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THE YOUNG ATHLETE 

This second issue of Volume 3 of Coaching Science Abstracts reviews articles 

concerned with maturing athletes, that is, children and adolescents. It comprises 

articles and topics of particular interest to the editor and in no way covers the 

breadth of knowledge or scientific inquiry that involves young people and exercise.  

A implied plea is made for coaches to cease applying adult-relevant coaching 

practices to this population of athletes. It is obvious that the ways the body 

energizes activity and performs skilled movements in young people is different to 

those, which occur in adults. This issue does not touch on the psychological factors 

involved in this group of individuals even though they are distinctly different to 

those of adults.  

In this journal a case has been made to coach mature female athletes appropriately 

and differently to males. This particular issue may seem to promote a paradox to 

that principle. For practical purposes, pre-pubescent athletes can be trained without 

considering gender differences. While there are gender differences in children, they 

are relatively minor and small when compared to those existing in mature 

individuals. Adolescence is a time when gender differences appear. When they 

emerge depends largely upon the stage of maturation of individuals. Since females 

mature earlier than males, they warrant special attention to their unique 

characteristics and factors and the provision of gender-specific sport programs 

earlier than males. Developmental differences in adolescence make it particularly 

difficult to categorize specific coaching principles that can be applied in a manner 

that is similar in conceptual definition to that which is possible for children and 

adults.  

There is a science of the child and the adolescent in exercise. It behooves all 

coaches to become familiar with the content and principles of those sciences so 

that maturing individuals can be provided with healthy and sound experiences in 

their sporting endeavors.  

This issue is divided into four topics: children, adolescents, growth, and 

application criteria.  
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LEVELS OF AGE-GROUP SWIMMING authored by Brent S. Rushall and 

published as an issue of the Swimming Science Bulletin in the Swimming 
Science Journal (1997).  

THE GROWTH OF PHYSICAL CHARACTERISTICS IN MALE AND 

FEMALE CHILDREN 

Borms, J. (1986). The child and exercise: an overview. Journal of Sports Sciences, 
4, 3-20.  

 

" . . . there is an increasing awareness and concern on the part of parents and 

educationalists about the possible harmful effects on children who participate at a 

progressively younger age and with ever-increasing intensity in sports 
competitions designed by and for adults." (p. 3)  

Exercise and Growth  

Boys and girls differ in stature. Girls experience their adolescent growth spurt and 

peak height velocity on average about two years earlier than boys. The growth 

spurt of boys lasts longer and is somewhat more intensive than in girls. 

Subsequently, boys tend to catch up and then pass the growth period of girls.  

In any random sample, there is a remarkable range in body sizes in both sexes.  

Still tenable hypothesis: Epiphyseal growth may be stimulated by physical activity 

to an optimal length but excessive and prolonged pressure can retard linear growth.  

There is no convincing evidence to support the view that regular and natural 

exercise promotes an increase in body size.  

There have been no studies in children of effects of training on bone growth and its 

mineral contents although exercise does promote these factors (actually reverses 

demineralization) in adults.  

Aerobic Power  

Aerobic power increases with age during childhood in both sexes and is quite 

similar. Girls hardly differ from boys in the prepubertal period but, from the age of 

14 years on their aerobic power is significantly lower by about 15%. The maximal 
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aerobic performance capacity in girls reaches a plateau from 14 years onwards 

while in boys it increases up to the age of 18 years. Thus, even though the aerobic 

capacity is fully developed aerobic performance continues to improve. That is 

because other growth factors, such as larger levers, greater musculature, etc. are 

still developing and govern the effectiveness and mechanical efficiency of aerobic 

activities.  

The potential effect of endurance training programs on VO2max is not consistently 

shown in studies involving children. Endurance training has been shown not to 

effect aerobic capacity before 11 years. After the age of 12, an improvement in 

VO2max has been shown in males, particularly swimmers. This suggests that there 

is an increased trainability of the heart and circulatory system around puberty in 

males. However, studies at the International Center for Aquatic Research in 

Colorado Springs have shown that swimmers' aerobic capacity reaches its ceiling 

level at the time of onset of the adolescent growth spurt.  

It takes a lot of intense aerobic training to produce shifts in aerobic factors in 

children. The apparently high threshold of a stimulus for training effects on 

VO2max in children is probably related to their naturally active lives. The stresses 

induced by short-term training are probably small when placed in the context of the 

overall activities of children. VO2max improvements are similar to those reported 

for adults when the training volumes and intensities are very high.  

VO2max training effects are larger in swimmers probably because it is an 

unnatural and specific activity (the starting point is much lower than those of other 

everyday activities).  

Short-term training programs (such as in schools) probably should not even 

consider improving endurance in pre-pubertal children.  

Boys and girls 7.6 to 10.3 years have shown a significant improvement in running 

performance (up to 18%) but without an obvious increase in VO2max. The 

improvements are probably due to motor coordination and running technique. This 

suggests that if VO2max is the only criterion for aerobic fitness it may be 

misleading.  

Implication. In pre-pubertal children, the gains from endurance training will 

largely result from improvements in mechanical efficiency NOT a large change in 

physical aerobic power. Thus, for endurance improvements, an emphasis on the 
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techniques of performance is more beneficial than the programming of assumed 

physiological stimulations of training.  

There is no difference between children and non-trained adults relative to physical 

capacity at the anaerobic threshold.  

In children, cardiovascular adaptation is efficient and similar to adults; muscle 

structure is identical to adults; and glycogen storage mechanics and values are 

similar to adults.  

Anaerobic Capacity  

Unlike aerobic capacity, the anaerobic capacity of children expressed per Kg of 

body weight is much smaller than adults. It is lowest in children and increases 

progressively with age in both boys and girls.  

Little to nothing is known about the trainability of anaerobic capacity in children.  

The ratio of aerobic:anaerobic metabolism contribution to exercise differs between 

children and adults.  

"Most researchers agree that a paced 3000-metre run . . . . is less strenuous for 

children than a vigorous 200-800-metre run . . . . instructions on running speed 

must be given, otherwise both a 3000-meter run and a 200-800-metre run may be 

equally strenuous since lactate accumulation depends, among other things, upon 

running intensity. Even longer distance runs (e.g., 30-min duration) for children 

are more justified than vigorous short sprints as they may also lead to the 

maintenance of optimal body composition . . . . it is not the duration but the 
intensity of the effort which could prove harmful." (p. 9)  

Implication: Children are endurance animals and are best suited to adapt to aerobic 

exercises. Frequent and stressful stimulation of anaerobic metabolism will be 

particularly fatiguing and if overdone, could be harmful. Children will fatigue 

rapidly in anaerobic work when compared to their response to endurance work. 

The major content of swimming program for children should be "distance" work at 

a comfortable level (anaerobic threshold and lower) with an obvious concentration 

on skill, smoothness, and mechanical efficiency.  

Strength  
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"In the prepubescent age, muscle weight is about 27% of the total body weight and 

the effect of training on muscle hypertrophy is small so that strength gains are 

perhaps more the result of an improvement in coordination . . . . After sexual 

maturation [the onset of the adolescent growth spurt], muscular development is 

influenced by androgenic hormones and the percentage of muscle weight then 
increases to over 40%." (p. 9)  

Since the increase in testosterone production in adolescent children is markedly 

higher in boys than girls, boys will become stronger faster and to a higher degree.  

Implication: If strength training is to be done with pre-pubescent children, 

exercises should involve submaximal resistance, such as one's own body weight, 

light dumbbells, or medicine balls. Sophisticated and restrictive weight exercises, 

particular on machines, are useless for strength-limited children. General, whole-

body activities are more important and beneficial than the same exercises used for 

post-pubescent athletes.  

Speed  

" . . . a yearly increase in sprint velocity has been noted from age 5 years until age 

16 years for boys, and until age 13 to 15 years for girls. The rate of development of 

speed seems to accelerate in two phases. A first phase occurs around 8 years of 

age, both in boys and girls . . . Probable reasons for this are the development of 

the nervous system and improved coordination of arm and leg muscles. A great 

variety of exercises involving the whole body should be offered to children to 

stimulate improvement of this ability. A second phase . . . occurs around 12 years 

of age for girls and between 12 and 15 years for boys . . . related to the increase in 

body size with age and the concomitant increase in muscular strength, power, and 

endurance . . . slightly higher performance levels for boys than for girls until the 

onset of adolescence when the differences favoring the boys becomes more 

marked." (p. 10)  

Flexibility  

There is a gradual increase in flexibility with age as measured on the sit-and-reach 

test. However, generalization is not clear because of the absence of studies and 

data that take into account growth spurts and anthropometrical size changes (e.g., 

longer arms produce a better sit-and-reach measure).  

Coordination and Skill Learning  
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Most authors agree that the sensitive skill learning period is between 9 and 12 

years. Very early training may produce learning of a less economical nature. Later 

starters would soon catch up. One must not confuse performance with skill. Early 

maturers will compensate, usually advantageously, for lack of skill with strength 

and leverage.  

Implication: Up to the age of 8, children should enjoy a variety of stimulating 

activities to develop a general base of physical and movement aptitudes. From then 

on, more detailed instruction in particular skills can be entertained but against a 

background of general stimulation. It has been shown that, in general, children who 

specialize early will lack the "background" development of capacities for flexible 

maximum responses in the later years, and higher performance categories, of 

participation.  

Early Maturation  

" . . . early maturation in boys is an advantage in some sports, but the opposite 

applies in girls . . . there is an apparent delay in maturity in sports where females 

who maintain preadolescent physique seem to have an advantage. An ordering of 

sports on a continuum from participants demonstrating early maturation through 

to late maturation might be as follows: alpine skiing, field events, swimming, 

synchronized swimming, track events, diving, figure skating, gymnastics . . . " (p. 

12)  

Successful female athletes display physical characteristics that favor good 

performances (more mesomorph, less ectomorph); successful young female 

athletes have similar somatotypes to older successful athletes.  

" . . . There is a trend towards increase linearity in these athletes and this linear 

physique characterizes the physical attributes of late maturing girls." (Carter, J. E. 

(1981). Somatotypes of female athletes. In J. Borms, M. Hebbelinck, & A. 

Venerando, (Eds.), The female athlete. Basel: Karger).  

Early maturing girls undergo a socialization process which does not motivate them 

any more to excel in physical exercise. On the other hand, late-maturing girls tend 

to be socialized into sports participation. Late-maturing girls are older 

chronologically when they attain menarche and have not yet experienced the social 

pressures regarding competitive athletics for girls and/or are more able to cope 

with the social pressures.  
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Children and Adults  

The child differs in some aspects from the adult and is comparable in others. The 

training principles appropriate for both groups are generally different. That is 

because not only are developmental factors different, but so are the 

skill/experiences that are taken into each participation realm. Intensive training to 

acquire specialized sports skills at too early an age has more disadvantages than 

advantages. Early specialization is by definition achieved at the expense of 

developing a broader base of fundamental movement skills such as balance, agility, 

and coordination, and usually occurs at the expense of learning other sports.  

Early specialization, in a sense, produces the physical equivalent of a specialist 

who has little competency outside of the specialty.  

Return to Table of Contents for this issue.  

ENERGY CAPACITIES ONLY WEAKLY RELATED IN CHILDREN AND 

ADOLESCENTS 

Williams, C. A., Armstrong, N., Kirby, B., & Welsman, J. (1995). Is there a 

relationship between children and adolescents' anaerobic and aerobic performance? 

Medicine and Science in Sports and Exercise, 27(5), Supplement abstract 639.  

 

Only a weak relationship was found between the aerobic and anaerobic capacities 

in children and adolescents classified according to maturational age.  

Implication. The type of physical performance capacity exhibited by pre-pubertal 

children is not a sound index for predicting post-pubertal athletic capabilities. One 

cannot, with any moderate degree of confidence, conclude that a successful pre-

pubertal sprinter will be just as successful in sprinting during adolescence. 

Performance capacities are weak predictors of later performances and therefore, 

are not sound bases for talent identification.  

PRE-PUBERTAL CHILDREN HAVE ONE ENERGY SYSTEM? 

Prasad, N., Coutts, K. D., Jesperson, D., Wolski, L., Cooper, T., Sheel, W., Lama, 

I., & McKenzie, D. C. (1995). Relationship between aerobic and anaerobic 

exercise capacities in pre-pubertal children. Medicine and Science in Sports and 

Exercise, 27(5), Supplement abstract 640.  

http://coachsci.sdsu.edu/csa/vol32/table.htm
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In both male and female children, those who performed best anaerobically also 

performed best aerobically. In children, energy systems appear to be able to 

compensate for each other and "cross" the line of supposed specialization. There is 

no evidence of metabolic specialization in pre-pubertal children.  

Implication. When planning training and fitness programs for pre-pubertal 

children, there is no point in differentiating between anaerobic and aerobic work. 

