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Figure 1 illustrates exercise classified in terms of duration and predominant energy pathways. It is difficult to place certain activities into only one category. For example, as a person increases aerobic fitness, an activity previously classified as anaerobic may reclassify as aerobic. In many cases, all three energy-transfer systems operate at different times. Their contributions to the energy continuum directly relate to the duration and intensity (power output) of the specific activity.

Brief power activities lasting up to 6-sec rely exclusively on “immediate” energy generated from breakdown of stored intramuscular high-energy phosphates, ATP and PCr. As all-out exercise progresses to 1 min duration and power output decreases, the major portion of energy still generates through anaerobic pathways. These metabolic reactions involve the short-term energy system of glycolysis with subsequent lactate accumulation. As exercise intensity diminishes and duration extends to 2-4 minutes aerobic ATP production becomes more important. Prolonged exercise progresses on a “pay-as-you-go” basis, with aerobic metabolism generating 99% of the energy requirement. The basic approach to physiologic conditioning applies similarly to men and women within a broad age range: both respond similarly.

Physiological Training Principles

Stimulating functional adaptations that improve performance in specific tasks represents the major objective of exercise training. These adaptations require adherence to carefully planned programs, with attention focused on factors such as frequency and length of workouts, type of training, speed, intensity, duration, and repetition of the activity, rest intervals, and appropriate competition. Application of these factors varies depending on the performance and fitness goals. However, several principles of physiologic conditioning remain common to improving performance in the diverse physical activity classifications illustrated in Figure 1.

Overload Principle

The regular application of a specific exercise overload enhances physiologic function to bring about a training response. Exercising at intensities higher than normal induces a variety of highly specific adaptations that enable the body to function more efficiently. Achieving the appropriate overload for each person requires manipulating combinations of training frequency, intensity, and duration, with specific attention paid to exercise mode. 

The concept of individualized and progressive overload applies to athletes, sedentary people, the disabled, and even cardiac patients. An increasing number in this latter group have applied appropriate exercise rehabilitation to walk, jog, and eventually run marathons! Achieving significant health-related benefits of regular exercise (e.g., metabolic parameters, lipid profile, blood pressure) requires a focus on accumulation of total exercise and a considerably lower exercise intensity than necessary to improve cardiovascular fitness. 
Specificity Principle

Exercise training specificity refers to adaptations in metabolic and physiologic functions that depend upon the type of overload imposed. The acronym “SAID” – specific adaptations to imposed demands, describes this principle. A specific anaerobic exercise stress (e.g., strength-power training) induces specific strength-power adaptations, while specific endurance exercise stress elicits specific aerobic system adaptations — with only a limited interchange of benefits derived between strength-power and aerobic training. However, the specificity principle extends beyond this broad demarcation. For example, “aerobic training” does not represent a singular entity requiring only cardiovascular overload. Aerobic training utilizing the specific muscles in the desired performance most effectively improves aerobic fitness for activities like swimming, bicycling, running, or upper-body exercise. Simply stated, specific exercise elicits specific adaptations creating specific training effects (SAID).
Individual Differences Principle

Many factors contribute to individual variation in the training response. For example, a person’s relative fitness level at the start of training exerts an influence. Even for a relatively homogenous group who starts exercise training together, one cannot expect different people who start exercise training together all individuals to reach the same “state” of fitness (or performance) after 10 or 12 weeks. Consequently, a coach should not insist that all athletes on the same team (or even in the same event) train the same way or at the same relative or absolute exercise intensity. It also is unrealistic to expect all individuals to respond to a given training stimulus in precisely the same manner.

Reversibility Principle

Loss of physiologic and performance adaptations (detraining) occurs rapidly when a person terminates participation in regular exercise. Only 1 or 2 weeks of detraining significantly reduces both metabolic and exercise capacity, with many training improvements totally lost within 8 weeks. One research group provides particularly interesting findings. In five subjects confined to bed for 20 consecutive days, VO2max decreased by 25% (1% per day). This decrease accompanied a similar decrement in maximal stroke volume and cardiac output. Additionally, the number of capillaries within trained muscle decreases between 14 and 25% within 3 weeks after training ceased. For elderly subjects, 4 months of detraining results in the complete loss of adaptations in the cardiovascular system.
Even among highly trained athletes, the beneficial effects of many years of prior exercise training remain transient and reversible. For this reason, most athletes begin a reconditioning program several months prior to the start of the competitive season, or maintain some moderate level of off-season, sport-specific exercise to blunt the decline in physiologic functions during deconditioning.

