APA 4313 – Exercise and Disease Prevention
Lecture 1 - Introduction
Defining Health and Illness:

· - WHO’s l947 definition of health: “a state of complete physical, mental, and social well being, not merely the absence of disease or infirmity”

· Disease is a medical term, meaning there is a pathologic change in the structure or function of the body or mind.

· Illness is the response of the person to a disease; it is an abnormal process in which the person’s level of functioning is changed.

Homeostasis:
· A condition in which the body’s internal environment remains relatively stable within physiological limits

· Nervous system and Endocrine systems responsible for homeostasis

· Blood pH

· Water potential

· O2 and CO2 concentrations

· Blood-glucose

· Body temperature

Pathology: study of disease
· the study of the structural and functional changes in cells, tissues and organs that underlies disease

Acute Illness:
· an illness that has rapid onset symptoms that last a short time

· Stage 1: experiencing symptoms

· Stage 2: assuming the sick role

· Stage 3: assuming a dependant role

· Stage 4: achieving recovery and rehab

Chronic Illness:

· it is a permanent change

· it causes, or is caused by, irreversible alterations in normal anatomy and physiology

· it requires special patient education for rehab

· it requires a long period of care or support

Four aspects of a disease:
· Etiology

· Pathogenesis

· Morphological change

· Clinical significance

1. Etiology

· Intrinsic cause: originates from inside the person

· Extrinsic cause: originates from an external source

· Idiopathic: The cause is not known

· Iatrogenic: Caused by medication 

Classification of diseases:

·  Genetic/hereditary diseases

·  Congenital diseases

·  Degenerative diseases

·  Nutritional deficiencies

·  Endocrine diseases

·  Mental/psychological diseases

·  Immunological/inflammatory diseases

·  Neoplastic diseases

·  Environmental diseases

·  Infectious diseases

2. Pathogenesis

- Sequence of events in the response of cells and tissues to a stimulus or pathogen

3. Morphology

- structural and function changes in cells, tissues, and organs

4. Clinical Significance

· - Functional derangements and its clinical manifestations resulting from the morphologic changes.

· Signs and symptoms, course and prognosis of disease depend on the morphology
Disease of the day: Marfan’s syndrome

· it is a genetic disorder of connective tissue

· effects many body systems, including the skeleton, eyes, heart and blood vessels, nervous system, skin and lungs

· It is inherited as a dominant trait
· The gene defect also causes too much growth of the long bones in the body, which causes tall height and long arms and legs

Heritability and Gender Differences in Disease:
Steroid hormones are all derived from cholesterol
Gender selection – why?

· about 200 gender-related diseases, most which affect males

· x-chromosome is large (lots of genes) and we only have one copy
· personal preference/family balancing

· ethical – genetic diseases

· where is the right point to stop for gene selection?

Men and women differ in more than just hormones, reproductive systems, and muscle mass
· fetus starts as female, depends on SRY gene activation and hormones to eventually develop into a male or stay as a female

Men and women can have the same disease and show different symptoms
· diseases like MS, Lupus, and thyroid problems are more common in women

 Cardiovascular differences
· heart attacks and strokes more common in men but more lethal in women

· QT interval longer in women
· Electrical depolarization and repolarization of left and right ventricles

· Long QT interval can cause arrhythmia 

Other differences
· react differently to drugs and drug metabolism

· osteoporosis more common in women

· thyroid cancer more common in women

Exercise and Physical Activity
· Exercise: a physical activity that is performed for the purpose of improvement or maintenance of physical fitness

· Physical Activity: an activity performed for reasons other than improvement/maintenance

Physical Fitness

· There is a minimum level of fitness which we all need to have for good health called health-related fitness

· There is also sport-related fitness related to specific sports
· Body composition, flexibility, muscle strength etc.

Health-related fitness benefits reduce
· premature mortality

· CV risk

· Colon cancer

· Type II diabetes

· Improved mental health

Fitness benefits 
· increases cardiorespiratory fitness (VO2 max)

· increases muscular strength and endurance

· increases musculoskeletal flexibility (ROM)

· body comp

· power and agility

Physical activity
· it is a form of stress

· effective way to reduce stress

· natural way to control stress-related symptoms

Common reason to not exercise
· no time

· don’t like to sweat

· look silly

· it hurts

· no knowledge

· “it’s not important”

· No energy

Responses to P.A.

· acute responses

· rapid responses

· linear responses

· delayed responses

Acute vs chronic adaptations

· acute: temporary physiological alteration

· chronic: long-term physiological alteration

Dose Response to P.A.

· amount of change is proportional to the amount of exercise

· more activity helps:

· all-cause mortality

· CV disease

· II diabetes

· Total fat

· Colon and breast cancer

· Osteoperosis

· P.A. improves the following, but no dose response evidence

· Blood pressure and stroke

· Glucose control

· Blood lipids

· Abdominal and visceral fat

· Depression

· Anxiety

· Independent living

The art and science of exercise prescription
· Aerobic

· Resistance

· Flexibility

Variables of exercise prescription

· Mode

· Intensity

· Duration

· Frequency

· Progression

Basic Principles of Exercise program design

· Specificity (ex: a runner shouldn’t be spending most of their time swimming)
· Overload

· Progression

· Initial values (worse shape, the higher initial gains)
· Individual variability (people improve differently based on body comp)
· Diminishing returns 
· Reversibility (stop exercising, lose some of the gains)
FITT!

· Frequency

· Intensity

· Time

· Type

Stages of progression

· Initial conditioning stage

· Improvement stage

· Maintenance stage

Hexagon of health
· Sleep

· Exercise

· Genetic

· Stress

· Nutrition

· Emotional

Disease of the Day

· Piriformis syndrome

· Occurs when the sciatic nerve is compressed by the piriformis muscle
· Tenderness in the area of the muscle

· Pain in the buttocks

· Fatigue of leg

· Pain is worse with activity

· Sometimes radiates down the leg to the hamstring

· runners/bicyclists and other athletes engaging in forward-moving activities or strenuous leg use while sitting can cause it to develop
Lecture 2 – Cellular Adaptation
Atrophy

· normally does not involve cell death. It is mostly decreased functional capability and size of cells

· reversible upon return of normal conditions

· most common in skeletal muscle and in the heart

Causes of Atrophy
· decreases in workload

· decrease in use (injury)

· decrease in blood supply

· decrease in nutrition (protein)

· decreases in hormonal stimulation

· decrease in testosterone, decrease in size of cells in testes 

· decreases in nervous system stimulation

· old age

Mechanisms
· cell shrinkage (accelerated normal catabolic functions)
· degradation of cellular components by lysosomal enzymes

· degradation of cellular components by non-lysosomal enzymes (Ubitiquin pathways)

Survival Advantage of Atrophy
· allow the cells to survive in adverse conditions by reducing their metabolic overheads

· dietary restrictions prolong lifespan

· spiders fed 8 flies a week survived up to 30 days, while those fed 1 a week survived 140 days

· caloric restriction prolongs lifespan

Hypertrophy

· increase in cell size accompanied with increased functional capacity
· mostly seen in tissues composed of cells which are unable to divide (skeletal and cardiac muscle). Also can be seen in cells that have the capacity to divide (ex: liver)
· Physiologic

· Ex: hormonal stimulation of uterus in pregnancy

· Pathologic/Adaptive

· Ex: LVH (left ventricular hytrophy)

Ex: 

· Phenobabital induces hytrophy of hepatocytes

· Exercise induces hypertrophy of skeletal as well as myocardial cells

Increase in cell SIZE not cell number

· prolonged cardiac hypertrophy is associated with increased risk of heart failure
Hyperplasia
· increasing in the NUMBER of cells resulting from an increased rate of cellular division
· can be physiologic or pathologic

· multistep process involving the production of growth factors stimulating division (as a response to injury)

· can occur with hypertrophy 

· ex: persistent cell injury (callous)

Types:

· Compensatory: enables certain organs to regenerate (skin, nails etc.)

· Hormonal: estrogen-related organs

· Pathological: abnormal proliferation with excessive hormonal stimulation

· Excessive hormonal stimulation ( endometrial hyperplasia

· Excessive growth factor effect on target cells ( viral infections – HPV – warts

· Pathologic hyperplasia may precede the development of malignancy ex: endometrial carcinoma
· Physiological 

· Hormonal

· Compensatory

· Endometrial lining of uterus during pregnancy

Concept of reversibility
· removal of hormonal stimulation
· removal of inciting cause

 Role in healing/tissue repair: fribroblastic proliferation

Atypical hyperplasia
· not true adaptation
· abnormal changes in size , shape, and organization of mature cells

· may be early sign of cancer (neoplasia) – found next to cancerous cells

· reversible if stimulus is removed

· cervix, respiratory tract, breast

Metaplasia

· one adult cell type is replaced by another cell type

· considered better adapted to the stressor/stimulus

Concept – Stimuli which predispose to metaplasia may, if continued, lead to transformation to cancer

Examples:

· Epithelial metaplasia: in bronchi, columnar ciliated epithelium replaced by squamous stratified epithelium (squamous metaplasia)

· Glandular metaplasia: non-secreting epithelium replaced by secreting epithelium

· Intestinal metaplasia of the stomach

· Sometimes the cells get keratinized – epidermoid metaplasia (the epithelium in smoker’s tongue becomes thick and undergoes excessive keratinisation)

Direct Metaplasia 

· cells can assume different structure and function by turning certain genes on or off

· Evidence

· 5-azacytidine transforms fibroblasts into fat cells, muscle cells, or cartilage.
Metaplasia is reversible

· survival advantage: strong and can withstand adverse conditions

· functional compromisation!

