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Introduction

There is no longer any debate about whether or not diet plays a major role in promoting dyslipidemia and the growth of atherosclerotic plaques.
 As we shall see, what one eats can impact a wide variety of known and suspected risk factors for a variety of cardiovascular diseases (CVD). These risk factors include elevated blood levels of total cholesterol (TC), low-density lipoprotein cholesterol  (LDL-C), triglycerides (TG), homocysteine (Hcy), fibrinogen, clotting factor VII, plasminogen activator inhibitor -1 (PAI-1), and insulin. A low plasma level of high-density lipoprotein cholesterol (HDL-C) and particularly a high ratio of TC/HDL-C is also associated with an increased risk of CVD. 

Diet also impacts the function of endothelial cells, cells that line blood vessels and body cavities. Endothelial dysfunction contributes to the growth of atherosclerotic plaques, can increase thrombus formation, and reduce nitric oxide (NO) release. Reduced NO release and/or more rapid destruction of NO can reduce the ability of arteries to vasodilate, which contributes to the development of hypertension (HTN). There is compelling evidence that the modification of LDL-C particles by oxidation, glucose, and/or Hcy  plays an important  role in the atherosclerotic process. Other dietary factors contribute to the development of HTN, which is not only a major risk factor for ischemic heart disease (IHD) but the most important risk factor for strokes, left ventricular hypertrophy (LVH), and congestive heart failure (CHF). A diet can also impact the risk of cardiac arrythmias, which can increase the risk of ventricular fibrillation and a fatal heart attack. 

Diet is a major contributor to obesity and Type 2 diabetes mellitus (Type-2 DM). Excessive calorie intake can lead to insulin resistance (IR), which is perhaps the primary metabolic defect in what has been called "Syndrome X," the "Deadly Quartet," and the insulin resistance syndrome (IRS). Of course, excessive calorie intake eventually leads to both obesity and, in genetically-susceptible individuals, Type-2 DM.  Obesity can promote dyslipidemia and HTN, two of the major risk factors for coronary artery disease (CAD) and stroke. Type-2 DM is also associated with dyslipidemia and atherosclerosis. Type-2 DM greatly increases the risk for CAD, peripheral vascular disease (PVD), kidney failure, and stroke.

Before evaluating the  research about how diet and specific nutritional factors can influence the aforementioned risk factors for cardiovascular disease (CVD), it is important to clarify what CVD disease is. CVD is the result of a multifactorial disease process.  It accounts for about half of all deaths in the United States annually (about one million deaths). And while the death rate from heart attacks and strokes has fallen markedly since the mid-1960s, heart disease and strokes still account for nearly half of all deaths in the United States as we enter the new millennium. What makes these statistics even more appalling is that dietary changes and increased activity could virtually eliminate HTN, atherosclerosis, obesity, and Type 2 DM in the vast majority of the US population. We will now take a close look at how diet impacts TC and particularly LDL-C, which are the most important modifiable risk factors for atherosclerosis and CAD mortality.

Major Risk Factors for CAD and Strokes

HTN, Smoking and Dyslipidemia are the Major Risk Factors for CAD and Strokes

CAD and stroke are 2 of the top 3 causes of death in America and most other countries that consume a rich Westernized diet.  About 1.5 million heart attacks occur in the United States each year and nearly 1/3 of them are fatal. This makes heart disease the #1 cause of death in America. Even though CAD increases dramatically with age, it is not a normal or natural consequence of aging. Rather, it is largely the result of known risk factors, most of which can be dramatically reduced or completely eliminated by changes in diet.  Table 1 below shows the relative risk of the 3 best-quantified factors on the risk of death from a heart attack.

	Table 1.  MR FIT Data on Risk of Mortality from Ischemic Heart Disease (IHD)

	Serum Cholesterol
	Hypertension
	Smoking
	IHD Mortality Rate

	<181 mg/dl
	No
	No
	1.6

	<181 mg/dl
	Yes
	Yes
	6.3

	>245 mg/dl
	No
	No
	6.4

	>245 mg/dl
	Yes
	Yes
	21.6

	Adapted from Stamler J et al. JAMA 1986;256:2823


Some clinicians are surprised to learn that an elevated serum cholesterol level is at least as risky as smoking and HTN combined in terms of increasing the risk of IHD. Since smoking has little to do with nutritional therapy for the treatment and prevention of CVD it will not be discussed here. However, it should be noted that only about 1 in 5 smokers in the United States die of lung cancer (CA). The majority die of CVD. A healthy diet will reduce the risk of a smoker dying from both lung CA and CVD.

Hypertension

HTN Is Largely the Result of a Nutritionally-Unbalanced Diet

HTN is not a normal part of the human aging process. There is growing evidence that HTN is a symptom of an intracellular electrolyte imbalance. This electrolyte imbalance is primarily the result of nutritional imbalance. Too much salt and too little potassium, calcium, and magnesium in the diet appear to be the primary cause of this metabolic abnormality.

