CHAPTER 3: CARDIO RESPIRATORY ENDURANCE (READ CHAPTER)

The cardiorespiratory system 
The Heart
· Right side: pumps blood in the pulmonary circulation, adds o2 and expels CO2 from blood
· Left side: Pumos blood in the systemic circulation to distribute 02, nutrients, and remove wastes. 
Blood pressure
· Systole: contraction (115=force of beat)
· Diastole: relaxation  (75 – rest/refilling interval)
Blood vessels 
· Arteries: vessels that carry blood away from the heart
· Veins: Vessels that carry blood to the heart
· Capillaries: very small blood vessels that distribute blood to all parts of the body. 
Heart Rhythm
· Controlled by nerve impulses generated from an electrical node within the heart (AV node)

Respiratory System: 
Lungs
· Expand and contract about 12-20 times a minute at rest based on contractions of diaphragm and rib muscles.
· Air travels through breathing structures. O2 Is added to the blood, co2 is expelled, regulation of acid production during metabolism.
Alveoli
· Tiny air sacs in the lungs through whose walls gases such as 02, and carbon dioxide diffuse in and out of the blood via capillaries. 
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AT REST: 
· Heart rate: 50–90 
beats/minute 
· Breathing rate: 12–20 breaths/minute 
· Blood pressure: 110/70 
· Cardiac output: ~ 5 liters/minute 
· Blood distributed to muscles: 15–20% 
DURING EXERCISE: • Heart rate: 170–210 
beats/minute 
• Breathing rate: 40–60 breaths/minute 
• Blood pressure: 175/65 
• Cardiac output: ~ 18 – 25 liters/minute 
• Blood distributed to muscles: 85–90% 


Energy Production

Metabolism: the sum of all chemical processes necessary to maintain the body.

Energy From food: broken down into glucose and for immediate use, and stored as glycogen in muscles and liver. 

ATP (ADENOSINE TRIPHOSPHATE): The energy “currency” of cells. Cells store a small amount of ATP, and make more through chemical reactions using glycose, glycogen, and fat. 

Three Energy Systems 
[image: ]

Exercise + the 3 energy systems 
Higher exercise demand and physical fitness result in: 
· Higher metabolic rate (up to 20+ times Resting Metabolic Rate) depending on workload and fitness.
· Physical adaptation to exercise demands trains the body to produce and use energy efficiently.
· Mitochondria (aerobic energy system) use carbs and fats to produce ATP.
· More energy can be produced for powerful or sustained exercise.
· The fit body works at lower intensities (more fat used as fuel)




Physical Fitness and Energy Production
Higher physical fitness results in:
· Higher resting metabolic rate
· More energy can be produced for powerful or sustained exercise
Training:
· Improves the body’s ability to produce and energy abundantly and efficiently, using more fat as fuel and producing fewer wastes to interfere with performance. 

Benefits of CV endurance exercise
Improvements in:
· Cardio-respiratory function
· Cellular metabolism
· Ability to control body fat
· Immune function
· Psychological and emotional well being

CV training  improved CV function 

Heart rate: decreases during exercise and rest, up to 20 beats/minute
Cardiac output: increases due to increase in strength of heart muscle
Heart Cavities: Can become larger due to more blood/contraction
Heart muscle: Has increased blood and oxygen available
Lung capacity: Increase in litres / minute
Blood pressure: decreases, due to less stress and damage for vessel walls

CV training  Improved cellular metabolism
Increased number of capillaries:
· Increased fuel, oxygen, healing, and a decrease in waste
Increased use of fuel and oxygen:
· In muscles
Increased energy production in cells:
· Increase in size and number of mitochondria 
Increase in fuel use for muscles
· Increased use of lactic acid and fats
increased protection from cellular damage
· By free radicals
Increased training increases tolerance to lactic acid
· And its use for fuel within the body – at rest and during exercise (anaerobic systems produce lactic acid, leading to muscle fatigue)

CV training: reduced risk of injury and disease 
Lower risk of chronic diseases:
· Cardiovascular disease
· Cancer 
· Type 2 diabetes
· Osteoporosis
· Deaths from all causes
Acute and overuse injuries
· Avoid with proper exercise equipment including shoes suited to activity demands and your gait patterns and individual body characteristics 

CV training: improved control of body fat
· CV training expends more calories than other forms of exercise
· Excess body fat linked to many diseases
· Regular exercise increases resting metabolic rate, therefore more calories and fat being burned
· Exercise sessions often cause calories to be burned after exercise is finished, in the process of returning body systems and fuel supplies to homeostasis.

CV training: psychological and emotional well-being
· Benefits to sleep, mood, anxiety, stress, self-efficacy, cognitive/work productivity, social fulfillment, biochemical changes.
· Also, similar range of possible improvements, including maintenance of brain function and reduced risk of decline including dementia, significant value of starting to exercise even in old age. 
CV training and immune function 
· Regular moderate exercise improves immune function by influencing levels of specialized of specialized cells and chemicals involved with the immune system
· Overtraining weakens the immune system
· Colds and upper respiratory infections are reduced in fit individuals. 