Dysplasia
· disordered growth
· used in relation to epithelial growth

· loss in the uniformity of individual cells

· loss of their architectural organiztion

· Cyctologic variation, mitoses, N/C ratio (nucleus to cyctoplasm)

· adapted changes in the size, shape, and organization of mature cells
· often called atypical hyperplasia

· not a true adaptive process

· associated with neoplastic growths

Can be mild, moderate or severe

· concept of progression
· concept of regression

· unlikely

Examples: 
· seen in metaplasic squamous epithelium of the respiratory tract in habitual smokers

· seen in areas of the cervix

· seen in exposure to excess sunlight

· metaplasia and dysplasia pose increased cancer risk

Lecture 3
Cell Injury
Causes of cell injury

· Hypoxia
· Lack of oxygen

· Decrease in O2 supply

· Decrease in O2 transport

· Decrease in delivery of O2

· Decrease in ability of O2 used in cell respiration

· Physical agents

· Chemicals and Drugs

· Microbiologic Agents

· Immunological Reactions

· Genetic Defects

· Nutritional Imbalance

Mechanisms of Cell Injury
· Radiation
· Inflammation

· Oxygen Toxicity

· Chemicals

· Reperfusion Injury

· Damage to tissue when oxygen is restored to an area where it was depleted

Reversible vs Irreversible Injury

· When a stimulus causing damage is removed it may cause 1 of 2 types of injury

· Cell swelling a sign of reversible injury

· Point of no return not clearly defined between the injury types

Hypoxia mechanism
· decrease in O2 

· decrease in ATP
· loss of Na/K pump function

· cell swelling

· membrane damage

· cell death

Ischemia and Hypoxic Injury
· Reversible Injury
· Decreased oxidative phosphorylation
· Reduced ATP

· Increased cytosolic calcium

· Reduced activity of sodium pump

· Accumulation of Na by cell

· Isosmotic gain of water (swelling)

· Diffusion of potassium 

· Increased Anaerobic glycolysis

· Glycogen depletion

· Lactic acid accumulation

· Accumulation of inorganic phosphates

· Reduced intracellular pH

· Swelling of mitochondria/entire cell

· Irreversible Injury
· Mitochondrial changes
· Extensive plasma membrane damage

· Prominent swelling of lysosomes

· Injury to lysosomal membranes

· Leakage of degradative enzymes

· Massive influx of calcium (reperfusion)
· Prominent leakage of cellular enzymes

Disease of the Day

· Raynaud’s disease/ phenomena/ syndrome
· Vasospastic disorder causing discolouration of the fingers, toes, and occasionally other areas

· Result of vasospasms that decreases blood supply to the respective regions

· Classic triggers: emotional stress and cold
· 5 % of US population has Raynaud’s
· Causes of primary and secondary RP are unknown
· Primary: disease that is independent of other diseases

· Secondary: condition/ disease caused by another condition

· Risk factors
· Gender: women more likely than men

· Age: primarily between ages 15 and 30

· Where you live: more likely for people in colder climates

· Genetic

· Secondary Raynaud’s
· Scleroderma (9 out of 10) and Lupus (1 out of 3 people)
· Repetitive actions may lead to disease

· Certain chemicals and medicine increase the risk aswell

· Management of Raynaud’s
· Can be managed with minor lifestyle changes

· Usually not very serious

Cell Death:

Necrosis:

· death by dissolution of cells
· caused by external factors

Apoptosis:

· programmed cell death
· caused by internal factors 

Cellular Death
· specific types of cells die at different rates when deprived of oxygen or other cell sustaining nutrients

· ex: brain (4-5 minutes), heart (30 minutes)

· Somatic (body) death: lack of electrical activity in any neurons in the brain as demonstrated by EEG and lack of response

Necrosis: 4 major types
· Coagulation

· Heart, adrenals, kidneys as a result of hypoxia from chemical injury

· Most common type 

· Liquefaction

· Occurs in the brain

· Tissues become soft and liquefied

· Coagulative necrosis may liquefy due to leukocytes 

· Caseous

· Combo of coagulative and liqueficative necrosis

· Tissue is “cheesy” yellow-white

· Usually found in TB

· Fat

· liquefactive necrosis of fat tissue, usually around pancreas (i.e. result of rupture of pancreas due to seat belt trauma)

Subtypes:

· Gangrenous

· Severe hypoxic injury as a result of blockage of arteries

· Tissue invaded by bacteria

· Gas Gangrenous

· Infection of tissue by clostridium, bubbles of gas form in muscle cells

Necrosis secondary changes

Coagulated tissue ( bacterial infection ( inflammation ( secondary liquefication ( wet gangrene

Apoptpsis

· programmed cell “suicide” of scattered single cells

· nucleus dies first, then rest of cell dies

· normal “deletion” of cells regulates #s of cells, selects fittest cells from damaged cells
Inflammation

General features of inflammation

· directed tissue response to noxious and injurious external and internal stimuli
· can be a response to anything that damages tissues
Causes:

· infection –microbial agents

· physical agents – trauma, radiation, temp

· chemical agents – acid, alkali, toxins

· ischemia/infarction – lack of blood supply, secondary necrosis as a result of ischemia

· immune reaction – auto, allo, allergy

· foreign body – endogenous or exogenous

Advantages of inflammation

· Serves to isolate and localized injured area, protecting normal tissue
· Can neutralize and inactivate toxic substances

· Destroys and limits growth of microorganisms

· Prepares the area for wound healing and repair by cleaning

Disadvantages

· pain and swelling

· may cause rupture or hemorrhage

· can lead to excessive scar tissue

· may stimulate further inflammation and destroy surrounding healthy tissue

· can lead to inflammatory disease

Terms used to describe inflammation

· Hyperemia – increase blood in tissue, caused by vasodilation

· Edema – excess fluid in tissue, caused by increased vascular permeability
· Transudate – physiologic, low-protein concentration edema fluid containing albumin, cleared by lymphatics

· Exudate – pathologic, high-protein edema fluid containing immunoglobulins and macroglobulin

Types of exudates
· acute inflammation is characterized by the formation of an exudate

· Purulent: (Pus) contains a large amount of neutrophils – bacteria

· Fibrous: contains large amounts of protein from plasma, often bloody
· Serous: mild inflammation, fewer cells and protein, Ex:burns

· Catarrhal: forms on mucous membranes and contains lots of mucous Ex: rhinitis, bronchitis 
Types of inflammation

· Acute

· Characterized by Hyperemia and exudation

· A few days

· Subacute

· A reduction in swelling during repair phase

· 2 weeks

· Chronic

· Weeks to months, years.

· Characterized by Hyperemia and exudation

Acute inflammation:

· typical of early phases of inflammatory response

· involves neutrophils as the principal cellular effectors

· Vascular changes

· Vasodialation and increased blood flow

· Increased vascular permeability

· Increased in blood viscosity

· Cellular changes

· Influx of neutrofils

· Influx of monocytes, macrophages

· Phagocytosis

Chronic inflammation:

· tends to occur over a longer time, involves monocytes, macrophages, lymphocytes, and plasma cells

Vascular Changes:

The histamine released from the mast cells, basophils and blood platelets initially stimulate vasodilation and increase vascular permeability (1 hour) 

Cellular Reactions

· inflammation allows cells and soluable mediators from the blood to enter trauma site
· Neutrophils

· First to arrive

· Phagocytosis of bacteria

· Contain and release enzymes
· Basophils

· Eosinophils

· Mast cells

· Macrophages 

· Lymphocytes 
· B cells

· Differentiate into plasma cells

· T cells

· Help in a number of immune reactions

· natural killer cells – kill other cells
Chemical Mediators of Inflammation

· Vasodialation

· BV permeability

· Leukocyte adhesion

· Chemotaxis

· Pain

Arachidonic acid metabolism – see slides for pictures
5 signs of inflammation:

- Heat (Calor)

- dialation causes hyperemia, causing an increase in core temp
- Redness (Rubor)

- RBC pool in capillaries 

- Swelling (Tumor)

- causes edema in interstitial tumor

- Pain (Dolor)

- pressure and mediates irritate nerves

- Loss of Function


- changes in microenvironment interfere with function

Lecture 4 

Disease of the Day

· Huntington’s Disease
· An inherited disease that causes a progressive degeneration of nerve cells in the brain

· Born with the dominant defective gene, but symptoms don’t usually appear until middle-age

· Repetitive mutation on the 4th Chromosome

· 1 in 10000 Canadians affected
· Broad impact on a persons functional abilities, and usually results in movement, cognitive, or psychiatric disorders
Subsequent course of the Inflammatory Response
· Resolution

· Occurs when injury is minor and leaves no permanent change

· Healing by Scar

· Occurs when there is a substantial volume of dead tissue or when fibroblasts invade the initial fibrin deposits before they are reabsorbed or when chronic inflammation occurs

· Suppuration

· This is the formation of Pus – a creamy exudate of polymorphs and dead cells, which collects to form an abscess

· Chronic Inflammation

· Follows from acute inflammation, persistence of an abscess cavity or to a foreign body
· An unusual infecting organism such as TB or an abnormality in the patients immune system ex: Rheumatoid arthritis

· Occurs when healing of an acute inflammation is incomplete

· Not a natural phenomenon, always pathological

Situations favouring chronic inflammation
· Persistent Infection
· TB, Fungal Infection, etc.