For many years, doctors have recognized that HTN is an important risk factor for CAD and the most important risk factor for strokes. Guidelines for the diagnosis and treatment of HTN have been based on elevations of both systolic blood pressure (SBP) and diastolic blood pressure (DBP).
 A recent study cast doubt on guidelines that use both SBP and DBP to assess risk of CAD. This study showed that, for both middle-aged and older people, pulse pressure (PP) was actually a more accurate predictor of CAD risk than either SBP or DBP. Indeed, this study clearly showed that for any given level of SBP, the risk of IHD actually fell with increasing DBP.

PP is the difference between SBP and DBP.For example, a BP of 160/95 mmHg yields a PP of 65 mmHg (PP = SBP - DBP; 160 mgHg - 95 mmHg = 65 mmHg). An increasing PP is due primarily to increased stiffness in the major arteries.
 This increased stiffness may be partially due to atherosclerosis and aging but it is likely that these are minor factors. PP does not rise significantly with age in any human population that adds little or no salt to their food. Even the Masai of Africa, who subsist largely on milk and blood, do not experience much rise in BP or PP with age. However, the Masai do develop atherosclerosis, so the lack of an increase in their BP or PP with age suggests that atherosclerosis is not a major factor for increasing SBP or PP with age. By contrast, the PP of the Northern Japanese fisherman rises dramatically with age despite the fact that they have low TC and LDL-C and relatively little atherosclerosis. The Masai do not add salt to their food; however, the Japanese fisherman have a very high intake of salt. Indeed, all human populations that add significant amounts of salt to their food experience a significant rise in BP with age. Conversely, all human populations that add very little or no salt to their food experience little on no rise in SBP, DBP, or PP with age.

Excessive intake of dietary salt has also been shown to alter electrolyte balances within cells.
 This electrolyte imbalance may play a role in impairing the normal functioning of the cells that line the inside of blood vessels (called endothelial cells). HTN has been associated with endothelial cell dysfunction in both coronary arteries
 and in the smaller blood vessels found in the peripheral circulation.
 

Endothelial dysfunction associated with HTN was found to be uncorrected even by aggressive control of HTN with drugs.
 This suggests that controlling HTN with drugs does not correct the underlying electrolyte imbalances caused largely by a diet high in salt and low in potassium, calcium, and magnesium. HTN, like the electrolyte imbalances inside the cells of the artery walls may be a symptom of a nutritional imbalance. Using drugs to treat HTN may be treating a symptom of the disease, rather than the cause of the disease.

Increased LDL-C in the blood also damages the endothelial cells. This may be the first step in promoting atherosclerosis. In patients with CAD, lowering LDL-C aggressively with drugs has been shown to improve endothelial cell function.
 However, in CAD patients with essential HTN, correcting both blood lipids and blood pressure with drugs did not restore normal endothelial function even after 30 months of treatment.
 It would be interesting to see if correcting the nutritional imbalances that lead to essential HTN would improve endothelial function.

Over time, salt toxicity leads to electrolyte imbalances in the body that stimulate fibrosis in both arteries and arterioles.
 The build-up of fibrotic tissue in the arterioles appears to be largely responsible for the development of peripheral resistance. This peripheral resistance is the primary cause of essential HTN. Fibrosis in the large arteries makes them stiffer. When the heart pumps, the large arteries damaged by fibrosis are unable to stretch to accommodate the pulse of blood. It appears that this is the primary cause of the age-associated increase in  SBP and PP seen in Americans and all other human populations that add excessive salt to their food. Evidence now suggests that an increasing PP is the best BP-related risk factor for IHD and stroke. For an extensive review of diet and HTN, see the ADA-approved CPE course titled Diet, Hypertension and Cardiovascular Disease available in this presentation kit.

Cholesterol

High Serum Cholesterol is the Most Important Risk Factor for CAD

As Table 1 shows, a high TC is more important than either HTN or smoking as a risk factor for CAD. Research has shown that if serum cholesterol is less than 150 mg/dl and LDL-C is less than 100 mg/dl even heavy smokers with HTN are at very low risk of CAD and death from IHD. This was demonstrated many years ago in the classic epidemiological studies of Ancel Keys. He found a very low rate of IHD in Japanese men despite a high prevalence of both smoking and HTN.
 Nevertheless, it is clear that both smoking and HTN greatly increase the risk of IHD for every level of TC and LDL-C above 150 and 100 mg/dl, respectively.
 

By contrast, high levels of TC and LDL-C in a population always result in a high incidence of CAD, even in people who have no other CVD risk factors.
 It is now clear that an excessive level of LDL-C in the blood is necessary for the development of atherosclerosis. Indeed, people with multiple risk factors for CAD; howver, with a very low LDL-C, they are unlikely to develop clinically-significant atherosclerosis.

Genetic factors clearly affect how a given individual's blood lipids will

respond to various dietary factors. However, genetic factors alone are unlikely to cause severe, life threatening atherosclerotic lesions. Genetic factors alone are the primary cause of dyslipidemia in no more than about 1% of the population. In this small % of people, dyslipidemia and severe atherosclerosis often occur no matter what they eat. However, for the other 99% of the population, dietary factors are usually crucial for the development of of hyperlipidemia and severe atherosclerosis 
. 