Physiologic Consequences of Training

The following section present a listing of the diverse adaptations in response to anaerobic and aerobic exercise training outlined in Table 1.

	Table 1. Typical Metabolic and Physiologic Values for Health, Trained and Untrained Men.

	Variable
	Untrained
	Trained
	Percent Diff

	Glycogen, mM

Mitochondrial volume,%muscle 

Resting ATP, mM

Resting creatine, mM

Aerobic Enzymes, SDH

Max stroke volume mL/b

Resting HR, b/min

Max Cardiac output, L/min

Max Heart rate, b/min

Max a-v O2diff, mL/dL

VO2max, mL/kg/min
	85.0

2.15

3.0

10.7

5-10

120

70

20

190

14.5

30-40
	120

8.0

6.0

14.5

15-20

180

40

30-40

180

16.0

65-80
	41

272

100

35

133

50

-43

75

-5

10

107


Anaerobic System Changes With Training

Consistent with the concept of training specificity, activities that demand a high level of anaerobic metabolism bring about specific changes in the immediate and short-term energy systems, without a concomitant increase in aerobic functions. The changes that occur with sprint-power training include:

· Increased levels of anaerobic substrates. As determined from muscle biopsies taken before and after resistance training, significant increases in the trained muscle’s resting levels of ATP, PCr, free creatine, and glycogen accompanied a 28% improvement in muscular strength. 

· Increased quantity and activity of key enzymes that control anaerobic-phase glucose  catabolism. These changes do not reach the magnitude observed for oxidative enzymes with aerobic training. The most dramatic increases in anaerobic enzyme function and fiber size occur in the fast-twitch muscle fibers.

· Increased capacity to generate high levels of blood lactate during all-out exercise. An enhanced lactate-producing capacity probably results from: (1) increased levels of glycogen and glycolytic enzymes, and (2) improved motivation and “pain” tolerance to fatiguing exercise.

Aerobic System Changes With Training

	Table 2. Physiologic factors that affect aerobic conditioning.

	Ventilation-Aeration
	Active Muscle Metabolism
	Central Blood Flow
	Peripheral Blood Flow

	· Minute ventilation

· Ventilation:perfusion ratio

· Oxygen diffusion capacity

· Hb-O2 affinity

· Arterial oxygen saturation
	· Enzymes and oxidative potential

· Energy stores and substrate availability

· Myoglobin concentration

· Mitochondria size and number

· Active muscle mass

· Muscle fiber type
	· Cardiac output (heart rate, stroke volume)

· Arterial blood pressure

· Oxygen transport capacity
	· Flow to nonactive regions

· Arterial vascular reactivity

· Muscle blood flow

· Muscle capillary density

· Muscle vascular conductance

· Oxygen extraction

· Venous compliance and reactivity


Table 2 illustrates that aerobic overload training induces significant adaptations in a variety of functional capacities related to oxygen transport and utilization. With an adequate training stimulus, the majority of these responses occur independent of gender and age. Many of the training-induced aerobic adaptations also occur in coronary heart disease patients undergoing high-intensity aerobic training. 

Aerobic Metabolic Adaptations

Aerobic training significantly improves the capacity for respiratory control in skeletal muscle.

Metabolic Machinery

The primary effect of endurance training produces an increase in muscle mitochondrial capacity. The results of many different experiments indicate that mitochondria do not increase in specific activity per se, rather, trained skeletal muscle contains larger and more numerous mitochondria but its activity remains the same as less active muscle fibers. The exact training stimuli (intensity, time, recovery, etc.) resulting in more mitochondria remains a central focus of current research. 

