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    One of the most frequent causes of heart disease is atherosclerosis. Atherosclerosis is a lifelong process that leads to the thickening and hardening of artery walls. It is the underlying cause of nearly three-fourths of all cardiovascular deaths. Atherosclerotic plaques, also called lesions, can develop in the coronary arteries that surround the heart muscle and provide it with blood (see figure 1.1). These plaques reduce the flow of blood and oxygen to the heart, which can cause the chest pain or discomfort of angina. In more severe cases of coronary heart disease, the plaques entirely block the flow of blood to the heart, or they rupture, producing large blood clots that can then cut off the heart's blood supply. In both instances, the result is a heart attack, or what doctors call a myocardial infarction.

    Heart attacks are a very common form of heart disease. According to the American Heart Association, one heart attack occurs approximately every twenty-five seconds in the United States.1 Every minute, a person dies from one. In one year, approximately 785,000 Americans will have a first attack, while about 470,000 will have a repeat attack. Many of these events can be prevented by implementing healthy lifestyle changes and by controlling risk factors for atherosclerotic vascular disease.

    A heart attack is just one of the events that can occur due to atherosclerosis. Atherosclerosis can also develop in any of the major arteries and in the aorta, the large vessel that carries blood away from the heart (see figures 1.2a, 1.2b, and 1.2c). Plaques gradually constrict these arteries, and they can rupture, leading to subsequent clot formation. Clots that become lodged in the carotid arteries in the neck or the cerebral arteries in the brain can block blood flow to the brain, causing a stroke or transient ischemic attack (TIA). In addition, plaques can reduce the flow of blood and oxygen to surrounding tissues, which may eventually die. Atherosclerosis that develops in the femoral arteries of the leg or in the brachial arteries of the arms, called peripheral artery disease (PAD), can cause pain, decreased function, and in severe cases, gangrene leading to amputation. Atherosclerosis of the renal arteries in the kidney can cause high blood pressure and eventual kidney failure. Finally, the consequences of atherosclerosis can lead to arrhythmias (disorders of heart rate or rhythm), heart failure, and other conditions affecting the heart.
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    Understanding how coronary heart disease (CHD) and atherosclerosis develop is the first step in prevention. Many people in the twenty-first-century United States have high-fat, sedentary lifestyles that greatly increase the risk of developing atherosclerosis. However, atherosclerosis is not just a modern disease. Evidence of atherosclerosis has been found in Egyptian mummies dating from the third millennium BCE and in Peruvian remains from the first millennium BCE. The difference is that now, in the twenty-first century, we understand how and why atherosclerosis develops, as well as key strategies for prevention. This chapter highlights the major concepts about atherosclerosis that have emerged after more than a century of scientific research and due to recent advances in molecular biology. The story begins with cholesterol.
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    WHY CHOLESTEROL?

    In 1904, a German pathologist named Felix Marchand first proposed the term “atherosclerosis” to describe a process that nineteenth-century physicians were aware of but did not yet understand.2 Marchand chose this name because of the appearance of the arteries he examined: “athero” is the Greek root for “gruel” or “porridge,” while “sclerosis” is the root for “hardening.” His choice emphasized the resemblance between the fatty atherosclerotic plaques found within hardened arteries and porridge. At the time, physicians did not know what material these soft, pulpy deposits consisted of, or what effect they might have on the body.

    In 1913, scientists got their first real clue when a Russian scientist named Nikolai Anichkov fed rabbits cholesterol purified from egg yolks and was able to produce the same gruel-like deposits found in human arteries.3 Anichkov also determined that the amount of cholesterol fed to the rabbits was related to the size and number of plaques that developed. Scientists did not fully recognize the significance of his findings until decades later. Now, however, it is clear that cholesterol is a major component of atherosclerotic lesions and that high levels of cholesterol in the blood, or plasma, can cause atherosclerosis and its many complications.

    In the middle of the twentieth century, researchers studying large populations discovered a relationship between saturated fat consumption, total cholesterol levels, and heart disease. In the 1950s, the Seven Countries Study found that high consumption of saturated fat in countries such as the United States and Finland led to increased blood cholesterol levels and to much higher rates of heart disease, as compared to countries with low saturated fat consumption, such as Japan, Greece, and Italy.4 In the 1960s, the Ni-Hon-San study examined men of Japanese descent who were living in Japan, Honolulu, and San Francisco.5 It showed that cholesterol levels and heart disease all increased as diets became more Westernized and consumption of saturated fat increased. Japanese men living in San Francisco were found to have more heart attacks than those living in Honolulu and more than those living in Japan. Both the Seven Countries Study and the Ni-Hon-San study show that different populations can vary greatly in terms of their cholesterol levels and that these differences are mostly due to diet and lifestyle, not genetics. Other population studies, including the Framingham Heart Study, which began in 1948 in Massachusetts, have further verified the relationship between elevated blood cholesterol and coronary heart disease.6 In general, these trials have established that each 1 percent increase in total blood cholesterol leads to an approximate 2 percent increase in risk for coronary heart disease events.7

    WHAT IS CHOLESTEROL?

    Cholesterol belongs to a group of naturally occurring molecules called lipids. The term “lipid” is often used to refer to fats, but lipids are actually a class of molecules, including fats, oils, waxes, and sterols, that can be dissolved in other fats, oils, and lipids but not in water (they are “lipophilic”). A major function of lipids is energy storage, which is how we commonly think of fats and oils. Other functions of lipids include maintaining the structure of cell membranes and regulating a wide variety of cellular activities, especially those that involve molecular signaling.

