." 

When overtrained, the average time to exhaustion was decreased by 27%. At rest and during 

exercise there was no difference between the two states in the concentrations in plasma and the 

nocturnal excretion in urine of free epinephrine and norepinephrine. At physical rest the 

concentrations of free testosterone, cortisol, luteinizing hormone, follicle-stimulating hormone, 

adrenocorticotropic hormone, growth hormone, and insulin were similar in both conditions. After 

exercise significant decreases in adrenocorticotropic hormone, growth hormone, and insulin were 

recorded. 

These results confirm the hypothesis of a hypothalamic-pituitary dysfunction during exercise in 

short-term overtrained (over-reached) athletes. 

Implication. Further research to evaluate hypothalamic-pituitary dysfunction during exercise in 

short-term overtrained athletes is warranted. 

STRESS SYMPTOM INCREASES IN AGE-GROUP SWIMMERS ARE ASSOCIATED 

WITH BIOCHEMICAL CHANGES 

Kerr, G., VanHeest, J. L., & Rodgers, C. D. (1998). Changes in psychological and biochemical 

indices of stress across a competitive season in age-group swimmers. Medicine and Science in 

Sports and Exercise, 30(5), Supplement abstract 502. 

 

Age group swimmers (M = 18; f = 12) were assessed at various stages of a competitive season 

for psychological stresses (Daily analyses of Life Demands for Athletes) and on biochemical 

factors (salivary IgA and cortisol levels). 

Over a five month period there was no difference in the sources of perceived stress, but 

significant increase in the number of stress symptoms and cortisol levels and a decrease in 

salivary IgA levels.  
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Implication. Changes in biochemical indices of stress may be associated with increased reports 

of symptoms of stress and decline in general health. 

OVERTRAINING IS SYMPTOMATICALLY SIMILAR IN AGE-GROUP AND ADULT 

ATHLETES 

Sawamura, S., Raglin, J., Alexiou, S., Hassmen, P., & Kentta, G. (1998). Training practices and 

staleness in age-group swimmers: A cross-cultural study. Medicine and Science in Sports and 

Exercise, 30(5), Supplement abstract 503. 

 

Training practices, staleness, and staleness symptoms were compared across several countries for 

age-group swimmers (Japan = 41; USA = 43; Greece = 111, Sweden = 22). 

It was found that symptoms of staleness were consistent across countries. The commonest 

symptom was perception of training effort followed by a feeling of heaviness. Disruptions in 

sleep and appetite were less common. Mood disturbance was elevated during overtraining 

excepting for Japanese swimmers. 

The percentage of young swimmers who reported staleness was comparable to the percentage of 

adult non-elite athletes reporting similarly. 

Implication. Staleness/overtraining is symptomatically similar in age group and adult training 

populations. 

BLOOD AND HORMONAL FACTORS NOT ASSOCIATED WITH ELITE FEMALE 

TRAINING RESPONSES 

VanHeest, J. L., & Ratliff, K. (1998). Hematological and hormonal changes in elite female 

swimmers. Medicine and Science in Sports and Exercise, 30(5), Supplement abstract 986. 

 

International and national caliber female swimmers (N = 12) were evaluated over a 16-week 

period for blood and hormonal parameters. The total group and two sub-groups, based on peak-

performance data, were analyzed. Swimmers who improved by more than 3% over the period 

were deemed to have "improved" while the others were classified as "non-improved." 

Assessments occurred in the first week, week 8 (mid-season), and week 16 (taper). The 

hypothesis tested was: relationships seen with sub-elite athletes would persist and become 

stronger in elite swimmers because of the type of training performed. 

No significant changes were observed in ferritin, hematocrit, red blood cell count, white blood 

cell count, % monocytes, % lymphocytes, % eosinophils, platelets, cortisol, testosterone, and 

testosterone:cortisol ratio for the total group. Iron and hemoglobin tended to decrease while % 

basophils increased over time. Differences between improvers and non-improvers were evident 
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at the start of the investigation in testosterone and T:C ratio. Non-improvers changed over the 16 

weeks in cortisol, lymphocytes, and neutrophils. 

These elite swimmers responded differently to previously reported work with sub-elite athletes. 

Blood and hormonal factors were not clear indicators of training responses and should only be 

contemplated when used with other factors associated with training. 

Implication. Blood and hormonal factors do not indicate training responses in elite female 

swimmers. 

SERUM GROWTH FACTORS CHANGE WITH TRAINING BUT IN NO USEFUL 

WAY 

Hickson, R. C., Koziris, L. P., Chatterton, R. T., Groseth, R. T., Christie, J, M., & Unterman, T. 

G. (1998). Serum insulin-like growth factor-I (IGF-I) and IGF binding protein (BP) -1, -3 

adaptations to training. Medicine and Science in Sports and Exercise, 30(5), Supplement 

abstract 989. 

 

This study examined resting levels of serum IGF-I and IGFBP-1 and IGFBP-3 in competitive 

collegiate swimmers (M = 20; F = 9) at several time points (T1-pretraining, T2-after two months, 

T3-after four months (pre-taper), and T4-end of season). 

¶ Serum IFG-I were increased in women from T2 to T3 and remained elevated at T4.  

¶ In the men, IGF-I levels increase progressively with training and remained elevated at 

T4.  

¶ Only in men at T4 was there a significant decline from T1 levels in IGFBP-1.  

¶ IGFBP-3 in women was significantly higher from T1 to T2 and then remained at that 

level for T3 and T4.  

¶ In men, IGFBP-3 was higher than T1 at T3 and T4.  

¶ Serum testosterone levels did not change in women but were lower than T1 at T2 in men.  

¶ Both men and women showed elevated serum cortisol levels over T1 at T4.  

Serum growth factors changed as a response to training but gender differences and training-stage 

differences were not obvious. 

Implication. Broad changes were observed in serum growth factors in swimmers over a training 

period of four months. No clear indications related to training stage or gender were evident. 

PLASMA INSULIN AND LACTATE MIGHT BE SENSITIVE TO OVERTRAINING 

Oh, J. K., Yoo, R. R., Cho, J. Y., & Cho, Y. E. (1998). Lactate levels and hormonal responses to 

excessive training in elite swimmers. Medicine and Science in Sports and Exercise, 30(5), 

Supplement abstract 1554. 
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Mature elite swimmers were monitored through 10 weeks of training for immunoglobulin and 

hormonal changes. The stages of training were normal training for weeks 1-5 (5 x 6,000 m), 

week 6 reduced work, and weeks 7-10 100% increased work (5 x 12,1000 m). Measures were 

taken at the end of weeks 5 and 10. 

Excessive training produced increased lactate levels and different plasma catecholamine 

concentrations. No differences between different workload phases were observed in cortisol 

levels. Plasma insulin levels were lower in the overtraining period (insulin helps released glucose 

enter cells where it can be used for energy). 

Implication. Plasma insulin levels and lactate levels after standardized work bouts might have 

the potential to be indexes of overtraining. 

 

GLUTAMINE IS NOT ASSOCIATED WITH OVERTRAINING 

Koziris, L. P., Hickson, R. C., Chatterton Jr., R. T., Groseth, R. T., Christie, J. M., Osborne, D. 