Fat Metabolism

Endurance training increases an individual’s capacity to mobilize, deliver, and oxidize fatty acids for energy during submaximal exercise. Enhanced fat catabolism with aerobic training becomes particularly apparent at the same absolute submaximal exercise workload whether under fed or fasted conditions. Impressive increases also occur in the trained muscle’s capacity to utilize intramuscular triglycerides as the primary source for fatty acid oxidation. A more lively, training-induced lipolysis (fat use) results from: 

· Greater blood flow within trained muscle

· Enhanced quantity of fat-mobilizing and fat-metabolizing enzymes

· Enhanced muscle mitochondrial respiratory capacity (see above)

· Blunted catecholamine release for the same absolute power output after training 

Carbohydrate Metabolism

Reduced total carbohydrate utilization in submaximal exercise with endurance training results from the combined effects of (1) decreased muscle glycogen utilization, and (2) reduced production (decreased hepatic glycogenolysis and gluconeogenesis) and utilization of plasma-borne glucose. Fatty acid oxidation combined with a reduced level of carbohydrate metabolism contributes to blood glucose homeostasis and improved endurance capacity following aerobic training. Training-enhanced hepatic gluconeogenic capacity further provides resistance to hypoglycemia during prolonged exercise. 
Muscle Fiber Type and Size

Aerobic training elicits metabolic adaptations in each type of muscle fiber. The basic fiber type probably does not “change” to any great extent, but, rather, all fibers maximize their already-existing aerobic potential.

Selective hypertrophy occurs in the different muscle fiber types in response to specific overload training. Highly trained endurance athletes have larger slow-twitch fibers than fast-twitch fibers in the same muscle. Conversely, the fast-twitch fibers of athletes trained in anaerobic-power activities occupy a much greater portion of the muscle’s cross-sectional area.

Cardiovascular Adaptations

Table 3 summarizes the most important adaptations in cardiovascular function with aerobic exercise training that increase the delivery of oxygen to active muscle. Because of the intimate linkage of the cardiovascular and pulmonary systems to aerobic processes, endurance training produces significant dimensional and functional cardiovascular adaptations.

	Table 3. Adaptations in cardiovascular function with aerobic exercise training that increases oxygen delivery to active muscles.

	• Increase plasma volume
• Increase ejection fraction

• Increase red blood cell mass
• Increase maximum stroke volume

• Increase total blood volume
• Increase maximum cardiac output

• Increase ventricular compliance
• Optimize peripheral blood flow

• Increase internal ventricular dimensions
• Increase blood flow to active muscle

• Increase venous return
• Increase end diastolic volume

• Increase myocardial contractility
• Increase effectiveness of cardiac output • Decrease heart rate (12-15 b/min)
      distribution


The most important of the above changes resulting from training include:

· Decreased exercise heart rate at a given load

· Increased resting stroke volume resulting from enhanced left ventricular function

· Increased exercise stroke volume including maximum stroke volume

· Increased maximum cardiac output

· Increased maximum oxygen extraction

· Enhanced blood flow redistribution

· Increased blood flow to the heart

· Decreased blood pressure

Factors That Affect the Aerobic Training Response

Four factors significantly influence the aerobic training response:

1. Initial level of aerobic fitness

3. Training frequency

2. Training intensity 


4. Training duration

Initial Level of Aerobic Fitness

The magnitude of the training response depends upon one’s initial fitness level. Someone who rates low at the start has considerable room for improvement. If capacity already rates high, the magnitude of improvement usually remains relatively small. Studies of sedentary, middle-aged men with heart disease showed that VO2max improved by 50%, while similar training in normally active, healthy adults elicited a 10 to 15% improvement. Of course, a 5% improvement in aerobic capacity represents as crucial a change for elite athlete as a 40% increase for the sedentary person. As a general guideline, aerobic fitness improvements generally range between 5 to 25% with systematic programs of endurance training. A portion of this improvement occurs within the first week of training.102
Training Intensity

Training-induced physiologic adaptations depend primarily on the intensity of overload. There are at least seven different expressions of exercise intensity:

1. As energy expended per unit time (e.g., 9 kcal•min-1 or 37.8 kJ•min-1).

2. As absolute exercise level or power output (e.g., cycle at 900kg-m•min-1 or 147 W).

3. As relative metabolic level expressed as percentage of VO2max (e.g., 85% VO2max).

4. As exercise below, at, or above the lactate threshold (e.g., 4 mmol lactate).

5. As exercise heart rate or percentage of maximum heart rate (e.g., 180 b•min-1 or 80% HRmax).

6. As multiples of resting metabolic rate (e.g., 6 METs).

7. As rating of perceived exertion (e.g., RPE = 14).

An example of absolute training intensity involves having all individuals exercise at the same power output or energy expenditure (e.g., 9.0 kcal•min-1) over a 30-minute exercise session. When everyone exercises at the same exercise intensity, however, the task may pose a considerable stress for one person yet fall short of the training threshold for another more fit person. For this reason, the relative stress on a person’s physiologic systems is usually used. Consequently, the assigned exercise intensity usually relates to some break point for steady-rate exercise (e.g., lactate threshold, OBLA) or some percentage of maximum physiologic capacity (e.g., VO2max, HRmax, or maximum exercise capacity. The general practice establishes aerobic training intensity via direct measurement (or estimation) of VO2max (or HRmax), followed by assigning an exercise level that corresponds to some percentage of these maximums.
Although establishing training intensity from measures of oxygen consumption provides a high degree of accuracy, its use requires sophisticated equipment and thus becomes impractical for the general  population. An effective alternative uses heart rate to classify exercise for relative intensity when establishing the training protocol. Use of exercise heart rate becomes possible because %VO2max and %HRmax relate in a predictable way regardless of gender, fitness level, or age. <tbl21.7>Table 21.7 presents selected values for %VO2max and corresponding %HRmax obtained from several sources. The error in estimating %VO2max from %HRmax, or vice versa, equals about ±8%. Thus, one need only monitor heart rate to estimate the relative exercise stress or %VO2max, within the given error range. The relationship between %HRmax and %VO2max remains essentially the same for arm or leg exercises among healthy subjects, normal weight and obese groups, cardiac patients, and people with spinal cord injuries. Importantly, however, arm (upper-body) exercise produces significantly lower HRmax compared to leg exercises. 
Train at a Percentage of HRmax
As a general rule, aerobic capacity improves if exercise intensity regularly increases heart rate to at least 55 to 70% of maximum. During lower-body exercise like cycling, walking, or running, this heart rate increase equals about 45 to 55% of the VO2max,  or, for college-aged men and women a heart rate of 120 to 140 b•min-1.
An alternative and equally effective method for establishing the training threshold, termed the Karvonen method has subjects exercise at a heart rate equal to 60% of the difference between resting and maximum. With the Karvonon method heart rate computes as follows:

HRthreshold = HRrest + 0.60 (HRmax – HRrest)

This approach to determining heart rate training threshold gives a somewhat higher value compared to computing the threshold heart rate simply as 70% HRmax.
Clearly, positive training adaptations do not require strenuous levels of exercise. An exercise heart rate of 70% maximum represents “moderate” exercise with little or no discomfort for most healthy people. This training level, frequently referred to as “conversational exercise,” reaches sufficient intensity to stimulate a training effect, yet does not produce a level of discomfort that limits a person from talking during the workout. This conversational exercise level indicates a lack of heavy breathing associated with lactic acidosis induced hyperpnea, a level of exercise where individuals can no longer talk and exercise comfortably. A previously sedentary person need not exercise above this heart rate to improve physiologic capacity. 

The “Training-Sensitive Zone”

[image: image2.png]Heart rate, b¥min—

200

190 1

180

170

160

150

140

130

120

1o

100

200
®

T, C———

&5
° 180
L ]
areiea] 153

186
O

131
70% threshold level

60



One can determine maximum exercise heart rate immediately after several minutes of all-out effort in a specific form of exercise. This exercise intensity requires considerable motivation and stress—a requirement certainly inadvisable for adults without medical clearance, particularly individuals predisposed to coronary heart disease. Consequently, people should consider themselves “average” and use the age-predicted maximum heart rates presented in Figure 2.

Although individuals of a specific age possess varying HRmax values, the inaccuracy resulting from individual variation (±10 b•min-1 standard deviation for any age-predicted HRmax) has little influence in establishing effective training for healthy people. Maximum heart rate computes as 220 minus the person’s age in years, with values independent of race or gender in children and adults. 

HRmax + 220 – age, y

Although this formula represents a convenient “rule of thumb,” it does not determine a specific person’s maximum heart rate. Within normal variation, the maximum heart rate of 95% (±2 standard deviations) of 40-year-old men and women ranges between 160 and 200 b•min-1. Figure 2 also depicts the “training-sensitive zone” in relation to age. Conditioning the aerobic systems occurs as long as exercise heart rate remains within this zone.

A 40-year-old woman or man desiring to train at moderate intensity but still achieve the threshold level would select a training heart rate equal to 70% of age-predicted HRmax, or a target exercise heart rate of 126 b•min-1 (0.70 x 180). Then, using progressive increments of light to moderate exercise, the person achieves a walking, jogging, or cycling intensity that produces this heart rate. To increase training to 85% of maximum, exercise intensity must increase to produce a heart rate of 153 b•min-1 (0.85 x 180).