    Cholesterol is a simple lipid. (Because of its chemical structure, it is also classified as an alcohol and as a form of steroid called a sterol.) Fatty acids, which are derived from animal and vegetable fats and oils, are another type of simple lipid. Omega fatty acids, for example, are most commonly found in fish. Trans fatty acids are a kind of processed plant oil sometimes used in commercial food preparation. Complex lipids include triglycerides, cholesteryl esters, and phospholipids. Triglycerides store energy in the body and are the primary components of vegetable oils and animal fats. Most fat in the human body and in food is in the form of triglycerides. Cholesteryl ester is a molecule of cholesterol that has undergone a chemical process called esterification that makes it easier to transport in the blood. Most of the cholesterol in the bloodstream exists in the form of cholesteryl esters. Phospholipids are an important component of cell membranes and of lipoproteins, which are specialized macromolecules (very large molecules) that transport cholesterol in the blood.

    
      Table 1.1. Functions of Cholesterol in the Body

      
        	Important component of cell membranes
          º Maintains membrane structure and fluidity

          º Helps transport substances into the cell

          º Facilitates communication between cells, including nerve cells

        

        	Forms bile acid to digest food

        	Precursor to vitamin D and steroid hormones

      

    

    Too much cholesterol in the blood can lead to atherosclerosis, plaque formation, and heart disease, but cholesterol is essential to all animal life and is naturally synthesized by all animals. It plays a number of roles in the human body (see table 1.1). Most importantly, cholesterol is a major component of cell membranes and helps to maintain membrane fluidity. It is needed to form bile acids, which aid in the digestion and absorption of fat in the intestines. In addition, it is the main precursor for vitamin D and for the steroid hormones, including progesterone, estrogen, and testosterone. Cholesterol also plays roles in the conduction of nerve impulses and in cell signaling processes. Without cholesterol, the body would not be able to function on many different levels. Not surprisingly, a highly complex system has evolved to regulate the amount of cholesterol that is present at any given time in the bloodstream and available for transport to different parts of the body.

    Cholesterol is carried in the blood mostly in the form of cholesteryl ester by lipoproteins, which are composed of both lipids and proteins. Lipoproteins contain some free cholesterol, but their major lipid components are cholesteryl esters, triglycerides, and phospholipids in varying concentrations. Lipoproteins are classified according to density in five major categories: high-density lipoprotein (HDL), intermediate-density lipoprotein (IDL), low-density lipoprotein (LDL), very low-density lipoprotein (VLDL), and chylomicrons (see figure 1.3). When doctors measure your cholesterol levels, they are determining the relative quantities of various lipoproteins and their components present in the blood at that moment. You may already be aware of HDL cholesterol (HDL-C), the “good” cholesterol, and LDL cholesterol (LDL-C), the “bad” cholesterol. (The “C” refers to the amount of cholesterol carried by HDL and LDL lipoproteins.) In order to understand what makes these types of cholesterol “good” or “bad,” we need to go into a little more biological detail.
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    BASICS OF LIPID METABOLISM

    The body synthesizes its own cholesterol, and in addition, cholesterol is acquired through the diet. When you consume a meal, the small intestines absorb only some of the cholesterol contained in the food, and the rest is excreted as waste. There is a wide variation among individuals in how much cholesterol tends to be absorbed by the intestines. These variations are probably determined in large part by genetics. Depending on how much cholesterol is absorbed from dietary sources, the body increases or decreases the amount of cholesterol it synthesizes so that cholesterol levels in the blood remain relatively constant.

    Following a meal, the cholesterol that is absorbed into intestinal cells is packaged, along with triglycerides, as chylomicrons, which are extremely large lipoproteins not associated with atherosclerosis or heart disease. (Patients are asked to fast before having their cholesterol tested because the triglycerides present in chylomicrons following a meal can affect the accuracy of the measurements.) Chylomicrons are then transported through the lymphatic circulation (a subset of the circulatory system that helps maintain fluid balance) from the intestines and introduced into the bloodstream via the thoracic duct (a part of the lymphatic system located in the chest). The blood then circulates chylomicrons to tissues in various parts of the body where they are broken down to smaller particles known as chylomicron remnants. As they are broken down, chylomicrons release free fatty acids, which are either used by muscles immediately for energy or are converted to triglycerides to be stored as fat. The chylomicron remnants return to the liver with their remaining loads of cholesterol, most of which is then excreted by the intestines as waste. Unlike chylomicrons themselves, chylomicron remnants can contribute to the formation of atherosclerotic plaques, and a delay in digesting and removing them from the body is associated with an increased risk of coronary heart disease.

    Along with the intestines, the liver is a key organ that maintains a balance of cholesterol within the blood. In addition to clearing the dietary cholesterol that is delivered by chylomicron remnants, the liver synthesizes the cholesterol needed to maintain the body's normal functioning. It can also take the cholesterol it produces out of the circulation. The entire process is one of continual synthesis, removal, and excretion.

    The first step in the body's synthesis of cholesterol is the production of very low-density lipoprotein (VLDL) by the liver. VLDL has a high content of triglycerides, and it circulates in the blood in order to transport energy to various tissues throughout the body. VLDL can also be converted to intermediate-density lipoprotein (IDL), which is then converted to LDL. As VLDL is converted to IDL and then to LDL, it becomes increasingly enriched in cholesterol (in the form of cholesteryl esters) and depleted of triglycerides, resulting in progressively smaller and denser lipoprotein particles. LDL is the primary carrier of cholesterol in the blood, and LDL-C has deservedly gained a reputation as the “bad” cholesterol. VLDL, IDL, and LDL all promote atherosclerosis because they contain a protein called apolipoprotein B (apo B). Chylomicrons contain a different form of apo B, about one-half the size of that found in the other lipoproteins. LDL is the most important and the most commonly measured of the lipoproteins containing apo B. Scientists believe that primarily LDL and modified forms of LDL penetrate the walls of arteries, which is a key step in the formation of atherosclerotic plaques. If levels of LDL-C in the blood become too high, atherosclerosis starts to develop.

    HOW DOES ATHEROSCLEROSIS DEVELOP?