· Prolonged Irritation

· Foreign body

· Cellular Immune Response

· Viral Infection, Graft Regection etc.

· Defective Acute Inflammatory Response

Injury

· Acute Inflammation (leads to one of)

· Chronic Inflammation

· Healing

· Abscess/Fistula/Ulcer/Sinus

3 Stages of Soft Tissue Wound Healing

- Inflammation

- Fibroplasia

- Scar Maturation

Fibroplasia

· Proliferation of fibroblasts

· Macrophages release chemicals which attract fibroblasts

· Normal turnover
· Starts a few hours after the wound

· There is a greater demand for collagen after the wound

· Collagen synthesis and fibrogenesis

· Deposition of weaker type III collagen fibres

· Synthesis of stronger type I collagen fibres

· Formation of granulation tissue

· Disorganized type III collagen fibres

· Neovascularization – angiogenesis

· Initiated by macrophages

· Wound contraction

· Caused by myofibroblasts

· Occurs from 3 days to 2 weeks after wound

· Formation of dense scar tissue

· An abnormal deposition of scar tissue

· A transition from type III collagen to type I

· An increase in the deposition of collagen

· Absorption of small blood vessels

· 3 weeks for muscles, 4-6 weeks for tendons

Scar Maturation
· The differences between scar formation and scar maturation are ambiguous
· Reaches it’s peak at approximately 3 weeks after the injury
· The ultimate structure, strength, and biomechanical properties of the scar tissue are determined

· May undergo changes for several months to a year

· The rate of collagen turnover approaches normal

· There is an increase in the number of stronger collagen cross-links

· There is a realignment of collagen fibres

Complications associated with connective tissue repair
· Granulomatous inflammation
· Tumor-like mass of granulation tissue

· Due to inflammatory chronic inflammation associated with an infectious disease

· Actively growing fibroblasts and capillary buds
· Collection of modified macrophages resembling epithelial cells, surrounded by a rim of mononuclear cells (chiefly lymphocytes) and sometimes a centre of giant multinucleate cells

· Retardation of muscle fibre regeneration

· Contractures and adhesions

· Contractures
· Abnormal shortening of muscle tissue, rendering the muscle highly resistant to stretching. A contracture can lead to permanent disability. It can be caused by fibrosis of the tissues supporting the muscle or the joint, or by disorders of the muscle fibres themselves
· Adhesion 

· An abnormal union of separate tissues, commonly resulting from inflammation or haemorrhage. Adhesions may affect the synovial membranes of joints or form in and around muscle after sports injury. Manipulation is often necessary to break down an adhesion and prevent loss of normal function.
· Hypertrophic scars and keloids

· An over-abundant deposition of type III collagen fibres

· Genetic pre-disposition is more common in blacks

Wound Healing Process
· The wound healing process leads to a restoration of the integrity and function of the tissue:
· Injury elicits acute inflammation and demolition
· Migration and proliferation of parenchymel and connective tissue cells

· Synthesis of ECM proteins by fibroblasts and other cells

· Regeneration of parenchymel cells into function tissue

· Remodelling of connective tissue and parenchymal cell components

· Collagenization and development of wound tensile strength

Factors that Inhibit Repair

· Old Age

· Nutrition

· Immune Depression

· Certain Diseases (diabetes)

· Malignancy (leukimias)

· Drugs

· Superimposed infection 

*see end slides for diagrams

Lecture 5

Disease of the Day
· Acromegaly and Gigantism

· Acromegaly: a serious condition that occurs when the body produces too much of the hormones that control growth

· Gigantism: is abnormally large growth due to an excess of growth hormone during childhood, before the bone growth is finished

· I more than 95% of cases, acromegaly is caused by a tumor of the pituitary gland

Lipoproteins
· Chylomicrons

· Initial lipoproteins created

· Assembly in intestinal mucosa

· VLDL
· Created from chylomicrons

· Lose triglycerides as they go through the blood stream
· assembly in the liver

· LDL

· Created from VLDL

· Very little triglycerides left, given away through the blood

· Once it is done giving away triglycerides, it goes back to the liver to be gotten rid of

· If there’s too much, it stays in the blood and deposits itself (in lining of blood vessels)

· HDL

· Not created from the others

· Made like empty bags
· Purpose is to circulate around and pick up extra cholesterol not being used/debris from the cells

· The more HDL you have, the more effective cholesterol disposal is

Lipoproteins

· Water-soluable outside, fat-soluable inside

*no structures on exam

Phospholipids
· hydrophilic head

· hydrophobic tails

· major component of the membrane

Cholesterol

· formation and maintenance of cell membranes

· formation of sex hormones

· production of bile salts, which helps digest food

· helps with vitamin d activation from sunlight

Chylomicrons
· assembled in intestinal mucosa

· transports triglycerides and cholesterol

VLDL

· assembly in liver

· transports triglycerides

How to increase HDL

· aerobic exercise

· weight loss

· alcohol (small portions)

· reduce trans fats

· increase monounsaturated fats

· add fibre to your diet

· cranberry juice

see slides for diagrams
Hyperhomocysteinemia

· It is a medical condition characterized by an abnormally large level of homocysteine in the blood

· Contribues to atherosclerosis by increasing oxidative stress, endothelial dysfunction and promotion of thrombosis (blood clotting)

· Supplementation with folic acid, vitamin B6 and B12, in patients at high risk of coronary heart disease, will cause a significant reduction in their homocysteine levels

Tubulance

· causes excess stress on the blood vessels
Pathogenesis

· initial injury

· inflammation, necrosis

· lipid-cholesterol accumulation (soft.a)

· fibrosis, smooth muscle proliferation (hard.a)

· extension of lesion and destruction of vessel

· complications – thrombosis, embolism, aneurism, dissection and rupture

· look up differences ^

Pathogenesis stages

· Type I – fatty dots
· Type II – fatty streak

· Type III – extracellular lipid pool

· Type IV – atheroma – core of lipid

· Type V – fibroatheroma – fibrotic layer

· Type VI – complicated – ulcer, Ca++

  Development of atherosclerosis
· difficult/impossible to reverse depending on type

Clinical Manifestations of Atherosclerosis
· Coronary heart disease

· Angina pectoris, myocardial infarction, sudden cardiac death, shortness of breath, palpitations, noctural dyspnea, sudden death

· Cerebrovascular disease

· Transient ischaemic attacks, stroke, dizziness

· Peripheral vascular disease

· Intermittent claudication, gangrene, ankle edema

Exercise and Atherosclerosis
· lower bad cholesterol and boost good cholesterol

· lowers risk factors such as obesity

· by boosting the production of nitric oxide by the endothelium, which helps circulation

· stimulates the bone marrow to produce new progenitor endothelial cells

· even in healthy people who are free of atherosclerosis, age takes its tolls on arteries. As you age, arteries become stiffer, stickier, and narrower. People who exercise regularly, age had a much smaller effect on arteries

1. Improved endothelial function
2. Attenuated plaque progression/regression and outward remodelling

3. Stabilization of vulnerable plaques preventing plaque rupture

4. Infarct sparing due to myocardial preconditioning

5. Correction of autonomic imbalance

6. Reduction in myocardial oxygen demand

7. Decreased thrombosis

8. Enhanced collateralization

9. Decreased inflammatory mediator release from skeletal muscle and adipose tissue

Lecture 6
Hypertension

· Silent killer – painless – complications
· Dizziness, headaches, and visual difficulties

· Leading risk factor for MI and stroke

· Responsible for majority of office visits

· #1 reason for drug prescription

· 25% of population, <35% unaware

· Complications bring to diagnosis but late…

· Chronic, end organ, vascular damage

Types of Hypertension

· Primary or Essential Hypertension (95%)

· Secondary Hypertension (5-10%)

· Malignant hypertension

· Hypertension during pregnancy

· Isolated systolic hypertension (SBP > 140, DBP > 90)

· White coat hypertension

Primary Hypertension

· cause is unknown (environmental factors and genetic factors)
· Systemic, essential or idiopathic hypertension

· Risk factors include

· Family history

· Age

· Smoking

· Obesity

· Heavy alcohol consumption

· Gender (men<50, women>50)

· Black race

· High Dietary Na+

· Low dietary K+, Ca+, Mg+

· Glucose intolerance

· Theories on cause of Primary Hypertension

· Over-activity of the sympathetic nervous system 
· Over-activity of the rennin-Angiotensin-aldosterone system

· Alterations in neurohumoral mediators of blood volume and vasomotor tone 

· A complex interaction involving insulin resistance and endothelial function

Secondary Hypertension

· Renal
· Endocrine

· Vascular

· Neurogenic

· Blood Volume

· Cardiac Factors
Malignant Hypertension

· A rapid elevation in blood pressure that results in symptomatic damage to the vasculature of end organs (BP > 160/110)
· Vascular damage leads to

· Acute left heart failure

· Acute renal failure

· CNS manifestations – Headache, visual disturbances and mental state changes
· Advanced retinopathy

· Cerebral hemorrhage or infarctions

Hypertension and Pregnancy

· During a normal pregnancy, during the 1st and 2nd trimester blood pressure declines, and rises during the 3rd
· Preeclampsia: Pregnancy-induced hypertension defined as increased BP greater than 140/90 mmHg after week 20 of gestation

· Increased BP of more than 30/15 mmHg after the first trimester is also considered abnormal
Isolated Systolic Hypertension

· More common among the elderly
· Also poses CV risk

· This cause is not well known but a reduction in the elasticity of the aorta, a reduction in plasma volume, and the hormone levels of aldosterone and renin are contributing factors

· Treatment includes a lifestyle change (diet, exercise, reduction of alcohol) and medications

White Coat Hypertension
· is a condition in which people experience high blood pressure only when they visit the doctor’s office
· People who experience it have an elevated systolic blood pressure between 140 and 180 mmHg while at the doctors office and normal blood pressure they’re not

Physiology and Pathophysiology
BP = cardiac output x peripheral resistance 

injury to endothelial cells


(
no secretion of vasodilators


(
vasoconstriction & vessel remodeling (smooth muscle

 hypertrophy & hyperplasia)


(
cells secrete inflammatory mediators


(
Increased vascular permeability


(
Infiltration of ions and proteins


(
Calcium stimulates smooth muscle contraction


(
Increased vascular resistance


(
HYPERTENSION

Consequences of hypertension
· Blood vessels
· Atherosclerosis and it’s complications

· Heart

· Hypertensive cardiomyopathy, MI, etc.