F., & Karl, I. E. (1999). Progressive reductions in blood glutamine levels and improved 

performance occur with competitive swim training. Medicine and Science in Sports and 

Exercise, 31(5), Supplement abstract 278. 

 

Whether blood glutamine levels are altered in response to varied training volumes and their 

relationships to performance were evaluated in collegiate swimmers. One male and one female 

team were studied at the start, after two and four months (2-4 months had the highest training 

volume), after five months near the end of tapering (male team only), and several days after 

training and competitions ended.  

The male team displayed a 17% reduction in blood glutamine after two months and a further 

diminution to 28% by the end of training. However, the female team displayed a reduction of 

14% only after four months of training, which, along with all other measures, was not 

significantly different to the initial value. Both teams exhibited steady performance 

improvements (M = 6.4%; F = 4.7%) throughout the whole season. Blood glutamate 

concentrations increased linearly throughout the season for both teams (M = 74%; F = 63%). 

Performances improved as glutamine levels declined. Thus, glutamine measures are not a 

potential marker for overtraining. 

Implication. Glutamine is not associated with overtraining in swimmers. 

OVERTRAINING PRODUCES INDIVIDUAL HEART RATE AND VO2max RESPONSES 
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Uusitalo, A. L., Uusitalo, A. J., & Rusko, H. K. (1999). Heart rate and blood pressure variability 

during heavy training and overtraining in the female athlete. International Journal of Sports 

Medicine, 20, 45-53. 

 

Young female athletes (N = 9) increased training volume (at an intensity of 70-90% VO2max) by 

125% for 6-9 weeks. A corresponding increase in work-volume in control (N = 6) athletes was 5-

10%.  

VO2max did not change in either group. However, in five experimental athletes it decreased 

significantly. Heart rate factors were altered in various HR tests (supine and standing). The 

nature of observed changes were individual. 

Implication. While HR characteristics change in overtrained states, the nature of the changes is 

not consistent between female athletes. VO2max is also reduced in some athletes. However, a 

universal pattern of responses to excessive training does not exist. Physiological reactions to 

overtraining are particularly individual. 

INSUFFICIENT CHO INTAKE COULD CONTRIBUTE TO OVERTRAINING 

Roach, W., & Berning, J. (1999). Carbohydrate intake and markers of overtraining. Medicine 

and Science in Sports and Exercise, 31(5), Supplement abstract 885. 

 

Current research suggests that insufficient CHO intake may be linked to overtraining. When 

endurance athletes train at high levels, where CHO is the primary energy source, CHO debt often 

results. Male cross-country skiers (N = 9) were studied to evaluate the relationship between CHO 

intake and overtraining markers. A supplemental-CHO group (N = 5) and a control group (N = 

4) were formed. Assessments were taken at the beginning, middle, and end of season. Dietary 

logs were maintained for the whole study as the measure of CHO intake. 

There were no differences between groups for overtraining markers. Total grams of CHO and 

total calories were significantly higher in the CHO supplement group, however, overall, there 

was no difference between the groups in relative amounts of CHO and calories ingested. Markers 

of overtraining appeared to be inversely related to CHO and caloric intake. 

Implication. Overtraining could be mitigated by insufficient CHO intake. 

LACTATE/RPE RATIO NOT USEFUL FOR MONITORING OVERTRAINING 

Campbell, A. R., & Potteiger, J. A. (1999). Identification of overtraining in well-trained runners 

using the lactate/RPE ratio. Medicine and Science in Sports and Exercise, 31(5), Supplement 

abstract 1393. 
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It has been proposed that a decrease in the lactate/RPE ratio is a useful indicator of overtraining 

in endurance athletes. Well-trained runners (N = 14) trained for 12 weeks. Ss performed an 

incremental exercise to exhaustion at weeks 0, 4, 8, and 12. The ratio was determined by 

dividing lactate concentration by RPE and multiplying the result by 100. Training volume and 

intensity were monitored over the period of the investigation. 

Training volume was significantly greater during the first four weeks compared to the latter two 

periods. The ratio was higher in the first and second four-week periods compared to the final 

stage. Race pace for 5 km and 8 km significantly decreased baseline to week 4 and then did not 

change. There were no significant differences in maximal aerobic power among the 

measurement/training periods. 

Implication. The lactate/RPE ratio was not sensitive at these relatively low exercise intensities 

and does not appear to be useful for monitoring overreaching or overtraining. 

HEART RATE IS NOT RELATED TO OVERTRAINING IN FEMALE RUNNERS 

Uusitalo, A. L., Uusitalo, A. J., & Rusko, H. K. (1998). Exhaustive endurance training for 6-9 

weeks did not induce changes in intrinsic heart rate and cardiac autonomic modulation in female 

athletes. International Journal of Sports Medicine, 19, 532-540. 

 

The effects of progressively increased training load and overtraining on resting and intrinsic 

heart rate and cardiac autonomic modulation, and their relationships to performance variables 

were investigated in female athletes (runners, triathletes, cross-country skiers, orienteers). A 

control group of athletes (N=6) and experimental group of athletes (N = 9) served as Ss. The 

athletes increased training volume of intensity 70-90% VO2max by 130% and training volume at 

<70% VO2max by 100% during 6-9 weeks. At the same time, the controls increased training 

volumes by 5 and 10% respectively. 

Over the training period, the neither group exhibited any changes in VO2max, intrinsic heart rate, 

or sympathovagal balance index. Resting heart rate tended to decrease in the experimental group 

and increase in the control group. Five experimental athletes exhibited overtraining symptoms 

with a significant decrease in VO2max but no change in heart rate, intrinsic heart rate or 

sympathovagal balance index. 

Implication. Heart rate is not related to overtraining in female runners. 

OVERLOAD AND OVERTRAINING 4 

This fourth issue of Volume 10 of Coaching Science Abstracts reviews articles concerned with 

overload and overtraining. Three previous issues, namely Volume 1(3), Volume 4(3), and 

http://coachsci.sdsu.edu/csa/vol13/table.htm
http://coachsci.sdsu.edu/csa/vol43/table.htm
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Volume 7(4) also dealt with this topic. The information from those three sources, as well as that 

contained in this issue, will yield an extensive knowledge base of recent research in the 

application of the overload principle and overtraining, which results from extended and 

excessive overload training. 
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WEIGHT LOSS AND COMPETING IS OVERLY STRESSFUL FOR WRESTLERS 

Kraemer, W. J., Fry, A. C., Rubin, M. R., Triplett-McBride, T., Gordon, S. E., Koziris, L. P., 

Lynch, J. M., Volek, J. S., Meuffels, D. E., Newton, R. U., & Fleck, S. J. (2001). Physiological 

and performance responses to tournament wrestling. Medicine and Science in Sports and 

Exercise, 33, 1367-1378. 

 

This study investigated the physiological and performance responses to a simulated freestyle-

wrestling tournament after typical weight loss techniques were used. Males (N = 12) lost 6% of 

body weight during the week before a simulated 2-d wrestling tournament. Ss were tested at 

baseline and before and after each individual match in the event. 

Lower body power and upper body isometric strength decreased significantly as the tournament 

progressed. Testosterone decreased significantly in later matches. Norepinephrine increased 

significantly after each match. Epinephrine increased significantly after all matches except the 

final contest. Plasma osmality was consistently higher than normal in baseline and after each 

match. 