General fitness will be accommodated within the capabilities of children of this 

age. 

TESTING PHYSICAL FITNESS IN CHILDREN 

Niesen-Vertommen, S., Coutts, K. D., Prasad, N., Jespersen, D., Cooper, T., 

Woloski, L., Sheel, W., Lama, I., & McKenzie, D. C. (1995). Field versus 

laboratory tests as indicators of fitness in pre-pubertal children. Medicine and 

Science in Sports and Exercise, 27(5), Supplement abstract 645.  

 

Field tests to measure the capability of children to do certain classifications of 

physical work are just as valid as are laboratory assessments. The 50 yd run is a 

good measure of anaerobic capability and the 1600 yd run valuable for aerobic 

assessment.  

Implication. The fitness of pre-pubertal children is measured satisfactorily by 

convenient simple running tests. 

HOW MUCH WEIGHT-TRAINING FOR CHILDREN? 

Stahle, S. D., Roberts, S. O., Davis, B., & Rybicki, L. A. (1995). Effect of a 2 

versus 3 times per week weight training program in boys aged 7 to 16. Medicine 
and Science in Sports and Exercise, 27(5), Supplement abstract 648.  

 

It was found that weight training two times per week was equally effective for 

developing strength as was three times.  



P a g e | 16сϡϧЫв ев ϢϽІϝϡв ϸ .пЮнгЮϜ ХТнв 

 

 

ϸ
 .

п
Ю
н
г
Ю
Ϝ
 
Х
Т
н
в

 

Implication. In growing children and youths, there is no need to do a "lot" of 

weight-training. Two times per week appears to be quite sufficient to develop 

significant changes. More frequent sessions do not produce any more development.  

STRENGTH TRAINING RESPONSE OF CHILDREN 

Faigenbaum, A., Westcott, W., Micheli, L., Outerbridge, R., Long, C., LaRosa-

Loud, R., & Zaichkowsky, L. (1995). The effects of strength training and 

detraining on children. Medicine and Science in Sports and Exercise, 27(5), 

Supplement abstract 656.  

 

The effects of eight weeks of strength training followed by eight weeks of 

detraining in children (7-12 yr) were evaluated. Sessions were conducted twice per 

week. A group matched for age and maturity level served as a control group.  

The trained group improved leg extensions (53.5%) and chest press (41.1%). 

Controls improved 7.9%. Vertical jump and sit-and-reach flexibility did not change 

in any significant manner. During detraining, losses in strength were evident after 

four weeks, with the legs losing more strength than the upper body.  

Implication. Twice-per-week strength training is sufficient to dramatically improve 

the strength of children 

STRENGTH TRAINING EFFECTS DIFFERENT FOR PREPUBESCENT 

MALES AND FEMALES 

Isaacs, L. D., & Pohlman, R. L. (1995). Specificity of strength training modes in 

prepubescent females. Medicine and Science in Sports and Exercise, 27(5), 

Supplement abstract 1016.  

 

The effect of an isoinertial (isotonic) strength training program on isometric 

strength in prepubescent females was investigated. An experimental and control 

group were used. The training response was different to that of previously 

published work with prepubescent males. Throughout the change and detraining 

phases of the study, there was no change in isometric measures or positions.  
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Implication. The specificity of strength training may operate differently in 

prepubescent females than in males. 

AEROBIC TRAINING IS LIMITED IN CHILDREN 

Rowland, T., & Boyajian, A. (1994). Aerobic response to endurance training in 

children. Medicine and Science in Sports and Exercise, 26(5), Supplement abstract 

468.  

 

An in-school 12-week aerobic training program was designed for girls (N = 24) 

and boys (N = 13). Three 30 min training sessions were offered per week.  

It was found that training changes occurred but were of less magnitude than would 

be expected of adults. This finding supports the general literature contention that 

children are more limited in aerobic training adaptations than adults.  

Implication. Prepubescent children should be trained aerobically but expectations 

for improvement should be less than that afforded adults. 

CHILDREN HAVE ONLY GENERAL METABOLIC RESPONSES 

Bar-Or, O. (1983). Pediatric sports medicine for the practitioner (comprehensive 
manual in pediatrics). New York: Springer-Verlag.  

 

The objective information in female youth energy responses in sprint activities is 

quite scant. However, it appears that children who specialize in sports do not 

exhibit a specialized metabolic response. They appear to be "metabolic non-

specialists." Children do not seem to display the wide variations in metabolic 

response capabilities seen among adults, nor do they appear to have high levels of 

response in any one metabolic system.  

Implication. It may be a false premise to concentrate on developing specific energy 

systems in children as young as 12 years of age. Rather, what exercises they do 

should be energized by training responses to a variety of stimuli which, if applied 

to adults, would not produce specialized metabolic responses.  

TRAINING EFFECTS IN YOUNG BOYS (11-13 YR) 



P a g e | 18сϡϧЫв ев ϢϽІϝϡв ϸ .пЮнгЮϜ ХТнв 

 

 

ϸ
 .

п
Ю
н
г
Ю
Ϝ
 
Х
Т
н
в

 

Mero, A., Jaakkola, L., & Komi, P. V. (1991). Relationships between muscle fibre 

characteristics and physical performance capacity in trained athletic boys. Journal 
of Sports Sciences, 9, 161-171.  

 

Boys (11-13 yr, N = 18) from different sports (4 endurance runners, 7 tennis 

players, 4 weightlifters, 3 sprinters) were divided into two groups according to a 

"fast" group (M = 59% Type II fibers) and a "slow" group (M = 60.6% Type I 

fibers). A variety of tests were performed. Fibers were divided into (a) Type I 

slow-twitch oxidative, (b) Type IIA fast-twitch oxidative, and (c) Type IIB fast-

twitch glycolytic.  

The fiber distributions were as follows:  

Category Fast Group Slow Group 

Type I 40.8% 60.4% 

Type II 59.2% 39.4% 

Type IIA 36.5% (61.6%) 22.8% (57.9%) 

Type IIB 22.7% (38.4%) 16.6% (42.1)% 

Few significant differences were revealed. Reaction time to sound and choice 

reaction time were faster for the fast group and it also had a greater rate of force 

development. A weak significant relationship between Type II fiber area and blood 

lactate levels (r = .53) was revealed. There were no differences between running 

velocity, maximal oxygen uptake, or anaerobic characteristics.  

The similarity in aerobic capacity stemmed from the training program of the boys 

(general endurance within each sport). The Type IIA fibers made up the inherent 

difference by adapting to oxidative work. It was shown that even though the "fast" 

boys inherited 66.5% more Type II fibers, a greater percentage of them switched to 

oxidative functioning so that between the groups the fast group had 77.3% and the 

slow group 83.2% of fibers functioning oxidatively. This suggests that in young 

boys, the adaptability of fibers allows individuals to perform a variety of tasks, 

particularly of an endurance nature.  
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Implication. In young boys, the adaptability of the inherited fiber distributions to 

different types of training makes measures of aerobic or anaerobic capacity 

relatively useless as a performance predictor. However, reaction time and power 

development rates may discriminate between fast- and slow-twitch dominant 

pubescent boys. This is about all that can be used to identify capacity talent that 

will not be revealed in a current sporting performance. 

EARLY LEARNING/TRAINING IS NOT NECESSARILY THE BEST 

Scott, J. P. (1962). Critical periods in behavioral development. Science, 138, 949-

958.  

 

Certain periods in the life of young children are marked by times of particular 

sensitivity. For example, in McGraw's (1935) attempts to modify the behaviors of 

identical twins by teaching them a number of physical activities, some credence to 

the "appropriate times for learning" postulation was presented.  

¶ The onset of walking was not affected by preemptory practice or help. It is a 

phylogenetic behavior that is largely "programmed" into the natural 

development timing of the youngster. It cannot be "speeded-up."  

¶ Roller skating, an unnatural activity but closely allied to walking, developed 

almost in concert with walking itself.  

¶ A number of other activities were actually made worse by early practice 

because of bad skill habits developed or the negative occurrences associated 

with the learning experience.  

Implication. Starting a sporting experience at a very young age is not necessarily 

advantageous. It would seem that if one was to design development in a sport, the 

following are appropriate:  

¶ Provide a wide variety of activities so that generalized basic gross skills are 

developed.  

¶ Pay little attention to skill intricacies, instead being satisfied with gross 

motor movement patterns.  

¶ Provide much activity that leads to successful outcomes.  

¶ Avoid at all costs, the implementation of adult rules and sport dynamics, 

instead providing activities appropriate for the social, intellectual, and 

development stages of the participants.  
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There are critical periods for learning that vary from sport to sport. For each kind 

of coordinated muscular activity there is an optimum for rapid and skillful 

learning.  

[McGraw, M. B. (1935). Growth: A study of Johnny and Jimmy. New York, NY: 

Appleton-Century-Crofts.] 

AGE IN AGE-GROUP COMPETITIONS 

Baxter-Jones, A. D. (1995). Growth and development of young athletes. Sports 

Medicine, 20, 59-64.  

 

This review primarily considers the chronological versus maturational age debate 

in competitive sports. It does highlight some of the general principles concerning 

age-group sports.  

Growth refers to size increases in the body or its parts and development refers to 

the timing or stage of progress toward the mature adult state. An individual's 

maturation status is referred to as their biological age. Using chronological age 

(CA) to categorize competitive levels does not take maturational age (MA) into 

account. This is particularly important during puberty when maturity-related 

differences in strength, speed, and endurance are evident among children of the 

same CA.  

In talent identification and development programs, there has been a "catch them 

young" philosophy, driven by the belief that to achieve performance success at the 

senior level, training and competition must begin early, and more often, the earlier 

the better. This belief is not corroborated by research. Physical educators and 

medical professionals have advised consistently against sport in the young. It has 

been proposed and shown that participation should be the aim in pre-pubertal 

children.  

Two major concerns arise from age-related competitions: the possible decrease in 

sports participation, and the use of performance results to identify talent. Talent 

identification "success" is often defined in terms of success in CA-grouped 

competitions. The research that exists strongly supports size and physique as being 

very important determinants of CA competitive success.  
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Biological maturity and physical performance. Many of the physiological 

components used to determine exercise-performance change with growth. 

Biological maturity should be considered when evaluating performance capacities 

and levels. Skeletal age has been found to be a better predictor of athletic 

performance than CA. Advanced maturation positively influences aerobic power, 

muscular strength, and muscular endurance as well as motor proficiency and 

intelligence. Children differ not only in physical maturity but also psychological 

maturity.  

In sports where weight, height, strength, and power are required, the early maturer 

is at a distinct biological advantage over others even though the CAs are 

equivalent.  

Sexual maturity and performance. Elite adult athletes have basic body structures 

which favor their specific sport. Height is the most important characteristic ("sport 

for the tall"), in both age-group and adult performers in the majority of sports 

(exceptions are gymnastics, diving, etc.). Since height influences selection into a 

sport, then the further training that results from emphasizing that sport produces an 

even further increase in performance.  

One has to always ponder whether age-group selections and talent identification 

reward maturational growth rather than skill development, a factor which 

differentiates most sports at the highest level.  

Seasonal birth distribution. Not only does CA-grouped competition give 

advantages to the early maturer but it also is of advantage to those born during the 

earliest part of the selection year. Sports that are favored by size (e.g. tennis, 

soccer, swimming) show a strong tendency to select children whose birthdays are 

early in the year. In sports where size is not an advantage, the birth dates of 

selected athletes are distributed more evenly throughout the year.  

Implications. Children and adolescents are not miniature adults. Since the 

components of physical fitness change as a function of growth and maturation, it is 

not appropriate to use adult-validated physical characteristics as selection or 

identification criteria in young children.  

Physical education and sports need to devise experiences which provide and 

reward success (e.g., skill dominated activities) and do not discriminate against late 

developers.  
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Young athletes who experience success primarily because of their size and early 

maturation often give up top-level sport participation later on when they encounter 

those who have trained hard but developed more slowly.  

Rather than asking whether competition levels should be age-related, it would be 

more applicable to ask at what age should youth competitions take on adult forms 

and rules 

CARDIOVASCULAR RESPONSES IN CHILDREN AND ADULTS 

Turley, K. R., & Wilmore, J. H. (1996). Cardiovascular responses to treadmill and 

cycle ergometer exercise in children and adults. Medicine and Science in Exercise 
and Sports, 28(5), Supplement abstract 70.  

 

Submaximal cardiovascular responses at a given rate of work on a treadmill and 

cycle ergometer were compared between children (M = 12; F = 12) and adults (M 

= 12; F = 12).  

Cardiac output was significantly lower, but heart rate, total peripheral resistance, 

and stroke volume were significantly higher, in children of both sexes than 

comparable adults in both forms of exercise.  