TC and LDL-C tend to rise from age 20 to age 55 in both men and women. About half this increase has been estimated to be related to an increase in body fat and the other half may be related to changes in blood lipid metabolism associated with aging. In women, TC and LDL-C can be expected to increase significantly as they go through menopause. A recent study that examined blood lipids in women who had gone through menopause with another group of women who were of similar age, BMI, found that LDL-C was 19.3% higher in the postmenopausal women. Their fasting TG levels were also 29.5% higher on average and their apo B, and TC were 13.8% and 11.1% higher, respectively than the premenopausal women. This study also showed that postprandial lipemia after a fat load was significantly greater in the postmenopausal women than in the premenopausal women. This heigher postprandial lipemia may help to explain the association between higher TG levels and increased risk of of CHD mortality in postmenopausal women.

What is a Safe or Ideal Serum Cholesterol Level for Preventing IHD?

According to the National Cholesterol Education Program (NCEP) and the American Heart Association (AHA), a "desirable" cholesterol level is less than 200 mg/dl and a "desirable" LDL-C level is less than 130 mg/dl.
 The NCEP recommendations are somewhat higher than those made by a distinguished panel of epidemiologists, clinical investigators, and experimental pathologists who came together 20 years ago to establish a consensus on the optimal cholesterol level for a population. They concluded that the ideal range for adults would be 130-190 mg/dl, with a mean of 160 mg/dl.
 One could question even the upper range from this group because it is a fact that several hundred thousand people in the United States have heart attacks with a TC of 150-190 mg/dl. Nevertheless, this expert panel's recommendations were considerably lower than the current average for middle-aged Americans, which is over 200 mg/dl.

It should be noted that the NCEP labeled a TC of less than 200 mg/dl "desirable," but not optimal or ideal. This is because they know that over 100,000 Americans with a TC below 200 mg/dl will die each year from IHD, which is primarily the result of atherosclerosis. Indeed, 32% of patients hospitalized with clinically-established CAD had "desirable" TC levels.
 The most important factors for the promotion of atherosclerosis are high TC and LDL-C levels. Clinically-significant atherosclerosis usually does not occur when both LDL-C and fasting TG levels are less than 150 mg/dl and HDL-C is greater than 35 mg/dl. So, how "desirable" is a TC of 190 mg/dl, when, in most cases, it is associated with the progression of atherosclerosis? Should TC levels that are high enough to promote atherosclerosis and result in close to one-third of the heart attacks that occur annually in the United States be considered "desirable"?

Most human populations with little evidence of advanced atherosclerosis and IHD have average serum TC levels of less than 150 mg/dl. For example, the average TC and LDL-C of adult Tarahumara Indians living in Mexico are 134 and 87 mg/dl, respectively.
 The diet of the Tarahumara consists largely of corn, beans, squashes, and peppers. It provides only about 10% fat calories, 75 mg of cholesterol daily, and has a ratio of polyunsaturated to saturated fatty acids (P/S) of about 2/1 or 2. Their diet is also high in plant sterols (about 450 mg/d) and fiber. Similar observations have been made of populations consuming a very low-fat, near-vegetarian (VLFNV) diet consisting largely of minimally processed foods with a high fiber content. Four other examples include: the New Guinea Highlanders,
 some Kenyan tribes,
 the South African Bantus,
 and the rural peoples of mainland China.
 The average TC for adults in these population groups is below 150 mg/dl and IHD is uncommon.

The argument that the lower TC levels and risk of CAD in these Asian and African populations could be largely due to genetic differences is not supported by credible research. Indeed, people of Asian and African ancestry living in America have similar TC and a high risk of IHD just like Americans of European ancestry. In fact, the death rate for black women from IHD and stroke living in America is four times as high as that for white women before the age of 60 years.
 A study of Japanese people living in Japan and migrating to Hawaii and California found that both their serum cholesterol and risk of IHD rose as they adopted a more standard American diet.
 

Studies of vegetarians in the United States also discredit the notion that a low TC and risk of CAD is primarily due to either genetic differences and/or some unique aspect of a more primitive or less Westernized lifestyle. For example, a group of vegans living in the Boston area were found to have an average TC and LDL-C of only 133 and 78 mg/dl, respectively.
 Their diet averaged only 14 mg cholesterol/d and 15% fat calories. Furthermore, in Norway during World War II, the strict rationing of animal products during the German occupation resulted in a dramatic fall in IHD and all-cause mortality.
 

The death rates for CAD and all-cause mortality for men in their 30s, who were followed for 30 years in Framingham, were lowest for those men with the lowest TC (< 180 mg/dl) and increased with increasing TC.
  Figure 1 below shows the probability of surviving for 30 years for men initially in their 30s with different TC levels. In Framingham, only those with a TC of 150 mg/dl or less have completely avoided morbidity and mortality from atherosclerosis-related diseases.
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The relation between dying of heart disease and total serum cholesterol level is shown in Table 2 below..