Implication. Weight loss and tournament demands combine to overly stress wrestlers in a 2-d 

tournament. 

STRESS IS INCREASED WHEN SWIMMING AND STUDY ARE MIXED 

Carl, D. L., Tyree, B., & Strasser, S. (2001). Effect of environment and training on mood states 

of competitive swimmers. Medicine and Science in Sports and Exercise, 33(5), Supplement 

abstract 1252. 

 

This investigation evaluated the effects of high volume, high intensity swim training on the 

moods states of collegiate swimmers throughout a competitive season. Division I swimmers (M 

= 11; F = 14) and college students (M = 8; F = 13) completed the POMS on 10 occasions by 

relating how the S felt over the previous 72 hours. Four successive four-week tests were 

conducted, and a further three tests corresponded to the onset, middle, and conclusion of winter 

break training. An eighth evaluation occurred after four more weeks of training, and the final two 

assessments were conducted before and after conference championships.  

Swimmers' total mood scores were lower during the winter break than during any training time, 

despite training volume being increased by +30% during that break. Fatigue scores were 

significantly higher during normal training for swimmers than for the college-student control 

group. No gender differences were evident. 

It appears that the removal or college academic life, such as occurred during the winter break, 

positive 
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ly affects global mood scores. 

Implication. Swim training and college life are stressful. The removal of academic demands 

reduces the stress. 

 

A HIGH CARBOHYDRATE DIET STALLS THE ONSET OF OVERREACHING 

Achten, J., Halson, S., Moseley, L., Rayson, M. P., Casey, A., & Jeukendrup, A. E. (2003). 

Effect of diet on symptoms of overreaching in runners during a period of intensified training. 

Medicine and Science in Sports and Exercise, 35(5), Supplement abstract 1163. 

 

The effects of a high carbohydrate (HCHO) and normal carbohydrate diets during a period of 

intensified training were compared for symptoms of overreaching. Trained male runners (N = 7) 

experienced seven days of intensified training after four days of normal training. On three days 

Ss performed steady state treadmill running for 60 minutes followed by a self-paced 8-km all-out 

run. On four days Ss ran 16-km all-out. During the two conditions they consumed a high or 

normal CHO diet. 

Time to complete the 8-km run was significantly increased by 61 seconds in the HCHO 

condition and 155 seconds in the normal condition. The 16-km times were only increased in the 

normal CHO condition. POMS mood scores increased more in the normal condition. During 

exercise at 58% VO2max carbohydrate oxidation decreased significantly in the normal 

carbohydrate condition while there were no changes in the HCHO condition. On day 11, muscle 

glycogen during exercise was significantly higher in the HCHO condition than the normal 

condition. 

The decrease in CHO oxidation during seven days of normal CHO diet was completely 

accounted for by a decrease in muscle glycogen oxidation. A HCHO diet stalls the occurrence of 

overreaching symptoms when compared to a normal diet but does not prevent it. 

Implication. In comparison to a normal CHO diet, a high CHO diet allows a greater amount of 

intensified training sessions to be completed before overreaching occurs 

FOCUSED TRAINING IMPROVES PERFORMANCE BUT REGENERATION MIGHT 

BE INADEQUATE 

Wilkinson, J. G., Urhausen, A., Scheidt, A., Coen, B., & Kinderman, W. (2003). Performance 

and hormonal responses of competitive swimmers to high-intensity interval training and 

regeneration. Medicine and Science in Sports and Exercise, 35(5), Supplement abstract 1834. 
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Competitive swimmers (M = 12; F = 8) were matched for gender and performance and assigned 

to either an endurance (E) or high-intensity interval training (H) group for three weeks. One 

week of regeneration followed. Performance was measured on a 400-m and 5 x 100-m swims. 

The H group exhibited higher lactate levels when compared to the E group. There were 

significant improvements in 100-m performance and maximal blood lactate in both groups after 

three weeks and the week of regeneration. Blood lactate after the 400-m swim also increased in 

the two groups after the first week but declined after regeneration. One week of regeneration was 

insufficient to allow hormonal alterations to recover. 

Implication. Either endurance or high-intensity interval training in swimming results in 

significant performance improvements after three weeks. One week of regeneration is inadequate 

for hormonal recovery. 

ENDURANCE EXERCISE AFFECTS PROTEIN IN A SIMILAR MANNER TO 

RESISTANCE EXERCISE 

Gaine, P. C., Martin, W. F., Pikosky, M. A., Bolster, D. R., Maresh, C. M., Tipton, K. D., Wolfe, 

R. R., & Rodriguez, N. R. (2003). Mixed muscle protein fractional synthetic rates increase 

following endurance exercise in male runners. Medicine and Science in Sports and Exercise, 

35(5), Supplement abstract 1917. 

 

Protein fractional synthetic rate (FSR) in the vastus lateralis was measured in male endurance 

runners (N = 3) on two occasions; at rest and following a 75-minute endurance run at 70% 

VO2peak. Protein intakes were determined for three days before each measurement session. Post 

exercise controlled feeding was also instituted. 

No protein FSR differences between the two sets of measures were observed. There was a 

significant increase (80%) from pre- to post-exercise in protein FSR. 

Implication. Protein FSR increases in post-endurance runs were similar to, and in some cases 

greater than, increases reported for post-resistance exercise. 

Reneau, P., & Lockhart, A. (2004). Impact of cycling rates on heart rate and rate of perceived 

exertion while performed at the same work rate. Medicine and Science in Sports and Exercise, 

36(5), Supplement abstract 913. 

 

"Heart Rate (HR) and Rate of Perceived Exertion (RPE) are often used to determine appropriate 

exercise intensities. However, little is known of how HR and RPE differ when the rate of work, 

that is cycling rpms, is different but work performed is equivalent" (p. 132). 
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Ss (M = 7; F = 1) performed three submaximal cycle ergometer tests in a randomized order. 

Each test consisted of pedaling at 50, 65, or 80 rpm at 60, 100, and 160 W for a minimum of 

three minutes at each power output. RPE and HR were recorded for each minute of work. 

Comparisons were made for HR and RPE among equivalent power outputs at each cycling rate.  

No significant differences were found among HRs for any power outputs measured. No 

significant differences were found among RPEs for rpm at the 60 W power output. There were 

significant differences among RPEs at the 50 vs. 65 and 80 rpm rates and between the 50 and 80 

rpm rates at 160 W power output. 

Implication. The work of exercise could be perceived as easier when cycling at a faster rate 

although the work being performance is similar 

HIGHER WORK RATES DO NOT SEEM HARDER ALTHOUGH THEY HAVE A 

HIGHER METABOLIC RATE 

Gairola, A., Randall, C. R., Goss, F. L., & Robertson, R. J. (2004). RPE response to varying 

cycle ergometer pedal rates using the adult OMNI-Cycle Scale. Medicine and Science in Sports 

and Exercise, 36(5), Supplement abstract 914. 

 

"Previous investigations have and have not shown a consistent relation between ratings of 

perceived exertion (RPE) and oxygen consumption (VO2) and heart rate (HR) where cycle 

ergometer pedal rate varied at a constant power output" (p. 132).  