The smaller amount of muscle mass in children would be stressed to a relatively 

greater extent than in adults. Greater metabolic by-products and heat would be 

produced per unit of muscle which would: a) increase the amount of oxygen 

liberated from hemoglobin in the muscle, and b) increase vasodilation of the 

arteries entering the muscles. Both these effects contribute to a higher a-vO2 

difference in children in exercise.  

Implications. Submaximal cardiovascular responses are different between children 

and adults. These differences are related to smaller hearts and less total muscle 

volume in children. These differences are observable irrespective of the form of 

exercise. 

SPRINT AND ENDURANCE TRAINING IN CHILDREN 

Dykstra, G. L., Demetriou, D. G., Copay, A. G., & Boileau, R. A. (1996). Effect of 

six week sprint and endurance training programs on prepubescent children. 

Medicine and Science in Exercise and Sports, 28(5), Supplement abstract 244.  
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Groups (sprint, endurance, and control) of children were trained for 20 minutes in a 

specific program four times a week for six weeks.  

No differences were observed between the two training groups in either aerobic or 

anaerobic performance parameters. Differences were observed between the 

training a control groups.  

The training effects of each different program were not specific indicating that 

children can be trained aerobically in a sprint (anaerobic) program.  

Implication. The effects of specific training programs are general in children. Any 

form of training trains all capacities in growing children. 

WORK CAPACITIES IN CHILDREN 

Rowland, T. W., & Cunningham, L. N. (1996). Influence of aerobic and anaerobic 

fitness on ventilatory threshold in children. Medicine and Science in Exercise and 
Sports, 28(5), Supplement abstract 873.  

 

Children typically demonstrate a higher ventilatory threshold (VAT), expressed as 

%VO2max, than adults. This investigation found that the greater children's (M = 

11; F = 10) values are best explained by lower levels of relative anaerobic capacity 

rather than superior aerobic power.  

Implication. The type of work at children's practices should be appropriately 

programmed. A greater percentage of aerobic work, when compared to that which 

better matches adults' capabilities, should be included. 

STRENGTH TRAINING IN CHILDREN 

Falk, B., & Tenenbaum, G. (1996). The effectiveness of resistance training in 

children: A meta-analysis. Sports Medicine, 22, 176-186.  

 

Early studies and theorists have generally supported the view that resistance 

(strength) training in prepubescent children is ineffective. This study performed a 
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meta-analysis on published studies that used Ss with a maximum age of 12 yr for 

girls and 13 yr for boys.  

From 25 studies which showed an increase in strength in children, 9 were 

sufficiently detailed and controlled to assess common magnitudes of effect. 

Generally, improvements of between 13 and 30% were obtained. The size of the 

effect was modified by the various variables associated with resistance training 

(loads, frequency, type of exercise, sessions per week, etc.).  

Three studies were found that demonstrated no change. The authors advise that 

since studies which show changes are published with a much higher frequency 

than those which yield no differences, the overall meta-analysis could be biased.  

Generally, adults and adolescents demonstrate greater absolute increases in 

strength but prepubescents demonstrate an equal or greater relative percentage 

gain. No differences in gains were found between genders in children.  

As with almost all strength programs rates of gain are highest at the start and 

largely due to learning to do the skills involved in a more economical manner.  

Studies in this area have not been designed particularly well. Many factors need to 

be controlled. Simply giving a weight program and measuring changes does not 

shed light on effects because of the many confounding variables associated with 

this activity.  

Implication. Strength training programs are effective with prepupbescent children. 

The dynamics and limits of this form of training have not been determined for this 

population. Coaches are advised to be cautious when employing this training 

activity. 

AGE-GROUP SKILL DEVELOPMENT 

Numminen, P., & Saakslahti, A. (1996, October). Gender differences - Are they 

dominant already in the early years? AIESEP Newsletter, 53, 4.  

 

Gender differences among 6- to 8-year-old children reveal that boys are better in 

skills needing speed, muscular strength, and endurance while girls are better in 

motor skills needing balance and flexibility. The purpose of this study was to 
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assess whether gender differences already exist in 3 and 4-year-old children and if 

so, which skills revealed the differences.  

Boys (N = 50) and girls (N = 55) were compared on a number of standardized skill 

tests (APM-test battery: Numminen, P. (1995). Alle kouluikaisten lasten 

havaintomotorisia ja motorisia perustaitoja mittaavan APM-testiston kasikirja. 
Jyvaskyla, LIKES, 98.)  

Hardly any gender differences in fundamental motor skills studied were revealed. 

The boys seemed to score better, similarly to the older children, in skills 

demanding strength and precision and the girls better in balance, timing, and body 

control.  

Implication. Although no gender differences were revealed in the cross-sectional 

investigation there is a hint that differences could be emerging in this age group. A 

longitudinal-study needs to be conducted to see if this development is phylogenetic 

or socially learned 

TIME TO START LEARNING TO SWIM 

Blanksby, B. A., Parker, H. E., Bradley, S., & Ong, S. (1995). Children's readiness 

for learning front crawl swimming. The Australian Journal of Science and 
Medicine in Sport, 27(2), 34-37.  

 

Very young children (M = 180; F = 146) who participated in learn-to-swim 

programs were evaluated for number of lessons, age of starting lessons, and time to 

learn to swim 10 m front crawl (Level 3). Children older than 5 yr. were not 

considered.  

To achieve the crawl stroke standard, children who started as 5 year-olds 

experienced significantly fewer number of lessons and took shorter time than those 

who started at younger ages. No matter what age younger children commenced 

lessons they eventually achieved the Level 3 standard at the same age (5.5 yr.). 

There were no significant gender differences for the three variables.  

Implication. The optimum age for learning to swim crawl stroke among very 

young children is between 5 and 6 years of age. However, since older children 

were not evaluated in this study it is not known whether this age is the absolute 

best age to commence formal swimming instruction 
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PHYSICAL CAPACITY DIFFERENCES IN CHILDREN OF EACH GENDER 

Blanksby, B. A., Bloomfield, J., Elliott, B. C., Ackland, T. R., & Morton, A. R. 

(1986). The anatomical and physiological characteristics of pre-adolescent males 

and females. Australian Pediatric Journal, 22, 177-180.  

 

Pre-adolescent children in three age groups, males (7-8 years N = 26; 9-10 years N 

= 58; 11-12 years N = 20) and females (7-8 years N = 28; 9-10 years N = 50; 11-12 

years N = 20) were examined on a battery of anatomical and physiological tests. 

There were no significant interactions between age, sex, and sporting involvement. 

Differences between the sexes were independent of age and the sporting group.  

Males were found to be superior to females in physical work capacity as revealed 

by the PWC170, forced vital capacity, and hand-grip strength tests. In terms of 

anthropometry, males demonstrated a lesser proportion of body fat than females 

and were more mesomorphic. No significant differences existed in measures of 

strength, power, and speed.  

Implication. Pre-pubertal boys and girls are sufficiently similar in physical 

characteristics that there is no performance or structural reason why they should 

not be able to compete together. However, because of the lung-function differences 

males might have a slight advantage over females in endurance activities.  

CAPACITY DIFFERENCES IN CHILDREN PARTICIPATING IN DIFFERENT 

ACTIVITIES 

Bloomfield, J., Blanksby, B. A., Ackland, T. R., & Elliott, B. C. (1985). The 

anatomical and physiological characteristics of pre-adolescent swimmers, tennis 

players and non-competitors. The Australian Journal of Science and Medicine in 
Sport, 17, 19-23.  

 

Children (7-12 years of age) comprising competitive swimmers (N = 37), tennis 

players (N = 61), and non-competitive individuals (N = 104) were matched 

according to socio-economic status. Each child was measured for morphology, 

body composition, joint mobility, isometric strength, lung function, and physical 

exercise capacity. The three groups were compared over age and gender 

classification.  
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Competitors did not differ to non-competitors in height, body mass, body 

composition, somatotype, forced expiratory volume in the first second, or 

flexibility scores. Competitive swimmers were superior in leg-extension strength 

but not in other strength measures and were superior in forced vital capacity and 

the PWC170 test.  

Implication. In pre-adolescent individuals, stage of development, physical size, 

body shape, body composition, and flexibility do not discriminate between high or 

low levels of performance. That only one strength measure produced a significant 

difference in swimmers suggests that strength development in pre-adolescent 

children is not a highly profitable activity. Development of skill would be a better 

program emphasis.  

The better endurance capacities of swimmers indicated that it is endurance which 

should be the emphasis of age-group training programs as opposed to flexibility 

and strength. The lack of an endurance emphasis in tennis did not produce any 

endurance development over that which existed in non-competitive individuals.  

For many years investigators have suggested that endurance training in pre-

adolescents produces a greater increase in the size of the cardiorespiratory system 

organs than training later in life. [Astrand, P. O., Engstrom, L., Eriksson, B. O., 

Karlberg, P., Nylander, I., Saltin, B., & Thoren, C. (1963). Girl swimmers. Acta 

Pediatrica Scandinavica, Supplement 147; and Eriksson, B. O. (1972). Physical 

training, oxygen supply and muscle metabolism in 11-13 year old boys. Acta 
Physiologica Scandinavica, Supplement 384.] 

SUBMAXIMAL AEROBIC POWER OUTPUT IN ADOLESCENT BOYS 

Geithner, C. A., Malina, R. M., & Woynarowska, B. (1995). Longitudinal analysis 

of the adolescent spurt in submaximal power output (PWC170). Medicine and 

Science in Sports and Exercise, 27(5), Supplement abstract 638.  

 

VO2max has been shown to undergo an adolescent spurt that occurs in close 

proximity to maximal growth in stature. This longitudinal study found that 

submaximal aerobic power, as measured by the PWC170, also peaks at the same 

time.  
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Implication. Training programs with very long-term goals, as well as physical 

fitness programs, would do well to emphasize aerobic conditioning well before and 

up to the occurrence of the peak adolescent growth spurt so that aerobic capacity 

growth will be stimulated fully. 

STRENGTH AND ANAEROBIC RESPONSES IN YOUNG FEMALE 

RUNNERS 

Thorland, W. G., Johnson, G. O., Cisar, C. J., Housh, T. J., & Tharp, G. D. (1987). 

Strength and anaerobic responses of elite young female sprint and distance runners. 

Medicine and Science in Sports and Exercise, 19, 56-61.  

 

Young female track runners (N = 31), at least half of whom were between 9 and 12 

years of age, the remainder in the average age range of 14+ years, were classified 

as sprint (<= 400 m) or middle distance runners (up to 3,200 m). They were well-

trained and of national junior level.  

They were tested on a Cybex II dynamometer for peak torque during leg extension, 

and on a Monarch bicycle ergometer to determine anaerobic power and capacity as 

revealed by the Wingate Anaerobic Test. Body composition was determined by 

underwater weighing.  

Results. Among physical characteristics, there was a relationship to age but not to 

event classification. Sprinters were no different to distance runners in stature.  

Fat-free weight was significantly related to performance measures. When other 

variables were corrected for fat-free weight variance, their associations with 

performance variables were reduced considerably.  

In terms of performance, older subjects were stronger at all Cybex II velocities. 

Event related differences only occurred at higher speeds (240 degrees per sec).  

Among anaerobic power values, only older athletes demonstrated substantially 

higher levels than the other subjects. There were no significant differences in 

anaerobic capacity.  

Implications. One would expect successful sprinters to be characterized by the 

ability to generate high levels of anaerobic power relative to some measure of body 

size. However, this study suggests that distinguishing characteristics only become 
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evident in the upper age groups of competition. The final stages of maturation 

appear to separate out distinguishing physical capacities.  

Growth of fat-free weight and maturation appear to augment high proficiency 

(anaerobic power) in sprint events. Consequently, it is reasonable to assert that in 

younger performers the metabolic characteristics of either sprinting or distance 

runners are general and similar. Sport specific capabilities only appear at upper age 

levels.  

It would be wrong to predict sprint or distance capabilities from anaerobic 

measures taken on young children because at that age they do not predict any 

performance classification. 

TRAINING EFFECTS ARE GENERAL IN YOUNG MALES 

Overend, T., Paterson, D., Cunningham, D., & Taylor, A. (October, 1985). Interval 

and continuous training: A comparison of training effects. A paper given at the 

Annual Meeting of the Canadian Association of Sports Sciences, Laval University, 

Quebec.  

 

Young males using the same average power output to control for amount of work 

done, were tested under two conditions of workload distribution. Training lasted 

for 10 weeks, was performed four times per week for 40 min duration.  

¶ Continuous training consisted of working at 80% of VO2max.  

¶ Lower power interval training consisted of alternating 3 min at 100% of 

VO2max with 2 min at 50%.  

¶ High power interval training consisted of alternating 30 s at 120% of 

VO2max at 120% with 30 s at 40%.  

All training results were similar. There were no differences in training effects 

between the groups.  