· Kidneys 

· Benign/Malignant nephrosclerosis, infarction, renal failure

· Eyes

· Hypertensive retinopathy

· Brain

· Hemorrhage, infarction 

Pathogenesis of complications of hypertension

· Ischemia – MI, CNS, Kidney, eye
· Aneurysm/Rupture – CNS, Aorta

· Myocardial Hypertrophy, Cardiac failure

Treatment of Hypertension
· Reduce Mortality due to hypertension-induced disease
· Stroke

· Congestive Heart Failure

· Coronary Artery Disease

· Nephropathy

· Peripheral Artery Disease

· Retinopathy

Clinical Considerations 

· Assess secondary forms of hypertension

· Signs and Symptoms

· No specific symptoms

· Maybe headaches, Dizziness or Palpitations

· Epistaxis, hematuria, blurred vision

Treatment of Individuals with HTN
· Step 1: Lifestyle Modification

· Decrease Weight

· Moderate Alcohol consumption

· Moderate Levels of PA

· Reduce Sodium

· Increase Potassium, Calcium, and Magnesium intake

· Smoking cessation

· Step 2: Pharmacological Methods

· Reduce Cardiac output (beta blockers, Ca blockers)

· Reduce Plasma volume (diuretics)

· Reduce peripheral vascular resistance (vasodilators)

GXT (Graded Test)

· Perform on individuals with hypertension and 1 additional risk factor

· Medical history for risk factors

· Contraindications

· SBP > 200, DBP > 110 at rest

Normal BP response to exercise


- TPR (, ( CO ( SBP (, DBP ( or (
Abnormal BP response to exercise


- TPR ( ( SBP and DBP
Terminating a GXT

· A decrease of more than 20 mmHg in Systolic
· No increase in SBP with exercise

· Excessive increase in SBP > 260, DBP > 115

Special Considerations

· If BP is greater than 180/110, wait until drugs regulate BP to start exercise

· Resistance training not recommended if case is severe

· An exaggerated BP response in normotensive cicumstances during a GXT is associated with the risk of developing hypertension ( > 200 mmHg at 6 MET’s)

Exercise Prescription and Hypertension

· Aerobic exercise is effective at reducing hypertension but the mechanism is unknown
· Decrease in serum norepinephrine

· Improved renal function and renin concentrations

· Changes in arterial structure (decrease in PVR)

· Regulation of hyperinsulinemia

· A reduction in catecholamines, prostaglandins, and serotonin

· A reduction in peripheral resistance

· An increase in the production of nitric oxide

· Improvement of the ANS

 Exercise Recommendations
· Cardiovascular

· Lower intensities, 40-70% of VO2 max are as efficient as higher intensities

· Use large muscle groups 3-5 times weekly

· Duration: 20-60 minutes of continued or intermittent exercise

· Resistance Training

· Circuit training is better (lower resistance, higher reps)

· Frequency, 2-3 times a week

· 1 set of 8-10 different exercises

· 10-15 reps

· 40-60% of 1RM

· Flexibility

· 2-3 days a week

· 4 reps per muscle group, hold for 10-30 seconds

Hypotension

· no clinical significance unless the patient is symptomatic

· The limit is usually BP 90/60

· Orthostatic hypotension increases the risk of falls

Lecture 7
Disease of the day:
· Thyroid Gland
· More common in women
· Plays a very important role in the body’s metabolism by producing thyroid hormones (thyroxine and triiodothyronine)

· Also makes calcitonin that helps regulate calcium levels in the blood by limiting Ca 2+ absoption
· There are many types of thyroid disease

· Hypothyroidism (underactive)

· Severe can lead to heart failure, seizures, and a coma

· Can affect pregnant women due to hormones related to childbirth/pregnancy

· In children, it can stunt growth

· Symptoms: weight gain, pale skin, cold intolerance, joint or muscle pain, fatigue, weakness depression

· Hyperthyroidism (overactive)

· Acceleration of body functions

· Graves’ disease

· Toxic nodule

· Excessive intake of iodine

· Medications (ingesting thyroid hormone)

· Symptoms: increased heart rate, weight loss, difficulty sleeping, heat intolerance, increased appetite, bulging eyes

· Graves’ Disease

· Thyroiditis

· Cancer of the Thyroid

· Nodules

· Treatment
· Medications

· Used to treat hyperthyroidism to reduce the production of thyroid hormone

· In hypothyroidism, synthetic hormone is given

· Surgery

· When there gland is causing the airway to be compressed

· To remove a nodule that is overactive

· To remove a goiter that is disfiguring, or when cancer is possible

· Radioactive Iodine given when hyperthyroidism is inadequately responding to medications

· Thyroid nodules
· A small lump on the thyroid gland

· A part of the gland, a goiter is the swelling of the whole gland

Myocardial infarction
· Cancer and Heart Disease are the 2 largest causes of death in Canada
· About ¼ of heart disease is due to myocardial infarction

· Preload

· Stretching of muscle prior to contraction

· Pressure generated in the left ventricle at the end of diastole or left ventricular and diastolic pressure

· Factors Affecting preload

· Filling time

· Ventricular distensibility

· Ventricular filling pressure

· Venous capacitance

· Afterload

· All the factors that impede fiber shortening

· What the heart has to pump against

· Volume of blood in the arterial circulation

· The better shape you are in, the larger the volume of blood leaving the heart
· 5 L blood / minute at rest

· Pressure in aorta at onset of injection

· Compliance of Aorta

· Size of outflow orifice

Risk Factors for Heart Disease
· Hyperlipidemia
· Diabetes Mellitus

· Hypertension

· Obesity

· Stress

· Smoking

· Male Gender

· Family History

· Race

· Physical Inactivity

· Poor Diet

· Prior Myocardial Infarction (MI)
Pathophysiology of heart disease

· Atherosclerosis

· Underlying process in some CVD

· Begins in childhood

· Manifests itself in middle age or later

· Angina, MI, stroke

Classification for Angina Pectoris
· I: ordinary physical activity does not cause angina

· II: slight limitation of ordinary activity

· III: marked limitation of ordinary physical activity

· IV: inability to carry out any physical activity

MI Classic Signs:
· pressure in the chest

· spreading pain

· ligthheadedness, sweating, or nausea

- Symptoms often start during exercise

- Pain, burning or crushing discomfort

- May also observe


- Shortness of breath


- profound weakness


- profuse sweating


- loss of consciousness


- confusion


- anxiousness

Gender Differences in Heart Attack Symptoms

· Typical in both sexes

· Pain, pressure in chest

· Pain radiating to neck, shoulder, back, arm, or jaw

· Pounding heart

· Difficulty breathing

· Heartburn, nausea, vomiting, abdominal pain

· Cold sweats or clammy skin

Symptoms more common in women

· Before a heart attack

· Unusual fatigue

· Difficulty sleeping

· Shortness of Breath

· Indigestion

· Anxiety

· After a heart attack

· Shortness of breath

· Weakness

· Unusual fatigue

· Cold sweat

· Dizziness

Women tend to experience heart attacks 10-20 years later than men

A woman’s first heart attack is more likely to be fatal

Women may not have classic signs/symptoms (may be due to spasm)

More women complain of chest pain but are less likely to be diagnosed with angina

More women die of strokes although men have more strokes

Twice as many women as men who have MI will become a “cardiac cripple” (can’t do normal every day things due to the heart)

MI Detection

· Lab indications of tissue damage – WBC, RBC sedimentation

· The ECG

· Serum enzymes – creatine kinase, lactate dehydrogenase

· More sensitive and more specific than ECG

· Cardiac imaging – wall motion and blood perfusion

Two Types of Infarctions

· Transmural infarction

· Full thickness of ventricular wall

· Hyperpolarization of T waves and ST segment elevations

· Associated with pronounced Q waves

· Subendocardial infarction

· Inner half of myocardium

· ST segment depression

· Not associated with pronounced Q waves

· Severtiy of the Damage

· Location of the damage

· Complete or partial blood flow cut-off

· Duration of ischemia

· Collateral blood flow

· Oxygen demand

Sometimes it cannot be helped
· when part of the heart dies and the nerves cannot send the signal to the pacemaker to signal the heart to contract

Risk of future morbidity and morality after acute MI
· Determined by 2 things

· Extent of left ventricular damage/dysfunction

· Due to scar tissue formed from MI

· Degree of residual myocardial ischemia

Physical Activity and the Heart
· Produces a strong heart muscle

· Promotes good collateral circulation

Stroke/Cerebrovascular accident
· Ischemic Strokes (Clots)

· Clot stops blood supply

· Hemorrhagic Strokes (Bleeds)

· Bleeds into brain tissue

· TIA (Transient Ischemic Attack)
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Symptoms and Signs of a Stroke

· Sudden numbness/weakness in body, specifically one side (left)
· Blurred vision

· Slurring of words

· Confusion and trouble understanding simple statements

· Sudden problems with balance

· A sudden severe headache

Symptoms can vary depending on where its an Ischemic stroke or a Hemorrhagic stroke, where the stroke is, and how bad it is. It is hard to recognize symptoms of a small stroke. 