This investigation 1) examined the relationships between OMNI Scale RPE (overall-O, legs-L, 

and chest-C) and HR and VO2; and 2) examined the effect of pedal rate on perceptual signal 

integration by comparing RPE-O with the mean of RPE-L and RPE-C. Untrained male cyclists 

(N = 13) completed three, 7-minute exercise bouts. The bouts used 40, 60, and 80 rpm with 

brake resistances of 2.5, 1.6, and 1.25 kg at a power output of 100 Watts. Measures were taken 

during the final minute of each exercise bout.  

HR was higher at 80 rpm than at 40 rpm. VO2 was higher at 80 rpm than at 60 and 40 rpm. There 

were no significant differences for RPE-L at 60 or 80 rpm, and RPE-C or RPE-O at 40, 60, or 80 

rpm. RPE-LC was not significantly different from RPE-O at each pedal rate. 

Implication. When work rate is held constant, work at different rates is perceived as being 

similar although heart rates are higher at the greater work rates.  

TRAINING DECLINES IN SWIMMERS NOT RELATED TO PARTICULAR 

BIOLOGICAL FACTORS 

Rowbottom, D., Maw, G., Raspotnik, L., Morley, E., & Hamilton, E. (2001). Biological 

variables to assist in fatigue management are individualized in highly trained swimmers. 

Medicine and Science in Sports and Exercise, 33(5), Supplement abstract 1920. 
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Highly trained swimmers (N = 12) were monitored weekly during a 15-wk preparatory period for 

major and international competitions. Each week on the same day, a resting blood sample was 

taken and assayed, and a 200-m time trial was performed followed by a lactate and RPE 

determination.  

It was found that one or more biological variables in each swimmer correlated with negative 

progressions in training, but there was no consistency across the group.  

Implication. There are no consistent biological indicators that relate to declining training in elite 

swimmers. Individual profiles are possible, and so such monitoring needs to be conducted on a 

single-swimmer basis. 

ELEVATED IL-6 AND CORTISOL ARE ASSOCIATED WITH OVERTRAINING 

Stenerson, L. R., & Mazzeo, R. S. (2001). Physiological and immunological alterations over the 

course of a Nordic ski season. Medicine and Science in Sports and Exercise, 33(5), Supplement 

abstract 54. 

 

The interactions of overtraining in cross-country skiing with interleukin-6 (IL-6) and stress 

hormones were investigated. Elite college skiers (N = 9) were tested in October, January, and 

March, appropriate times before, during, and after the ski season. Some psychological and 

anthropometrical factors were also measured. 

Two skiers were classified as overtrained and nine were not. Cortisol increased in the overtrained 

skiers and decreased in the others as the season progressed. Epinephrine and IL-6 levels were 

significantly elevated at rest in the overtrained skiers. Most physiological measures were similar 

between both sets of athletes. 

It was concluded that impairments of the nervous, endocrine, and immune systems are associated 

with overtraining. Other studies have not found this and so replication of this investigation is 

warranted. 

Implication. IL-6 and cortisol are elevated with overtraining in cross-country skiers. 

OVERTRAINING MARKERS ARE AFFECTED BY SHORT BURSTS OF INTENSIVE 

TRAINING 

Urhausen, A., Coen, B., & Kindermann, W. (2001). Intensive training vs. rest: Effects on 

ergometric, hormonal, and psychological results. Medicine and Science in Sports and Exercise, 

33(5), Supplement abstract 755. 
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This research investigated the short-term sensitivity of factors (blood parameters, mood state), 

which are supposedly associated with overtraining, to the effects of two days of high-intensive 

training and two days of rest. Ss were cyclists (N = 11) and runners (N = 7). Intensive training 

consisted of 8 x 2-min at 116% individual anaerobic threshold (IAT) for cyclists on a cycle 

ergometer and 8 x 2-min at 112% for runners on a treadmill. A ninth interval was performed 

until exhaustion. After one recovery day, a stress test at 110% or 112% IAT was performed until 

exhaustion. In the control condition, athletes rested for three days. 

The stress test duration improved 17% more than the resting group for cyclists (significant) but 

changed by -2% for runners (non-significant). Self-confidence was related to performance and 

maximal blood lactate. Explosive strength had decreased by 13% in cyclists and 23% in runners. 

Exercise-induced increases of adrenocorticotropic and growth hormones were impaired by 30% 

(cyclists) and 64% (runners) in comparison to the rested athletes. Serum urea, ammonia, and uric 

acid did not differ between the three groups. Creatine kinase activity was higher by 218% in 

runners after the day of rest. 

Implication. Markers of overtraining can be influenced by short periods of intensive training 

without/before a drop in performance [indicating they are not related to performance]. The 

severity of effect appears to be sport-specific. 

STALENESS IN ADOLESCENT RUNNERS NOT PREDICTED BY HARDINESS OR 

MOOD MEASURES 

Wilson, G. S., Aydt, J., & Raglin, J. S. (2001). Hardiness, mood state, and history of staleness in 

age-group runners. Medicine and Science in Sports and Exercise, 33(5), Supplement abstract 

962. 

 

Adolescent distance runners (M = 31; F = 45) completed the Cognitive-Hardiness Scale, Profile 

of Mood States, and a questionnaire on training practices and staleness. Ss were categorized into 

low and high levels of hardiness. Ss were then re-categorized according to POMS criteria. 

Staleness was reported by 26% of Ss. No difference in training mileage was exhibited between 

those who had experienced staleness and those who had not. Neither the hardiness grouping nor 

the POMS grouping predicted those who had reported staleness. 

Implication. Measures of hardiness and mood states do not identify young athletes with a 

history of staleness. 

NEGATIVE MOOD IS RELATED TO POOR PERFORMANCE 

Mahood, N. V., Hazzard, M. P., Podolin, D. A., & Kenefick, R. W. (2002). Physiological and 

psychological responses to a collegiate cross-country ski season. Medicine and Science in 

Sports and Exercise, 34(5), Supplement abstract 1103. 
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Collegiate skiers (M = 8; F = 4) were tested before a six-month ski season and at three training 

phases; dry-land, early-season competition, and late-season competition. Two groups were 

designated; those who maintained or improved competitive performances, and those who 

declined in competitive performances. 

The two groups were no different across the season in serum testosterone, cortisol, creatine 

kinase, lean body mass, or percent body fat. Differences in mood state were evident at the start 

and end of the season, with the poorer performing group being more negative.  

Implication. A negative approach to a sport is one indicator that performances are not likely to 

improve across an extended season of training. 

PERFORMANCE AND PSYCHOLOGICAL FACTORS ARE BEST INDICATORS OF 

OVERREACHING 

Halson, S. L., Bridge, M. W., Gleeson, M., Meeusen, R., & Jeukendrup, A. E. (2002). Time 

course of performance changes and markers of overreaching in cyclists. Medicine and Science 

in Sports and Exercise, 34(5), Supplement abstract 1536. 

 

Endurance cyclists (N = 8) were systematically monitored and controlled for six weeks: two 

weeks of normal training, two weeks of intensified training, and two weeks of recovery training. 

Performance was assessed over 20 days with a 40-km time trial, a high-intensity exercise test, 

and a VO2max test. 

During intensified training, maximum power output declined at the end of the time trial and at 

the end of the VO2max test. Global mood scores increased 29% during the same period. Decreased 

performance coincided with a 9.3% decrease in maximum heart rate and a 14% reduction in 

maximal plasma lactate. RPE increased for standardized submaximal work. No changes were 

observed in blood parameters, substrate utilization, cycling efficiency, or resting blood factors. 