Implication. In accordance with the non-differentiated physiological responses of 

growing adolescents, no particular physiological or training effects were detectable 

with traditional measures under three very different forms of training. It is likely 

that a general program will produce the same adaptive responses as would a 

specialized program in this population. 
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AEROBIC FITNESS DEVELOPMENT IN ADOLESCENTS 

Janz, K. F., & Mahoney, L. T. (1996). Three year follow-up of changes in aerobic 

fitness during puberty: The Muscatine Study. Medicine and Science in Exercise 
and Sports, 28(5), Supplement abstract 63.  

 

Growth characteristics in 123 children were measured after three years of growth 

into adolescence. During puberty, it was found that children who gained the 

greatest amount of muscle tissue (including cardiac muscle) experienced the 

greatest improvements in aerobic fitness. Measures of aerobic fitness prior to 

puberty tended to predict fitness during puberty.  

Implication. Strategies which promote aerobic fitness in pre-pubertal children will 

tend to have some carry-over effect into adolescence. Lasting attitudes towards 

training for sports could be established prior to puberty. 

SPECIFICITY OF ADAPTATION IN ADOLESCENTS 

Al -Hazzaa, H. M., Al-Refaee, S. A., Sulaiman, M. A., Al-Herbish, A. S., & 

Chukwuemeka, A. C. (1996). Maximal cardiorespiratory responses of adolescent 

athletes to treadmill running and arm ergometry: Swimmers vs soccer players. 

Medicine and Science in Exercise and Sports, 28(5), Supplement abstract 872.  

 

Adolescent male swimmers and soccer players performed on a running treadmill 

and arm ergometer. VO2max was measured during each activity.  

It was found that soccer players recorded significantly higher VO2max values than 

swimmers in the more soccer-related activity of treadmill running. During arm 

ergometry, swimmers produced higher VO2max values which, however, were not 

significantly different.  

The closer scores in the arm activity suggests that total body activities (e.g., 

running, rowing, cross-country skiing) might produce more discriminable 

adaptations of a physiological nature than do less-than-total-body activities (e.g., 

cycling, swimming) even though the degree of specific-activity adaptation is the 

same in both activities.  
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Implication. This study supports the specificity of adaptation that results from 

training. It is recommended that only activity-specific ergometry be used when 

assessing physiological training responses. The specificity of training was 

demonstrated in male adolescent athletes.  

RESPONSES OF JUNIOR TRIATHLETES 

Gibbons, T. P., Mulligan, S. E., Wilber, R. L., & Kearney, J. T. (1996). 

Physiological responses in elite junior triathletes during field testing. Medicine and 
Science in Exercise and Sports, 28(5), Supplement abstract 756.  

 

Junior triathletes (M = 8; F = 8) participated in field testing of the sport's three 

activities. The following were found.  

1. Heart rate (HR) was significantly higher during running than in cycling.  

2. Females elicited similar lactate levels (HLa) in all activities whereas males 

were significantly higher in swimming and cycling than in running.  

3. Ratings of perceived exertion (RPE) for running and swimming were 

comparable in both males and females but less in cycling.  

Implication. To truly understand the responses of triathletes it is necessary to 

independently assess parameters in each activity. HR, HLa, and RPE should not be 

considered to be similar across all activities or of a similar response nature between 

the sexes.  

PREDICTING ADULT PERFORMANCE FROM JUNIOR 

CHARACTERISTICS 

de Koning, J. J., Bakker, F. C., de Groot, G., & van Ingen Schenau, G. J. (1994). 

Longitudinal development of young talented speed skaters: Physiological and 

anthropometric aspects. Journal of Applied Physiology, 77, 2311-2317.  

 

Dutch National Junior Speed Skating Team members (N = 24) were monitored 

from age 16-17 yr to 20-21 yr. A number of anthropometric and physiological 

variables changed. There were no differences between successful and unsuccessful 

speed skaters on the anthropometric variables. At the younger age, successful and 

unsuccessful skaters were similar on oxygen consumption, mechanical efficiency, 
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and power output. Later, successful skaters were distinguished from unsuccessful 

one by their having higher power output values.  

Implication. There were no anthropometric or physiological variables on which 

speed-skating performance at age 20-21 yr could be predicted from measurements 

taken at a junior age. 

PHYSICAL FEATURES WHICH DISCRIMINATE PERFORMANCE IN 

SWIMMERS 

Bloomfield, J., Blanksby, B. A., & Ackland, T. R. (1990). Morphological and 

physiological growth of competitive swimmers and non-competitors through 

adolescence. The Australian Journal of Science and Medicine in Sport, 22, 4-12.  

 

Growth related differences in physical and physiological characteristics were 

studied in serious competitive swimmers (N = 95) and a matched group of non-

competitors (N = 102). Male and female swimmers were analyzed separately and 

then compared at each pubescent stage.  

Male swimmers were differentiated from non-competitors at various 

developmental stages as follows:  

¶ Stage 1: chest girth, leg extension strength, PWC170 test.  

¶ Stage 2: biceps girth and forced expiratory volume.  

¶ Stage 3: thigh flexion and arm extension strength, and forced expiratory 

volume in the first second.  

¶ Stage 4: chest depth and PWC170 per unit of body mass.  

¶ Stage 5: skinfold sum and endomorphy.  

Variables such as height, body mass, mesomorphy, ectomorphy, and measures of 

joint mobility do not differentiate between male competitors and non-competitors 

up to and including stage 5 of development.  

Female swimmers were differentiated from non-competitors at four developmental 

stages as follows:  

¶ Stage 1: PWC170 per unit of body mass and arm extension strength.  

¶ Stage 2: endomophy.  

¶ Stage 3: chest depth and PWC170.  
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¶ Stage 4: forced vital capacity and leg extension and thigh extension strength.  

In females variables such as height, body mass, skinfold sum, flexibility, and girth 

measures do not differentiate between competitors and non-competitors up to and 

including stage 5 of development.  

During adolescence, factors which differentiate competitive swimmers from non-

competitive swimmers are gender specific. Any testing programs for whatever 

purpose (e.g., talent identification) would have to be different for each gender.  

Implication. Talent identification for swimming performance, based on physical 

and physiological parameters for both males and females, would be of limited 

value prior to pubescent stage 3 (the emergence of darker, coarser, curled pubic 

hair and in girls minor but defined breast development - approximately 13 years of 

age for males and 12 years for females). From then on several variables might be 

used to "locate" potential swimmers but those variables will be different for males 

than those which are appropriate for females. 

PHYSICAL CAPACITIES OF YOUNG TENNIS PLAYERS 

Elliott, B. C., Ackland, T. R., Blanksby, B. A., & Bloomfield, J. (1990). A 

prospective study of physiological and kinanthropometric indicators of junior 

tennis performance. The Australian Journal of Science and Medicine in Sport, 22, 

87-92.  

 

Young tennis players were measured on several anthropometric and physiological 

capacity variables over a period of five years. Ss were divided into those who 

regularly or occasionally made the quarterfinals in tournaments and those who 

never achieved that level. A matched control group of non-players was also 

formed. Each group was compared at 11, 13, and 15 years of age.  

Body composition differed between all groups for both sexes. The best male 

players were more linear and carried less fat than the control group, however, these 

factors did not discriminate between the two tennis groups. The best female players 

carried less fat than the control group and were less mesomorphic and more 

ectomorphic than the lesser players.  

Strength and flexibility measures did not differentiate the male groups. The best 

females had a stronger grip strength than the other two groups.  
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The best males were more agile than the other two groups and were superior to the 

control group in 40 m sprint and vertical jump.  

The best females were superior to controls on all anaerobic measures but were also 

superior to the lesser performing group on the 40 m sprint and vertical jump.  

No significant differences were recorded between the male or female tennis groups 

on any aerobic capacity or lung function variables. These two groups were only 

superior to controls on estimated maximum aerobic power score expressed relative 

to body mass.  

Implication. Only a few variables, each particular to gender, discriminated levels 

of tennis players in this age-group. Other variables and sport science dimensions 

(e.g., activity and mental skills) would seem to be more fruitful areas on which to 

concentrate to achieve performance improvements and talent location in young 

tennis players. 

UNTRAINED ADOLESCENT BOYS DO NOT RESPOND TO CHO PRE-

EXERCISE FEEDING IN AN ENDURANCE TASK 

Hendelman, D. L., Ornstein, K., Volpe, S., & Freedson, P. S. (1997). Pre-exercise 

carbohydrate feeding in adolescent boys: Effect on exercise responses and 

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

abstract 724.  

 

This study investigated the effects of pre-exercise carbohydrate feeding on 

responses to endurance exercise and performance in untrained high school boys (N 

= 13). 

Ss were exposed to three endurance test sessions consisting of 75 min of cycling at 

60% VO2max followed by a high intensity performance test. The performance test 

involved cycling 2500 m as fast as possible against a resistance of 5% body 

weight. Dietary treatments were a candy bar (280 kcal, 35 gm CHO), fat free fig 

bars (200 kcal, 42 gm CHO), and a non-nutritive sweetened drink (placebo) 

ingested 10 min before exercise. 

Results showed no differences among the conditions for VO2, heart rate, RER, 

glucose, or lactate with significant time effects on all variables, that is, the 
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variables changed as the task progressed. Performance times on the all-out test 

were not different. 

Pre-exercise feeding did not affect the responses to endurance exercise of untrained 

adolescent boys. 

Implication. A feeding of CHO very close to the commencement of an endurance 

exercise bout does not affect the endurance performance of untrained adolescent 

boys. It would be interesting to see what happens with trained boys. 

EXERCISE AND GROWTH 

Cooper, D. M. (1994). Evidence for and mechanisms of exercise modulation of 

growth--an overview. Medicine and Science in Exercise and Sports, 26(6), 733-

740.  

 

The "anabolic effects" of exercise are defined as constructive or biosynthetic 

metabolic processes involved in tissue adaptation to physical activity. A sizable 

anabolic stimulus arises from the relatively modest physical activity of daily living. 

Excessive training may have adverse effects (it has been reported that a reduction 

of growth potential occurs in female gymnasts engaged in intense training).  

Naturally occurring levels of physical activity, energy expenditure, and muscle 

strength exhibit some of their most rapid increases during childhood and puberty. 

Most children pass through activity phases that far exceed those of adults, and 

some biologically essential, minimal threshold of activity is reached by the vast 

majority of healthy children. The effects of exercise on somatic growth become 

important only if a child's level of activity (possibly due to social, psychological, or 

disease causes) falls below this biological threshold.  

Exercise modulation of growth does not imply that increasing levels of physical 

activity will increase somatic growth in healthy children. Increases in heart mass or 

skeletal muscle mitochondrial density may have little impact on overall body size. 

Conflicting results have been obtained from studies done to test the effect of 

training on growth rates in children.  

It may be useful to focus on exercise anabolic effects in terms of cardiorespiratory 

adaptation rather than somatic growth. There is evidence that an integrated 

cardiorespiratory and muscular response to exercise may be modulated by 
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childhood patterns of physical activity and exercise. The time to respond to the 

onset of exercise and to recover is faster in children than in adults. These responses 

are also faster in lean children than those who are obese. This suggests that CO2 

transport from cells to the lungs is delayed by the high solubility of CO2 in adipose 

tissue. This may also explain the differences in CO2 transport dynamics between 

adults and children since adiposity increases with age in adults. Children also work 

less efficiently in terms of oxygen cost of exercise than do adults.  

Patterns of physical activity during childhood may affect the incidence and 

morbidity of disease later in life.  

Peripheral mechanisms of exercise stimulation. Energy generated by exercise is 

transformed into signals that stimulate cellular anabolism at the site of the exercise. 

Physical stretch profoundly influences endothelial cell orientation and actin 

cytoskeleton organization. In exercising muscle, PO2 and pH are low and lactate 

concentrations are high. Similar conditions can be found in the interior milieu of 

wounds. The healing wound is characterized by new capillary and collagen 

formation which suggests that there is a parallel between wound healing and 

exercise-induced anabolism.  

Central mechanisms. Physical activity is a naturally occurring stimulator of growth 

hormone (hGH) release into the circulation. hGH induces tissue production of IGF-

1 (insulin-like growth factor 1) and elevations in serum IGF-1. An hypothesis 

exists that exercise induced hGH release is partly responsible--directly or 

indirectly--for anabolic effects of exercise. hGH plays an important role in 

anabolic effects of exercise, but the mechanism of regulation is not known. The 

role of the pattern of physical activity in the adult or developing child may prove to 

be particularly important. hGH given in pulses results in more and better growth 

than when it is given continuously. Thus, the body has a mechanism that pulses 

hGH rather than continuously introducing it into the system. It is intriguing to note 

that activity patterns in children are characterized by bursts of exercise, perhaps 

being a pattern that optimizes the anabolic effects of exercise in the growing child.  

