
Cardiorespiratory Endurance Training
Continuous, interval, and fartlek training techniques can be used to improve cardiorespiratory endurance.

Continuous Training
A method that uses exercises performed at the same level of intensity for long periods.

American College of Sports Medicine (ACSM) recommendations:


Frequency:  3 to 5 days per week.


Intensity:  60-90% of maximal heart rate or 50-85% of heart rate 



reserve.


Time/Duration:  20t0 60 minutes per session.


Type:  aerobic activities using the large muscles that require oxygen and 


elevate heart rate for an extended time (e.g., walking, jogging, 


running, 
swimming, cycling, rope skipping, stepping, dancing, water 


exercise, skating, cross-country skiing, and rowing).

Because the majority of American are either sedentary or do not exercise an an adequate level to develop cardiorespiratory fitness, ACSM and the Center for Disease Control and Prevention jointed together along with the Surgeon General to develop the following physical activity recommendations:


Frequency:  most (preferably all) days of the week.


Intensity:  low to moderate, not necessarily vigorous.


Duration:  30 minutes, not necessarily continuous but can be 




accumulated.


Type:  physical activity utilizing the major muscle groups, man include 


traditional aerobic activities or it may involve activities such as 


gardening, yard work, house work, home maintenance and 



construction, or taking stairways rather than elevators.

Exercise Prescription Guidelines Based on Fitness Level


for Healthy Young Adults
Fitness Classification Based on
Exercise
Exercise
Exercise

Maximal Oxygen Uptake Rate
Intensity
Duration
Frequency

Low

60-70% of HRmax
20-30 minutes
3 days per



50-60% of HRR
per session
week

Females:  < 29 ml/kg/min
50-60% of VO2max
Males:  < 34 ml/kg/min
RPE = 11-13 



(fairly light to 



somewhat hard)



Unaware of 



ventilation rate



Breathing rate and 



depth is comfortable



Capable of passing



the "talk test"

Moderate

70-80% of HRmax
30-45 minutes
4 days per



60-75% of HRR
per session
week

Females:  30-44 ml/kg/min
60-75% of VO2max
Males:  35-49 ml/kg/min
RPE = 13-15



(somewhat hard to



hard)



Aware of ventilation



rate (i.e., increased 



breathing rate and 



depth)

High

80-90% of HRmax
45-60 minutes
5 days per



75-85% of HRR
per session
week

Females:  > 45 ml/kg/min
75-85% of VO2max

Males:  > 50 ml/kg/min
RPE = 15-17 



(hard to very hard)



Hyperventilatory



response



Respiratory distress



(i.e., rapid breathing



rate with deep or 



large breaths)



Incapable of passing



the "talk test"

Note:  Maxima oxygen uptake rate is considered to be the best measure of cardiorespiratory endurance.  Maximal oxygen uptake can be measured directly in a laboratory using a metabolic cart or indirectly using various field tests such as a 1.5-mile run, step tests, leg ergomete tests, walk tests, and swim tests.

Cardiorespiratory Endurance Training


Calculation of Training Intensity Using Heart Rate

Data:  20-year old female with a maximal oxygen uptake rate of 40 ml/kg/min and a resting heart rate of 60 beats per minute.  Fitness class would be moderate based on gender and maximal oxygen uptake rate.  Training intensity recommendation using heart rate would be 70-80% of maximal heart rate (HRmax) or 60-75% of heart rate reserve (HRR).

Heart Rate Maximum (HRmax) Method
Predicted Maximal Heart Rate = 220 – age = 220 – 20 yr = 
         200 bpm

Multiply by Training Intensity of 70-80% of HRmax =

x .70

x .80

Training Target Heart Rate Range = 


        140 bpm   to  160 bpm

Heart Rate Reserve (HRR) Method
Predicted Maximal Heart Rate = 220 – age = 220 – 20 yr = 200 bpm