These changes and evidence of overreaching were not obvious until day 7 of intensified training. 

Implication. Excessive increases in training intensity can be tolerated for a short period of time 

before performance and psychological factors deteriorate and become noticeable. Performance 

and psychological disruptions precede physiological changes. 

IMMUNOLOGICAL INDICATORS DO NOT DISCERN OVERREACHING 

Halson, S. L., Lancaster, G. I., Jeukendrup, A. E., & Gleeson, M. (2003). Immunological 

response to overreaching in cyclists. Medicine and Science in Sports and Exercise, 35, 854-861. 
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Males (N = 8) completed two weeks of normal training (5-9 hr/wk), two weeks of intensified 

training (9-19 hr/wk), and two weeks of recovery training (1-6 hr/wk). Ss performed six graded 

cycle ergometer tests to exhaustion, six simulated time trials, and eight 2 x 10-min maximal 

effort interval bouts. Mood was also assessed. Blood assays were performed. 

Intensified training produced overreaching in all Ss, verified by reduced performance and 

disturbed mood states. No relationships between various immune indicators and overreaching 

were revealed, but the glutamine/glutamate ratio could be considered as a possible marker for 

overreaching. 

Implication. Overreaching is not indicated by immunological factors, but the 

glutamine/glutamate ratio might be a useful indicator if verified consistently by other studies. 

YOUNG ATHLETES EXHIBIT SOCIAL SKILLS DEGRADATION IN STALENESS 

Kenetta, G., Hassmen, P., & Raglin, J. S. (2001). Training practices and overtraining syndrome 

in Swedish age-group athletes. International Journal of Sports Medicine, 22, 460-465. 

 

This study aimed to determine the incidence and nature of staleness in training in serious young 

athletes (N = 272). Ss represented 16 sports and were given a questionnaire about training, 

staleness, and psychosocial stress.  

Thirty-seven percent of Ss reported being stale at least once with the highest incidence being in 

individuals ports. Stale athletes reported greater perceptual changes and negatively altered mood 

factors. Staleness was distinguished from burnout on the basis of motivational consequences: 

41% lost their motivation for training; 35% reported low satisfaction with important 

relationships; and 29% reported a decline in the relationship with their coach. 

Implication. Staleness is a widespread problem in young athletes in serious sport participation. 

Its symptoms are reflected to a worsening of social interactions as well as a loss of training 

motivation. 

DEPRESSION IS A SYMPTOM OF OVERTRAINING 

Uusitalo, A. L., Valkonen-Horhonen, M., Koskelo, J, Lansimies, E., & Vanninen, E. (2003). 

Depression in overtrained athletes. Medicine and Science in Sports and Exercise, 35(5), 

Supplement abstract 207. 

 

Severely overtrained athletes (M = 5; F = 7) and normal control athletes (M = 3; F = 6) were 

studied. Depression was assessed using two standardized scales. Heart rate variability was 

measured over 24 hours. 
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One depression scale indicated nine Ss were depressed, while the other located seven Ss. No 

controls were depressed. Significant group differences on both scales were found. Heart rate 

variability was related to depression in a non-linear manner. 

Implication. Depression is a characteristic of overtraining. 

POORLY PERFORMING FEMALE SWIMMERS MIGHT HAVE A THYROID 

PROBLEM 

VanHeest, J. L., Mahoney, C. E., Cappaert, J. M., Hill, K. W., De Souza, M. J., & Rodgers, C. D. 

(2003). Induction of low T3 syndrome in female swimmers during a competitive season. 

Medicine and Science in Sports and Exercise, 35(5), Supplement abstract 1829. 

 

Sub-elite female swimmers (N = 10) were assessed for thyroid stress every other week during a 

12-week training period. The group was divided into an improved (N = 5) or non-improved (N = 

5) group based on end of season performances. 

Free T3 and Free T4 were significantly lower in the non-improved group than in the improved 

group at all times across the observation period. Poor performing female swimmers showed signs 

of low T3 syndrome (abnormalities in thyroid hormone and thyroid-stimulating hormone levels), 

which might reflect an altered metabolic state. 

Implication. Poorly performing female swimmers might be suffering from thyroid mediated 

problems 

PSYCHOLOGICAL MEASURES ARE MORE SENSITIVE THAN PHYSIOLOGICAL 

MEASURES TO OVERTRAINING 

Lemyre, P.-N., Stray-Gundersen, J., Treasure, D. C., Matt, K., & Roberts, G. (2004). 

Physiological and psychological markers of overtraining and burnout in elite swimmers. 

Medicine and Science in Sports and Exercise, 36(5), Supplement abstract 1024. 

 

Collegiate swimmers (M = 32; F = 21) were assessed for blood markers at 6 AM on two days. 

On day 1, two hard training sessions of 6 x 200 m intervals were performed. On day 2, 

questionnaires were used to assess motivation and perceived energy levels. This testing was 

conducted three times in the collegiate swimming season (September - easy, November - very 

hard, and March - peaking). Performance, total training loads, and intensity were recorded. A 

subgroup with high (N = 8) and low (N = 8) performances was selected for further investigation. 

In the opinion of the coaches, no swimmers were overtrained or burned-out. No physiological 

differences were found between the performance groups. However, psychological variables did 
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differ. Season satisfaction, goal accomplishment, and perceived burnout were significantly 

different between the two performance groups at the very hard and peaking stages of training. 

Implication. Psychological factors best indicate overtraining or burnout in collegiate swimmers. 

Physiological variables and response were particularly varied and hormonal values could not 

distinguish stages of training. 

OVERLOAD AND OVERTRAINING 5 

This fourth issue of Volume 14 of Coaching Science Abstracts reviews articles concerned with 

overload and overtraining. Four previous issues, namely Volume 1(3), Volume 4(3), Volume 

7(4), and and Volume 10(4) also dealt with this topic. The information from those four sources, 

as well as that contained in this issue, will yield an extensive knowledge base of recent research 

in the application of the overload principle and overtraining, which results from extended and 

excessive overload training. 
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FASTER RATES OF EXERCISE SEEM EASIER 

Reneau, P., & Lockhart, A. (2004). Impact of cycling rates on heart rate and rate of perceived 

exertion while performed at the same work rate. Medicine and Science in Sports and Exercise, 

36(5), Supplement abstract 913. 

 

"Heart Rate (HR) and Rate of Perceived Exertion (RPE) are often used to determine appropriate 

exercise intensities. However, little is known of how HR and RPE differ when the rate of work, 

that is cycling rpms, is different but work performed is equivalent" (p. 132). 

Ss (M = 7; F = 1) performed three submaximal cycle ergometer tests in a randomized order. 