Treating CVD

· Percutaneous transluminal coronary angioplasty (P.T.C.A) (balloon catheter)
· Laser angioplasty

· Atherectomy (rotating shaver)

· Coronary artery bypass graft

· Stents (mesh)

· Lifestyle Modification!

Treatment

· Short term: focus on pain relief and perfusion
· Acute

· Nitroglycerine (dilation, decreases O2 demands)

· Morphine

· Supplemental oxygen

· Bypass surgery of angioplasty
· Long term : revascularization, risk factor reduction
· Chronic

· Beta blockers

· Angiotensin-converting enzyme inhibitors

· Aspirin

· Lipid Management

Prevention
· Primary (to reduce risk of first MI)
· Activity is preventative

· Activity may also increase risk slightly

· Prothombotic effect of acute exercise, however regular exercise is thrombolytic

· Secondary (prevent an MI in those with coronary disease) to:

· Improve overall health

· Enhance quality of life

· Reduction of revacularization

· Reduction in subsequent MI

The Role Exercise plays

· Used to be thought rest was integral for recovering from MI

· Today, exercise is an integral part of the treatment

· Exercise in CHD patients improves VO2 max, as shown by ST segment changes

· Reduce risk factors such as body fat, BP, serum triglycerides, LDL

Prevention of Heart Disease with Exercise

1. Maintain of increase myocardial oxygen supply

· Improve lipoprotein profile
· Increase insulin sensitivity

· Decrease platelet aggregation

· Increase nitric oxide secretion and sensitivity to adenosine

· Increase coronary blood flow

2. Decrease myocardial work and oxygen demand

· Decrease HR

· Decrease CO and arterial pressure

· Decrease circulating catecholamine levels 

3. Increased myocardial function
· Increase stroke volume

· Increase ejection fraction

· Increase myocardial contractility

4. Increased electrical stability of the myocardium

· Decrease regional ischemia
· Decrease catecholamines in the myocardium

· Increase ventricular fibrillation threshold

GXT – Contraindications

· Wait 2-5 days before doing a symptom-limited exercise test
· Assess each patient test

· Patient must be stable

· Start low and increase 1-2 METS every 2-3 minutes using a modified Bruce, modified Naughton, Blake or Stanford
· More involved than a healthy person

· For some classes of CHD, exercise is inappropriate or dangerous

· For others, benefits outweigh the risks

· Usually done

· Hospital setting

· Doctor present

· ECG, BP, RPE

· Emergency equipment on hand

· Use the cycle or arm ergometer for those unable to use treadmill

· Used to:

· Evaluate prognosis and functional status

· Detect exertional myocardial ishecmia

Common End points to GXT
· 120-130 bpm`s

· 70 % predicted HR

· 5 METS

· Mild angina or dyspnea

· 2mm ST segment depression

· Hypotension

· 3 or more consecutive PVC

Exercise Recommendations

· General goals

· Cardiac risk factor behaviour modification

· Enhanced self-image

· Improved functional capacity
· Return to normal lifestyle

· Reduces morbidity and mortality risk

Consider setting for training – supervised or at home

Exercise Prescription
Can do a regular exercise program with some modifications

Phase I (acute)

· right after intensive care

· focus on providing orthostatic (upright) workload

· walk a few feat to several hundred feat, 2-4 times a day

· myocardial rupture is rare but possible

· start at 4-6 METS with gradual progression

Caution for exertion myocardial eschemia
· myocardial stunning

· developmental of collateral circulation during regular exercise

Phase II and III
· outpatient exercise programs in hospital
· rhythmic large muscle groups activities

· treadmill, cycle ergometer, arm-leg exercise, rowing, stairs

· light to moderate resistance training

· caution if surgery was performed

· monitor patients carefully

Phase IV

· outside hospital
Exercise Prescription

· Cardiovascular training

· Resistance Training

· Flexibility and ROM

Typical Exercise Prescription
· For aerobic exercise
· Frequency: 3-5 days/week

· Intensity: 40-75% of VO2 max and HRR

· Duration: 20-40 minutes per session

· need knowledge of cardiac medications

· Caution with beta-blockers when calculating THR – may want to use Borg scale instead

Cardiovascular Training

· Should progress over several weeks

· Use the talk test < 85% Hrmax

· Do not forget warm up and cool down

· Some require a lower intensity

Exercise is for Life!

First consider:

· Current functional capacity

· Exercise response (ischemia, BP, HR, arryhtmias)

· Exertional symptoms (angina, dyspnea, claudication, dizziness)

· Individual goals

· Increase frequency and time before intensity

· Increase CV fitness before starting strength training exercises
· Exercises should be performed between 3-10 hours after taking medications

· Need about 1500 Kcals/week

Cardiovascular training
· No more than 20-30 beats above resting HR but many patients lack the ability to self-monitor

· Signs and Symptoms of Exercise Intolerance

· Angina

· Nausea

· ST segment depression

· Dizziness

· Pallor skin colour

· Confusion

· Dyspnea

· Cold/clammy skin

· Hypotension

· Palpitations

· Cyanosis

Resistance Training

· Start 4-6 weeks after MI in a supervised program
· Diastolic of <105 mmHg and can maintain 5 METS

· 8-15 reps, 40-60% 1RM

· Not daily, they are generally deconditioned

· Begin with light resistance, progress slowly, sessions between 15-45 minutes
· Discontinue if exercise intolerance develops

· Concentrate on large muscle groups and exercises to increase functional capacity

Benefits of RT in CVD
· Reduction in cardiac risk factors
· Improvement in ischemic symptoms

· Less need for medications

· Improvement in peripheral skeletal muscle morphology and function:

· Improvement in functional and exercise capacity

· Improvement in psychological function

Potential CV risks of RT

· Hypertension

· Hypotension

· Arrthymias

· Ischemia

· Aneurysm leak or rupture

· Hemorrhage

· Retinal hemorrhage, worsening of proliferation retinopathy

General PRT training principles to minimize CV risks

· No Valsalva maneuver during lifts
· No breath holding

· No isometric contractions 

· No sustained contractions

· Increase rest intervals between reps

· Keep load between 60-80% of 1RM

· No sets “to fatigue”

ROM

· To maintain flexibility

· Passive to active stretching

Types of arrhythmias
· An arrhythmia happens when some part of the heart’s electrical system doesn’t function as it should
· Tachycardias – heartbeat is too fast, more than 100 BPM

· Bradycardias – heartbeat is too slow, less than 60 BPM

· Can be life-threatening if they cause a severe decrease in the pumping function of the heart

· Arrhythmias that start in the atria are called atrial or supraventricular arrhythmias

· Ventricular arrhythmias begin in the ventricles. They are usually caused by heart disease and are very serious

· Types:

· Premature (extra) beats

· Most common type

· Harmless most of the time/ asymptomatic

· When symptoms occur, feels like fluttering in chest or skipping a beat

· No treatment most of the time (in healthy people)

· Premature atrial contractions (PAC) or premature ventricular contractions (PVC)

· Some heart diseases cause premature beats

· Also can happen because of stress, too much exercise , or too much caffeine or nicotine

· Supraventricular arrhythmias

· Tachycardias that start in the atria or the antrioventricular node

· Types of supraventricular arrhythmias include:

· Atrial fibrillation

· Atrial flutter

· Paroxysmal supraventricular tachycardia (PSVT)
· Wolff-Parkinson-White (WPW) syndrome

· Sick sinus syndrome

· Sinus arrhythmia

· Sinus tachycardia

· Multifocal atrial tachycardia

· Ventricular arrhythmias

· Start in the ventricles

· Can be very dangerous and usually need immediate medical attention

· Types:

· Ventricular tachycardia

· Ventricular fibrillation (v-fib)

· Coronary artery disease, heart attack, weakened heart muscle, and other problems can cause ventricular arrhythmias

· Bradyarrhythmias

· If the heart rate is too slow, not enough blood reaches the brain, and the person can lose consciousness

· Some people, especially people who are very physically fit, normally have slower HR. But in other people, bradyarrhythmia can be due to serious disease or other condition

· Can be caused by heart attack, conditions that harm or change the heart’s electrical system (such as underactive thyroid gland or aging), an imbalance of chemicals or other substances (such as potassium), in the blood, or even some medicines (such as beta blockers)

Causes of Arrhythmias

· Heart disease

· Stress

· Smoking

· Heavy alcohol consumption

· Heavy exercise

· Some drugs

· Antiarrhythmics

· Beta blockers

· Psychotropics

· Sympathomemetics

· Caffeine

· Amphetamines

· Cocaine

Symptoms

· Sensation of feeling the heart beat (palpitations)
· Fainting

· Lightheadedness, dizziness

· Chest pain

· Shortness of Breath

· Sweating

· Fatigue

· A fast or racing heartbeat, a slow heartbeat, or an irregular heartbeat

· Anxiety

Heart Failure (congestive)

· Hear failure is defined as the inability of the heart to supply sufficient blood flow to meet the body’s needs
· Heart disease