Is Strenuous Training More Effective?

Generally, the higher the training intensity above threshold, the greater the training improvement, particularly for VO2max. Although there exists a minimal “threshold” intensity below which a training effect does not occur, there may also exist a “ceiling” above which no further gains accrue. More fit men and women generally require higher threshold levels to stimulate a training response than less fit counterparts. The ceiling for training intensity remains unknown, although 85% VO2max (corresponding to 90% HRmax) probably represents an upper limit. Importantly, however, regardless of the exercise level selected, more does not necessarily produce greater results. Excessive intensity of physical training and abrupt increases in training volume increase the risk for injury to bones, joints, and muscles.

Is Less Intense Training Effective?
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The often cited recommendation of 70% HRmax as a training threshold for aerobic improvement represents a general guideline  for effective, yet comfortable exercise. The actual lower limit may depend on the participant’s initial exercise capacity and current state of training. In addition, older and less fit, and sedentary, overweight men and women show training thresholds closer to 60% HRmax, which corresponds to about 45% VO2max. Twenty to 30 minutes of continuous exercise at the 70% HRmax level stimulates a training effect; exercise at the lower intensity of 60% for 45 minutes also proves beneficial. Generally, a longer exercise duration offsets a lower exercise intensity.
Train at a Perception of Effort

In addition to oxygen consumption, heart rate, and blood lactate as indicators of exercise intensity, one also can use the rating of perceived exertion (RPE). Using this psycho-physiological approach, the exerciser rates on a numerical scale (Borg scale, after the researcher who developed this system) perceived feelings in relation to the exertion level.

Monitoring and adjusting RPE during exercise represents a relatively easy and effective means for prescribing exercise based on an individual’s perception of effort that coincides nicely with objective measures of physiologic/metabolic strain (%HRmax, %V02max, blood lactate concentration). Exercise levels corresponding to higher levels of energy expenditure and physiologic strain produce higher RPE ratings. For example, an RPE of 13 or 14 (exercise that feels “somewhat hard;” Figure 4) coincides with about 70% HRmax during cycle ergometer and treadmill exercise; an RPE between 11 and 12 corresponds to exercise at the lactate threshold for trained and untrained individuals. The RPE establishes an exercise prescription for exercise intensities corresponding to blood lactate concentrations of 2.5 mM (RPE - 15) and 4.0 mM (RPE - 18) during a 30 min treadmill run where subjects self regulated exercise intensity. Individuals learn quickly to exercise at a specific RPE. 

Training Duration

A threshold duration per workout has not been identified for optimal aerobic improvement. This threshold probably depends on the interaction of many factors including total work accomplished (duration or training volume), exercise intensity, training frequency, and initial fitness level. Whereas 3- to 5 minute daily exercise periods produce training effects in some poorly conditioned people, 20- to 30-minute exercise sessions achieve more optimal results (within practicality for time) if intensity reaches at least 70% HRmax. With higher-intensity training, significant improvements occur with only a 10-minute workout. Conversely, it requires at least 60 minutes of continuous exercise to produce a training effect when exercise intensity falls below 70% HRmax.

As for training volume, more does not necessarily produce greater results. In a study of collegiate swimmers, for example, one group trained for 1.5 hours daily while another group performed two 1.5-hour exercise sessions each day. Despite one group exercising at twice the daily exercise volume, no differences in swimming power, endurance, or performance time improvements emerged between groups.

Training Frequency

Does 2 or 5 day-a-week training produce differing effects if exercise duration and intensity remain constant for each training session? Unfortunately, the precise answer remains elusive. Some investigators report that training frequency significantly influences cardiovascular improvements while others maintain that this factor contributes considerably less than either exercises intensity or duration. Studies using interval training showed that training 2 days per week produced VO2max changes similar in magnitude to those when training 5 days per week. In other studies that held total exercise volume constant, no differences emerged in VO2max improvements between training frequencies of 2 versus 4, or 3 versus 5 days per week. As in the case with training duration, more frequent training becomes beneficial when training at a lower intensity.
While the extra time invested to increase training frequency may not prove profitable for improving physiologic function, the extra quantity of exercise (e.g., 3- vs. 6-day per week training) often represents a considerable caloric expenditure. To affect meaningful weight loss through exercise, each exercise session should last at least 60 minutes at a sufficient intensity to expend 300 kcal or more. Training only one day per week generally does not produce meaningful changes in anaerobic or aerobic capacity, body composition, or weight loss.