Both hGH -dependent and hGH -independent pathways likely exist and link 

exercise with tissue anabolism.  

Nutritional factors. One possible mechanism that effects exercise-stimulated hGH 

release is diet. Glucose ingestion leads to hyperglycemia that inhibits hGH release. 

Meals high in fat could inhibit pituitary hGH release either by the direct effect of 

free fatty acids on the pituitary, or might cause release of gastric and pancreatic 
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somatostatin. A single high-fat meal prior to exercise can interfere with 

performance and prolong the period of recovery.  

Structure-function interactions. The athlete's heart is more massive in both absolute 

and normalized to body weight terms.  

The combination of a high-fat diet and inactivity contributes to the development of 

obesity, hypercholesterolemia, hypertension, and coronary artery disease.  

One could argue that there is no need in healthy children to attempt to impose 

patterns of physical activity since the natural inclination of children is to be active 

(they maximize the anabolic effects of exercise).  

The use of growth promoting agents may have different long-term physiological 

consequences in children compared with adults. Drug use touted to boost body 

height, strength, and athletic prowess in normal children and young adults should 

be construed as being abuse. 

HORMONES AND EXERCISE-INDUCED GROWTH 

Borer, K. T. (1994). Neurohumoral mediation of exercise-induced growth. 

Medicine and Science in Exercise and Sports, 26(6), 741-754.  

 

In the course of a life, control of growth undergoes remarkable changes. Growth 

factors vary in their degree of tissue specificity, as some, like the bone 

morphogenetic proteins, selectively promote growth in specific cells while others 

like IGF-1 can affect growth in more than one type of cell (growth in the fetus is 

evidenced by this). Over a life, the scope of growth changes from the primary 

guidance of body growth to a more restricted role in the maintenance, repair, and 

hypertrophy of musculoskeletal tissues.  

The second stage of neurohumoral control is confined to the period of incremental 

growth (prenatal to early postnatal stages) that is characterized by dependence on 

nutrient abundance. Incremental growth is vulnerable to energy deficits. Rate of 

growth is dependent upon nutrient availability. In young organisms forced to 

exercise and denied abundance of food at this nutritionally-dependent stage of 

growth, nutrient energy is diverted from growth and the final body stature is 

stunted, the more so the more rapid the rate of growth.  
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In the third stage (postnatal) of neurohumoral control, the brain assumes a central 

role in growth facilitation. It stimulates the release of HGH, thyroid hormones, and 

sex steroid hormones in a fashion that favors their anabolic actions by channelling 

of the nutrient energy toward the biosynthetic processes of growth.  

In the fourth and final stage of neurohumoral control of growth, from puberty 

through late adulthood, the brain has assumed an inhibitory control over growth so 

that little if any incremental growth occurs and anabolic hormonal actions are 

limited to maintenance and repair of lean body tissues. Nutrient intake per unit 

weight declines since energy no longer is needed for incremental growth. Nutrient 

intake should be matched to energy expenditure since the neurohumors assume 

energy-regulating metabolic roles.  

At the cessation of growth and onset of energy regulation, the levels of 

spontaneous physical activity attain their life-time peak and become subject to 

hormonal and bioenergetic controls. Exercise-induced energy expenditure affects 

total energy balance and exerts important influence over the maintenance, repair, 

and functional hypertrophy of lean body mass in adulthood. Lifestyles that include 

an over abundance of food and limited physical activity appear to block full 

expression of the energy regulatory mechanism whose function is maintenance of 

adult lean body mass and regulation of the size of storage depots.  

Thus, at the cellular level, incremental, and to a lesser extent reparative and 

hypertrophic growth, and biosynthetic events cannot occur simultaneously with 

energy requiring events such as exercise. Stimulation of growth by exercise has to 

be separated in time from the act of exercise.  

Exercise intensity and expression of growth. Mechanical force is an important 

stimulus for cellular and tissue growth, for maintenance and structural remodeling 

of the skeleton, and for maintenance and functional hypertrophy of the muscles. 

Evidence that muscles not subjected to sufficient mechanical forces atrophy and 

that bones subjected to inactivity or to absence of gravitational forces demineralize 

is convincing.  

The effects of mechanical force on the growth process, however, do not appear to 

be linear. Increased growth is seen within an optimal range of intensities of 

stimulation while mechanical forces that are outside of this range fail to stimulate 

or even suppress cell proliferation.  
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Temporal determinants of growth. The final complicating variable has to do with 

the importance of the timing of stimuli that control growth. Growth is a 

discontinuous, saltatory event occurring during the episodes of high nutrient 

abundance and anabolic neurohumoral stimulation, and of low energy need, 

interrupted by episodes of energy expenditure. A regular alternation between the 

energy intake and biosynthetic activities on one hand and the activities and 

processes requiring energy expenditure, on the other, manifests itself in the form of 

ultradian, circadian, or seasonal rhythms. There is a circadian rhythm in which 

periods of neurohumoral secretion favoring high levels of energy expenditure, 

spontaneous physical activity, and body temperature alternate with periods of 

reduced physical activity, energy needs, and a neurohumoral secretion favoring 

low energy expenditure. There are circadian rhythms of insulin, glucocorticoid, 

IGF-1, and insulin sensitivity. There are circadian rhythms of mitoses and of 

activities of biosynthetic enzymes in the epiphyseal growth zones regulating linear 

skeletal growth in diaphyseal bone influencing bone remodeling.  

Within this circadian organization, are nestled neurohumoral, physiological, and 

behavioral ultradian rhythms, any of which individually and collectively may 

influence growth.  

Specificity of exercise-induced growth. Submaximal endurance exercise stimulates 

pulsatile HGH secretion and promotes reparative growth of the lean body mass. It 

relies on nutrient abundance and draws on body lipids for energy. High-resistance 

exercise is a sufficient stimulus for hypertrophic growth of the muscle and for the 

mineralization and remodeling of bone. Such growth entails the expression of the 

growth factor and structural protein genes within the stimulated cells and is 

relatively independent of anabolic hormones and nutrient abundance.  

The amplitude of HGH surge is proportional to the magnitude of physical effort. 

Submaximal exercise induces chronic endocrine adaptations that serve to facilitate 

oxidative fuel use. Increased thyroid hormone secretion and activity increases the 

efficiency of oxidative phosphorylation in the mitchondrion. The adaptations result 

in increased use of lipids for energy needs of exercise and result in a reduction of 

body fat depot. Endurance exercise appears to promote reparative or incremental 

growth of the lean body mass and maintenance of body fat stores at a level that is 

lower than in sedentary organisms.  

Life-style. Introduction to either high-resistance or endurance exercise to a living 

routine counteracts the changes in body composition associated with aging humans 

living in developed societies. Endurance activity weight loss results in maintenance 
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or small gains in lean body mass and is entirely composed of body fat reduction. 

The presence of endurance activity is an essential part of an adequate living 

pattern.  

Incidentals  

Menarche is a late maturational event that occurs, on average, a year or so after 

peak height velocity, and the same hormones are involved in the regulation of the 

growth spurt and sexual maturation. 

GROWTH, PUBERTY AND EXERCISE 

Rogol, A. D. (1994). Growth at puberty: interaction of androgens and growth 

hormone. Medicine and Science in Sports and Exercise, 26(6), 767-770.  

 

Puberty is characterized by the onset and continued development of secondary 

sexual characteristics and an abrupt onset of linear growth. The secondary sexual 

characteristics are a result of androgen production from the adrenals in both sexes 

(adrenarche) and testosterone from the testes in the male and estrogens from the 

ovaries in females (gonadarche).  

During early childhood linear growth velocity declines rapidly to reach a constant 

childhood rate of approximately 5.5 cm per year. With the onset and progression of 

pubertal development, the rate accelerates markedly to reach a peak during mid-

adolescence (later in the developmental process in boys compared with girls) and 

then diminishes toward zero as the bony epiphyses fuse. Pubertal growth spurt 

cannot occur without sufficient quantities of growth hormone. hGH alone 

apparently is not sufficient, since important physiological synergism exists 

between the gonadal axis and hGH secretion coincident with the progression of 

puberty.  

Shortly after cessation of linear growth, the circulating pattern of hGH returns to 

the prepubertal configuration with the result that the hGH concentration versus 

time profiles in young men are remarkably similar to those in prepubertal boys, but 

greater than those in older men despite a continued rise in serum testosterone 

concentration. hGH secretion (and other pituitary hormones) occurs in a repetitive, 

burst-like manner.  
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The pubertal growth spurt is likely subserved by altered neurosecretory dynamics 

for growth hormone. The augmented hGH secretion apparently results from an 

increase in the maximum rate of hGH release rather than from an increase in hGH 

burst frequency caused in the main by increasing amounts of circulating gonadal 

steroid hormones. The markedly altered hormone levels subserve the equally 

profound changes in body composition, regional fat distribution, and muscular 

strength. Gonadal steroid hormones strongly regulate growth and hGH secretion at 

puberty. However, any straightforward relationship between growth velocity and 

the circulating hGH concentrations, or attributes of hGH neurosecretion, is 

diffused by the added components of hGH binding proteins, circulating IGF-1 and 

its binding proteins, and the complex metabolic signals that reflect the relative 

fatness of an individual, even when well within the physiological range. 

VO2max AND GROWTH 

Orban, W. A., & Kozak, J. F. (1997). Reconsidering VO2max and age: Integrated 

quantification of exertion variables. Medicine and Science in Sports and Exercise, 

29(5), Supplement abstract 10.  

 

Research has consistently shown that relative VO2max (maximal aerobic power) 

declines from the onset of adolescence. However, the use of mean VO2maxand 

mean age may be misleading. The relationship is reported assuming that duration 

and distance in the testing protocol are unimportant. The highest mean speed for a 

protocol is used to determine VO2max at the point of perceived exhaustion.  

Males (N = 84) were studied for 10 years from the age of 7 through 16. It was 

found that relating VO2maxto the specific variables of duration and distance a well 

as speed affects the relationship between VO2max and age. A different 

understanding between age and VO2max resulted.  

1. VO2max, relative to performance, accelerates, rather than declines, through 

adolescence.  

2. To validly comprehend VO2max, it must be related to a specific maximal 

performance of a given distance or duration under specific performance conditions.  

Implication. The traditional use of VO2max produces a spurious understanding for 

actual performance. Adolescents increase in aerobic performance for specific tasks 
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as age increases. Thus, it becomes important to talk of maximal aerobic power for 

what task rather than just quoting a number as if there is a very simple entity of 

VO2max that exists independent of task quality. Performance features must be 

included in any consideration of aerobic capacity. 

BASIC ASSUMPTIONS UNDERLYING CONDITIONING EXERCISE 

PROGRAMS FOR AGE-GROUP ATHLETES 

[Extracted from the article A SUGGESTED PROGRAM OF FOUNDATIONAL 

CONDITIONING EXERCISES FOR AGE-GROUP SWIMMERS authored by Brent 

S. Rushall and John Marsden, and published as an issue of the Swimming Science 
Bulletin in the Swimming Science Journal (1997).]  

 

Basic Assumptions  

The design of this program is influenced by several principles of growth and 

development. It is believed that these principles should be adhered to because they 

are in the best interests of age-group swimmers. The design assumptions are listed 

below.  

1. Age-groupers are not miniature adults. Age-group swimmers are structurally 

and physiologically different to adults. Consequently, beneficial training 

activities are likely to be different to those employed for adults even though 

the aims of such activities might be similar.  

2. Age-group swimmers are better served by general programs of development 

than specialized programs. The question of whether age-groupers should 

specialize in particular sports at an early age has been asked for many years. 

The evidence now seems to support programming activities that develop 

overall capacities rather than specialized functions while young athletes 

grow. Consequently, even though a young athlete may be training for one 

sport, any auxiliary training should promote balanced overall growth 

stimulation. Some of that stimulation will be appropriate for the sport in 

question.  

3. Age-group swimmers are better served by auxiliary training activities that do 

not employ localized restrictive apparatus. If resistance training is to be done 

with children and young adolescents, exercises should involve submaximal 

loads, such as one's own body weight, light dumbbells, weighted bags and/or 

medicine balls. Sophisticated and restrictive weight exercises, particularly 

http://www-rohan.sdsu.edu/dept/coachsci/swimming/bullets/condit12.html
http://www-rohan.sdsu.edu/dept/coachsci/swimming/bullets/condit12.html
http://www-rohan.sdsu.edu/dept/coachsci/swimming/index.html
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on machines, are note ideal for children. General whole-body activities are 

more important and beneficial for young swimmers than the exercises used 

for adult or mature athletes.  

4. Flexibility and strength/power development should be developed 

concurrently in age-group athletes. As young people mature, it is important 

to maintain a high degree of flexibility while increasing strength and power. 

Such an emphasis will maintain the athlete's capacity to employ improved 

capacities through the full range of movement potential.  