· Previous myocardial infarct

· Hypertension

· Diabetes

· Valvular diseases

· Cardiomyopathies

· Congenital heart disease

· Endocarditis and/or myocarditis

Right vs Left Side Heart Failure 

· Right Heart Failure
· The inability of the right side of the heart to adequately pump venous blood back into the pulmonary circulation. This causes a back up of fluid in the body, resulting in swelling or edema
· Left Heart Failure

· The inability of the left side to pump into the systemic circulation. Back-up behind the left ventricle causes fluid accumulation in the lungs

The heart will to try to compensate in 1 of 3 ways

· Dilation in order to increase the injection volume

· Addition of new muscle tissue (hypertrophy) to increase contraction force

· Increase in HR

Symptoms of Heart Failure

· Swelling in the ankles (edema)

· Difficulty breathing

· Fatigue or weakness

· Coughing or wheezing

· Noctural dyspnea or when lying down

Other symptoms

· Pale skin or cold extremities

· Intolerance to cold

· Bluish colour around mouth

· Constipation

· Abdominal pain, bloating, or loss of appetite

· Need to urinate during the night
· Fluid accumulation in the abdomen

Heart Failure and exercises

· A graded exercise test is useful to perform

· The patients usually have reduced cardiac output

· Poor ability to dilate peripheral blood vessels

· There are histological changes in the skeletal muscle fibres (a reduction in type I fibres, oxidative enzymes and capillary density)

· They have intolerance to exercise

Heart Failure and Aerobic exercises

· Type: exercise which uses large muscle groups
· Frequency: 4-5 times a week

· Intensity: It is determined by the GXT. Start with a low intensity (40-50%)

· Time: 30-60 minutes, start with intervals if necessary

Hearth Failure and Strength Training

· The benefits are not well known

· 50-60% or 1RM

· 1 series of 12-15 reps

· 1-2 weeks
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Disease of the Day
· Scleroderma
· A connective tissue disease that involves changes in the skin, blood vessels, muscles, and internal organs

· Autoimmune disorder

· The body makes too much collagen

· Excess collagen is deposited in the skin and other body organs, causing the skin to tighten and harden the organs to dysfunction

· The disease can also cause the abnormal growth of cells in the lining of blood vessels, which leads to Raynaud’s phenomenon
· The disease usually affects people 30 – 50 years old

· Women are more likely than men (4-9 times higher)

· Causes
· Unknown, but there are several suspected factors

· Immune system

· Genetic background

· Environmental triggers

· Hormones

· Types

· Localized

· Systemic

· Limited

· Signs and Symptoms

· Raynaud’s

· Skin changes

· Calcium deposits

· Esophageal dysfunction

· Telangiectasis

· Diffuse

· Signs and symptoms

· Joint and muscle pain

· Dental disease

· Esophageal dysmotility

· GI dysfunction

· Lung disease

· Kidney disease

· Heart disease

· survival averages 12 years

· no specific treatment

· corticosteroids

· immuno-suppressants

· NSAID’s

Pulmonary disorders and exercise

Pulmonary diseases
· Inherited

· Cystic fibrosis

· Environmental

· smoking, pollutants
2 Broad Categories

- Obstructive lung diseases

- Restrictive lung diseases

- The common factor is disruption of gas exchange

- VO2 max is reduced

- Work of breathing increased

- Decreased ability to exercise

Obstructive vs Restrictive:
· obstructive – a decrease in the exhaled air flow caused by a narrowing or blockage of the airways (ex: COPD(chronic obstructive pulmonary disease) asthma, cystic fibrosis etc.)

· restrictive – a decrease in the total volume of air that the lungs are able to hold, often due to decreased elasticity or problems with chest expansion (ex: pulmonary fibrosis, defects in the rib cage, scoliosis etc.)

Restrictive Lung Disease
· Intrinsic
· Alterations of the lung parenchyma (cells)

· Theses diseases cause either

· Inflammation and or scarring of lung tissue (interstitial lung disease)
· Fill the air spaces with exudate and debris (pneumonitis)

· Extrinsic

· Diseases of the pleura, chest wall, or neuromuscular apparatus
· 2 types

· Non-muscular disease of the chest wall

· Neuromuscular disorder

*Review lung capacities

Pulmonary fibrosis
· lung fibrosis as part of rheumatic-type diseases

· triggered by medical treatments, inhaled dust particles (chronic), systemic diseases, and unknown triggers

COPD

· slow, progressive disease usually caused by smoking
· A reduction in air flow caused by a reduction in the diameter of the lumen of the airways or a blockage of the respiratory airways

· Most common – chronic bronchitis, emphysema, asthma

Risk Factors for COPD
· 90% of the cases are caused by cigarette smoking
· Secondary smoke

· Air pollution at work or in the environment

· Hereditary factors

· Effects of childhood infections

· Age
Symptoms
· Chronic cough (increased sputum production)
· Feeling short of breath and chest tightness

· Hemoptysis (spiting out blood)

· A barrel-shaped chest

· Wheezing

· Clubbing of fingers

· Long-lasting lung infections

· Fatigue

· Losing weight without trying

· “like breathing through a straw”

· COPD

· Emphysema

· “Pink puffer”

· Chronic Bronchitis

· “Blue bloater”

Complications of COPD

· recurrent pulmonary infections

· pulmonary hypertenstion

· cor pulmonale: enlargement and fatigue of the right side of the heart

· heart arrhythmias

· dependence on ventilation machine

· pneumothorax (air outside the lungs)
· respiratory failure

COPD ( O2 (hypoxemia) ( pulmonary hypertension ( cor pulmonale
Chronic bronchitis
· mostly caused by smoking

· the bronchial walls are red and swollen

· the bronchus are narrowed or partially blocked by mucus

Pathogenisis

· Caused by chronic irritation of the airway

· Thickening of bronchial mucosa layer (w/ hypertrophy &     hyperplasia of bronchial epithelium)

·  Airway obstruction due to mucus

·  Inflammatory narrowing and fibrosis of bronchi

· Loss of elastic tissue ( distension ( rupture of alveoli ( emphysema
Chronic Bronchitis

· Productive cough > 3 months in 2 years

· Smoking/pollution

· Lack of cilia

· Increase muscous glands

· Frequent secondary infections

· inflammation( retention( infection( obstruction – cycle.

Emphysema

· deterioration of alveolar sacs which make respiration difficult 
… review and add notes
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Lecture 11 – Cartilage and Arthritis

Disease of the Day

· Progeria
Arthritis
· Cartilage

· Osteoarthritis

· Rheumatoid Arthritis

Cartilage
· connective tissue with very firm extracellular matrix
· supports soft tissue

· healthy cartilage allows the bones to slide against each other and absorb shock and friction in joints

· development and growth of long bones

· matrix: hyaluronic acid, proteoglycans, glycoprotein

Forms of cartilage
· Hyaline

· Most common, primarily type 2 collagen

· Elastic

· Elastic fibres, type 2

· Fibrocartilage

· Dense network of type 1 cartilage: high stress and weight bearing

More features of cartilage

· avascular

· in the absence of the perichondrium, the synovial fluid nourishes the cartilage

· no innervation

· no lymphatic vessels

· regeneration of damaged cartilage is very poor

Perichondrium
· sheath of dense irregular connective tissue and vasculature surrounding cartilage
· articular cartilage lacks perichondrium, nutrients from synovial fluid

Hyaline cartilage:

· blue-white in colour
· In embryo, it serves as the skeleton until replacement by bone

· Epiphyseal plate in long bone growth

· Joint survaces, nose, larynx, trachea, bronchi, ends of ribs adjacent to sternum

Hyaline cartilage matrix
· amorphous ground substance with proteglycans such as chondroitin sulphate and keratin sulphate
· hydrostatic pressure of proteoglycans enables cartilage to withstand compressive loads and gives its resilience

Rheumatic diseases
· Fibromyalagia
· Gout

· Lupus

· Osteoarthritis

· Rheumatoid arthritis

· *DIFFERENCE BETWEEN OSTEO AND RHEUMATOID ARTHIRITIS exam question

Common forms of arthritis

· Osteoarthritis

· Dynamic disease process characterized by the uncoupling of the normal balance between degradation and repair of the components of the articular cartilage and subchondral bone

· Rheumatoid Arthritis

· Begins as an autoimmune process of the synovial lining. Inflammation of the synovial lining results in erosion of the articular cartilage and marginal bone

· Ankylosing Spondylitis

· A process of inflammation and erosion at the enthuses (usually the sacroiliac and spine). It is followed by healing ( new bone formation ( spine fusion

Manifestations of Arthritis
· all disease have commonalities which limit functional capacity

· Flexibility

· Biomech. Efficiency

· Muscular strength

· Endurance

· Speed

· Proprioception

Disease Classification

· Acute

· Chronic

· Chronic with acute exacerbation of joint symptoms

Types of Arthritis

· Osteoarthritis

· Rheumatoid Arthritis

· Fibromyalgia

· Lupus – Systemic Lupus Erythematosus

· Juvenile Rheumatoid Arthritis

Joint basics
· Articular cartilage: a type of connective tissue which is shiny and smooth, non-vascularized and covers the end of bones in all mobile joints

· Joint capsule: a fibrous and elastic membrane sac that holds all the bones and joint parts together

· Synovial membrane a layer of connective tissue that line the cavaties of joints, tendon sheaths, and bursae and makes synovial fluid, which has a lubricating function

· The meniscus: made of tough fibrocartilage and conform to the surfaces if the bones upon which they rest