    When arteries are healthy, they have strong, flexible walls and a smooth inner lining. Atherosclerosis is a disease of the intima, or the innermost layer, of the arterial wall. Arteries have three layers: a thick, flexible outer wall called the adventitia; a middle, elastic layer called the media, which contains smooth muscle cells and is capable of constriction and relaxation; and the intima (see figure 1.4). The intima consists of a thin layer of endothelial cells, called the endothelium, that are directly exposed to blood flow through the lumen, or the inner space of the artery. A thin, internal elastic membrane separates the intima and the media. The vasa vasorum are a network of small blood vessels that supply large vessels.
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    In the past, it was believed that atherosclerotic plaques developed progressively, with excess cholesterol in the blood gradually accumulating and leading to bigger and bigger plaques. Contemporary research now indicates that atherosclerosis may be considered a type of inflammatory disease involving many different steps.8 The disease develops depending on the balance between LDL cholesterol, which is deposited into atherosclerotic plaques, and HDL, the “good” cholesterol responsible for transporting lipid back out of the plaque.

    Scientists have long debated what the initiating step in the atherosclerotic process might be. What occurs in the arterial wall that causes cholesterol to accumulate and plaques to form in the first place? Generally, lipoproteins such as LDL flow in and out of the arterial wall, but in atherosclerosis, something occurs that makes their behavior different from normal. For the past few decades, scientists have believed that atherosclerosis begins as a “response to injury.”9 According to this theory, LDL particles penetrate the endothelium, causing damage to the surface of the arterial wall. This initial injury triggers a dysfunctional and inflammatory response within the vessel wall, which then starts the atherosclerotic process. The effects of cigarette smoking, high blood pressure, and diabetes can also damage the endothelium and accelerate the atherosclerotic process.

    This view has since been modified to further explain why some lipoproteins cause damage to the arterial wall, while others do not. In 1995, researchers proposed a “response to retention” theory.10 They hypothesized that the first step in the atherosclerotic process occurs when LDL particles penetrate the endothelium and then become trapped in the arterial wall. Apo B particles in LDL are believed to bind to molecules called proteoglycans, which normally provide structural support within the arterial wall.11 LDL is then “retained” within the intima, where it can subsequently injure the endothelium and cause dysfunction. Although VLDL and IDL also contain apo B, LDL particles are smaller and may be more likely to penetrate the endothelium and bind to proteoglycans than larger lipoproteins.

    The retention of LDL particles within the arterial wall leads to inflammation and oxidation, states that are believed to be especially conducive to atherosclerosis (see figure 1.5). A cascade of inflammatory molecules is produced, which makes the area “sticky” and attracts more LDL to the intima to be retained. Immune cells called monocytes and T cells are also attracted and drawn through the endothelium into the arterial wall. As LDL begins to accumulate, it can become chemically modified. The most common form of modification is called oxidation, which occurs through contact with unstable molecules called free radicals. Oxidized LDL is much more damaging to the arterial wall than regular LDL, and its presence triggers a heightened inflammatory and immune response that further attracts LDL and monocytes.

    Recently it was theorized that antioxidants, which are abundant in fruits and vegetables, might be able to inhibit atherosclerosis and have beneficial effects on other diseases, including cancer. However, research to date has not shown that antioxidants obtained through food or supplements have a preventive effect on cardiovascular disease.12 It is still possible that antioxidants could protect against atherosclerosis if they could be directed to specific sites within the artery wall.
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    Theoretically, preventing the retention of LDL in the arterial wall might be one strategy for inhibiting atherosclerosis. By interfering with the production of apo B in LDL or stopping it from binding to proteoglycans, it might be possible to halt atherosclerosis before it starts. For example, one type of experimental drug, called an antisense inhibitor of apo B, is currently being tested in humans and “turns off” the gene for apo B so that fewer apo B and LDL particles are produced.13 Another approach involves introducing antibodies to apo B or LDL in order to trigger an immune response, disrupt the molecular interactions that lead to plaque growth, and hopefully protect against atherosclerosis and cardiovascular disease.14 It may be a while, if ever, before these kinds of experimental therapies gain widespread use, but it is promising that scientists are able to understand the development of atherosclerotic disease at such a basic molecular level.

    After the initiation of the atherosclerotic process, cholesterol begins to accumulate within the artery wall (see figure 1.6). The monocytes that have been drawn into the intima are converted to macrophages, which are specialized white blood cells capable of consuming other cells or parts of cells. Oxidized or chemically modified LDL is then ingested by the macrophages, which become larger and larger due to the cholesterol carried by LDL. Soon the macrophages become what are known as foam cells, stuffed with lipid. This stage of atherosclerosis can be initiated as early as childhood or adolescence and is characterized by the appearance of fatty streaks. A fatty streak is a flat, yellowish-white patch made up of foam cells that forms on the inside of an artery but does not block blood flow. Fatty streaks cannot be detected by medical tests, but evidence from autopsies has shown that fatty streaks can develop in children as young as one year of age.15 They do not necessarily grow in size to become mature atherosclerotic plaques associated with heart disease.
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    At the same time that LDL is deposited into the arterial wall, HDL draws cholesterol out of macrophages through specialized receptors and transports it back to the liver for disposal. This process is called reverse cholesterol transport and is believed to be one of the important properties of HDL. HDL may also protect against atherosclerosis by directly combating inflammation and the oxidation of LDL within the arterial wall.16 In population studies, risk for coronary heart disease decreases by about 2 percent in men and 3 percent in women for each 1 mg/dL increase in HDL cholesterol.17

    As foam cells in the developing plaque continue to grow, they eventually die, but the lipid they contain accumulates to form a liquid or semi-liquid core. Smooth muscle cells, which normally constitute the middle layer of the arterial wall, begin to proliferate and migrate into the intima, where they contribute to the growth of the maturing plaque. In addition, the connective tissues within the arteries begin to break down. At this stage, which generally occurs during young adulthood and middle age, the atherosclerotic lesion may begin to grow into the lumen (interior of the artery), but it does not produce symptoms. If the plaque continues to grow, its lipid core becomes sealed into the arterial wall by only a thin layer of cells.