	Table 2.  Heart Disease and Total Cholesterol (TC) Level in Chicago Heart Association Study*

	TC Level

(mg/dl)
	Risk of Dying from

Coronary Heart Disease

	140-159
	1.0

	160-194
	4.5

	195-218
	6.3

	219-240
	7.5

	241-268
	8.5

	>268
	16.5

	* Medical World News, April 1983


It should be clear that an ideal TC and LDL-C for the prevention and treatment of atherosclerosis and CAD is much lower than that of most adult Americans or even that called "desirable" by the NCEP and the AHA. In 1992, I published a review of the evidence about diet and hypercholesterolemia and stated that, "It seems most probable that a therapeutic goal for total serum cholesterol of <160 mg/dL and/or LDL-C <100 mg/dL would be more likely to lead to regression, or at least stabilization, of advanced atherosclerotic lesions than those goals currently established by the NCEP-AHA of <200 mg/dL for total serum cholesterol and a LDL-C of 130 (or <160 mg/dL if fewer than two other risk factors are present)."
 To their credit, the NCEP now recommends reducing LDL-C to less than 100 mg/dl in any patient with clinical evidence of significant CAD.
,
 However, for primary prevention of CAD, the NCEP still states keeping LDL-C below either 130, 160, or 190 mg/dl (depending on the number of other CAD risk factors present) is an acceptable goal for the primary prevention of CAD.

If atherosclerosis will progress in most people with a LDL-C between 100 and 130 mg/dl, it is obvious that the goal of the NCEP guidelines is not the primary prevention of atherosclerosis and CVD. With one-third of all fatal heart attacks occurring in people with a "desirable" cholesterol level, how can an expert panel justify a recommendation of an LDL-C level of up to 130 mg/dl, let alone 160 or 190 mg/dl? Simply put, if the goal of the NCEP were to prevent the development of clinically-significant atherosclerosis over a lifetime, such recommendations could not be made. Rather, these goals are primarily set for the medical justification of prescribing cholesterol-lowering drugs. If an LDL-C of less than 100 mg/dl were recommended for primary prevention of CAD, then the majority of Americans would be placed on cholesterol-lowering drugs or asked to make major changes in their diets. Obviously, the cost of drug intervention would be staggering. In addition, the possibility of harm from taking these drugs for 40-50 years or more is unknown. Current research is clear; a healthy diet coupled with increased activity could prevent the majority of CVD morbidity and mortality. This would dramatically reduce the medical cost of treating CVD.

While it is possible to maintain an LDL-C level of less than 100 mg/dl in most people without resorting to cholesterol-lowering drugs, the diet required to do so is drastically different than the diet to which most Americans have become accustomed.. Nevertheless, any individual who wants to prevent clinically-significant atherosclerotic lesions should be informed that this goal is far more likely to be achieved if both his/her LDL-C and fasting TG levels are kept below 150 mg/dl and HDL-C is maintained at 35 mg/dl or higher. Indeed, when LDL-C is below 100 mg/dl and a VLFNV diet is consumed, even an HDL-C of less than 35 mg/dl is not associated with much risk of IHD.
 For many people, the diet needed to achieve an LDL-C of less than 100 mg/dl would be extremely low in saturated fatty acids (SFA), trans fatty acids (TFA), and cholesterol and quite high in dietary fiber (particularly soluble fiber). It may also require regular exercise and the maintenance of a healthy body weight.

Pathology of Atherosclerosis

Atherosclerosis is not a normal part of the human aging process. It is a disease caused largely by an excessive level of LDL-C in the blood. As we have seen, studies of human populations that subsist on hunting and gathering or primitive farming have average LDL-C levels below 100 mg/dl and do not develop clinically-significant atherosclerosis. By contrast, autopsies of teenagers in America who died from external causes (mainly accidents, homicide, and suicide) showed that all 15-19 year olds had atherosclerosis.

LDL-C levels in the blood are largely regulated by LDL-receptors (LDL-R) in the liver which clear these cholesterol-rich particles from the bloodstream. Both diet and genetic factors influence the number of LDL-R an individual will have. When the number of LDL-R is low, LDL-C is cleared too slowly resulting in a higher blood level of LDL-C. As LDL-C levels rise, atherosclerosis progresses more rapidly. When LDL-C is in the physiological normal range (50 to 100 mg/dl), atherosclerosis has been shown to regress. 

According to Drs. Brown and Goldstein, "If the LDL-receptor hypothesis is correct, the human receptor system is designed to function in the presence of an exceedingly low LDL level. The kind of diet necessary to maintain such a level would be markedly different from the customary diet in Western industrial countries and much more stringent than moderate low-cholesterol diets of the kind recommended by the American Heart Association. It would call for the total elimination of dairy products as well as eggs, and for a severely limited intake of meat and other sources of saturated fat."
 This statement is correct except that it seems unlikely that one would have to eliminate non-fat (NF) dairy products and egg whites because these contain only negligible amounts of SFA and cholesterol.

It is also safe to assume that the LDL-R hypothesis explained in this November 1984 Scientific American article is correct because Brown and Goldstein won the Nobel Prize in 1985 for developing it. This is an excellent article explaining the regulation of serum cholesterol and the pathology of atherosclerosis. However, at the time this article was written, little was known about how the endothelial cells that line the artery walls were damaged. This is now an active area of research and much has been learned about how diet impacts the endothelium. More on this later.