· Bursa: closed fluid-filled sac that functions to provide a gliding surface to reduce friction between tissues of the body

Osteoarthritis

· Most common form

· Nearly 70% of people over age 70 have evidence of the disease

· Virtually everyone over 75 is affected in at least 1 joint

· Women are generally affected at an older age than males

· It is caused by the breakdown of the cartilage. Fragments detach and cause pain and swelling in the joint

· Muscles that act on the joint become weak due to lack of use

Risk Factors:

· Age

· Sex

· Ethnic origin

· Bone density

· Genetics

· Inflammation

· Obesity

· Repeated joint trauma

· Certain joint injuries

Injuries that may lead to OA

· Osteochondritis dissecans

· Meniscal cariations and tears

· Chrondimalacia

Symptoms of OA

· no general symptoms

· usually one large weight-bearing joint

· pain after exercise or weight bearing

· pain often relieved by rest

· morning stiffness

· limited movement

· fluid accumulation

· inflammation is usually minimal

Pathophysiology of Osteoarthritis
· Diminished content and abnormalities of proteoglycans
· Increased water content, break up of collagen meshwork

· Softening of cartilage

· Fraying and fibrillation of cartilage, development of cracks

· Thinning and roughing of cartilage

· Disappearance of cartilage

· Osteophytes formation, periarticular fibrosis, calcification of cartilage
Knees: the knees are the body’s primarily weight-bearing joints. For this reason, they are among the joints most popularly affected by osteoarthritis

· if not treated, osteoarthritis in the knees can lead to disability

Pathogenesis

· IN osteoarthritis, the surface layer of cartilage breaks down and wears away. This allows bones under the cartilage to rub together causing adverse effects

· Bone spurs – small growths called osteophytes, may grow on the edges of joints

· Bits of bone can break off and float inside the joint space

Etiology: etc. take notes
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Complications of Diabetes and Exercise
Epidemiology of Diabetes
· very common, under reported (6% of population)

· 7th leading cause of death

· More common in some ethnic groups
· Incidence continues to rise

Risk Factors

· overweight or obese

· has first degree relative with diabetes

· a member of high risk ethnic population

· diagnosed with gestational diabetes

· hypertension

· hyperlipidemia

· impaired fasting glucose tolerance level

Signs and Symptoms
· excessive thirst

· frequent urination

· unexplained weight loss

· hunger

· cuts and infections that will not heal

· blurry vision

· fatigue

The Pancreas
· exocrine: digestive enzymes and bicarbonates

· endocrine: hormones

Endocrine: Prancreatic islets

· humans have roughly 1 million

· Alpha cells – secrete glucagon

· Beta cells – produce insulin

· Delta cells – secrete the hormone somatostatin

Types of Diabetes

· Type I

· 5-10% of diabetes

· Type II

· 90-95% of diabetes

· Incidence continues to rise among youth

· Cells are unable to use insulin

· There is a genetic component

· Treatment usually involves diet, exercise, and medication

· Gestational

· 2-4% of pregnancies during the 2nd or 3rd trimester

Complications of diabetes

· short term complications

· hypoglycaemia/hyper

· diabetic ketoacidosis

· lactic acidosis

· long term complications

· angiopathy

· retinopathy

· nephropathy

· neuropathy

Acute complications

· Hyperglycemia

· Diabetes out of control

· Diabetic ketoacidosis (primarily type I)

· Hyperosmolar nonketoic syndrome (primarily type II)

· Hypoglycemia

· Too much insulin or anitdiabetic oral agents

· Too little carb intake

· Missed meals

· Excessive exercise or not properly planned (right before bed)

Pathogenesis of Microangiopathy

· Hyperglycemia chronic

· Glycosylation of basement membrane proteins ( leaky blood vessels

· Excess deposition of proteins

· Thick and leaky blood vessels

· Narrow lumen

· Ischemic organ damage

Nephropathy
· Diabetic nephropathy represents the most serious of the long term complications of diabetes.
· Approximately 15-30% of diabetics develop diabetic nephropathy after having diabetes for 10-15 years

· Diabetic nephropathy is actually the primary cause of end-stage renal failure

· Most common cause for mortality and morbidity

· Nephritic syndrome

· Pyelonephritis

· End renal stage failure
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Disease of the Day: Ankylosing spondylitis
· affects males two to three times more commonly than females
· a cause of back pain in adolescents and young adults

· 1 % of people in US

· Most common in men aged 25-34

· It can also affect the eyes, heart, lungs, and occasionally the kidneys
Akylosing spondylitis

· a form of chronic inflammation of the spine and the sacroiliac joints

· causes pain and stiffness in and around the spine

· over time, chronic inflammation of the spine can lead to a complete fusing together of the vertebrae (ankylosis, loss of mobility in the spine)

Causes:

· the exact cause for the disease is unknown

· genetically inherited (HLA-B27 gene)

Retinopathy

· microaneuysms
· dot blot hemorrhages

· hard and soft exudates

· cotton wool – infarcts

· neovascularisation – proliferation retinopathy

· Fibrosis

· Retinal detachment 

Diabetic retinopathy has 4 stages

· Mild Nonproliferative Retinopathy

· Moderate Nonproliferative Retinopathy

· Severe Nonproliferative Retinopathy

· Proliferative Retinopathy

Neuropathy
· see slides for mechanism 

Mechanisms responsible for neuropathy

· several related mechanisms have been proposed to explain the toxic effects of hyperglycemia on the Schwann cells and axons:

· Polyol pathway activation

· Advanced glycation end products

· Oxidative stress

· Vascular conditions, particularily ischemia

· Nitric oxide

· Etc

Symptoms

· numbness, tingling, or pain in the toes, feet, legs, hands, arms, and fingers

· wasting of the muscles of the feet or hands

· indigestion, nausea, or vomiting

· diarrhea or constipation

· dizziness or fainting after standing or sitting up

· etc

3 types of nerves effected: motor, sensory, and autonomic

Sensory neuropathy
· Larger Sensory Fibers

· Larger sensory fibers enclosed in myelin register vibration, light touch, and position sense

· Damage …

· Smaller Sensory Fibers

Autonomic neuropathy
· symptoms of Autonomic Nerve Damage

· …

Insulin and Metabolism
· effect depends on target organ

· Facilitates glucose entry into the muscle, adipose, and several other tissues

· The major glucose transporter is GLUT4

· GLUT4 …

Exceptions

· Brain and liver do not use GLUT4. They use an insulin independent transporter

· Much of the glucose absorbed is taken up by hepatocytes

· Exercise depletes the muscle and liver glycogen

· Single bout of exercise improves insulin resistance for a day or so

Insulin signalling
When pancreatic B cell are stimulated they secrete insulin

Glucose enters B cell ( membrane depolarization ( influx of extracellular Ca++ ( exocytosis of insulin granules

Other effects
· insulin promotes synthesis of fatty acids in liver

· insulin promotes accumulation of glucose in adipocytes and muscle cells

· insulin stimulates glycogen synthesis in liver

· insulin reduces fat metabolism

Factors which influence insulin absorption
· age

· the quantity of fat tissue

· the dose

· the injection site

· the level of physical activity

· the ambient temperature

Screening and testing of diabetic patients

· obtain health clearance – especially for type I

· need to adjust the insulin level to prevent hypoglycaemia

· screen for cardiovascular disease

GXT

· most diabetics can benefit from exercise but have to be evaluated individually

· …

· The age, length of time the person has had diabetes and the presence of complications must be considered before a patient can start a graded exercise test

· Use standard protocols

· The presence of a doctor is recommended

· Should have a medical exam and clinical exercise test prior to participation in moderate 40-60% VO2 max or vigourous exercise

· Consider the following:

· Presence or absence of chronic complications

· Levels of haemoglobin, glucose, lipids, and proteinuria

· Blood pressure

· Self monitered glucose levels

· Body weight and BMI

· Medications

· Exercise history

· Nutrition plan

· Other non-diabetic related health issues

· Beware of contraindications
Recommended and anticipated responses

· use standard protocols

· physician supervision recommended

· use low level treadmill protocol if:

· type I over 30 years with diabetes for more than 15 years

· type II …

Exercise Prescription

· Be aware of CV disease

· Peripheral neuropathy:

· No weight bearing exercises

…

Exercise for diabetic patients with loss of protective senses

Contra-indicated exercises:

· treadmill

· extended walk

….