Heart Rate Reserve (HRR) = Predicted Maximal Heart Rate


Minus Resting Heart Rate = 200 bpm – 60 bpm =                       140 bpm

Multiply by Training Intensity of 60-75% of HRR =
      

          x .60
       x .75




   
       84 bpm   
  105 bpm

Plus Resting Heart Rate



    + 60 bpm
 + 60 bpm

Training Target Heart Rate Range = 


                144 bpm to 165 bpm


Cardiorespiratory Endurance Training
Interval Training


Interval training is a type of conditioning that is performed in an intermittent manner using a pre-established spacing of work and rest intervals.  Simply stated, it is a structured workout that combines high intensity (85-95% of maximal heart rate) portions with moderate or low intensity (60-70% of maximal heart rate) segments.  Basically, interval training combines a series of repeated periods of exercise alternated with periods of recovery. 

Researchers have suggested that interval training is superior to continuous exercise of a similar intensity and duration in training aerobic power.  The most important feature of interval training is that the savings in fatigue accompanying intermittent exercise can be converted to an increase in the intensity of the exercise performed. 


When designing a interval training program, important factors to consider are the length of the work and rest periods, type of rest, and the number of repetitions and sets.  The length of the work period determines the energy system which will be primarily developed during the workout.  The table below indicates traditional guidelines in which work periods of 10-30 seconds primarily stresses the phosphagen (ATP-CP) energy system, work periods of 45-120 seconds primarily stresses the anaerobic glycolytic (lactic acid) energy system, and work periods of 3-5 minutes primarily stresses the oxidative (aerobic) energy system.  Once the length of the work period has been established, length and type of rest as well as corresponding number of repetitions and sets indicated in the table can be performed. 


Recommended Traditional Interval Training Guidelines

Primary
Energy
Work Period
Repetitions
Sets Per
Work:Rest
Type of
Intensity

System
(min:sec)
Per Set
Workout
Ratio
Rest
(% HRmax)
Phosphagen

(ATP-CP)
0:10-0:30
5-10

4-5
1:3
Passive
95

Anaerobic

Glycolysis
0:45-2:00
4-5

2-4
1:2
Active
90

(Lactic Acid)


Oxidative

(Aerobic)
3:00-5:00
3-4

1

1:1

Passive
85


The rest, or recovery, interval can be either a passive (resting) recovery or active (working) recovery.  A passive recovery is a relief period generally involving a lack of movement.  Low to moderate exercise performed during the recovery is referred to as an active recovery.  During an anaerobic interval training program that is designed to stress the phosphagen (ATP-CP) energy system by using short work periods (i.e., 10-30 sec), less lactic acid is produced and complete replenishment of the phosphagen (ATP-CP) stores during the rest period is desirable; consequently, a passive recovery period should be used. 


During high intensity exercise when anaerobic metabolism is the primary source of energy production, lactic acid rapidly accumulates as its formation exceeds its rate of removal.  There appears to be an upper limit to the amount of lactic acid that can accumulate before a performer must stop due to severe muscular fatigue.  Interestingly, an active recovery accelerates the removal of lactic acid while preventing additional lactic acid buildup.  In fact, the recovery process is facilitated more with an active rest than when a passive rest is used during intermittent work of similar intensity and duration.  Therefore, during an anaerobic interval training program that is designed to stress the anaerobic glycolytic (lactic acid) system (i.e., 45 sec - 2 min), more lactic acid is produced; and a more rapid removal of the lactic acid is desirable; consequently, an active recovery period should be used.  Also, an active recovery during an anaerobic workout prevents the complete replenishment of the phosphagen (ATP-CP) stores during the rest period and hence, a greater amount of energy must then be supplied through the anaerobic glycolytic (lactic acid) energy system during the next work period.    


During an active recovery, the exercise intensity should be just below anaerobic threshold so that production of additional lactic acid is minimized and yet, metabolism is occurring at a high enough rate to maximize the removal of lactic acid.  The primary way that lactic acid is removed from the body during recovery is by its oxidation as a fuel substrate in high oxidative skeletal muscle as well as the heart, kidneys, and liver tissues.  Perceptual cues indicating that the exercise intensity is below anaerobic threshold include a rating of perceived exertion of 13-14.