Typical aerobic exercise training programs take place 3 days per week with a rest day usually spaced between workout days. One could reasonably question whether training on consecutive days would produce equally effective results? In an experiment concerned with this exact question, nearly identical improvements in VO2max occurred regardless of sequencing of the 3-day-per-week training schedule. This finding suggests that the stimulus for aerobic training links closely to exercise intensity and total work accomplished and not to the sequencing of training days.
Exercise Mode

Holding exercise intensity, duration, and frequency constant produces a similar training response, regardless of training mode—as long as the exercise involves relatively large muscle groups. Bicycling, walking, running, rowing, swimming, in-line skating, rope skipping, bench stepping, stair climbing, and simulated arm-leg climbing all provide excellent overload for the aerobic system. Of course, based on the specificity concept, the magnitude of training improvement varies considerably depending on the mode of testing. Individuals trained on a bicycle show greater improvements when tested on the bicycle than on the treadmill.195 Likewise, individuals who train by swimming or arm cranking show the greatest improvements when measured during upper-body exercise.

Trainability and Genes

While a vigorous exercise-training program enhances a person’s level of fitness regardless of genetic background, the limits for developing fitness capacity link closely to genetic endowment. For two individuals undertaking the same exercise program, one person might show 10 times more improvement than the other. Research in genetics indicates a genotype dependency for much of our sensitivity in responding to maximal aerobic and anaerobic power training, including the adaptations of most muscle enzymes. In other words, both members of an identical twins pair generally show a similar magnitude in training response. If one twin showed high responsiveness to training, a high likelihood existed that the other twin would also behave as a responder; similarly, the brother of a nonresponder to exercise training generally showed little improvement. Presence of the muscle-specific creatine kinase gene provides one example of the possible contribution of genetic makeup to individual differences in the responsiveness of VO2max  to endurance training. Genetic makeup plays such a predominant role in training responsiveness that it is almost impossible to predict a specific individual’s response to a given training stimulus.
Maintenance of Aerobic Fitness Gains

An important question concerns the optimal frequency, duration, and intensity of exercise required to maintain aerobic improvements with training. In one study, healthy young adults increased VO2max 25% with 10 weeks of interval training by bicycling and running 40 minutes, 6 days a week. They then joined one of two groups that continued to exercise an additional 15 weeks at the same intensity and duration but at a reduced frequency of either 4 or 2 days a week. Both groups maintained their gains in aerobic capacity despite as much as a two-thirds reduction in training frequency.
A similar study evaluated the effect of reduced training duration on the maintenance of improved aerobic fitness. Upon completion of the same protocol outlined above for the initial 10 weeks of training, the subjects continued to maintain intensity and frequency of training for an additional 15 weeks, but reduced training duration from the original 40-minute sessions to either 26- or 13-minutes per day. They maintained almost all VO2max and performance increases despite a two-thirds reduction in training duration. However, if intensity of training decreased and frequency and duration remained constant, even a one-third-exercise intensity reduction caused a significant decline in VO2max.
It appears that aerobic capacity improvement involves somewhat different training requirements than its maintenance. With intensity held constant, the frequency and duration of exercise required to maintain a certain level of aerobic fitness remains considerably less than that required for its improvement. A small drop off in exercise intensity, on the other hand, reduces VO2max. This indicates that exercise intensity plays a principal role in maintaining the increase in aerobic power achieved through training.
Fitness components other than VO2max more readily suffer adverse effects of reduced exercise training volume. Well-trained endurance athletes who normally trained 6 to 10 hours a week reduced weekly training to one 35-minute session showed no decrease in VO2max over a 4-week period. However, their endurance capacity at 75% VO2max significantly decreased, which related to reduced pre-exercise glycogen stores and a diminished level of fat oxidation during exercise. Such findings indicate that single measure like VO2max cannot adequately evaluate all factors that affect training and detraining adaptations.

Methods of Training

Each year, performance improvements occur in almost all athletic competitions. These advances generally relate to increased opportunities for participation: individuals with “natural endowment” more likely become exposed to particular sports. Also, improved nutrition and health care, better equipment, and more systematic and scientific approaches to athletic training contribute to superior performance.

In the following sections I present general guidelines for anaerobic and aerobic training, with particular emphasis on three general training classifications: (1) interval training, (2) continuous training, and (3) fartlek training.