Regulating glucose with exercise
· pre-exercise hypoglycemia

· pre-exercise hyperglycemia

· post-exercise hypoglycemia

· post-exercise hyperglycemia
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Exercise recommendations
· Aerobic

· Mode: walking, cycling, swimming

· Frequency: 3-7 days a week

· Duration: 20-60 min

· Intensity: 60-80% of HR max = 50-75% of VO2 max = 12-13 RPE

· Resistance

· Mode: free weights, machines, elastic bands

· Frequency: 2-3 times/week

· Duration: 1 set, 10-15 reps

· Intensity: approximately 60% of 1RM

· Flexibility

· Type: ROM
· Mode: static stretching

· Frequency: post-aerobic exercise

· Duration: 10-30 seconds, all major muscle groups

Incidental exercises

· When it is most convenient for the client
· Not when insulin is at it’s maximum dose

· Hypoglycemia can develop after exercises – replacement of the glycogen in the muscles

The benefits of exercises
· fasting glucose levels will be lower

· improved glucose tolerance

· improved sensitivity to insulin

· weight control

· improved blood lipids

· reduced blood pressure

· reduction in CV risk

· reduced stress

Potential adverse effects of exercise
· CV

· Cardiac dysfunction, arythmias for ischemia

· High blood pressure

· Post-exercise hypotension

· Microvascular

· Retinal hemorrhage

· Increased proteinuria

· Acceleration of microvascular lesions

· Metabolic

· Worsening of hyperglycemia and ketosis

· Hypoglycaemia in patients on insulin

· Musculoskeltal

· Foot ulcers

· Orthopaedic injuries

· Degenerative joint disease

· Eye injuries and retinal hemorrhage

Obesity
Billions are spent each year but we keep getting fatter!
Not getting fat because of genetics – lifestyle

Creeping obesity (gains of 1.5 lbs of fat each year on average)

· change in body composition

· decrease in muscle

· decrease in metabolic rate

· increase in sedentary lifestyle

· lack of adjustment in eating pattern

Weight 20% above ideal carries increased health risks

Approximately 20-25% of children are obese and will become obese as adults

Obesity Classification
BMI


Intervention

Under weight

<18.5

Normal

18.5-24.9

Overweight

25-29.9

diet/exercise

Class I


30.0-34.9

diet/exercise (drugs)

Class II

35.0-39.9

Drugs (surgery)

Class III

> 40


Surgery
Excess weight increases risk for:

· high blood pressure
· high cholesterol and triglycerides

· heart disease

· stroke

· diabetes type II

· cancer

· arthritis

· respiratory problems

· infertility

· osteoarthritis

· gall bladder disease

Metabolic syndrome
· obesity and glucose intolerance, insulin resistance, hyperinsulinism, elevated plasma lipids and hypertension

· 80-90% of type II diabetics are obese

· Obese individuals are at risk for dermatitis, impaired agility, heat tolerance

…

Risk Factors

· genetic population

· previous obesity

· physical inactivity

· low education/lower social class

· high fat, energy dense diet, alcohol

· female sex

· age

Etiology of obesity
· Genetics
· 25% of variance in the body fat
· More on total fat and deep deposits

· Only predisposes a person to obesity

· Lifestyle

· Number of calories consumed

· Type of food

· Amount of daily activity

· Heredity is hard to assess – susceptibility

· Fat cellularity is influenced by heredity
· Obesity at ages 4-11 is associated with increased # of fat cells which becomes a lifelong risk

· Adult obesity is usually associated with increased fat cell size until they reach capacity, then there is an increase in cell number

· Both parents obese – 80% chance of child being obese

· One parent obese – 50% chance of child being obese

· No parent obese – 10% chance of child being obese

…
Why we eat more

· body weight – heavier people eat more

· physical activity – more active more appetite

· hormones

· environmental temp – cold cause an increase in food intake

· palatability

· pleasure

· psychological factors

· social factors

Why we do less
· lack of time

· convenience 

· lack of need

· stress

· social pressures

· jobs

· economic status

· technology
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Skin Cancer
Layers of the Skin:
· Epidermis

· Dermis

· Subcutis

Dsitribution of Melanoma in the body

· differs between men and women

· women: 56% on legs

· men: 35% trunk

Risk Factors:

· family history of melanoma

· sun exposure

· early childhood sunburns

· many freckles

· man ordinary moles (more than 50)

· dysplastic nervi

ACS’s (America Cancer Society) ABCD criteria

· Assymetry

· Border irregularity

· Colour variation

· Diameter larger than 6mm

· Elevation or enlargement
UV rays

· UV-A

· Ray penetrate deepest into the skin, not blocked by glass or most sunscreens
· UV-B

· Causes most sunburns and, experts think, most skin cancers.

· Blocked by window glass, most sunglasses, and sunscreens

· UV-C

· Entirely absorbed by ozone molecules in the atmosphere

· 7 Point Checklist
· Suspect melanoma if 1 ≥ major signs:

1. Change in size

2. Change in shape

3. Change in color


3 or 4 minor signs without a major sign

4. Inflammation

5. Crusting or bleeding

6. Sensory change

7. Diameter (≥ 7 mm)

Most Common Forms of Skin Cancer
· Basal cell carcinoma
· Squamous cell carcinoma

· Malignant melanoma

Basal Cell Cancer

· most common type of nonmelanoma skin cancer
· affects the skins basal layer, or 5th layer of skin

· onset most commonly occurs after the age of 40: however increasing in young adults

…

Where does it occur

· on areas of your skin that have been in the sun, including the face, scalp, ears, lips, or around the mouth

· may spread to tissues around the cancer, but usually does not spread to other parts of body

Basal Cell- is it curable?

· early treatment results in a cure rate of 95%, but new growths can occur

…

Squamous cell cancer – what causes it?

· overexposure to xrays

· excessive exposure to the sun

What does it look like?

· often appears as a firm red bump

· sometimes the tumor may feel scaly or bleed or develop a crust

Where does it occur?

· on areas of the skin that have been in the sun, often on the tip of the nose, forehead, lower lip, and hands

· may also appear on areas of your skin that have been burned, exposed to chemicals, or had xrays

· squamous cell tumor can spread

Melanoma – What is it?

· type of skin cancer that starts in the melanocytes

· …

Risk Factors

· moles

· fair complexion

· lots of freckles

· family history

· immune suppression

· too much UV radiation exposure

· use of tanning beds

· serious skin lesions such as burns

· age

What does it look like?
· Melanoma usually begins dark brown or black patch with irregular borders

· Characterized by the uncontrolled growth of pigment-producing tanning cells

…

Treatments of skin cancer

· surgery

· cryosurgery

· curettage and electrodessication

· excision

· laser therapy

· radiation therapy

· chemo

· topical chemo

· systemic chemo

· immunotherapy

Gaining control
· Eat a proper diet, it controls cancer of all stages

· Avoid known carcinogens

· Know your body, look for changes

· Seek medical attention immediately

SEEDS of Life

· Sleep 

· Environment

· Exercise

· Diet

· Stress Management
Final Exam

Pulmonary

9 MC

9 short answer question (5 each)

1 for every topic and pulmonary has 2

4 case study questions

Answer 2 (15 each)

1 on pulmonary 

Arthritis

4 MC

1 SA

1 Case study

Osteoperosis

6 MC

1 SA

Diabetes

7 MC

1 SA

1 Case study

Cancer

3 MC

1 SA
Skin Cancer
2 MC

1 SA

Obesity

2 MC

1 SA
Stress Lecture 
5 MC

1 SA

Diseases of the day

4 MC

3 other MC no targeted to specific section
1 Case study on exercise (not targeting a specific topic)

Last Lecture!

…

Health consequences of stress

· Psychological affect of stress
· Inability to adapt with stress in association with depression or anxiety

· Diminishes quality of life- reduces feelings of pleasure and accomplishment

· Affects relationship

· Heart Disease and Stroke
· Mental stress may trigger angina

· Acute stress is associated with arrhythmias, myocardial, infarcts and death

· Stimulates sympathetic system which affects the heart

· Increases likelihood of having a stroke
· Mouth and Throat
· Fluids are diverted, dryness in mouth and difficulty in talking, spasms in throat muscles – difficulty in swallowing
· Immune Disorders

· Steroid hormones dampen the parts of the immune system that fights infection

· Cancer

· GI problems

· Prolonged stress irritates the large intestine causing diarrhea, constipation, cramping and bloating

· IBS (spastic colon)

· Peptic ulcers – not the cause but irritates condition

· Inflammatory bowel disease (Crohn’s or ulcerative colitis)

· Eating habits

· Weight gain – stress may cause people to crave certain foods

· Weight loss – stress may cause loss of appetite

· Eating disorders – anorexia, bulimia 

· Diabetes

· Chronic stress is associated with development of insulin-resistance

· Pain

· Muscular and joint pain intensified (not caused) by stress

· Headaches

· Sleep Disturbances

· Unresolved stress can cause insomnia

· High levels of cortisol will wake you up

· Sexual reproduction dysfunction

· Stress can diminish sexual desire

· Premenstrual syndrome is more common in stressed women

· Stress can affect fertility

· The skin’s response
· Diverts blood flow away – cold clammy sweaty

· The digestive system

· Digestive activity shuts down (not as active)
· Memory, concentration and learning

· Stress has significant effects on the brain, particularly a negative effect on short term memory. It increases long term memory storage

· Other disorders

· Allergies
· Skin disorders

· Unexplained hair loss

· Teeth and gums

Muscular Reaction to Stress
· Hypertonic muscles are also a reaction to stress
· Tense, knotted, and blocked
· These musclular hypertonicit issues can impact the athlete`s performance

· Disappears slow and in a non-linear manner and usually transitory

· Usually a second stressful event arises before the muscles relax causing the hypertonic muscles to contract even more

· …

Cortisol

· secreted by the adrenal glands

· levels are highest early in the morning around 6-8 am, lowest at midnight

· increases BP

· excess fatty acid mobilized by cortisol may accumulate in the arteries

· increases appetite and raises insulin levels

Solutions?

· Taking control

· Expectations

· Exercise

· Time out

· Hobbies

Stress-free lifestyle
· Getting enough sleep

· Exercise

· Not smoking or taking drugs

· Drinking in moderation

· Being able to relax

· Balanced diet

· Close friends /family

· Interests/feeling healthy and well

Stress Management
· Awareness being able to identify own stressors and stress reactions

· Balance discovering own optimum stress levels – enough for stimulation but not too much for overload

· Control towards self-responsibility and ability to control situations

RELAXATION
Stages of stress

· 1: Alarm reaction
· 2: Resistance

· 3: Exhaustion 