Brown and Goldstein did not advocate switching to the very restrictive diet for which the human body was designed by evolution. In their 1984 Scientific American article, they listed 4 reasons why they "do not  believe such an extreme diet is warranted for the entire population." These four reasons were:

1. "Such a diet would have severe economic and social consequences." This is true. It would be economically devastating to the producers of meat, dairy products, and eggs. The grain producers would likely suffer as most grains are fed to livestock. Most big food companies would also suffer economic harm—at least in the short-run—if the change occurred rapidly. Many doctors would also suffer severe economic harm. What would the cardiac surgeons do for a living? And let's not forget about the pharmaceutical industry and all those who invest in the drug companies and large food companies. And what about the economies of the Third World countries that produce most of the tropical oils? Of course, there would also be economic benefit to farmers producing legumes, fruits, and vegetables. Indeed, a lot less land would be needed for agriculture, which would tend to lower the price of land. And those with knowledge about how to eat a more healthful diet would also benefit. So there would be economic winners and losers but this has little to do with the proper practice of medicine.

2. "It might well expose the population to other diseases now prevented by moderate intake of fats." Like what? Most research suggests that such a diet would dramatically reduce the risk of developing many types of CA, obesity and Type-2 DM, and many other less serious diseases.

3. "Experience shows most Americans will not adhere voluntarily to an extremely low fat diet." This is true; however, I suspect part of the problem is that doctors and others are not fully informing people about the likely consequences of consuming a typical American diet. Experience shows that most Americans do not follow the advice to quit smoking but they are at least being told the truth about the risk to their long-term health. 

4. "Fourth and most compelling… people vary genetically. Among those who consume the current high-fat diet of Western industrial societies, only 50% will die of atherosclerosis. The other 50% are resistant to the disease." Clearly, this is not a persuasive argument.  One-half of all deaths each year could be prevented by simply adopting a healthier diet. Most of the other 50% who die of something else (even as teenagers) will show atherosclerotic lesions. In many cases, these atherosclerotic lesions could have eventually threatened their health. However, because they died of something else, they are labeled "resistant" to a disease that nearly all Americans have.  One must question how "resistant" these individuals actually were to the disease of atherosclerosis.

Atherosclerosis and Endothelial Cell Function

Atherosclerosis is usually a progressive disease of the arteries. It is believed to begin with damage to the endothelial cells that line the artery walls.
 Endothelial dysfunction is known to accelerate the progression of atherosclerosis and appears to be caused primarily by modified LDL particles. Oxidized LDL particles have been shown to initiate and perpetuate atherogenesis and this process can be slowed by increasing the intake of antioxidants.
 Indeed, improving the function of endothelial cells may explain the rapid clinical benefits observed in clinical trials of lipid-lowering therapy.
,
 LDL particles can also be modified by high blood sugar and plasma homocysteine (Hcy) levels, both of which increase the risk of atherosclerosis progressing. 

HTN, as we have already seen, is associated with endothelial dysfunction and leads to a more rapid progression of atherosclerosis. Smoking is also believed to promote atherosclerosis, in part by damaging endothelial cells. A transient increase in plasma Hcy level has been shown to cause endothelial dysfunction in humans.

The endothelium modulates many factors known to be involved in the pathogenesis of atherosclerosis and CVD. A poorly-functioning endothelium leads to platelet adhesion, the entrance of monocytes (a type of white blood cell) and LDL-C particles into the artery wall, and the growth and migration of smooth muscle cells.
 Inside the artery wall, the monocytes are converted into macrophages that then engulf the modified LDL particles and become "foam" cells, which are involved in the formation of atherosclerotic plaque.
 Because these modified LDL-C particles are cytotoxic the macrophages die and release their rancid lipid contents and inflammatory and growth-promoting factors into the artery wall. 

As atherosclerosis progresses, there is a build up of rancid cholesterol-rich lipid deposits within the artery wall. This sets up a chronic inflammatory state that increasingly appears to play an important role in the growth of atherosclerotic plaques.
 Damaged cells release chemicals that stimulate the growth, multiplication, and migration of smooth muscle cells within the artery wall. This further narrows the arterial lumen. As these lesions become larger, they can bleed internally producing blood clots that can also make up part of atherosclerotic lesions. The growth factors and inflammatory hormones also trigger the build-up of connective tissue and eventually the growth of bone-like cells that lead to calcification of older atherosclerotic lesions. 

Calcium deposits can now be detected with ultra fast CAT scans and electron beam computer tomography. Because calcification usually is associated with older, larger, and more complicated lesions, people with more calcified lesions usually have more extensive noncalcified lipid-filled lesions. This is clinically important because it is usually not the older lesions with lots of fibrous tissue and calcification that trigger most heart attacks and strokes. Rather, it is usually the cholesterol-filled lesions with a thin fibrous cap that trigger most fatal ischemic events. This generally occurs when the fibrous cap ruptures, exposing the blood stream to rancid lipids and chemicals released from dead and dying cells. This material can trigger a blood clot within the lumen of the artery. This can result in a sudden blockage of blood flow. If this blood clot forms in a coronary artery this results in myocardial infarct (MI) or heart attack. If the clot blocks blood flow in an artery in the brain this can result in an ischemic stroke.