Anaerobic Training

Figure 1 demonstrated that the capacity to perform all-out exercise for up to 60 seconds duration largely depends on ATP generated by the immediate and short-term anaerobic energy systems.

The Intramuscular High-Energy Phosphates

Sports such as football, weightlifting, and other brief, sprint-power activities rely almost exclusively on energy derived from ATP and PCr that comprise the muscles’ high-energy phosphates. Engaging specific muscles in repeated maximum bursts of effort for 5- to 10-second duration overloads this phosphagen pool. Because the intramuscular high-energy phosphates supply energy for brief, intense exercise, only small amounts of lactate accumulate and recovery progresses rapidly (alactic recovery oxygen consumption). Thus, exercise can begin again after about a 30-second rest period. The use of brief, all-out exercise interspersed with recovery represents a specific application of interval training to anaerobic conditioning.

The activities selected in training to enhance ATP-PCr energy transfer capacity must engage the specific muscles at the movement speed and power output for which the athlete desires improved anaerobic power. Not only does this enhance the metabolic capacity of the specifically trained muscle fibers, but it also facilitates recruitment and modulation of firing sequence of the appropriate motor units activated in the actual movement.

Lactate–Generating Capacity

As duration of all-out effort extends beyond 10-seconds duration, dependence on anaerobic energy from the intramuscular high-energy phosphates decreases with a proportionate increase in the magnitude of anaerobic energy from glycolysis. To improve energy transfer capacity by the short-term lactic acid energy system, training must overload this aspect of energy metabolism.

Anaerobic training requires extreme physiological and psychological demands and considerable motivation. Repeated bouts of up to 1-minute maximum exercise stopped 30 seconds before subjective feelings of exhaustion cause blood lactate to increase to near-maximum levels. The individual repeats each exercise bout after 3 to 5 minutes of recovery. Repetition of exercise causes a “lactate stacking,” which results in a higher blood lactate level than achieved with just one bout of all-out effort to exhaustion. Of course, as with all training, one must exercise the specific muscle groups that require enhanced anaerobic capacity. A backstroke swimmer trains by swimming the backstroke, a cyclist should bicycle, and basketball, hockey, or soccer players rapidly perform various movements and direction changes similar to those required by the demands of their sport.

Recovery requires considerable time when exercise involves a significant anaerobic component. For this reason, anaerobic power training should occur at the end of the conditioning session. Otherwise, fatigue might carry over and perhaps hinder one’s ability to perform subsequent aerobic training.

Aerobic Training
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Figure 4 indicates two important factors in formulating an aerobic training program: Training must provide a sufficient cardiovascular overload to stimulate increases in stroke volume and cardiac output. The central circulatory overload must result from exercising the sport-specific muscle groups to enhance their local circulation and “metabolic machinery.” In essence, proper endurance training overloads all components of oxygen transport and utilization. This consideration embodies the specificity principle as applied to aerobic training. Simply stated, runners should run, cyclists should bicycle, rowers should row, and swimmers should swim.

Relatively brief bouts of repeated exercise (interval training), as well as continuous, long-duration efforts (continuous training), enhance aerobic capacity, provided exercise reaches sufficient intensity to overload the aerobic system. Interval training, continuous training, and fartlek training represent three common methods to improve aerobic fitness.

Interval Training

With correct spacing of exercise and rest, one can perform extraordinary amounts of high-intensity exercise, normally not possible if the exercise progressed continuously. The repeated exercise bouts (with rest periods or relief intervals) vary from a few seconds to several minutes or longer depending on the desired training outcome. The interval training prescription evolves from the following considerations:

· Intensity of exercise interval

· Duration of exercise interval

· Length of recovery interval

· Number of repetitions of the exercise-recovery cycle

Consider the following example of the ability to perform a considerable volume of high-intensity exercise during an interval-training workout. Few people can maintain a 4-minute-mile pace for longer than 1 minute, let alone complete a mile within 4 minutes. Suppose we limited running intervals to only 10 seconds, followed by 30 seconds of recovery. This scenario makes it reasonably easy to maintain these exercise-rest intervals and complete the mile in 4 minutes of actual running. Although this does not parallel a world-class performance, the example does indicates that a person can accomplish a significant quantity of normally exhausting exercise given proper spacing of rest and exercise intervals.