    If this situation sounds somewhat precarious, that would be a correct assessment. Atherosclerotic plaques are prone to rupture as they grow and begin to protrude into the lumen (see figure 1.7a). Previously, researchers believed that the plaques most prone to rupture were those that caused the largest blockages, or had the greatest degree of stenosis (narrowing), within the artery. They now know that vulnerable plaques that cause arterial narrowing of 30 to 50 percent but only have a thin layer of fibrous tissue surrounding the lipid core are the most common causes of coronary events (see figure 1.7b).18 Many people with atherosclerosis have several plaques with less severe narrowing. Plaques that narrow arteries by 70 to 90 percent are relatively less common, but when they do occur, they are highly likely to have adverse consequences (see figure 1.7c).
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    LOWERING LDL-C REDUCES RISK FOR CARDIOVASCULAR DISEASE

    LDL-C levels are more closely related to the risk for heart disease than are total cholesterol levels. Numerous studies have shown that high levels of LDL-C are linked to increased risk for heart disease and that reducing LDL-C levels decreases cardiovascular risk. Results from clinical trials conducted over three decades indicate that there is a direct relationship between LDL-C levels and the risk for heart disease (see figure 1.8).19 For example, an analysis of twenty-six clinical trials with statins, which included over 170,000 participants, found that for each 39 mg/dL (1 mmol/L) reduction in LDL-C, a person's risk for heart disease and stroke decreases by 22 percent.20 In general, decreases in LDL-C have been shown to lead to fewer heart attacks, reduced angina, fewer hospital procedures to unblock clogged arteries, and fewer deaths due to heart disease. These improved outcomes are observed whether LDL-C reduction is achieved through diet and lifestyle changes alone or with the aid of lipid-lowering drugs.21
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    For individuals with high LDL-C, the first strategy is lifestyle modification, which includes engaging in aerobic exercise, stopping smoking, and eating a healthier diet (see chapter 2 for more on risk factors and prevention). If these measures do not sufficiently reduce LDL-C, a physician may recommend drug therapy based on your estimated risk of developing heart disease within the next ten years. A class of lipid-lowering drug called statins has been shown to be the most effective and safest means of reducing LDL-C levels and cardiovascular risk in many different populations. People with an existing history of heart disease have been shown to benefit from LDL-C reduction with statins. Efforts to prevent a recurrent coronary event are called secondary prevention. Individuals without heart disease, including people who do not have elevated levels of LDL-C but who may have other cardiovascular risk factors, also experience fewer heart attacks and coronary events the more they lower their LDL-C levels. Efforts to prevent heart disease before it develops and causes symptoms are called primary prevention. Trials have shown that both men and women at risk can greatly reduce their chances of ever developing heart disease with preventive treatment with statins (see chapter 2 for more on statins).

    For example, one of the authors (AMG) headed a major study in the 1990s called AFCAPS/TexCAPS, which examined approximately 6,600 healthy individuals with average LDL-C levels and no evidence of heart disease.22 The average LDL-C for the entire group at the start of the study was 150 mg/dL, which was considered normal at the time. The participants also had HDL-C (“good”) levels that were below average. After five years, the group treated with the statin drug lovastatin (Mevacor®) had 37 percent fewer incidents of heart attack, unstable angina, and sudden cardiac death compared to the group given a placebo. In other words, 183 people given a placebo had a first major coronary event, as compared to 116 people in the group given lovastatin, which is a highly statistically significant difference. After treatment, the lovastatin group had an average LDL-C of 115 mg/dL. What studies like this illustrate is that in a given population, some people are more likely to have a coronary event than others. Lifestyle and drug interventions to lower LDL-C levels can help to greatly shift the odds in your favor, although there are other factors that can also affect cardiovascular risk.

    During the three decades that lipid-lowering trials have been conducted, researchers have not identified a lower level of LDL-C where risk ends. People who are at the highest risk for a coronary event experience the most benefit from reducing their LDL-C. You may have heard research about cholesterol reported in the news. Often these reports are framed as a question: Is lower better? With regards to LDL-C, the “bad” cholesterol, the answer seems to be yes. The lower your levels of LDL-C, the less likely you are to develop atherosclerosis and symptoms of heart disease. If you already have heart disease, reducing your LDL-C to very low levels (<70 mg/dL) can substantially diminish the probability of having another coronary event. In the JUPITER study, discussed below, risk was lowest when LDL-C levels fell to below 50 mg/dL.23 In addition, studies of different populations show that hunter-gatherers generally had LDL-C levels between 50 and 70 mg/dL and very low incidence of coronary heart disease.24 As these societies adopted more modern diets and lifestyles, they became more prone to developing CHD, which suggests that very low levels of LDL-C may be ideal in preventing cardiovascular disease in contemporary life. Very low levels of LDL-C, combined with increased levels of HDL-C, may even lead to regression of atherosclerotic plaques (see below).

    Several secondary prevention trials conducted after the introduction of statins in 1987 have established that reducing levels of LDL-C improves survival in patients who have already developed CHD. One of the most convincing of these trials was the five-year Heart Protection Study, which included over twenty thousand high-risk individuals with atherosclerotic disease, diabetes, or hypertension (high blood pressure).25 In the group treated with the statin drug simvastatin (Zocor®), the chances of dying from a coronary event were reduced by approximately 18 percent, and the risk of a heart attack was lowered by at least one-third. Patients experienced benefit with statin treatment regardless of what their LDL-C levels were at the beginning of the trial. The study investigators estimated that treatment with simvastatin for five years would prevent a coronary event in seventy to one hundred people for every one thousand individuals, with longer treatment providing additional benefit. This study included a large number of women, elderly patients, and diabetic patients, and it helped prove that statin therapy is beneficial in these populations.