 
 The key to stressing the oxidative (aerobic) energy system is to minimize high levels of lactic acid accumulation in the muscle tissue by performing longer work periods (i.e., 3-5 minutes) at a lower intensity (i.e., approximately 85% of maximal heart rate).  Hence, a passive recovery is recommended during an aerobic interval training program in which high levels of lactic acid accumulation are avoided.


As indicated in the table of traditional interval training guidelines, heart rate can be used to monitor exercise intensity during an interval workout.  As indicated, exercise heart should be approximately 95% of maximal heart rate during a workout designed to improve the phosphagen (ATP-CP) energy system, 90% of maximal heart rate during a workout designed to improve the anaerobic glycolytic (lactic acid) energy system, and 85% of maximal heart rate during a workout designed to improve the oxidative (aerobic) energy system.  


Heart rate can also be used to monitor the length of the rest period.  Heart rate should decrease to approximately 70% of maximal heart rate during the rest period between repetitions in a set and 60% of maximal heart rate during the rest period between sets in a workout.  Work:rest ratios of 1:3, 1:2, and 1:1 are generally recommended for workouts designed to improve the phosphagen (ATP-CP) energy system, anaerobic glycolytic (lactic acid) energy system, and oxidative (aerobic) energy system, respectively.  However, shorter or longer rest periods between repetitions and/or sets may be used based on the above recommended recovery heart rate responses.

Therefore, depending on the exercise goals of the participant, interval training can be modified in terms of:  1) intensity and duration of the work intervals, 2) the length and type of the rest periods, 3) the number of repetitions per set and the number of sets per workout, and       4) the frequency of training sessions per week.  As indicated repeated exercise bouts can vary from a few seconds to several minutes or more depending on the desired outcome.  As previously discussed, longer work intervals engage the aerobic system, whereas shorter exercise intervals place a greater overload on the anaerobic energy system.  


Modifying traditional interval training guidelines is acceptable and recommended especially when time is limited, such as in class situations.  For example, the interval workout has been modified to allow for continuous activity during the exercise session by alternating periods of high intensity with low intensity (active rest) with a work:rest ratio of 1:1.  Continuous activity lasting longer than 3 to 4 minutes primarily stresses the oxidative (aerobic) energy system.  The interval workout is merely one example of modifying traditional interval training recommendations.  Other modifications are limited only by the imagination.   


Cardiorespiratory Endurance Training

Fartlek Training


Many of the different types of training used during cross training have been influenced by those used on the running track.  The famous Swedish track coach, Gosta Holmer (1893-1972), developed a relatively informal type of training called fartlek, a Swedish word meaning "speed play".  Fartlek training supposedly laid the foundation for interval training.  Like interval training, the pace is varied alternately from fast to slow.  Traditionally, the change of pace was dictated by the terrain and the disposition of a runner.  Originally, the Scandinavian athlete ran through pine forests, up and down hills, over fallen logs to help achieve a wide variety of effects and effort.


In contrast to interval training, fartlek training is less structured because the work: rest ratio is spontaneous, rather than predetermined and precisely timed.  In fact, fartlek training should be used as an alternative to the highly structured interval training; yet unfortunately, many instructors do not give consideration to the older, less formal type of conditioning.  Fartlek training can develop both aerobic and anaerobic energy systems, and boasts to be a very exhilarating and personally satisfying method of not only getting into shape, but also fine tuning for a peak performance.  Speed play can be easily adapted most exercise programs to provide variety.   


The two main features of fartlek training are as follows: 

1.  Pace Varies.  The main emphasis is on frequent pace variation.  The pace changes from short, fast (high intensity) movements to long, slow (low intensity) movements, with occasional sustained, moderate efforts over a period of time.  

2.  Pace is Individual.  Fartlek training provides an opportunity for the individual to explore personal limitations of exercise.  The individual is responsible for subjectively perceiving the effects of exercise intensity.  With experience, the participant will naturally adjust the intensity level to create the training effect desired.