Each test consisted of pedaling at 50, 65, or 80 rpm at 60, 100, and 160 W for a minimum of 

http://coachsci.sdsu.edu/csa/vol134/roose.htm
http://coachsci.sdsu.edu/csa/vol134/roose.htm
http://coachsci.sdsu.edu/csa/vol134/roose.htm
http://coachsci.sdsu.edu/csa/vol134/lovorn.htm
http://coachsci.sdsu.edu/csa/vol134/lovorn.htm
http://coachsci.sdsu.edu/csa/vol134/lovorn.htm
http://coachsci.sdsu.edu/csa/vol134/kamell.htm
http://coachsci.sdsu.edu/csa/vol134/kamell.htm
http://coachsci.sdsu.edu/csa/vol134/kamell.htm
http://coachsci.sdsu.edu/csa/vol134/nederhof.htm
http://coachsci.sdsu.edu/csa/vol134/nederhof.htm
http://coachsci.sdsu.edu/csa/vol134/nederhof.htm
http://coachsci.sdsu.edu/csa/vol134/vanrens.htm
http://coachsci.sdsu.edu/csa/vol134/vanrens.htm
http://coachsci.sdsu.edu/csa/vol134/vanrens.htm
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three minutes at each power output. RPE and HR were recorded for each minute of work. 

Comparisons were made for HR and RPE among equivalent power outputs at each cycling rate.  

No significant differences were found among HRs for any power outputs measured. No 

significant differences were found among RPEs for rpm at the 60 W power output. There were 

significant differences among RPEs at the 50 vs. 65 and 80 rpm rates and between the 50 and 80 

rpm rates at 160 W power output. 

Implication. The work of exercise could be perceived as easier when cycling at a faster rate 

although the work being performance is similar. 

HIGHER WORK RATES DO NOT SEEM HARDER ALTHOUGH THEY HAVE A 

HIGHER METABOLIC RATE  

Gairola, A., Randall, C. R., Goss, F. L., & Robertson, R. J. (2004). RPE response to varying 

cycle ergometer pedal rates using the adult OMNI-Cycle Scale. Medicine and Science in Sports 

and Exercise, 36(5), Supplement abstract 914. 

 

"Previous investigations have and have not shown a consistent relation between ratings of 

perceived exertion (RPE) and oxygen consumption (VO2) and heart rate (HR) where cycle 

ergometer pedal rate varied at a constant power output" (p. 132).  

This investigation 1) examined the relationships between OMNI Scale RPE (overall-O, legs-L, 

and chest-C) and HR and VO2; and 2) examined the effect of pedal rate on perceptual signal 

integration by comparing RPE-O with the mean of RPE-L and RPE-C. Untrained male cyclists 

(N = 13) completed three, 7-minute exercise bouts. The bouts used 40, 60, and 80 rpm with 

brake resistances of 2.5, 1.6, and 1.25 kg at a power output of 100 Watts. Measures were taken 

during the final minute of each exercise bout.  

HR was higher at 80 rpm than at 40 rpm. VO2 was higher at 80 rpm than at 60 and 40 rpm. There 

were no significant differences for RPE-L at 60 or 80 rpm, and RPE-C or RPE-O at 40, 60, or 80 

rpm. RPE-LC was not significantly different from RPE-O at each pedal rate. 

EXERCISE INTENSITY INCREASE IS HARDER THAN DURATION INCREASE  

Rusko, H. K. (2004). Influence of increased duration or intensity on training load as evaluated by 

EPOC and TRIMPS. Medicine and Science in Sports and Exercise, 36(5), Supplement abstract 

1023. 

 

"The index of training load (TRIMPS) is calculated from the relative intensity and duration of 

exercise multiplied by a factor describing blood lactate (Bla) vs. relative intensity relation. 

Excess Post-exercise Oxygen Consumption (EPOC) also increases with the intensity and 
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duration of exercise and can be used as a physiological variable to indicate the training load" 

(p. S144).  

This study evaluated the effect of increased duration or intensity of exercise on training load as 

evaluated by EPOC and TRIMPS. Healthy physically active men (N = 8) performed three 

constant velocity running exercises on an inclined (3°) treadmill: 21 and 40 min at 9.3 km/h, 

68% of vVO2max (CV2168% and CV4068%, respectively), and 21 min at 10.8 km/h, 79% of 

vVO2max. EPOC and TRIMPS were calculated from VO2 and RR interval data measured before, 

during and after exercises. 

EPOC and TRIMPS correlated significantly with each other (r = 0.80), with peakHR (r = 0.62 and 

0.87) and with BLa (r = 0.68 and 0.74), respectively. Neither EPOC nor TRIMPS correlated with 

peakRPE during the exercises. 

Implication. Increase in exercise intensity induces greater increments in training load than an 

increase in training duration. TRIMPS is more sensitive to training intensity than EPOC. 

STRENUOUS TRAINING HINDERS THE TRAINING RESPONSE OF A SECOND 

TRAINING SESSION IN THE SAME DAY  

Kalinski, M. I., Mishchenko, V. S., & Tomiak, T. (2004). Influence of strenuous training on 

cardiorespiratory response sensitivity and primary kinetics in elite rowers. Medicine and Science 

in Sports and Exercise, 36(5), Supplement abstract 1799. 

 

This study was conducted to determine the effect of strenuous training workloads on the 

sensitivity of the cardiorespiratory system in response to carbon dioxide, hypoxia, and changes in 

primary cardiorespiratory system kinetics in elite (Polish National Team) rowers (N = 12). Ss 

were examined in the morning before strenuous training and the following day after strenuous 

training sessions (two daily sessions of intermittent types of workload characteristic for this 

group of elite athletes). VO2, normocapnic hypoxia, and cardiorespiratory system sensitivity in 

rebreathing tests (standard rest) were measured as well as VE, VO2, and HR kinetics 

(monoexponential function) at 70% VO2max. 

During the recovery period (12-14 hours) after vigorous intermittent types of training, 

cardiorespiratory system sensitivity to VO2 and primary kinetics in elite rowers were decreased 

compared to a full recovery (24 hours). This might represent a specific integral feature of fatigue 

caused by intermittent training sessions. Such fatigue might limit the responsiveness of 

cardiorespiratory system to the following exercise training session and possibly have modifying 

effects on training as well. 

Implication. A strenuous training session impacts negatively on a second training session in the 

same day. 
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CONSTANT AND VARIABLE WORKLOADS YIELD SIMILAR RESPONSES UNDER 

CERTAIN CONDITIONS  

Kang, J., Chaloupka, E. C., Mastrangelo, M. A., Hoffman, J. R., Ratamess, N. A., & O'Connor, 

E. (2004). Comparisons between exercise of constant and variable intensity: Physiological and 

perceptual responses. Medicine and Science in Sports and Exercise, 36(5), Supplement abstract 

1899. 

 

"An exercise regimen in which intensity varies has become popular within recent years. 

However, whether it is more demanding than an equivalent exercise of constant intensity 

remains unknown" (p. S278).  

This investigation compared physiological and perceptual responses between exercise of 

constant and variable intensity. Ss (M = 7; F = 8) underwent two experimental trials. During 

each trial, Ss performed a 30-minute cycle exercise that was followed by a 30-minute recovery 

period. In the constant exercise condition, exercise was performed at 65% of maximal heart rate. 

In the variable exercise condition, the similar intensity was also achieved, although the protocol 

entailed alternating phases of both higher (~80% VO2max) and lower (~50% VO2max) intensity 

arranged similarly to what is designed for a typical SpinningÊ workout. Oxygen uptake (VO2) 

and heart rate (HR) were measured throughout both exercise and recovery, whereas ratings of 

perceived exertion (RPE) were recorded during exercise only. Plasma lactate concentrations 

were determined at the end of exercise and recovery.  