Age-related changes in physical functioning
· Rate of decline in physical functioning after the age of 30 is approximately 0.5-1% per year including: 
· Decrease in vo2 max 
· Decrease in cardiac output
· Decrease in muscular strength 
· Decrease in fat-free body mass
· Decrease in joint mobility
· These declines can be significantly reduced with regular exercise, increasing length and quality of life. 

Combining muscular and cardiovascular exercise
· Weight training (especially heavy-weights) can increase cardiac risk:
· Increase in blood-pressure
·  Increase in stiffness in blood vessel walls
· increase in negative changes to blood vessel linings
· performing CV training AFTER muscular training reduces these risks. 
Assessing CV Fitness
· the 1,6 km walk test
· 3 minute step test
· 2.4 km run-walk test
· leger 20 m shuttle run 

Frequency of training 
· train 3-5 times per week
· beginners should start with 3 and work up to 5 days per week
· moderate physical activity such as walking can be done daily. 

Intensity of training 
· target heart rate zone
1. estimate your maximum HR (220-age)
2. multiply your MHR by 0.65 and 0.90
people who are unfit should start at 55% of their MHR
Heart Rate Reserve (HRR)
· alternative method to calculate target heart-rate based on the difference between maximum MHR and resting heat rate
· using this method, the target heart rate zone for CV training is: 
· resting heart rate + 50-85% of HRR (40% for unfit people)

Time/duration of training
· total of 20-60 minutes is recommended 
· one single session or multiple sessions of 10 or more minutes
· different intensity levels require different durations for comparable stress on body systems.
· High-intensity activity: 10-20 minutes/session
· Low-to-moderate: 45-60 minute sessions

Warming up/cooling down 
Warming up (5-10 minutes)
· Muscles work better when warmed up
· Increase HR gradually, raise body temp
· Redirect blood flow to working muscles 
· Spread synovial fluid with joints
Cooling down (5-10 minutes)
· Blood flow and respiration return to normal
· Relaxation for muscles
· HR should drop below 100 BPM

Building cardio-respiratory fitness
· Rate of improvement; depends on age, health status, initial level of fitness, motivation and genetics. 
· Initial phase: 1-4 weeks, 3-4 days per week, low end of target HR zone, 20-30 minutes
· Improvement phase: 1-6 months, 3.5 days per week, middle to upper end of target HR zone, 25-40 minutes duration  increase 5-10 min every 2-3 weeks. 

Maintaining Cardio-respiratory fitness
· Continue to exercise at the same intensity on 3 non consecutive days per week
· If you have to stop, start the program again at a lower level
· Cross training: maintains motivation and reduces injury, uses and trains different body areas and actions, and expands specific and general physical benefits and activity skills. 

Preventing Heat Illness
· Use caution in high heat or humidity (over 25 degrees C, and or 60% humidity); lower intensity, add rest breaks 
· Exercise in morning or evening 
· Drink plenty of fluids; check weight before and after exercise
· Avoid supplements and beverages containing stimulants
· Wear clothing that breathes
· Slow down or stop if you feel uncomfortable

Dehydration: excessive fluid loss
· Increases body temperature
· Decreases sweat rate (reduces cooling) 
· Plasma volume
· Cardiac output
· Oxygen consumption
· Exercise capacity
· Muscular strength 
· Glycogen stores

Exercise safety and injury prevention
· Hyponatremia: excessive consumption of fluids 
· Heat cramps: sudden development of muscle spasms and pain due to muscle fatigue
· Heat exhaustion: heat illness related to dehydration from exertion and blood volume re-directed to muscles and skin in hot water. 
· Heat stroke: failure of the temperature regulation center in the brain due to inadequate body cooling

Exercise in Cold Weather
· Hypothermia: low body temperature due to exposure to cold conditions
· Frostbite: freezing of body tissues characterized by pallor, numbness, and a loss of sensation
· Prevention: don’t stay out in very cold temperatures (consult wind-chill values), wear appropriate clothing + layers that are breathable

Poor Air quality
· poor air quality can decrease exercise performance; it especially affects those with respiratory problems.
· Effects can be similar to heavy smoking
· Oxygen in the lungs is displaced
· Do not exercise outdoors during a smog alert or if air quality is poor. 

Exercise injuries: RICE
· Consult a physician for serious injuries and those that do not improve within a reasonable amount of time. 
· Managing minor exercise Injuries: (P)RICE(S)
· Physician 
· Rest: avoid further damage
· Ice: reduce tissue activity
· Compression: reduce swelling, bleeding 
· Elevation: reduce heart action on tissues 
· [bookmark: _GoBack]Support (taping etc)
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“For most activities, all three systems contribute to energy production; the duration and
intensity of the activity determine which system predominates.
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