5. Auxiliary training should occur after the sport training session so that any 

fatigue will not interfere with the potential for skill development. All sports, 

and swimming in particular, require a high degree of skill for superior 

performance. The major emphasis of an age-group swimming program 

should be skill excellence. For skills to be developed, learning should occur 

in non-fatigued states. If exhaustive auxiliary training was to occur prior to a 

swimming practice, fatigue would reduce the learning potential of the 

swimming session. Thus, it is advisable to schedule auxiliary training 

sessions either after a swimming session or at some time that allows 

complete recovery from its execution so that no residual fatigue is carried 

into the swimming practice. If fatiguing auxiliary training occurs prior to a 

practice, it is advisable to have the following pool training session 

emphasize energy training rather than intense skill development.  

When performing the routines contained in this booklet, coaches and 

swimmers should avoid stressing working each exercise and the programs to 

fatigue failure. The programs are designed to produce body coordination, 

functional strength, and explosiveness. Those capacities are compromised 

when an athlete works in high states of fatigue because the development of 

these qualities, like skills, are neurally based, not energy driven.  

6. Progress rates in strength and power will be particularly individual in age-

group athletes. The development of physical capacities is governed by the 

stage of maturation of the individual. Since growth rates of children and 

young adolescents vary considerably, it is only appropriate to judge 

improvements within the athlete. It is inappropriate to compare athletes. 

Thus, no child should be made to feel that he/she has to improve as much as 

another when participating in auxiliary training activities.  

7. The types and amounts of auxiliary activity improvements will be governed 

by the stage of maturation of the individual. The developmental stages of 

growing children and adolescents dictate the physical capacities that can be 

improved. There are particular times when forms of activity are initiated so 
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that they will coincide with the growth potential of each individual. This 

phenomenon further complicates social comparisons between athletes. When 

some individuals improve rapidly on some exercises, others may not be 

"ready" to progress in a similar manner because their "biological clocks" 

have not been turned on.  

8. It is better to do too little than too much auxiliary training. If a programming 

error was to be made it would be best to schedule few auxiliary training 

sessions than too many. It has been shown that when developed slowly 

strength, power, and flexibility achieve higher levels and are retained longer 

in periods of detraining than programs that attempt quick development. It 

may be beneficial to limit the number of auxiliary training sessions to two or 

three per week. Excessive auxiliary training may reduce participant 

motivation and may not facilitate improvement in an optimal manner.  

9. There is an optimal level of strength and power that is appropriate for 

swimming. Excessive capacities in these factors do not enhance swimming 

capabilities. Thus, training needs to develop capacities to a certain level. A 

preoccupation with auxiliary training would usually be to the detriment of 

the age-group athlete.  

10. Auxiliary training activities should either be explosive or static. The many 

hours of long distance swimming which is a necessary part of training has a 

tendency to stifle quick and powerful movements. Auxiliary training 

programs can be used to counteract this suppression. Activities should be 

either explosive and powerful, as in sprint swimming, or static, as in holding 

postures and stabilizing movement bases 

BASIC ASSUMPTIONS UNDERLYING SKILLS CURRICULA FOR AGE-

GROUP ATHLETES 

[Extracted from the article A CURRICULUM FOR THREE LEVELS OF AGE-

GROUP SWIMMING: SECTION II -- A CURRICULUM FOR LEVELS OF AGE-

GROUP SWIMMING authored by Brent S. Rushall, and published as an issue of 

the Swimming Science Bulletin in the Swimming Science Journal (1997).]  

 

Underlying Assumptions of Program Structure  

1. Level 1 focuses on improving swimmers through the development of skilled 

technique in the four competitive strokes and their associated skills (e.g., 

turns, starts, training pool conduct). Since skill is the major determinant of 

http://www-rohan.sdsu.edu/dept/coachsci/swimming/bullets/sect2.html
http://www-rohan.sdsu.edu/dept/coachsci/swimming/index.html
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swimming success, its emphasis from the beginning of a competitive 

swimming experience should be the central focus for improvement. 

Participants are assumed to initially have unsophisticated competitive 

swimming styles.  

Swimmers in this group are assumed to be pre-pubertal, both males and 

females, and only interested in occasional competitions. Training will be 

overwhelmingly aerobic in content.  

2. Level 2 advances the teachings of Level 1 plus introduces training etiquette 

and procedures. The performance of all strokes is required and emphasized 

equally. The underlying assumption is that training without good technique 

is detrimental to good swimming development and performance.  

Participants are assumed to be late pre-pubertal or pubertal, both males and 

females, and interested in minor competitions. Training will be dominantly 

aerobic in nature.  

3. Level 3 completes the instruction of techniques and the concentration on 

correct swimming. This is the final stage of an age-group program and still 

does not emphasize physical conditioning as the path to success. Technical 

efficiency and control should be stressed along with an expansion of other 

swimming requirements (e.g., mental skills, advanced racing skills, full 

training schedule with moderate volume).  

Swimmers will be pubertal or adolescent, males and females, and oriented 

toward serious competing. A major portion of training will be aerobic, with 

sprint training being of a different nature for each gender to satisfy 

differences and training response characteristics.  

4. The provision of a curriculum will allow stability and consistency to be 

employed in a program. A curriculum, always with the potential for review 

and alteration, means a certain level of expectation for performance can be 

asked of swimmers and coaches, a factor that will provide an impetus for the 

standard of swimming to improve.  

Assumptions About the Curriculum  

There are several assumptions that underlie the curriculum. They are listed below.  
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1. Skill improvement is the best emphasis for swimmer development. It is 

important for swimmers to swim well prior to training hard. Hard training 

with poor skills is detrimental to long term development and thwarts future 

development.  

"A child placed into a swimming race without good technique is like 

asking a child to do algebra without first doing arithmetic." 

2. The curriculum across the three levels is structured vertically in content. 

Each follows the other with an understanding that participants will be 

familiar with the previous level's teachings. This allows progression in 

development and precision as a swimmer moves upward in standard. Levels 

2 and 3 will have instructional content that revises what was done in the 

previous level. That revision is intended to ensure that swimmers "do not 

miss out" on any aspect of technical development.  

3. The focus on skill represents a "new" shift in emphasis for swimmer 

development in that it is likely to generate faster and more swimmer 

improvement than an emphasis that stresses "hard" training (conditioning) or 

a pure work ethic. The instruction of technique is the mainstay of any age-

group program. Until growth has been completed, attempts to specialize in 

one or more strokes should not be encouraged. Age-group swimmers should 

"grow" and "advance" in all strokes despite inclinations to "prefer" less than 

all strokes. This is predicated on the evidence that specialization which 

occurs late rather than early in an athlete's career leads to higher levels of 

ultimate achievement.  

4. Because growth occurs continually in the vast majority of age-group 

swimmers it is pointless to instruct minute details of swimming techniques. 

What is a learned position or movement path one day might change literally 

overnight in response to a maturation spurt. Altered lever length and limb 

control usually necessitate some relearning of an action. Thus, if stroke 

details are restricted to basic mechanics, techniques can be learned and 

adjusted in concert with modifications in a swimmer's structure.  

5. The individual physiques of swimmers require instruction that allows for 

adaptations in mechanics to fit each person's requirements. There is no one 

way of performing any action that is common to all swimmers. Thus, exact 

instruction of details to groups of swimmers will suppress the development 

of necessary individual adaptations. This assumption is in accord with the 

training "principle of individuality."  

6. Repetition and feedback are necessary features of good instruction.  
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7. The curriculum is divided at each level into two blocks. This allows for 

"follow-up" on progress and or revision after the first instructional block. 

The second block revises the teachings of the first (at least 50% of time 

allotment) but also includes further extensions in technique aspects.  

8. Each pool session where new conceptual content is to be presented (most 

technique facets are concept-oriented) should be preceded by a lecture and 

discussion of what will be instructed in the lesson. This activity will reduce 

the amount of inactive pool time that would be consumed by detailed 

explanation. Reduction in distractions in dedicated instructional settings will 

enhance understanding and retention of content.  

9. Although techniques for all strokes are stressed, it is likely that only one 

stroke can be instructed at each practice session. This leads to a training 

session structure of introducing new content for one stroke in the "learning" 

part of the practice and then using the remaining practice to reinforce and 

revise already instructed skill elements for all strokes from the present and 

past lessons.  

10. The conduct of one training session emphasizing one stroke will produce 

sufficient concentrated learning that its effects will last even though the 

remainder of the training session will include other emphases.  

11. For effective and lasting skill development, stroke techniques must be 

learned as a series of progressions according to verified principles of 

instruction (the science of pedagogy). To violate a progression will not result 

in the best learning or terminal behavior. Such progressions are termed 

"shaping" and have to comply by exhibiting characteristics which:  

o develop progressively for movement control from the center (e.g., 

body actions and alignments, head positions) to the periphery (e.g., 

hand and foot movements);  

o commence all propulsive movements from the point where they are 

concluded and then progress finally to the point where they are 

initiated (also known as "backward shaping);  

o are structured in small enough steps so that the transition from one 

step to the next is relatively easy and the likelihood of difficulty or 

failure is minimized;  

o each step is explained adequately so that a swimmer can self-evaluate 

the quality and adequacy of performance.  

12. Good instruction will feature repetition of concepts but a variety of 

presentation methods until skill aspects become technically proficient and 

habitual. Growth factors will frequently intervene to disrupt skilled 

performance causing skill levels to deteriorate. For that reason, the 
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curriculum contains frequent in-depth repetition of content to ensure an 

orientation toward propelling efficiency.  

Assumptions About the Coaching Staff  

For an age-group program to succeed, the coaching staff has to adopt a particular 

role and display a certain level of competence. It is assumed that participating 

coaches will have the following characteristics:  

¶ A knowledge of the latest techniques.  

¶ Adequate instructional skills to provide meaningful positive feedback to 

swimmers at a high frequency and a bent on providing positive rather than 

correctional (negatively-oriented error correction) feedback  

¶ A willingness to adopt a role of supporting the curriculum rather than 

treating each training session as an opportunity for self-indulgence.  

¶ A willingness to embrace the curriculum.  

ALTITUDE TRAINING  

Special Assistant Editor  

Anthony A. Sucec, Ed.D.  

Department of Exercise and Nutritional Sciences  

San Diego State University 

This fourth issue of Volume 2 of Coaching Science Abstracts reviews articles 

concerned with altitude training. It includes some discussion of responses which 

constitute altitude acclimatization and the effects of altitude exposure and 

acclimatization on performance.  

In sports, the topic is heavily confounded by beliefs concerning altitude effects 

rather than a rational understanding of what actually occurs. This has partly been 

due to a considerable volume of inadequate research which has included 

confounding effects as well as inappropriate design. Many original studies were 

performed because of convenience, that is, an opportunity to do some 

measurements presented itself. That does not make for good science. It is only 

when real experiments are conducted according to accepted principles of design 

that findings can be given credence.  

Research deficiencies were gradually eliminated over the years and the emergence 

of a lack of benefit of altitude acclimatization for enhancing sea-level performance 
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became an acceptable statement of effect. However, with the emergence of the 

"Train low - live high" concept, the quality of research has taken a backward step 

in an effort to report on this phenomenon. It is remarkable that this scientific 

inadequacy has once again emerged in this topic.  

It is advisable to be very cautious when listening to or reading about the benefits of 

variations of altitude training for sea-level performance.  

Professor Anthony Sucec of the Department of Exercise and Nutritional Sciences 

at San Diego State University is the Special Associate Editor for this issue. Dr. 

Sucec has extensive experience in the fields of altitude acclimatization and elite 

athlete performance. His currency in these areas lend an added degree of credibility 

about the accuracy of the interpretations offered in this issue of Coaching Science 
Abstracts. 

 

TABLE OF CONTENTS 

ALTITUDE ADAPTATION  

1. GENERAL ADAPTATION PARAMETERS  

Rushall Thoughts, (1994).  

2. ADDITIONAL ALTITUDE TRAINING EFFECTS  

Fox, E., Bowers, R., & Foss, M. (1993). The physiological basis for exercise 
and sport. Madison, WI: Brown & Benchmark. [pp. 449-471].  

3. JOHN TROUP ON ALTITUDE TRAINING FOR SWIMMERS  

Troup, J. P. (1993). Altitude training. Swimming Technique, 29(3), 16.  

4. ALTITUDE TRAINING: WHO BENEFITS?  

Smith, M. H., & Sharkey, B. J. (1984). Altitude training: who benefits? The 
Physician and Sportsmedicine, 12, 48-62.  