Eventually Atherosclerosis Leads to Most Heart Attacks and Strokes

In its early stages, atherosclerosis has no symptoms. Symptoms begin to appear when atherosclerotic lesions limit blood flow to part of some organ. For example, if the coronary arteries are damaged extensively by atherosclerosis, this can lead to reduction in blood flow to the heart's muscle cells or CAD. CAD is the primary cause of restricted blood flow to the heart itself. Restricted blood flow to part of the heart results in IHD. When blood flow to part of the heart is limited, this can lead to angina, a type of chest pain. A temporary reduction of blood flow to the brain can result in transient symptoms like dizziness, loss of vision, loss of feeling and function of various parts of the body, and sometimes a temporary loss or reduction in some mental function. The symptoms will depend on which part of the brain receives less blood than it needs. This is called a transient ischemic attack (TIA). 

Severe atherosclerosis of the leg or femoral arteries can result in leg pain, particularly on exertion. This is because of the increased demand for blood flow and oxygen in the contracting leg muscles. This restricted blood flow to the legs is called intermittent claudication. While all of these conditions are signs of advanced atherosclerosis, they usually don't result in permanent damage to the affected tissues or organs because there is not a prolonged and sufficiently severe reduction in blood flow to result in cell death. However, because brain cells are particularly sensitive to a reduced blood flow, frequent TIAs may eventually lead to a gradual deterioration of brain function.

Atherosclerosis can also occur in a renal artery and reduce blood flow to a kidney. Both kidneys are rarely affected to the same degree, so renal function usually is not severely compromised. Therefore, creatinine and blood urea nitrogen are usually within the normal limits. However, the affected kidney with reduced blood flow will release hormones (ie, renin) that can cause severe HTN, which responds poorly to dietary and pharmaceutical intervention and can be rapidly fatal. Atherosclerosis in the arteries to the penis is a major cause of impotence in older men. So, while the first clinical sign of severe atherosclerosis most often occurs with angina or a heart attack, the disease itself is affecting arteries throughout the body.

Even with advanced atherosclerosis, most people have no symptoms. This lack of symptoms often makes it hard to motivate people to change their diets to prevent the morbidity and mortality this disease causes. Unfortunately, for most people, the first symptom of advanced atherosclerosis is a heart attack or stroke. When this happens there is a sudden and severe reduction in blood flow to either part of the heart or brain, usually as a result of a thrombus (blood clot) caused by atherosclerosis and malfunctioning endothelial cells. About 30% of first heart attacks are fatal and a smaller percent of first strokes are fatal. However, surviving a heart attack or stroke usually means living with some permanent damage to either the heart muscle or brain; damage that often dramatically reduces quality of life.

Atherosclerosis, HTN, insulin resistance, and diabetes can damage the heart and alter its structure and function. This can lead to left ventricular hypertrophy (LVH) and atrial fibrillation (AF). Once atrial fibrillation develops, it is difficult to treat. AF is associated with thromboembolism and can increase the risk of stroke 3-5 fold.
 HTN and heart attacks can weaken the heart's pumping ability to the point where the heart begins to fail as a pump. This can lead to fluid in the lungs (congestive heart failure) and swollen ankles due to edema. All-cause mortality is greatly increased in patients who develop cardiac arrythmias and heart failure.

It is difficult to predict in an individual patient who has significant CAD and when a heart attack will occur. This is because, in most cases, the heart attack or stroke was the result of the rupture of the fibrous cap over a lipid-filled atherosclerotic lesion that triggered the formation of a blood clot. The blood clot then suddenly and severely restricts blood flow to part of the heart or brain.
 In other cases, a spasm of a diseased blood vessel may be responsible for the sudden stoppage of blood flow. Blood clots do break up and artery spasms do stop, but by the time they do, the afflicted heart or brain tissue may be permanently damaged or destroyed.

It is well-established that atherosclerosis progresses more rapidly as the serum cholesterol level rises, particularly the LDL-C level Indeed, clinically significant atherosclerosis appears unlikely when the TC and TG levels are below 150 mg/dl and the LDL-C level is below 100 mg/dl. At these levels of blood lipids, it is unlikely that other risk factors for CAD can promote atherosclerosis. For example, lipoprotein a (Lp(a) is known to be associated with more rapid progression of atherosclerosis and an increased risk of IHD and stroke.
 However, when LDL-C levels are low (<128 mg/dl), even high levels of Lp(a) do not appear to stimulate the progression of atherosclerotic lesions.
 This is important because neither drugs nor dietary changes have much impact on the level of Lp(a).  Lp(a) appears to be primarily determined by genetic factors that influence its synthesis and rate of release by liver cells.

Ideally, HDL-C should be 35 mg/dl or greater. TC may be higher than 150 mg/dl provided HDL-C is well above 35 mg/dl and TG and LDL-C are both low. It is likely that the most effective clinical strategy for treating and preventing atherosclerosis and CAD is to reduce TG, TC and especially LDL-C to these "safe" levels. Controlling other CVD risk factors is also important, particularly when the LDL-C is above 100 mg/dl. 