Rationale for Interval Training

Interval training has a sound basis in physiology and energy metabolism. In the example of a continuous run at a 4-minute-mile pace, a large portion of energy derives from anaerobic glycolysis. Within a minute or two, the lactate level rises precipitously and the runner fatigues. During interval training, on the other hand, repeated 10-second exercise bouts permit completion of intense exercise without appreciable lactate buildup because the intramuscular high-energy phosphates provide the primary exercise energy source. Minimal fatigue results during the predominantly “alactic” exercise interval and recovery progresses rapidly. The exercise interval can then begin after only a brief rest.

The two factors are used in formulating an interval training programs include

· Exercise interval
· Relief interval
Continuous Training

Continuous or long slow distance (LSD) training involves steady-paced, prolonged exercise at either moderate or high aerobic intensity, usually between 60 to 80% VO2max. The exact pace can vary, but it must at least meet a threshold intensity to ensure aerobic physiologic adaptations. Continuous training for an hour or longer has become popular among joggers and other fitness enthusiasts including competitive endurance athletes such as triathletes and cross-country skiers. For example, some elite distance runners train twice a day and run between 100 and 150 miles each week while preparing for competition. In one report, a man training for the 52.5 mile ultramarathon ran twice daily, 20 miles in the morning and 13 miles in the evening; he interspersed these runs with occasional 30- to 60-mile non-stop runs at a 7- to 8-minute per mile pace. Within this schedule, he ran more than 800 miles each month and totaled 9600 miles for the year! The precise benefits of such considerable training remain unknown.

Because of its submaximum nature, continuous exercise training progresses for a considerable time in relative comfort. This contrasts with the potential hazards of high-intensity interval training for coronary-prone individuals and the high level of motivation required for such strenuous exercise. Continuous training ideally suits those beginning an exercise program or wishing to accumulate a large caloric expenditure for weight loss. When applied in athletic training, continuous training actually represents “over-distance” training, with most athletes training two to five times the actual distances of competitive events.

An advantage of continuous training for endurance athletes permits exercising at nearly the same intensity as actual competition. Because specific motor unit recruitment depends on exercise intensity, continuous training may best apply to endurance athlete in terms of adaptations at the cellular level. This contrasts to interval training that often places disproportionate stress on the fast-twitch motor units, not the slow-twitch units predominantly recruited in endurance competition.

Fartlek Training

Fartlek, a Swedish word means “speed play,” represents a training method introduced to the United States in the 1940s. This relatively “unscientific” blending of interval and continuous training has particular application to exercise out-of-doors over natural terrain. The system utilizes alternate running at fast and slow speeds over both a level and hilly course.

In contrast to the precise exercise interval training prescription, fartlek training does not require systematic manipulation of the exercise and relief intervals. Instead, the performer determines the training schema based on “how it feels” at the time, in a way similar to gauging exercise intensity based on one’s rating of perceived exertion. If used properly, this method can overload one or all of the energy systems. Although lacking the systematic and quantified approaches of interval and continuous training, fartlek training provides an ideal means for general conditioning and off-season training. It also maintains a certain “freedom” and variety in workouts.

Insufficient evidence prevents proclaiming superiority of any specific training method for improving aerobic capacity. Each form of training produces success. One can probably use the various methods interchangeably, particularly to modify training and achieve a more psychologically pleasing exercise program.

For Your Information

The Overtraining Syndrome: Symptoms of staleness

• Unexplained and persistently poor performance and high fatigue ratings

• Prolonged recovery from typical training sessions or competitive events

• Disturbed mood states characterized by general fatigue, apathy, depression, irritability, and loss of competitive drive

• Persistent feelings of muscle soreness and stiffness in muscles and joints

• Elevated resting pulse, painful muscles, and increases susceptibility to upper respiratory infections (altered immune function) and gastrointestinal disturbances

• Insomnia

• Loss of appetite, weight loss, and inability to maintain proper body weight for competition

• Overuse injuries































Figure 4. The two major goals of aerobic training: Goal #1 – develop the capacity of the central circulation to deliver oxygen; Goal #2 – Enhance the capacity of the active musculature to supply and process oxygen.








Figure 3. Borg perceived exertion scale.











Figure 2. Maximum heart rates and the training sensitivity zone for use in aerobic training of men and women of different ages.





Figure 1. Classification of physical activity on the basis of duration of all-out exercise and the corresponding predominant intracellular energy pathway.