5. COMMENTS ON ALTITUDE  

http://coachsci.sdsu.edu/csa/vol24/rushall1.htm
http://coachsci.sdsu.edu/csa/vol24/fox.htm
http://coachsci.sdsu.edu/csa/vol24/fox.htm
http://coachsci.sdsu.edu/csa/vol24/troup.htm
http://coachsci.sdsu.edu/csa/vol24/smith.htm
http://coachsci.sdsu.edu/csa/vol24/smith.htm


P a g e | 50сϡϧЫв ев ϢϽІϝϡв ϸ .пЮнгЮϜ ХТнв 

 

 

ϸ
 .

п
Ю
н
г
Ю
Ϝ
 
Х
Т
н
в

 

Rushall Thoughts, (1993).  

6. ALTITUDE EFFECTS NOT ALTERED BY ERYTHROCYTE 

REINFUSION (BLOOD DOPING)  

Young, A. J., Sawka, M. N., Cymerman, A., Muza, S. R., Freund, B., Lyons, 

T., Rock, P. B., Boushel, R., Pandolf, K. B., & Valeri, C. R. (1994). 

Erythrocyte reinfusion does not ameliorate the decrement in VO2max at 

high altitude (4300 m). Medicine and Science in Sports and Exercise, 26(5), 

Supplement abstract 119.  

7. ALTITUDE USES MORE GLUCOSE THAN SEA-LEVEL  

Brooks, B. A., Roberts, A. C., Butterfield, G. E., Wolfel, E. E., & Reeves, J. 

T. (1994). Altitude exposure increases reliance on glucose. Medicine and 
Science in Sports and Exercise, 26(5), Supplement abstract 120.  

8. ALTITUDE DECREASES RELIANCE ON FREE FATTY ACIDS AND 

INCREASES DEPENDENCY ON BLOOD GLUCOSE  

Brooks, B. A., Roberts, A. C., Butterfield, G. E., Wolfel, E. E., & Reeves, J. 

T. (1994). Acclimatization to 4,300 m altitude decreases reliance on fat as a 

substrate and increases dependency on blood glucose. Medicine and Science 

in Sports and Exercise, 26(5), S21, Supplement abstract 121.  

9. MORE ON ALTITUDE TRAINING -- FURTHER CONSIDERATIONS  

Sutton, J. R. (1994). Exercise training at high altitude. Swimming Technique, 

February-April, 12-15.  

10. ALTITUDE SEVERITY AFFECTS DEGREE OF ACCLIMATIZATION  

Faulkner, J. A., Kollias, J., Favour, C. B., Buskirk, E. R., & Balke, B. 

(1968). Maximum aerobic capacity and running performance at altitude. 

Journal of Applied Physiology, 24, 685-691.  

11. ALTITUDE TRAINING BIASES  

Personal communication from Neil Ryan, 22 October, 1995 [reworded by 

Brent Rushall].  
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12. TRAINED ATHLETES REACT TO ALTITUDE MORE SENSITIVELY 

THAN UNTRAINED INDIVIDUALS  

Gore, C. J., Hahn, A. G., Watson, D. B., Norton, K. I., Campbell, D. P., 

Scroop, G. S., Emonson, D. L., Wood, R. J., Ly, S. V., Bellenger, S. J., & 

Lawton, E. W. (1995). VO2max and arterial O2 saturation at sea level and 
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abstract 42.  

13. ALTITUDE CHANGES FUEL USE  

Butterfield, G. E., Mazzeo, R. S., Reeves, J. T., Wolfel, E. E., & Brookes, G. 

A. (1996). Exercise responses at high altitude: The Pikes Peak 1991 

experiment. Medicine and Science in Exercise and Sports, 28(5), 

Supplement abstract 1.  

14. RED BLOOD CELL CONCENTRATIONS AT ALTITUDE  

Friedman, B., Jost, J., Rating, T., Mairbauri, H., & Bartsch, P. (1996). No 

increase in total red blood cell volume during three weeks of training at an 
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Supplement abstract 401.  

15. HEART RATE AT ALTITUDE  

Anholm, J. D., Bonjour, S., Brayley, K., Blackburn, R., Conde, J., Eichman, 

W., Sanders, K., Hughes, W., & Pettis, J. L. (1996). Heart rate profile during 

prolonged high intensity cycling at low and moderate altitudes. Medicine 
and Science in Exercise and Sports, 28(5), Supplement abstract 413.  

16. ACCLIMATIZATION TIME -COURSE IN RUNNERS TO ALTITUDE  

Sucec, A. A., Hodgdon, J. A., Roy, B. A., & Hazard, A. A. (1996). Time 

course of acclimatization to altitude (2440 m) in female and male runners, 

and its effects on VO2max and performance. Medicine and Science in 
Exercise and Sports, 28(5), Supplement abstract 417.  

17. ALTITUDE TRAINING AND PHYSIOLOGICAL MEASURES  

Rusko, H. H., Kirvesniemi, H., Paavolainen, L., Vahasoyrinki, P., & Kyro, 
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power of elite athletes. Medicine and Science in Exercise and Sports, 28(5), 

Supplement abstract 739.  

ALTITUDE AND PERFORMANCE 

18. ALTITUDE TRAINING AND PERFORMANCE  

Telford, R. D., Graham, K. S., Sutton, J. R., Hahn, A. G., Campbell, D. A., 

Creighton, S. W., Cunningham, R. B., Davis, P. G., Gore, C. J., Smith, J. A., 

& Tumilty, D. McA. (1996). Medium altitude training and sea-level 

performance. Medicine and Science in Exercise and Sports, 28(5), 

Supplement abstract 741.  

19. ABOUT THE KENYAN'S TRAINING PROGRAM FOR RUNNERS  

Phillips, E. (1992). No simple explanation for Kenyan's dominance -- 

Running. San Diego Union-Tribune,17 June, p. D-2.  

20. SPRINTING IMPROVES AT ALTITUDE  

Karvonen, J., Petola, E., & Saarela, J. (1986). The effect of sprint training 

performed in a hypoxic environment on specific performance capacity. 

Journal of Sports Medicine, 26, 219-224.  

21. ALTITUDE QUESTIONS  

Rushall Thoughts, 1994.  

22. ALTITUDE BENEFITS: THE CONTROVERSIAL DERIVATIVE PAPER  

Daniels, J., & Oldridge, N. (1970). The effects of alternate exposure to 

altitude and sea level on world-class middle distance runners. Medicine and 

Science in Sports, 2(3), 107-112.  

23. ALTITUDE TRAINING OF NO BENEFIT TO RUNNERS  

Levine, B., & Stray-Gundersen, J. (1992). Altitude training does not 

improve running performance more than equivalent training near sea level in 

trained runners. Medicine and Science in Sports and Exercise, 24(5), 
Supplement abstract 569.  
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24. ANAEROBIC SWIMMING PERFORMANCE AT SEA LEVEL AND 

ALTITUDE  

Martino, M., Myers, K., & Bishop, P. (1995). Effects of 21 days of altitude 

on sea-level anaerobic performance in competitive swimmers. Medicine and 
Science in Sports and Exercise, 27(5), Supplement abstract 37.  

25. STILL NO CONCLUSIVE EVIDENCE OF ALTITUDE BENEFITS  

Wolski, L. A., McKenzie, D. C., & Wenger, H. A. (1996). Altitude training 

for improvements in sea level performance: Is there scientific evidence of 

benefit? Sports Medicine, 22, 251-263.  

26. RUNNING, ALTITUDE, AND THE MEXICO OLYMPICS  

Sucec, A. (July, 1996). The effect of moderate altitude on endurance running 

events in the Mexico Olympics. A paper presented at The 1996 International 

Pre-Olympic Scientific Congress, Dallas, TX. (Abstract 2007).  

LIVE HIGH -- TRAIN LOW 

27. LIVING HIGH AND TRAINING LOW: AN EARLY STUDY  

Levine, B. D., Engfred, K., Friedman, D., Kjaer, M., Saltin, B., Clifford, P. 

S., & Secher, N. H. (1990). High altitude endurance training: Effect on 

aerobic capacity and work performance. Medicine and Science in Sports and 
Exercise, 22(5), Supplement abstract 209.  

28. LIVE HIGH, TRAIN LOW: ONE STUDY  

Rusko, H., Leppavuori, A., Makela, P., & Leppaluoto, J. (1995). Living 

high, training low: A new approach to altitude training at sea level in 

athletes. Medicine and Science in Sports and Exercise, 27(5), Supplement 

abstract 36.  

29. LIVING HIGH, TRAINING LOW  

Nummela, A., Jouste, P., & Rusko, H. (1996). Effect of living high and 

training low on sea level performance in runners. Medicine and Science in 
Exercise and Sports, 28(5), Supplement abstract 740.  
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30. HIGH-LOW TRAINING EFFECTS  

Levine, B. D., Friedman, B., & Stray-Gundersen, J. (1996). Confirmation of 

the "high-low" hypothesis: Living at altitude - training near sea level 

improves sea level performance. Medicine and Science in Exercise and 
Sports, 28(5), Supplement abstract 742.  

31. MORE ON LIVING HIGH -- TRAINING LOW  

Mattila, V., & Rusko, H. (1996). Effect of living high and training low on 

sea level performance in cyclists. Medicine and Science in Exercise and 
Sports, 28(5), Supplement abstract 928.  

32. LIVING HIGH -- TRAINING LOW RESPONSES  

Puranen, A. S., & Rusko, H. K. (1996). On- and off-responses of EPO, 

reticulocytes, 2,3-DPG and plasma volume to living high, training low. 

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

947.  

SUMMARY 

33. ALTITUDE TRAINING AND ITS EFFECTS ON HIGHLY-TRAINED 

SWIMMERS  

Rushall, B. S. (1996). Pre-publication abstract: Altitude training and its 

effects on highly-trained swimmers. Carlile Coaches' Forum, 3(4), 1-4.  

HUMAN ACCLIMATIZATION AND ADAPTATION TO STRESSES 

Rushall Thoughts (1994). 

 

To better understand the mechanisms and dispositions of humans when reacting to 

altitude it is worthwhile to consider some general principles of human 

acclimatization and adaptation. Acclimatization is appropriate for a relatively short 

period of exposure, such as when athletes are taken to an "altitude" camp for a 

month. Adaptation refers mainly to changes that occur over generations under 

constant exposure to a stress. Many of the features of acclimatization and 

adaptation are similar and in most researches there is no distinction drawn between 

the two.  
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When individuals habitually live at sea-level, their energy and muscular systems 

function optimally to accommodate the existing atmospheric conditions. Climate 

moderates that functioning. In hot-humid environments, the adaptations are 

different to those of dry-cool climates. The flexibility of responses of the human 

body to various combinations of altitude and climates has made it possible for 

humans to populate many parts of the earth.  

Generally, the body acclimatizes in a variety of ways depending upon the 

environmental stresses to which it is exposed. Passive stresses are those which are 

persistent and relatively invariant (e.g., altitude, climate) and active stresses are 

those which are occasional/variable (e.g., exercise, emotions, diet, vocations). 

Reactions to excessive stresses are modified by the individual attributes of each 

person.  

The adaptations and acclimatizations to passive environmental stresses are specific 

and do not generalize between environments. This is in accord with the Principle 

of Specific Adaptation. The specificity of adaptations is often illustrated in the 

physical characteristics of indigenous peoples. For example, the Inuit of the 

northern hemisphere have a general physical structure that minimizes body surface 

area which in turn reduces heat loss so that survival in the cold is facilitated. This 

is an example of the exclusive specificity of passive environment adaptation. Since 

altitude acclimatization is a different stress to exercise stimulation, one should 

expect little transfer of the effects of altitude acclimatization.  

As an example of the specific demands of active stresses, it has long been 

recognized that in serious athletes oxygen transport enhancements developed in 

one form of exercise rarely, and if then only marginally, influence similar 

characteristics in other activities. For example, VO2max improvements in cycling 

do not show any substantial changes in VO2max of running. Similarly, VO2max 

improvements in swimming do not influence any change in VO2max of running. It 

should be noted though, that VO2max improvements in running do "transfer" some 

very minor effects to more specific activities, such as swimming, kayaking, and 

cycling, in moderately-trained persons. However, with elite athletes, training 

effects are so specific that there is no beneficial carry-over of circulatory 

improvements in one activity to another. If the active stress adaptations of specific 

exercises are exclusive, it is difficult to comprehend why the benefits of a passive 

stress acclimatization would transfer to a specific sporting activity such as 

swimming. There is no justification for asserting that a specific trained state would 

be enhanced by acclimatization to altitude stress any more than would be expected 

from any other stress or activity that produced circulatory alterations.  
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The length of exposure to passive stresses modifies the nature of changes and the 

resiliency of those changes when the stress is removed. When a person is exposed 

to moderate altitude, some initial responses occur to accommodate the changed 

conditions and in time others follow. As the duration of the exposure increases, the 

repertoire of acclimatization changes becomes complete. The greater the length of 

time that the body is in a fully acclimatized condition, the more habitual become 

the changes. Thus, upon exposure to a passive stress, the body undergoes a 

hierarchy of responsive changes, and eventually becomes fully acclimatized to the 

point that the changes become constant as well as permanent while residing in the 

environment. This full acclimatization is compromised by shorter periods of 

exposure. Generally, the shorter the time spent at altitude, the less dramatic are the 

acclimatizations and those which do have an opportunity to occur are quite 

transient.  