    Since then, a number of secondary prevention studies have investigated whether “lower is better” in patients with CHD. For example, the Treating to New Targets study, for which one of the authors (AMG) served on the steering committee, attempted to reduce LDL-C levels to much less than 100 mg/dL.26 At the time, patients with a recent heart attack were recommended to have an LDL-C less than 100 mg/dL. In this study, all patients received the statin drug atorvastatin (Lipitor®), but one group (the “intensive” arm) received a higher dose than the other. After approximately five years of treatment, the high-dose group had an average LDL-C of 77 mg/dL, compared to 101 mg/dL in the standard-dose group. A total of 434 patients (8.7 percent) in the high-dose group experienced a major cardiovascular event, compared to 548 patients (10.9 percent) in the standard-dose group, which is a highly statistically significant difference. Trials such as these provided evidence that lowering LDL-C to very low levels is both safe and effective in secondary prevention. As a result, national cholesterol treatment guidelines were changed so that the LDL-C goal for some high-risk patients with CHD was lowered to less than 70 mg/dL.

    During the 1980s, there was some concern among researchers that lowering levels of blood cholesterol would also reduce the amount of cholesterol needed by cells, particularly cells in the brain, which could possibly lead to adverse consequences. This theory has been strongly refuted. Reductions in blood cholesterol do not affect the body's proper functioning, and an appropriate balance of cholesterol is maintained throughout the body even as levels decrease in the blood. An analysis of twenty-six major statin trials involving more than 170,000 total participants showed that decreases in blood cholesterol did not increase the risk for cancer or death from non-cardiovascular causes, even at very low LDL-C levels.27 Furthermore, trials with very strong statins have investigated the effects of reducing LDL-C below 70 mg/dL in patients with and without heart disease, and they consistently show cardiovascular benefit with little to no increase in adverse drug side effects, even at these low levels.

    One of these trials, called JUPITER, was completed in 2008 and provides striking evidence that in primary prevention, achieving very low levels of LDL-C can prevent heart attacks and coronary events in healthy patients who already have relatively low LDL-C. This important trial continues to be hotly debated among physicians and cardiovascular researchers, as it reinforces the fact that LDL-C reduction is beneficial but it also suggests that reducing inflammation may be another vital factor to consider.

    WHY IS INFLAMMATION IMPORTANT?

    Inflammation is the body's natural response to an injury. If you fall and sprain your ankle, the area becomes red and inflamed as blood flow to the area is increased and the body attempts to repair the damaged tissue. However, if inflammation becomes chronic, it can cause damage of its own. Inflammation draws different types of cells to the injured area than are normally present, eventually beginning to change the local environment and its natural balance after a period of time.

    Researchers now believe that atherosclerosis is a chronic inflammatory disease. When the arterial wall becomes damaged, either by LDL particles or the effects of diabetes, smoking, or high blood pressure, the result is inflammation, which provides the right environment for an atherosclerotic lesion to grow. Inflammation within blood vessels may also make a plaque more likely to rupture and form a blood clot in a process known as thrombosis. The clotting of blood occurs through a rapid series of steps and is affected by the presence or absence of various molecules and cells in the area. When an atherosclerotic plaque is inflamed, it contains high levels of tissue factor, which is the primary molecule responsible for initiating the blood-clotting process. If the plaque is disrupted, or if its edges begin to erode, the insides of the plaque, including the high levels of tissue factor, may quickly become exposed to the surrounding blood, which may have also been altered due to chronic inflammation in the area. The result is thrombosis, or the formation of a blood clot.

    C-reactive protein (CRP) is one marker of inflammation that has been consistently linked to increased cardiovascular risk in both men and women. In the JUPITER study, participants were healthy, middle-aged individuals with low LDL-C but elevated levels of CRP.28 It was the first study to test the hypothesis that statin treatment in individuals with elevated CRP but low LDL-C levels (<130 mg/dL) would reduce cardiovascular risk. In JUPITER, half of the participants were treated with the statin drug rosuvastatin (Crestor®), and half were given a placebo. Early on in the trial, it became apparent to the study investigators, which included one of the authors (AMG), that the rosuvastatin group was doing much better than the group given a placebo and much better than had been projected based on experience with earlier trials. The study was originally planned to last five years, but after just two years, it was stopped early because it was clear that drug treatment was superior to placebo in this population of individuals. If the trial had continued for the full five years, it would likely have shown even greater benefit with drug treatment, but the way that clinical trials are designed made it more practical to terminate it early.

    After two years, the group treated with rosuvastatin had reduced their LDL-C by 50 percent and their CRP levels by 37 percent. These healthy individuals already had low levels of LDL-C to begin with (median 108 mg/dL), and LDL-C was further decreased to a median of 55 mg/dL. The results showed that treatment with rosuvastatin led to half as many heart attacks and strokes compared to treatment with a placebo. It was estimated that only twenty-five people needed to be treated with rosuvastatin for five years to prevent one major coronary event, which represents an extremely good success rate. In addition, the risk of death from any cause was found to be 20 percent less for individuals in the rosuvastatin group compared to those in the placebo group. The study participants who experienced the greatest reductions in cardiovascular risk were those who achieved the lowest levels of both LDL-C and CRP by the end of the study.29 These results suggest that reducing both LDL-C and CRP may confer the greatest benefit in primary prevention, rather than simply targeting LDL-C alone.

    CRP is most likely a sign of the inflammation that accompanies atherosclerosis, rather than something that directly causes atherosclerosis itself. Statins other than rosuvastatin have been shown to reduce levels of CRP, and it is hypothesized that in addition to reducing LDL-C, statins reduce inflammation more generally and, thus, measures of CRP. In other words, it is important to reduce inflammation in order to decrease cardiovascular risk, and CRP is one of the most reliable markers of the inflammation associated with atherosclerosis. It may be the case that “lower is better” for both LDL-C and CRP.

