Chapter 10
Cardiovascular Disease

Atherosclerosis

· Most CVD is caused by deposits of material, often called plaque, that block the coronary arteries and the arteries that supply blood to the brain.  These plaque deposits of cholesterol, fatty material, calcium, and other substances are called atherosclerosis. 

CVD: Starts in Childhood

· Atherosclerosis often begins during childhood and progresses from fatty streaks in the arteries to raised deposits within several decades.  

·  About three in four elderly Americans have plaque deposits in their coronary and brain arteries, a process that began early in life because of inactivity, high-fat diets, low fruit and vegetable intake, and excess weight gain.

3 types of CVD

Coronary Heart Disease

· Over time, atherosclerosis narrows the coronary arteries, reducing the flow of oxygen-rich blood.  This is called coronary heart disease (CHD).  

·  One of every five deaths in the United States is from CHD, the most common form of CVD.  

·  Often, a blood clot forms in the narrowed coronary artery, blocking the blood flow to this part of the heart.  This causes a heart attack, or what doctors call a myocardial infarction (MI).  See Box 10.2 for warning signals of a heart attack.

·  Each year, more than one million Americans have a heart attack, and about one-third of them will die.

What is Stroke?

· Stroke is the common name for several disorders that occur within seconds or minutes after the blood supply to the brain is disturbed.  The medical term is cerebrovascular disease or accident (CVA). 

· The brain cannot store energy, and if deprived of blood for more than a few minutes, brain cells die from energy loss and certain chemical interactions that are set in motion.  The functions these brain cells control—speech, vision, muscle movement, comprehension—die with them.
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Risk Factors for Stroke

· Non-modifiable risk factors

· Age, male sex,ethnicity (African American), and family history of stroke.

· Well-documented modifiable risk factors

· High blood pressure 

· Cigarette smoking

· Hyperlipidemia/dyslipidemia

· Diabetes mellitus 

· Heart disease

· Sickle cell disease

· Carotid artery disease

Stroke Risk Factor (cont)

· Less Well-Documented/Potentially Modifiable Risk Factors

· Obesity

· Physical inactivity

· Poor diet/nutrition

· Alcohol abuse

· High blood homocysteine

· Drug abuse

· Hypercoagulability (clots)

· Inflammatory processes

Stroke Prevention (Table 10.4)

· To prevent stroke, follow these lifestyle habits

· Lose weight if overweight

· Reduce sodium intake to less than 2,400 mg per day

· Maintain adequate dietary potassium intake (fruits and vegetables)

· Limit alcohol intake

· Exercise regularly

· Avoid cigarette smoking and illicit drug use

· Eat a diet low in saturated fats and cholesterol, and high in whole grains, fruits, and vegetables

ATP III Major Risk Factors (Exclusive of LDL Cholesterol) 

· Cigarette smoking

·  Hypertension (BP ≥140/90 mmHg or on antihypertensive medication)

·  Low HDL cholesterol (<40 mg/dL)† 

·  Family history of premature CHD 

· CHD in male first degree relative <55 years 

· CHD in female first degree relative <65 years

·  Age (men ≥45 years; women ≥55 years)

Other ATP III  Risk Factors*

· Life-Habit Risk Factors

· Obesity (BMI  30)

· Physical inactivity

· Atherogenic diet

·  Emerging Risk Factors

· Lipoprotein (a)

· Homocysteine

· Prothrombotic factors

· Proinflammatory factors

·  Impaired fasting glucose 

·  Subclinical atherosclerosis

ATP III: The Metabolic Syndrome as a Secondary Target of Therapy

· General Features of the Metabolic Syndrome

· Abdominal obesity 

· Atherogenic dyslipidemia 

· Elevated triglycerides 

· Small LDL particles 

· Low HDL cholesterol 

· Raised blood pressure

· Insulin resistance (± glucose intolerance)

· Prothrombotic state

· Proinflammatory state

Treatment of CHD

· When a coronary artery gets blocked, the heart muscle doesn't die instantly.  If a victim gets to an emergency room fast enough, clot-dissolving agents can be injected to dissolve a clot in a coronary artery and restore some blood flow.  These drugs must be used within a few hours of a heart attack for best effect.