There are four main features that modify acclimatization responses.  

1. Acclimatization involves all systems within the body. A common error made 

by scientists and coaches is to focus only on part of the reactive process 

which often leads to erroneous conclusions. With regard to altitude, much of 

the common literature has focused on physiological changes with "logical" 

implications being derived from partial knowledge. However, few 

physiological changes interact with other systems and may serve to 

moderate performance in a completely different way to when all factors are 

considered. Unless psychological, biomechanical, and physiological aspects 

of acclimatization are considered, a true understanding of altitude 

acclimatization will not result.  

2. Usually acclimatization occurs in degrees, the extent being dependent upon 

the severity of the environmental stress. The higher the altitude, the more 

complete and/or larger in magnitude the acclimatization process should be. 

However, at very high altitudes excessive stress can be experienced resulting 

in maladapted and/or deteriorated health states.  

3. The ever present problem of individuality arises to complicate 

generalizations about the effects of acclimatization. Responses to altitude are 

extremely individual, some persons reacting with altitude sickness and 

acclimatization failure at seemingly "low" altitudes while others may not 

appear to be affected at the same heights. With elite athletes, the individual 

response is particularly important because exposure to an exceptional level 

of stress may be detrimental to performing one's very best. That threat is 

exaggerated when groups or teams of athletes are subjected to altitude 
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training. It is likely that some will benefit, others will not be affected, and 

others will be harmed by group-training camps at altitude.  

4. When responses to environmental stresses are evoked, the nature of 

acclimatization varies between persons. The human body has several 

redundant functions that satisfy survival in a new environment. For example, 

one person might primarily react to an increased circulatory demand by 

increasing heart rate while another will accommodate the same need by 

increasing stroke volume. It is erroneous to expect all individuals to respond 

in a like manner across all acclimatization mechanisms to the same stress. 

The point at which an acclimatization response is stimulated in an individual 

is termed the "acclimatization threshold."  

When an organism is stressed excessively by the cumulative pressures of more 

than one stress, it is possible to recover from one or more stresses while 

succumbing to another. It is common to observe hard training athletes fall ill and 

have to take time off from training. Upon returning to the practice environment, 

not only has the athlete's health improved but so has performance. The illness has 

allowed recovery from an overtrained or excessively fatigued state. A similar 

recovery phenomenon can be expected upon exposure to altitude. Performance 

capacity is reduced as the new stress is incurred. Acclimatization to altitude occurs 

slowly and exercise quantity, and often quality, has to be reintroduced gradually. 

Upon returning to sea-level, performances could well be enhanced due to the 

lightened exercise demands associated with the initial acclimatization to an altitude 

training program. That improved performance capacity could result from an 

"unintentional taper" rather than from any benefits due to altitude training. The 

same or possibly an even more impressive performance change could be achieved 

by reducing the work load at sea-level, as is the practice in an intentional taper. A 

similar phenomenon occurs when hard training athletes are exposed to noticeably 

different hot or cold conditions. The acclimatization and coping associated with the 

changed environmental conditions usually is accompanied by reduced physical 

strain. This recovery of physical performance capacity is embraced by the 

principle: when athletes are exposed to passive stresses and continue to perform 

physically, but at a reduced level of effort, recovery from previously accumulated 

physical stress will occur.  

Changes in training locations often are accompanied by a reduction in the total 

effects of all life stresses. For example, when college students leave campus for an 

altitude training site, that site often offers a simpler life-style than that of the 

campus. Attending classes, studying, being involved in serious interpersonal 

relationships, etc., all events which tax the stress-coping capacity of the individual, 
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do not exist at the altitude camp site. Consequently, the new stress of altitude 

acclimatization could be associated with a significant reduction in life-style 

stresses. That change in living demands (the "camp" effect) could also foster 

recovery from previous "hard" sea-level training. Simplified living of this nature at 

an altitude camp could provoke an unintentional taper. In many situations, this 

could be the factor responsible for performance improvements upon returning to 

sea-level.  

If athletes go to altitude "tired" and spend less than a month on a reduced workload 

and often with a simplified (less stressful) life-style, then an unintentional taper 

could be expected. When those athletes return to sea-level they may perform as 

well as or even slightly better than comparable sea-level athletes, not because of 

beneficial altitude effects, but because they are more rested. This is the most 

common explanation when sea-level improvements are found after altitude 

training. The same or a better effect could be achieved by staying at sea-level, 

reducing the strain of training, and/or simplifying athletes' life-styles.  

ADDITIONAL ALTITUDE TRAINING EFFECTS 

Fox, E., Bowers, R., & Foss, M. (1993). The physiological basis for exercise and 

sport. Madison, WI: Brown & Benchmark. pp. 449-471. 

 

Acclimatization  

The longer one remains at altitude, the more performance improves, but it never 

quite reaches the values that are obtained at sea-level. Acclimatization rate depends 

upon the individual. There are some who never acclimatize and continue to suffer 

mountain or altitude sickness while at altitude.  

Physiology of Acclimatization  

The main reason for lessened endurance (>2 min) performance at altitude is that it 

is a consequence of the lowered partial pressure of oxygen (PO2). That results in 

varying degrees of hypoxia (a lack of adequate oxygen), the degrees being 

dependent upon the altitude.  

1. Increased pulmonary ventilation (hyperventilation). This response is 

immediate upon arrival at altitude, being more pronounced during the first 

few days and then stabilizing about after a week.  
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2. Increased number of red blood cells and hemoglobin concentration. This is 

rapid in the first few weeks and serves to increase the oxygen content of the 

arterial blood. However, for the total RBC volume to be achieved takes as 

long as three months.  

3. Elimination of bicarbonate (HCO3-) in the urine. Its main function is to 

maintain blood pH at near normal levels.  

4. Tissue level changes. (a) increased muscle and tissue capillarization; (b) 

increased myoglobin concentration; (c) increased mitochondrial density; (d) 

enzyme changes that enhance the oxidative capacity.  

On first arriving at altitude, trained subjects have no greater advantage over 

untrained individuals beyond that which existed at sea-level. Being fit does not 

alter the form or rate of adaptation to altitude.  

Altitude has the greatest effect on endurance events, rather than anaerobic 

activities (they may even be helped -- particularly power events).  

The Lexington-Leadville Study. The athlete or team that is highly successful in 

competition at sea-level should be equally successful at altitude after 

acclimatization. [Grover, R., Reeves, J., Grover, E., & Leathers, J. (1967). 

Muscular exercise in young men native to 3,100 m altitude. Journal of Applied 
Physiology, 22(3), 555-564.]  

The Penn State Study. Performance decreases are most pronounced in longer 

events. Altitude affects the working capacity of the native in much the same 

manner as it does the newcomer to altitude. UPON RETURN TO SEA-LEVEL, 

ATHLETES' PERFORMANCES WERE NOT IMPROVED AS A RESULT OF 

TRAINING AT ALTITUDE. As a matter of fact, performances in one and two-mile 

events were slower the third and fifteenth days after returning from altitude. 

[Buskirk, E., Kollias, R., Akers, E., Prokop, E., & Picon-Reategui, E. (1967). 

Maximal performance at altitude and on return from altitude in conditioned 

runners. Journal of Applied Physiology, 23(2), 259-266.]  

The Michigan-Penn State Study. Performances were not quite as good as at sea-

level after acclimatization. The longer the event, the more degraded the 

performance. Maximal aerobic power did not improve with acclimatization. Upon 

return to sea-level, one mile performances did improve but two and three miles did 

not. EVEN AT MODERATE ALTITUDE, PHYSICAL PERFORMANCE, 

PARTICULARLY IF IT RELIES ON THE AEROBIC SYSTEM, WILL BE 

IMPAIRED AND WILL NOT ALWAYS IMPROVE WITH ACCLIMATIZATION. 
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[Faulkner, J., Daniels, J., & Balke, B. (1968). Maximum aerobic capacity and 

running performance at altitude. Journal of Applied Physiology, 24(5), 685-691.]  

The California-Colorado Study. VO2max and 2-mile performances were 

significantly decreased at days 1 and 3 at altitude. Only a slight (2%) improvement 

in VO2max and 2-mile performance occurred after 18-20 days of acclimatization 

in altitude performance. Performances equaled but did not exceed pre-altitude 

values on returning to sea-level. THERE IS NO POTENTIATING EFFECT OF 

HARD ENDURANCE TRAINING AT 2300 M OVER EQUIVALENTLY SEVERE 

SEA-LEVEL TRAINING ON SEA-LEVEL VO2max OR 2-MILE TIME IN 

ALREADY WELL-CONDITIONED MIDDLE DISTANCE RUNNERS. [Adams, W. 

C., Bernauer, E. B., Dill, D. B., & Bomar, J. B. (1975). Effects of equivalent sea-

level and altitude training on VO2max and running performance. Journal of 
Applied Physiology, 39(2), 262-266.  

The Ohio State Studies. The ability to perform hard physical work at high altitudes 

improves markedly during 3 weeks of acclimatization. It does not, however, 

approach sea-level working capacity during that period. Training volumes at 

particular intensities at altitude are always compromised over that which can be 

performed at sea-level.  

On studies that show performance improvement. In studies which show improved 

sea-level performances after altitude training, it usually is not determined whether 

the improved performances were due to altitude exposure or to the fact that Ss 

eventually increased their fitness level during the conditioning at altitude. It is 

possible their performances would have been improved with further training at sea-

level. FOR HIGHLY TRAINED ATHLETES, TRAINING AT AND 

ACCLIMATIZATION TO ALTITUDE DOES NOT IMPROVE RETURN-TO-SEA-
LEVEL PERFORMANCE.  

MAXIMUM AEROBIC POWER AND PERFORMANCE WITH THESE ATHLETES 

DOES NOT ALWAYS IMPROVE WITH ALTITUDE ACCLIMATIZATION. One of 

the major reasons for this might be that the training programs required for these 

athletes cannot be sustained at altitude at an intensity and volume commensurate 

with that at sea-level. The degree and amount of beneficial stimulation for 

maximum performance is reduced. [Kollias, J., & Buskirk, E. (1974). Exercise and 

altitude. In W. Johnson & E. Buskirk, (Eds.), Science and medicine of exercise and 
sports. New York: Harper and Row. pp. 211-227.]  

Implications  
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1. Training at altitude might enhance sea-level performance in originally 

unconditioned, non-athletic individuals. (p. 469)  

2. For highly trained athletes, the training intensity required for maintenance of 

peak performances cannot be achieve at altitude. (p. 469)  

3. Altitude training is not a stimulus for further adaptive responses in specific 

exercises in high-performance athletes.  

4. JOHN TROUP ON ALTITUDE TRAINING FOR SWIMMERS 

5. Troup, J. P. (1993). Altitude training. Swimming Technique, 29(3), 16. 

 
6. Stages of Adaptation and Readaptation 

7. Arriving at Altitude  

8. Phase one: Days 0-5. Training volume should be reduced 15-20% and 

intensities should remain below 150 bpm [EN-1 training intensity or less].  

9. Phase two: Days 6-12. Training volume can be gradually increased as should 

intensity to match sea-level work. This phase is solely acclimatization and 

whether or not any real training adaptation occurs is questionable.  

10. [Herein lies a problem. The first six days at altitude require reduced work. 

That constitutes a "disguised taper." That workload reduction is similar in 

impact to that afforded by sickness for athletes in very heavy training. In 

such situations athletes return to training and perform better even though 

they have been ill. Particularly for athletes who are at altitude for a short 

period of time (one to three weeks), the benefits of this initial "recovery" 

period may endure past the stay at altitude. Thus, improved performances at 

sea-level, which are traditionally ascribed to altitude training, may simply 

result from the "forced" recovery that is required as part of the adaptation 

process.]  

11. Phase three: Days 13-21. It is doubtful that 21 days of altitude training leads 

to greater gains in training or performance capacity beyond those seen at 

sea-level. For the same category of sea-level work, altitude training will be 

at approximately 10 bpm higher. [The value of pace work being stimulated 

with unnatural, in sea-level terms, energy supply has to be questioned.]  

12. Arriving Back at Sea-level  

13. Days 0-3. There may be some advantage to performance (why is not 

known). All physiological parameters are stable. [Performance advantage 

may come from rested condition over that previously held at sea-level.]  

14. Days 4-15. Adjustments in training and performance and physiological 

parameters. The readjustment demands compromise performance.  

15. Days 16+. Training and performance are now enhanced and physiology is 

stable. The athlete has returned to being a sea-level trained individual.  