No differences in average VO2, HR, and RPE were found during exercise between the constant 

exercise condition and the variable exercise condition. During recovery, however, both VO2 and 

HR exhibited a slower decline in the variable exercise condition and average VO2and HR were 

higher in the variable exercise condition than the constant exercise condition. Plasma lactate was 

higher at the end of exercise in the variable exercise condition than the constant exercise 

condition, but became similar at the end of recovery.  

An exercise regimen in which intensity varies exerts no added effect upon physiological and 

perceptual responses during exercise so long as overall intensity is kept the same. However, this 

exercise arrangement provokes more persistent elevations in oxygen uptake and heart rate 

following exercise and this augmented post-exercise metabolism may be mediated in part by 

elevated plasma lactate. 

Implication. Constant and variable workload exercises yield similar physiological effects if the 

average workload is similar to that of the constant workload. Variable workloads that include 

higher intensity work levels provoke high oxygen uptake and heart rates suggesting harder work. 

LEPTIN LEVELS CAN BE USED TO INDICATE TRAINING AND TAPER 

RESPONSES  
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Jurimae, J., Maestu, J., & Jurimae, T. (2003). Effect on intense training and following tapering 

on leptin and stress hormones in rowers. Medicine and Science in Sports and Exercise, 35(5), 

Supplement abstract 204. 

 

Male national rowers (N = 10) underwent three-weeks of increasing maximal training stress 

followed by a two-week taper. Maximum 2000-m ergometer performance was assessed at 

various stages of the study. 

Increased training stress (22%) caused leptin (-8%) and testosterone (9%) to change. A further 

stress increase of 25% produced leptin to decrease further by 35% however, testosterone did not 

change. Growth hormone only increased after the first week of training. In the first week of taper 

(50% reduction in training stress), leptin responded with a 29% increase. After the second week 

of taper, testosterone and growth hormone had returned to pretraining levels. Leptin increased a 

further 4%. Cortisol and performance remained consistent throughout the stress and taper stages. 

Implication. Leptin responses to exercise are sensitive to levels of training stress in male rowers 

LEVEL OF ANXIETY NOT RELATED TO MOOD CHANGES IN OVERTRAINING  

Tobar, D. A., & Morgan, W. P. (2003). Influence of overtraining on depressive mood in college 

swimmers. Medicine and Science in Sports and Exercise, 35(5), Supplement abstract 206. 

 

College swimmers completed the POMS under baseline, overtraining, and tapering conditions. 

Trait anxiety was measured with Ss being divided into the bottom one-third as the low-anxiety 

group (M = 31; F = 19) and the top one-third as the high-anxiety group (M = 31; F = 19).  

Depression and total mood increased during overtraining and decreased during taper. The high-

anxiety group reported greater depression and total mood scores at all stages of training. When 

baseline scores for depression and total mood were used as covariates, differences between 

groups disappeared. 

Implication. Low-anxious and high-anxious swimmers do not differ in mood state responses to 

overtraining. 

PLASMA VISCOSITY CORRELATES WITH OVERTRAINING  

Gaudard, A., Varlet-Marie, E., Bressolle, .F, Mercier, J., & Brun, J. F.(2003). Hemorheological 

correlates of fitness and unfitness in athletes: moving beyond the apparent "paradox of 

hematocrit"? Clinical Hemorheology Microcirculation, 28(3), 161-173. 
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Negative correlations between blood viscosity parameters and fitness have been reported, but 

their physiological meaning remains incompletely understood. Since rheo-active treatments are 

used in sport doping, it would be useful to clarify the relationships between hematocrit (Hct), 

viscosity, and performance by comparing aerobic capacity, responses to an overtraining 

questionnaire, and hemorheological parameters. Sportsmen (N = 29) performed a standardised 

exercise test. Physical working capacity (W170), maximal power output, and maximal oxygen 

consumption (VO2max) were calculated.  

The best significant correlate with maximal power output was whole blood viscosity (r = -0.383). 

A stepwise regression analysis selected hematocrit as the only determinant of physical working 

capacity (r = -0.66,). The best determinant of VO2max, expressed as a percentage of theoretical 

values, was hematocrit (r = -0.462. The hematocrit/viscosity ratio, a proposed index of 

hematocrit's positive influence on O2 transfer to tissues, was positively correlated to maximal 

power output expressed as a percentage of theoretical values (r = 0.487. The overtraining score 

was correlated to plasma viscosity (r = 0.450).  

Implication. The best hemorheogical correlate of fitness is a low hematocrit and the best 

hemorheological correlate of overtraining is increased plasma viscosity. 

GENDER AND TRAIT ANXIETY ARE RELATED TO OVERTRAINING AND TAPER  

Tobar, D. A., & Morgan, W. P. (2005). Gender, trait anxiety, and perceptual response of college 

swimmers during overtraining and taper. Medicine and Science in Sports and Exercise, 37(5), 

Supplement abstract 940. 

 

College swimmers (M = 39; F = 31) reported training volume (yards per day), perceived 

exertion, and overall muscle soreness under baseline, overtraining, and tapering conditions. Trait 

anxiety (STAI) was assessed at baseline and used as a covariate in the analyses. 

Training volume was higher during overtraining than baseline or taper. Training volume during 

taper was higher than during baseline. No gender effect was evidenced. Trait anxiety was not 

related to training volume. Both perceived exertion and muscle soreness were significantly 

higher in the overtrained state. Women reported greater training volume at baseline and men 

reported greater training volume during overtraining. 

Implication. Gender and trait anxiety are related to the responses of college swimmers during 

overtraining and taper 

SUBJECTIVE MEASURES OF STRESS RELATE TO OVERTRAINING  

Roose, J., de Vries, W. R., Schmikli, S. L., & van Dooren, L. J. (2005). Evaluation of 

performance in adolescent runners as a possible link to overtraining. Medicine and Science in 

Sports and Exercise, 37(5), Supplement abstract 298. 
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Adolescent distance runners (N = 35) were followed for seven months. Four tests (Zoladz-test) 

were administered. Daily hassles, life events, sleep quality, physical enjoyment, and POMS 

mood scores were evaluated by questionnaires. Daily resting heart rate and saliva cortisol were 

monitored. Runners (N = 8) who improved performance and those (N = 8) who declined in 

performance were compared. 

Declining performers had significantly more sources of stress (daily hassles, tension) in their 

daily lives at the start of the investigation than improvers. At the second and third measures, 

declining performers registered significantly more depression, anger, and tension. No other 

factors differentiated the two groups. In male runners, relatively high morning cortisol levels 

increased across the first three measures and declined at the fourth measure, indicating that 

morning cortisol followed desired training effects in improvers but not in decliners.  

Implication. Stress experienced in a season of training is influenced by predisposition to total 

stress adaptation. Subjective feelings of training adaptation may be the most reliable predictors 

of overtraining. 

PSYCHOLOGICAL FACTORS BREAK DOWN FIRST WHEN TRAINING IS 

EXCESSIVE  

Lovorn, J. L., Bartholomew, J., & McLean, S. P. (2006). Effect of overtraining on psychology, 

physiology, and biomechanics of collegiate swimmers. Medicine and Science in Sports and 

Exercise, 38(5), Supplement abstract 1547.  