Percutaneous transluminal coronary angioplasty (PTCA)

· Before performing this procedure, a doctor must find the blocked part of the coronary artery.  A thin plastic tube called a catheter is guided through an artery in the arm or leg and into the coronary artery, and a liquid dye visible in X- rays is injected.

·  A balloon is inflated at the arterial blockage to compress the plaque. 

Coronary Artery Bypass Graft Surgery

· In coronary artery bypass graft surgery, surgeons take a blood vessel from another part of the body and construct a detour around the blocked area of the coronary artery.  One end of the vessel is attached above the blockage; the other, to the coronary artery just beyond the blocked area.  This restores blood supply to the heart muscle.

Cigarette Smoking

· Cigarette smoking is the leading underlying cause of death in the United States.  

· Nearly 1 of every 5 deaths is the result of cigarette smoking, with ~435,000 smokers dying/yr from heart disease, cancer, and other diseases.  

· An additional 9 million American smokers suffer from various debilitating diseases including bronchitis, emphysema, ulcers, and "hardening of the arteries."  

· The decision not to smoke adds an average of 15 years of life when compared to the shortened life expectancy of those electing to smoke.
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Smoking Prevalence

· About 22% of U.S. adults smoke cigarettes, with rates higher among blue- collar workers, those with little education, and various minority groups.  

·  By 2010, U.S. health agencies hope to reduce tobacco use to 12% of adults.  See Fig. 10.17 for gender comparison.

·  Public attitudes toward smoking have changed, much of it due to the recent evidence that many adverse health effects are related to passive smoking (breathing someone else's cigarette smoke). 

Hypertension

· Blood is carried from the heart to all of the body's tissues and organs in vessels called arteries.  

· Blood pressure is the force of the blood pushing against the walls of those arteries.  

· The heart beats about 60-75 times/minute, and the BP is at its greatest when the heart contracts, pumping blood into the arteries.  This is called systolic BP. 

· When the heart is resting briefly between beats, the BP falls, and is termed diastolic BP.

· Both BPs are important, and are usually presented together, such as 120/80 mm Hg, with the first number representing the systolic, and the second number, the diastolic BP.

Hypertension and Health

· High blood pressure usually doesn't give early warning signs, and for this reason is known as the "silent killer."  

· High blood pressure increases the risk for coronary heart disease and other forms of heart disease, stroke, and kidney failure (see Figures 10.26 and 10.27).

· Starting at 115/75 mmHg, CVD risk doubles with each increment of 20/10 mmHg throughout the BP range. 

Web site
www.nhlbi.nih.gov/

Blood Pressure Classification 
According to the National High Blood Pressure Education Program, blood pressures can be categorized as follows:

Prevalence of Hypertension

· About 26% of adults have high blood pressure (HBP), a proportion that rises strongly to 2 in 3 among the elderly (see Figure 10.25).  65 million adults have HBP.  31% have prehypertension.  Year 2010 target for HBP prevalence is 16% (Figure 10.10).

·  In societies where salt and alcohol intakes are high, potassium intake from fruits and vegetables is low, and physical inactivity and obesity are the norm, HBP is common. 

·  Inactive and unfit individuals have a 20%-50% increased risk of developing HBP compared to their more physically active peers.  

·  Risk of HBP is high among African Americans, people with a family history of HBP, and the elderly.

Figure 10.25

Treatment of Hypertension

· Lifestyle modification is useful for prevention of HBP and treatment of prehypertension.  Those with stage 1 and 2 hypertension should combine lifestyle modification with drug therapy.  Review Table 10.7.  See Table 10.6 for antihypertensive drugs.

Table 10.7 Classification and Management of BP for Adults

Lifestyle Modification to Manage HBP (Box 10.4)

Lifestyle Treatment of Hypertension (Box 10.4)

· Lose weight if overweight  

· Loss of excess weight is the most effective of all lifestyle strategies. See Figure 10.29.