We will now take a closer look at dietary factors that tend to either raise or lower LDL-C. It is important that dietary changes recommended for the treatment and prevention of CVD do not promote other diseases. A review of the dietary factors that raise LDL-C and promote the development of clinically-significant atherosclerosis follows.

Dietary Fat Has the Greatest Impact on Blood Lipid Levels

While dietary protein, alcohol and carbohydrate (including fiber) can have a significant impact on blood lipids and the risk of CVD, it is dietary fats and oils that usually have the greatest impact on blood lipids. Dietary fats and oils are composed of 3 fatty acids attached to a glycerol molecule. Hence the name triacylglcerol or triglyceride (TG). Both naturally-occurring and refined fats and oils are composed largely of TG but may contain small amounts of sterols, fat-soluble vitamins, and other substances. Some of these compounds can also influence blood lipids and/or the atherosclerotic process itself. These will be discussed later.

There are three major classes of fatty acids depending on the number and/or kind of double bonds. The first class is comprised of saturated fatty acids (SFA). These fatty acids are saturated with hydrogen and have no double bonds. The most common SFA is palmitic acid (16:0). The second class of fatty acids is comprised of the monounsaturated fatty acids (MUFA), which have one double bond. By far the most common MUFA is oleic acid (18:1 cis) with its double bond at the n-9 position. The third class of fatty acids is comprised of polyunsaturated fatty acids (PUFA), which contain 2 or more double bonds. The first 2 classes are not considered essential fatty acids (EFA); they can be synthesized in the human body. There are 2 groups of EFA. One group has the first double bond at the n-6 position and is commonly referred to as omega-6 PUFA. The most common omega-6 PUFA is linoleic acid (18:2 all cis). The other EFA group has the first double bond at the n-3 position and is called omega-3 PUFA. The most common omega-3 PUFA in terrestrial plants is alpha-linolenic (18:3 all cis) and the richest source is flaxseed. Omega-3 PUFA are also found in large amounts in the oils of fatty cold-water fish and in lesser amounts in other seafoods. The two most common marine omega-3 PUFA are eicosapentaenoic acid (EPA; 20:5 all cis ) and docosahexaenoic acid (DHA; 22:6 all cis).

The vast majority of double bonds in naturally-occurring fats and oils are in the cis configuration, which allows the fatty acid to curve back on itself. However, small amounts of trans bonds are produced by microbes found in the guts of ruminant animals. The meat and milk of ruminant animals also contain small amounts of TFA. TFA are also produced by the partial hydrogenation of vegetable oils. The most common TFA is elaidic acid (18:1 n-9). Elaidic acid is a chemical "cousin" of oleic acid. Both oleic and elaidic acids have 18 carbon atoms and one double bond. The double bond in oleic acid is in the cis configuration; in elaidic acid, the trans configuration. The complete hydrogenation of most vegetable oils yields primarily stearic acid (18:0), which is a SFA with 18 carbon atoms. Stearic acid is also found naturally in fairly large amounts in animal fats but the richest natural source is cocoa butter or the fat in chocolate.

While it is common practice to characterize fats and oils by their predominant class of fatty acids, it is important to recognize that all naturally-occurring TG contains a mixture of all three classes of fatty acids.

Saturated Fatty Acids Raise Total and LDL-Cholesterol

The dietary factor that is most responsible for increasing TC and LDL-C in the American diet is the amount of SFA. In fact, reducing dietary fat without reducing the amount of SFA in the diet has been shown to have little or no impact on blood lipids.
 By contrast, reducing the SFA content of the diet from 18% to only 5% of total calories and replacing it with CHO calories resulted in a drop in TC and LDL-C of 21% and 27%, respectively.
 In this study, the cholesterol, protein, MUFA, and omega-6 PUFA were all held constant. The 27% drop in LDL-C for a 13% drop in dietary SFA calories is close to the 2% drop in LDL-C for every 1% drop in calories from dietary SFA. 

The amount of SFA varies tremendously between different foods and different fats and oils. Most Americans consume on average about 20-60 grams of SFA daily. The average American consumes about 13-14% of total calories as SFA. About 90% of the SFA that Americans consume have 12-18 carbon atoms. It is primarily the three SFA with 12, 14, and 16 carbon atoms that lead to an increased LDL-C level.
 These are lauric (12:0), myristic (14:0), and palmitic acids, respectively.  

Lauric, myristic, and palmitic acids cause a reduction in LDL-C receptors in the liver, which results in a decreased clearance of LDL-C from the blood and an increased synthesis of cholesterol by the liver.
 In the past, it was believed that myristic acid was the most hypercholesterolemic of these 3 cholesterol-raising SFA. This belief stemmed largely from the observation that butter raised LDL-C more than expected based on its content of palmitic acid. However, a recent study using purified TG made from these 3 different SFA found that the more common palmitic acid was actually more hypercholesterolemic than myristic acid.
 This study also observed that stearic acid had a neutral effect on blood lipids.

The other common SFA with 18 carbon atoms is stearic acid, which was long ago shown to have little or no effect on serum cholesterol.
 Small amounts of medium chain fatty acids with 6-10 carbon atoms are also present in the average American diet. They make up about 10% of the average American's intake of SFA. These MCFA (or MCT) have little or no effect on TC or LDL-C.