    Current guidelines for physicians do not yet recommend routine screening for CRP, although they do suggest that testing for CRP may be useful in certain cases where it is unclear whether or not the patient should begin lipid-lowering drug therapy. You may want to consider asking your doctor about testing for CRP levels. CRP is measured with an inexpensive blood test that can be ordered at the same time that your cholesterol levels are being measured. In the JUPITER trial, participants initially had CRP levels greater than 2 mg/L, which is considered high, and individuals whose CRP reached levels less than 1 mg/L by the end of the trial experienced the best results. If your levels are elevated, there are several ways to lower your CRP in addition to statin therapy.

    Often people with elevated levels of CRP also have other risk factors for heart disease, such as obesity and a sedentary lifestyle. Like atherosclerosis, obesity is believed to produce a state of chronic, low-grade inflammation within the body's tissues. In obese individuals, fat cells release an abundance of hormones and inflammatory molecules, which then attract macrophages in a process very similar to atherosclerosis.30 The resulting inflammatory environment may help explain why obese individuals are at higher risk for developing conditions such as cardiovascular disease and diabetes. Losing weight, in addition to increasing exercise and stopping smoking, can help reduce elevated levels of CRP.

    Aspirin has long been recommended for the prevention of heart attacks, particularly in men. It is now recognized that aspirin can also help to prevent strokes in older women.31 Previously, it was thought that aspirin worked to prevent heart attacks by acting as a blood thinner, thereby decreasing the likelihood that clots would form. It now appears that aspirin also reduces inflammation within blood vessels, which decreases the odds that a plaque will rupture in the first place to form a blood clot. Although aspirin does not seem to reduce CRP levels on its own, it is hypothesized that aspirin may be especially helpful in preventing heart attacks in individuals who have elevated levels of CRP.32

    Inflammation is currently a hot area of cardiovascular research. Scientists and physicians are still working to understand the complex relationship between inflammation, atherosclerosis, and heart disease. Trials are underway to test whether anti-inflammatory drugs may be beneficial in decreasing cardiovascular events. What is clear now is that strategies to reduce inflammation throughout the body, including weight loss, quitting smoking, increased exercise, aspirin, and statins, are likely to improve your chances of never developing symptoms of heart disease.

    REVERSING THE ATHEROSCLEROTIC PROCESS

    The progression of atherosclerosis is not always relentless, as was previously thought. With aggressive lifestyle changes and appropriate drug therapy, atherosclerosis can be stopped and, at times, even reversed. Beginning in the late 1980s, clinical trials using various imaging techniques, which allow physicians to view plaque growth within the arteries, have demonstrated that it is possible to halt atherosclerotic progression and, in some cases, even induce regression (decrease in size) of plaques. In general, these studies have demonstrated that even relatively small changes in arterial blockage can result in unexpectedly large reductions in coronary events.

    Recent studies have utilized sophisticated imaging techniques, including intravascular ultrasound (IVUS), electron-beam computed tomography (EBCT), and high-resolution magnetic resonance imaging (MRI) (see chapter 3 for more on diagnostic tests). IVUS is an invasive procedure that provides a cross-sectional image of the interior of a blood vessel, including the size and dimensions of plaques. EBCT scans show the presence of calcium deposits in the arteries surrounding the heart, which can be an early sign of heart disease before symptoms begin to develop. Cardiac MRIs can provide still and moving images of the heart and large arteries.

    Advances in imaging have yielded valuable data on the progression of atherosclerosis and help document the effects of different drugs on the size and shape of atherosclerotic plaques. However, the use of imaging in clinical trials remains somewhat controversial among researchers. It is well established that changes in LDL-C levels are linked to improved outcomes, such as fewer heart attacks and improved life expectancy. There is not the same level of evidence for imaging yet, so it is not entirely clear what effect decreases in plaque size, for example, would have on the risk for heart attack, although such changes are likely to be beneficial.

    Some studies using high-resolution MRI suggest that statin therapy may help to stabilize atherosclerotic plaques so they are less prone to rupture. These studies show that drug treatment with statins may change the composition or size of plaques, but that it does not always decrease the degree of blockage within the artery. Other trials have investigated the effects of drugs in patients already taking statins. Once a patient has been on statin therapy for several years, it may be difficult to show further beneficial effects with other drugs since the statin will already have reduced the lipid content of plaques.

    Studies incorporating IVUS provide the strongest evidence that statins can slow or reverse the progression of atherosclerosis within the vessel wall. The ASTEROID trial, published in 2006, was one of the first trials to demonstrate either regression or a stop in progression.33 It included 349 individuals with coronary atherosclerosis who received a high dose of rosuvastatin for two years. At the end of the study, these individuals had reduced their LDL-C by 53 percent to a mean of 61 mg/dL, and they had increased their HDL-C by 15 percent. According to three different measurements obtained with IVUS, the volume of their plaques decreased in size by approximately 7 percent. This study confirmed that reducing LDL-C to very low levels can actually reverse atherosclerosis, which should be heartening news for people who may have already developed heart disease or who have evidence of atherosclerotic plaques.

    A subsequent analysis combined data from ASTEROID and three other similar IVUS trials, and it included 1,455 patients with coronary artery disease who were treated with statins for eighteen to twenty-four months.34 This analysis found that substantial atherosclerotic regression (≥ 5 percent reduction in plaque volume) was most likely to occur in patients who had achieved LDL-C levels below 87.5 mg/dL combined with an increase in HDL-C greater than 7.5 percent. This study suggests that reducing LDL-C to very low levels, combined with an increase in HDL-C, may be the best way to reduce cardiovascular risk.