· Reduce salt intake to less than 6 g/d (1¼ teaspoons)

· Most people consume a diet that contains well over 1 tsp/day, with about 75% of this from processed foods, not the salt shaker. This is far in excess of body needs, and tends to elevate BP especially as the salt habit is continued into old age.  

· Lowering salt by 0.5 tsp/day reduces sBP by 5 mm Hg. JNC7 recommends less than 2,400 mg/day for prevention of HBP.

· Learn to read food labels and avoid foods high in sodium, choose more fresh fruits and vegetables, reduce use of salt during cooking while using more herbs and spices, avoid using the salt shaker on prepared foods, and limit the use of foods with visible salt.  See Box 10.5 for DASH diet.

Lifestyle and Treatment of Hypertension (cont)

· Maintain adequate dietary potassium intake

· Potassium, which is common in fresh fruits and vegetables, helps reduce blood pressure.  At least 5-9 servings of fruits and vegetables are recommended each day.  See Box 10.5.

·  Limit alcohol intake (see Figures 10.30, 10.31).

· Heavy alcohol consumption (three drinks or more a day) causes an increase in blood pressure.  

· Males should keep alcohol intake under two drinks a day, and females should aim for less than one drink.  (1 alcoholic drink has 0.5 oz pure alcohol = 1 can beer, 1 glass wine, 1.5 oz 80 proof distilled spirits.  Each raises BAL 0.02.  Liver clears 1 oz alcohol every 3 hours).  See Box 10.8.

·  Exercise regularly

· Regular aerobic exercise is a powerful tool in both preventing and treating high blood pressure. 

Exercise and Hypertension

· During aerobic activity, BP rises strongly, and then falls below normal levels as the blood vessels relax, an effect that can last for at least 30 to 120 minutes (Fig 10.32).  

· Over time, as the exercise is repeated, a long-lasting reduction in resting blood pressure is experienced (Fig 10.34 and 10.35). 

· Those with mild hypertension can expect sBP and dBP to fall 5-7 mm Hg in response to regular aerobic exercise.  This benefit is independent of changes in body weight or diet. 

· Weight training does not appear to be as effective in lowering blood pressure as aerobic exercise, although it is an excellent way to increase muscular strength, and is recommended for overall physical fitness. 

High Blood Cholesterol

· High blood cholesterol is a major risk factor for heart disease.

· Cholesterol is a waxy substance that circulates in the bloodstream.  

· The body makes it own cholesterol, and also absorbs cholesterol from certain kinds of foods, specifically all animal products (i.e.,  meats, dairy products, and eggs).  

· Cholesterol is essential for the formation of bile acids (used in fat digestion) and some hormones, and is a component of cell membranes,  and brain and nerve tissues. 

Cholesterol Levels

· Every American should know their cholesterol level, and have it checked at least once every five years (or every year if heart disease risk is high).  

·  Blood cholesterol levels fall into one of three categories:  desirable, borderline high risk, or high risk.  (Table 10.9).

· Desirable:  <200 mg/dl

· Borderline high risk: 200-239

· High risk:  ≥ 240

Cholesterol Levels

· Heart disease is very rare when blood cholesterol is less than 160 mg/dl, and some experts regard this as an optimal level.  (Figure 10.37).

· Children and adolescents should keep their blood cholesterol under 170 mg/dl.

· Despite an impressive drop from the 1960s, about 17% of Americans still has a high-risk blood cholesterol levels (240 mg/dl and higher).  (Figures 10.38, 10.39, 10.40).

· The average American has a blood cholesterol level of 203 mg/dl, and if present trends continue, the Healthy People 2010 goal of 199 mg/dl will likely be achieved. (Figure 10.39).

"Good" and "Bad" Cholesterol 

· Cholesterol is transported through the blood by carriers called lipoproteins.  