 

This study assessed if a negative affective shift due to overtraining is related to physiological or 

biomechanical markers. Collegiate swimmers (N = 10) completed a six-days of training during 

which daily training volume increased 49% over the previous training cycle. Two dimensions of 

affect, pleasure-displeasure and sleepiness-arousal, were measured daily using the Affect Grid. 

Biomechanical markers of swimming performance included average stroke rate and speed during 

the middle 91.5 m portion of a 366 m swim at a self-selected pace completed at the beginning of 

each workout. Physiological markers of stress, salivary cortisol and alpha-amylase, were 

collected daily upon waking.  

By the training-midpoint, pleasure-displeasure affect and sleepiness-arousal affect were reduced 

by 14% and 16%, respectively, and self-selected swimming speed was decreased by 4.6%. Speed 

reduction was not due to changes in stroke rate which remained unchanged suggesting that 

changes in stroke length were responsible. Neither salivary cortisol nor alpha-amylase levels 

changed significantly by the training-midpoint. While pleasure-displeasure and sleepiness-

arousal affect recovered by the end of the training period, self-selected swimming speed did not. 

An isolated period of substantially increased training volume resulted in a suppression of both 

dimensions of affect, but not physiological markers of stress. The suppression in affect correlates 
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with a slower self-selected swimming speed at the midpoint of training. This suggests that 

overtraining has negative consequences that appear by the training-midpoint, but that swimmers 

recover from these effects by the end of overtraining. The athletes were previously aware of the 

substantial increase in volume associated with overtraining and that this period would be 

followed by a return to normal training volume. This suggests that the swimmers' expectations 

could explain the rebound of affective responses to pre-overtraining levels.  

An alternative explanation for these results is that Ss were reacting to an unusual excessive 

overload. A partial pattern of the Stress Adaptation Syndrome (SAS; Selye, 1951) was exhibited. 

In the early days of adaptation, psychological factors reflected depressed performances (without 

physiological markers) that usually characterize the Shock Stage of the Alarm Reaction Phase of 

the SAS. The ensuing recovery of affect, but the depression of performance could be construed to 

represent the Counter-shock Stage of the Alarm Reaction Phase. This interpretation is feasible if 

a sudden 49% increase in training volume is experienced as being novel and excessive by the 

already trained Ss. 

Implication. Excessive training overload (overtraining) results in psychological 

breakdowns/alterations before physiological markers are altered. This "first stage" psychological 

response should serve as the indication that training demands are excessive. 

PSYCHOLOGICAL FACTORS EMERGE FIRST AS THE REACTION TO EXCESSIVE 

TRAINING  

Kamell, K. S., Ekkekakis, P., & Sharp, R. L. (2006). Salivary cortisol and affective changes 

during a swimming training program. Medicine and Science in Sports and Exercise, 38(5), 

Supplement abstract 1549.  

 

"Training overload is intended to improve performance but, in certain individuals, it may result 

in the overtraining syndrome, which is associated by a variety of psychological and 

physiological symptoms and even performance decrements". This study examined changes in 

salivary cortisol, Energetic Arousal, and Tense Arousal during a structured competitive 

swimming training program. Male college swimmers (N = 21) were tested prior to the start of a 

12-week competitive swimming training program (NCAA Division I) and at the end of weeks 4, 

8, and 12. Saliva samples were collected at rest in the morning upon waking, and analyzed for 

cortisol. The Activation-Deactivation Adjective Check List, a 20-item self-report measure of the 

bipolar affective dimensions of Energetic Arousal (ranging from Energy to Tiredness) and Tense 

Arousal (ranging from Tension to Calmness), was also completed on test days.  

Changes in energetic arousal during the study were significant, being to both a decrease in 

Energy and an increase in Tiredness. At week 12, Energy was significantly lower and Tiredness 

was significantly higher than at the outset of the program. Changes in Tense Arousal and cortisol 

were not significant. At week 12, when Energy Arousal was at its lowest and Tiredness was at its 

highest, Energy Arousal exhibited a negative (r = -0.47) and Tiredness exhibited a positive (r = 

0.50) correlation with cortisol. 
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Implication. Self-reports of affect, particularly those related to reduced energy and increased 

Tiredness, are useful and convenient, non-invasive indices of training stress. Once again, 

psychological factors emerge as the first stage of a complex, hierarchical response to excessive 

training stress. The appropriate coaching response to such indices should be a reduction in 

workload for the athletes reacting in this way. 

CHOICE REACTION TIME IS NOT ALTERED BY FUNCTIONAL OVERREACHING  

Nederhof, E., Memmink, K. A., Zwerver, H. J., & Meeusen, R. (2006). The influence of high 

load training on reaction time in cyclists. Medicine and Science in Sports and Exercise, 38(5), 

Supplement abstract 2148. 

 

This study investigated whether changes in psychomotor speed are present in early stages of 

overtraining. Cyclists (N = 14) completed an incremental exercise test, two questionnaires, and 

the finger pre-cueing task three times: before, right after, and two weeks after a training camp. 

Maximal work load, heart rate, oxygen uptake, and mood states were used to determine training 

status. The finger pre-cueing task is a complex four-choice reaction time task in which pre-cues 

reduce the task to a two-choice reaction time task in three out of four conditions (Miller, 1982). 

A control group of age and gender matched active individuals completed the FPT at the same 

time as the cyclists. 

Five cyclists showed performance decrements and worsened mood states and were classified as 

overreached. Because performance and mood states had improved two weeks after the training 

camp, their status was specified as functional overreached. Seven athletes did not show 

differences on performance or mood states after the training camp and were classified as well-

trained. Two athletes showed disturbed mood states before but not after the training camp and 

were excluded from analysis. There was no significant difference between the functionally 

overreached, well-trained, and the control groups. The functional overreached group showed 

longer reaction times compared to the control group right after the training camp. 

Implication. Psychomotor slowness as an indication of central fatigue is not present in 

functional overreaching.  

OVERTRAINING RELATED TO INSUFFICIENT ENERGY INTAKE  

Van Rensberg, D. J. (2007). Differences in nutritional intake between overtrained and non-

overtrained athletes. ACSM Annual Meeting New Orleans, Presentation Number, 1579.  

 

This study aimed to detect any differences in nutritional intake between athletes suffering with 

overtraining syndrome and those not. Ss aged 12 to 48 (N = 33), from Pretoria-based athletics 

clubs were divided into two groups: an overtrained and a not-overtrained group, based on the 
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presence of symptoms of overtraining. Ss completed a questionnaire detailing nutritional intake 

over an average training day and the average amount of time spent training weekly.  

There were no significant differences in nutritional intake per kilogram body weight of total 

energy, total protein, total carbohydrate, or total fat or micronutrient intake between the two 

groups. The not-overtrained group tended to use a recovery meal when compared to the 

overtrained group (41.6% vs. 27.27% respectively). There was a significant difference in the 

hours of training per week claimed by each of the groups. The overtrained group reported 

training for an average of 17.5 hours versus 11.5 hrs for the not-overtrained group. The energy 

intake (per kilogram of body weight) divided by the hours of weekly training per athlete showed 

statistically significant differences for total energy intake,, total protein intake, and total 

carbohydrate intake.  

Implication. Overtraining was related to insufficient nutritional intake to meet energy 

requirements. 

 