    These imaging studies confirm that halting the spread of atherosclerosis is not beyond your control. As we will see in the next chapter, the chances of developing cardiovascular disease are affected by many risk factors. However, taking preventive measures aimed at controlling lipid levels and blood pressure, stopping smoking, increasing physical activity, maintaining a healthy weight, and consuming a balanced diet can literally save your life. In the twenty-first century, physicians know more about atherosclerosis, its consequences, and its prevention than ever before. Now let's see what concrete steps you can take to protect yourself from heart disease.
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    Understanding how atherosclerosis develops and leads to coronary heart disease is the first step in prevention. The second is understanding how various risk factors promote atherosclerosis and the chances of having a coronary event or stroke so that you can address and change your risk factors before heart disease or other forms of atherosclerotic vascular disease develop. If you already have atherosclerotic disease, controlling your risk factors is key to decreasing symptoms and preventing future events. This chapter describes the most important risk factors for heart disease and other forms of atherosclerotic vascular disease, as well as the recommended strategies for improving and controlling them.

    A risk factor is defined as any trait or habit that helps predict the probability that a person will develop a particular disease. Risk factors can be genetic or environmental; some are related to lifestyle. Multiple risk factors greatly increase the risk for cardiovascular disease and have a multiplicative, rather than simply an additive, effect on risk. For example, the INTERHEART study examined over fifteen thousand cases of heart attacks in fifty-two countries and found that nine potentially modifiable risk factors accounted for over 90 percent of the risk for heart attacks in men and women of all ethnicities. 1 The nine risk factors were smoking, lipids, high blood pressure, diabetes, obesity, psychosocial factors (stress), diet, alcohol consumption, and physical inactivity. Having one of the risk factors, such as diabetes, could as much as triple the risk for heart attack, but having all nine of the risk factors increased the likelihood of having a heart attack by a factor of 129. Fortunately, these nine risk factors can all be modified by diet and lifestyle, as well as by medication if necessary. Many of the fifteen thousand heart attacks included in the study thus might have been prevented.

    Risk factor modification is proven to work. Even though cardiovascular disease remains the leading cause of death in the United States, cardiovascular mortality rates have been declining. From 1997 to 2007, deaths from cardiovascular disease decreased by 28 percent.2 Approximately half of the decrease in mortality over the past several decades is believed to be due to improved control of risk factors, such as cholesterol, blood pressure, smoking, and physical inactivity.3 The other half is attributed to improvements in medical and surgical procedures to treat heart disease. These results should be encouraging: efforts at prevention are working, while existing treatments for heart disease are helping to extend life. The goal for you now is to focus on prevention and avoid the need for more serious treatments. At stake is not just length of life, but quality of life.

    ESTIMATING RISK

    In the United States, the National Cholesterol Education Program (NCEP), which is sponsored by the National Institutes of Health, issues guidelines for physicians about identifying and treating high cholesterol in order to reduce the risk for heart disease across the population. These guidelines are endorsed by the American Heart Association (AHA) and many other professional organizations. They establish target levels for one of the major risk factors for heart disease: high cholesterol and, more specifically, LDL-C.

    Controlling LDL-C (“bad” cholesterol) has been shown in numerous studies involving many different groups of people to have the single greatest effect in reducing cardiovascular risk. If a person has high LDL-C, the guidelines set an appropriate LDL-C target based on whether the patient already has heart disease, other forms of atherosclerotic disease, diabetes, or any of the other major risk factors. These major risk factors include cigarette smoking, hypertension (high blood pressure), low HDL-C (“good” cholesterol), family history of premature coronary heart disease, male gender, and age (see table 2.1). Risk factors determined by lifestyle, including obesity, physical inactivity, and diet, are also important in the development of heart disease, as are new or “emerging” risk factors, such as those related to inflammation. Trying to improve all of these risk factors will help reduce your risk of developing heart disease as well as other forms of atherosclerotic vascular disease, such as stroke or peripheral artery disease.
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    If you have two or more major risk factors, your doctor may estimate your risk of developing a heart attack within the next ten years using a calculation called the Framingham risk score. This formula is based on data obtained from an ongoing, landmark study called the Framingham Heart Study, which is following a large group of people from Framingham, Massachusetts, and their descendants, in order to determine what risk factors predispose to heart disease. An easy-to-use version of the calculator is available online at http://hp2010.nhlbihin.net/atpiii/calculator.asp.

    It is important to remember that the Framingham score provides an estimate of risk and primarily helps doctors determine how low your LDL-C should be based on your existing risk factors. A low score does not necessarily mean that you are safe from heart disease, and a high score does not mean that you will definitely have a heart attack. For example, in the JUPITER study, most of the cardiovascular events occurred in people with below average risk. According to their Framingham score, these individuals only had an estimated 5 to 10 percent chance of having a heart attack within the next ten years, yet they still happened to suffer a coronary event during the two-year study period.5 If you do have a high score, don't despair. There is a lot you can do to reduce your odds for developing heart disease. If you have a low score, you should also seriously consider the steps you can take to protect yourself further against heart disease.

    Most likely, you are familiar with many of these preventive measures already: don't smoke, exercise more, eat healthy, lose weight if needed, and take the medications your doctor prescribes. What this chapter will explain is the scientific and medical rationale behind these recommendations so that you understand why and how the choices that you make can slow, or even reverse, the atherosclerotic process. Furthermore, you'll learn how many risk factors are interrelated and why multiple risk factors tend to cluster in the same individual. This knowledge is key to making strategic lifestyle choices that will benefit your cardiovascular system on many different levels. In addition, we describe some of the kinds of medications your doctor might prescribe in order to decrease your risk factors.

    NON-MODIFIABLE RISK FACTORS

    Let's begin with the risk factors that cannot be modified. Keep in mind that although these factors cannot be changed, it is still possible to counteract their effects, in part by improving the risk factors that can be controlled.