·  Two specific types of cholesterol carriers are called low density lipoproteins (LDL) and high density lipoproteins (HDL).  (Figures 10.41, 10.42).

·  When cholesterol is carried in the LDL (called LDL- cholesterol), this is called "bad" cholesterol because it contributes to the buildup of atherosclerosis, increasing heart disease risk. 

·  Try to keep LDL-cholesterol as low as possible. For all age groups, a blood LDL-cholesterol under 100 mg/dl is optimal because heart disease is rare below this level.  Children and adolescents should keep their blood LDL-cholesterol under 100 mg/dl.  See Box 10.6 for the NCEP treatment plan.

Figure 10.42

ATP III Lipid and 
Lipoprotein Classification (Table 10.9) 
LDL Cholesterol (mg/dL)*

· <100           
Optimal

·  100–129     
Near optimal/above optimal

·  130–159     
Borderline high

·  160–189     
High

·  190           
Very high

HDL-Cholesterol

· In contrast, HDL-C is called the "good" cholesterol.  

· The HDL carrier acts as a type of shuttle as it takes up cholesterol from the blood and body cells and transfers it to the liver, where it is used to form bile acids.  

· Bile acids pass from the liver to the intestine to aid in fat digestion.  Eventually, some of the bile acids pass out of the body in the stool, providing the body with a major route for excretion of cholesterol.  

· HDLs have for this reason been called the "garbage trucks" of the body, collecting cholesterol and transporting it to the liver.  

· Thus if levels of HDL-C are high (i.e., 60 mg/dl or above), the risk of heart disease is decreased.  An HDL- cholesterol level of less than 40 mg/dl is considered low or undesirable (ATP III).

· The total cholesterol:HDL-C ratio is highly predictive of CHD (see Figure 10:43).

Triglycerides

· High triglycerides predict increased risk of CHD when combined with other risk factors.  See Figure 10.44 for mean American levels.

· Best treated with weight loss, physical exercise, alcohol reduction, and in some people, a decrease in simple carbohydrates (sugar).  Table 10.9 shows ATP III norms:

· <150 mg/dl (normal)

·  150-199 mg/dl (borderline high)

·  200-499 mg/dl (high)

·  500 mg/dl (very high)

ATP III Diet Guidelines &Therapeutic Lifestyle Changes
Evaluate LDL-C response every 6 weeks – Box 10.7

· Saturated fat: <7% of total calories

· Polyunsaturated fat:  Up to 10% of total calories

· Monounsaturated fat: Up to 20% of total calories

· Total fat:  25–35% of total calories

· Carbohydrate:  50–60% of total calories

· Fiber:  20–30 grams per day

· Protein:  Approximately 15% of total calories

· Cholesterol: <200 mg/day

· Total calories (energy):  Balance energy intake and expenditure to maintain desirable body weight/prevent weight gain

· Weight reduction and increased physical activity

· Consider plant stanols/sterols, and increased water soluble fibers

When Drugs Are Needed
Table 10.10

· Sometimes diet, weight loss, and exercise alone are not enough to control high LDL-cholesterol and low HDL-cholesterol levels.  

· Some individuals are genetically predisposed to high blood cholesterol.  If 3 months of lifestyle therapy are unsuccessful in improving blood lipoproteins, medical doctors may prescribe one of several different types of drugs.  

· The most prominent cholesterol drugs are in the statin family, an array of powerful treatments that includes Mevacor or lovastatin, Pravachol or pravastatin, Zocor or simvastatin, and Lipitor or atorvastatin.  These drugs work by interfering with the cholesterol-producing mechanisms of the liver and by increasing the capacity of the liver to remove cholesterol from the blood.  Statins can lower LDL-cholesterol by as much as 60% and dramatically lower the risk of dying from heart disease. 

Table 10.11  Metabolic Syndrome

Lifestyle and HDL-C

· How can one ensure a good blood lipoprotein profile—low total cholesterol and LDL-cholesterol, and high HDL- cholesterol?  Several lifestyle factors have a strong influence.  

· In order of importance, the factors that increase HDL-cholesterol are:

· Vigorous aerobic exercise, at least 80-90 minutes per week.

· Maintaining a lean body weight and avoiding weight gain.

· Smoking cessation.

Lifestyle and LDL-C

· The most important factors for lowering LDL- cholesterol and total cholesterol are:

· Reduction of dietary saturated fat intake to less than 10% of calories (found mainly in meats, dairy products, and some tropical oils like palm and coconut oil), with a greater emphasis on most plant oils and fish which are high in unsaturated fats.

· Reduction in body weight (if high).

· Reduction in dietary cholesterol intake to less than 300 mg/day (found in foods of animal origin).

· Increase in carbohydrates to more than 55% of calories and dietary fiber to more than 20 grams/day (especially fruits and vegetables, beans and oat products).

Lifestyle Specifics:  Weight Loss

· Weight loss, in and of itself, has a powerful effect on blood fats and lipoproteins.  With weight loss, total cholesterol, LDL-cholesterol, and triglycerides decrease strongly, while HDL-cholesterol increases (but only when weight loss has been maintained and stabilized).

· The total cholesterol drops about 1 mg/dl for every pound lost (decreases are greatest for those with the highest blood cholesterol levels).  In other words, if a woman changes her weight from 180 to 160 pounds, her blood cholesterol could be expected, on average, to decrease 20 mg/dl (e.g., from 205 to 185 mg/dl). 

Lifestyle: Dietary Habits

· Improvements in dietary habits also have a favorable effect on blood lipids and lipoproteins. Going from the typical American diet to the one recommended by the American Heart Association can decrease the total cholesterol by 5% to 15% (depending on the initial level).

·  Most of the improvements in blood lipids happen quickly, within the first two weeks, upon adoption of a heart-healthy diet and weight loss regimen.

American Heart Association Guidelines for Reducing the Risk of Cardiovascular Disease by Dietary and Other Lifestyle Practices (Box 10.8).

· 1.  A Healthy Eating Pattern Including Foods From All Major Food Groups

· A.  Consume a variety of fruits and vegetables; choose 5 or more servings per day.

· B.  Consume a variety of grain products, including whole grains; choose 6 or more servings per day.

·  2.  A Healthy Body Weight

· A.  Match intake of total energy (calories) to overall energy needs.

· B.  Achieve a level of physical activity that matches (for weight maintenance) or exceeds (for weight loss) energy intake.  Walk or do other activities for at least 30 minutes on most days.

Exercise and Dyslipidemia

· Early studies showed that HDL-C was higher in runners compared to controls (Figure 10.46).  Recent cross-sectional studies show a dose-response between miles run per week and HDL-C (Figure 10.47).

· People who exercise regularly also have lower total blood cholesterol and LDL-C, but this appears to be more closely related to body mass and diet factors.  When changes in body mass and dietary habits are controlled, exercise training alone can be expected to increase HDL-C and to decrease triglyceride levels, with little or no effect on LDL-C.  See Figures 10.48, 10.49, and 10.51.  Figure 10.50 summarizes potential mechanisms.

Exercise and Heart Disease

· Physical inactivity doubles the risk for CHD, while regular activity cuts the risk in half (see Figures 10.52, 10.53, 10.54).  A growing number of studies show that regular physical activity also lowers risk of stroke (Figures 10.57, 10.58).

· This is similar to the effect of high blood pressure, high blood cholesterol, and cigarette smoking on CHD risk.  

· Physical activity must be a current and regular lifestyle habit in order for CHD risk to be lowered, however.  In other words, exercise habits of years gone by are insufficient for today. 

· About 30 minutes of moderate-intensity physical activity a day is sufficient, with CHD risk lowered even further when greater amounts of more vigorous exercise are engaged in (Figure 10.56).

· Can physical activity be used to treat CHD?  Yes, especially when combined with other lifestyle changes such as smoking cessation, weight control, and dietary improvement (see Figure 10.59). 