    Personal History of Coronary Heart Disease

    If you already have CHD or another form of atherosclerotic vascular disease, including a history of angina, heart attack, stroke, peripheral artery disease, abdominal aortic aneurysm, or carotid artery disease, you are at very high risk for a future coronary event. American Heart Association statistics show that within five years of a first heart attack, 15 percent of men and 22 percent of women aged 45–64 will suffer another heart attack, and 2 percent of men and 6 percent of women will have a stroke.6 One of the reasons for this increased risk should be readily apparent: once atherosclerosis has developed in an artery to the point that you experience symptoms or a coronary event, it is likely to have also affected blood flow in other arteries throughout the body. If you survive a heart attack and are treated with a stent or bypass surgery, these procedures restore blood flow only through the most severely blocked arteries (see chapter 5 for more on treatments for coronary heart disease). Without intensive lifestyle changes and drug therapies, atherosclerosis may continue to progress in other arteries, possibly leading to a subsequent coronary event. In addition, heart attacks damage the heart muscle, decreasing its efficiency in pumping blood throughout the body and increasing the likelihood of heart failure, sudden cardiac death, and other conditions.

    In people with CHD, the physician's goal is called secondary prevention, or preventing a recurrent coronary event. The first priority is to lower LDL-C levels at least below 100 mg/dL (milligrams per deciliter of blood) and preferably below 70 mg/dL. Clinical research studies have shown that individuals with a history of coronary heart disease fare much better after lowering their blood cholesterol levels. In an important study called 4S, which was conducted in men and women with a history of angina or heart attack, cholesterol lowering with the statin drug simvastatin (Zocor®) reduced both the risk for a future coronary event and the risk for death by about one-third over a period of five years.7 People with coronary heart disease should not underestimate the benefit of keeping cholesterol levels as low as possible. Even in individuals with average cholesterol levels who have suffered a heart attack, cholesterol lowering with statins has been shown to reduce the risk of a recurrent event by approximately 20 to 25 percent.8

    If you have a history of coronary heart disease, focus on lowering cholesterol levels through diet, exercise, and appropriate drug therapy in order to shift the odds in your favor. Pay increased attention to the other modifiable risk factors discussed later in this chapter.

    Age

    Risk for atherosclerotic disease increases with the aging process, in part because other risk factors such as blood pressure, cholesterol, and body weight tend to increase with age. The adverse effects of risk factors also accumulate over a lifetime so that a person who has had high cholesterol for fifty years, for example, is likely to have sustained more total damage to his arteries than someone in his twenties. For this reason, efforts to prevent heart disease by paying attention to cardiovascular risk factors, especially LDL-C levels, should begin early in life. Human infants are born with LDL-C levels around 50 mg/dL. Studies have shown that individuals who have low levels of LDL-C during childhood and young adulthood, whether due to genetic factors or lifestyle, are less likely to develop atherosclerosis and heart disease as they age. For example, one study found that African Americans with a genetic variant that causes LDL-C levels that are on average 28 percent lower than those found in the general population have an 88 percent decreased risk for heart disease.9 Individuals without such genetic variants could similarly benefit from maintaining low LDL-C levels across their life span.

    Men older than forty-five years and women older than fifty-five years are at increased risk for cardiovascular disease compared to younger individuals. Coronary events such as heart attack or the need for bypass surgery are fairly uncommon in men until

    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
      	Dizziness

      	Depression or anxiety

      	Irritability or feelings of frustration, impatience, and anger

      	Sleep disturbances

      	Restlessness or trouble concentrating

      	Headaches

      	Tiredness

      	Increased appetite and weight gain

    

    
    
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
    

    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
      	Making the decision to quit

      	Setting a quit date and choosing a quit plan

      	Dealing with withdrawal

      	Staying quit (maintenance)

    

    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
      
      
        	Balance calorie intake and exercise to maintain a healthy body weight.
          
        

        	Limit your intake of saturated fat to <7% of energy, trans fat to <1% of energy, and cholesterol to <300 mg per day.
          
          
          
          
          
        

        	Consume a diet rich in vegetables and fruits.
          
          
        

        	Choose whole-grain, high-fiber foods.
          
          
        

        	Consume fish, especially oily fish, at least twice a week.
          
        

        	Minimize your intake of beverages and foods with added sugars.

        	Reduce salt consumption.
          
          
        

      

    

    
    
    
    
    
    
    
    
    
    
      
      
      
        	Abdominal obesity (waist circumference >40 inches in men, >35 inches in women)

        	Triglycerides ≥ 150 mg/dL

        	Low HDL-C (<40 mg/dL in men, <50 mg/dL in women)

        	Blood pressure ≥130/≥85 mm Hg

        	Fasting plasma glucose (FPG) ≥110 mg/dL
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Figure 1.4. An artery has three layers of differen types of cels.lusraton created by
Herbert R. Smith Jr.
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Figure 1.5. The atherosclerotic process starts when LDL partices are retained in the
artery wall and trigger an inflammatory and immune response that atracts monoeytes
and more LDL to the artery. Figure courtesy of the author.
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Figure 1.6. Monocytes are converted to macrophages and consume oxidized LDL while
HDL draws cholesterol out of the developing plaque and sends it to the iver.Fgure
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Figure 1.7c. Plaques with severe stenosis are reftively less common, Figure courtesy of Dr.
Michael |. Davies.





OEBPS/Images/24.jpg
Normal arlery

Figure 1.1. An atherosclerotic plaque develops in an artery and can reduce blood flow to
organs and tissues. llustration created by Herbert R Smith Jr.
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Figure 1.2b. Branches arise from the 2orta in the chest and abdomen to supply biood to
the major organs. llustration created by Herbert R Smith Jr.
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Figure 1.22. Three major arteries branch offfrom the aortic rch to supply the head and
arms with blood. lustration created by Herbert R Smith Jr.
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Figure 1.2¢. The abdominal 0rta branches into the ilac arteries to supply blood to the
selvis, thighs. and legs. llustration created by Herbert R. Smith Jr.
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