It has been suggested that lauric acid may behave more like a MCFA than palmitic acid. Beef fat has about 3 times as much palmitic acid and very little lauric acid. Coconut oil is nearly 50% lauric acid. Nevertheless, coconut oil was shown to raise LDL-C more than beef fat in a carefully controlled study.
 However, the difference was not as great as would be expected if lauric acid was as hypercholesterolemic as palmitic acid. It seems likely that palmitic acid is the most hypercholesterolemic of the 3 cholesterol-raising SFA. Myristic and lauric acid also raise LDL-C but less than palmitic acid. Other SFA with more than 16  or less than 12 carbon atoms per molecule should be considered neutral in terms of their impact on LDL-C.

Table 3 below shows that most of the SFA in animals (60 to 76%) come from the 3 hypercholesterolemic fatty acids—lauric, myristic, and palmitic acids—that cause a down regulation of LDL-receptors in the liver. Vegetable fats and oils are much more variable in regards to their percent of total SFA (6 to 87%) and the proportion of cholesterol-raising SFA to total SFA (43 to 92%).

	Table 3. Percent Fatty Acid Content of Some Common Fats and Oils.

	
	Total SFA
	C-12 to C-16 SFA
	% of SFA as 
C-12 to C16
	Total MUFA
	Total PUFA

	Palm kernel oil
	81
	72
	88
	11
	2

	Coconut oil
	87
	70
	80
	6
	2

	Palm oil
	49
	45
	92
	37
	9

	Butter oil
	62
	39
	63
	29
	4

	Beef tallow
	50
	30
	60
	42
	4

	Cocoa butter
	60
	26
	43
	33
	3

	Lard
	39
	25
	64
	45
	11

	Cottonseed oil
	26
	24
	92
	18
	52

	Chicken fat
	30
	24
	80
	48
	19

	Olive oil
	14
	11
	79
	74
	8

	Corn oil
	13
	11
	85
	24
	59

	Soybean oil
	14
	10
	71
	23
	58

	Peanut oil
	17
	10
	59
	46
	32

	Safflower oil
	9
	6
	67
	12
	75

	Canola oil
	6
	5
	83
	56
	33


Table 3 shows that both butter and cocoa butter are about 60% saturated fat. However, more than half of the SFA in cocoa butter is stearic acid, while butter has relatively more palmitic, myristic, and lauric acid— the 3 SFA that are primarily responsible for the down regulation LDL-receptors in the liver. This is the main reason why butter raises LDL-C much more than cocoa butter.
 However, as we shall see, the sterol content of butter and cocoa butter also has a significant impact on serum LDL-C level. Also corn oil and olive oil would have a similar effect on blood lipids, if it were only the cholesterol-raising SFA that have an important effect on blood lipids, because both contain the same amount (11% kcal). However, large differences in the sterol and PUFA content between corn oil and olive oil result in corn oil lowering serum LDL-C much more than olive oil. Olive oil has a modest amount of plant sterols but more SFA than PUFA. Therefore, it has little overall impact on blood lipids.

The average American diet contains about 13-14% of calories from SFA; almost all of which (10-11%) is comprised of cholesterol-raising C-12 to C-16 SFA. This is nearly identical to the SFA content of olive oil. The average American diet also has about the same PUFA content as olive oil. Since the amount of SFA and PUFA in the diet have the greatest impact on serum LDL-C level, it should be clear that the addition of olive oil to the average Americans diet would likely have little impact on serum TC and LDL-C. If olive oil replaced butter and other animal fats, then serum TC and LDL-C would fall. But this would primarily be because the intake of SFA and cholesterol in the overall diet would be lower. It would not be because MUFA actively lower serum cholesterol levels. Indeed, if olive oil displaced corn, soybean, canola or safflower oil from a person's diet, his/her TC and LDL-C levels would actually go up modestly because of the small increase in SFA and/or decrease in PUFA and/or plant sterols.

Saturated Fat Meal Damages Arteries

More than 25 years ago Dr. Zilversmit proposed that atherosclerosis may be caused in large part by changes in blood lipids that last for several hours after each fat and cholesterol-rich meal. He suggested that simply relying on fasting blood lipid levels may not be the best way to predict the impact of diet on atherosclerosis.
 Growing evidence suggests Dr. Zilversmit’s hypothesis may be correct. 

One study examined the impact of a single saturated-fat-rich meal or one high in polyunsaturated fat on the anti-inflammatory potential of HDL (good cholesterol) particles and the function of blood vessels. The researchers conclude that, “Consumption of saturated fat reduces the anti-inflammatory potential of HDL and impairs arterial endothelial function.”
 

Another study that examined the impact of a single high-fat meal on patients with coronary heart disease (CAD) also showed impaired blood flow occurs for several hours after a single high-fat meal. They conclude “the postprandial state after a high-fat meal is critical in atherogenesis, as it induces endothelial dysfunction through an oxidative stress mechanism.”
 

So while diets high in fat, and particularly saturated fat, may raise HDL, they appear to impair the functioning of the HDL particles. In addition, the increased oxidative stress and impaired blood flow that occur after a single high-fat meal, but not after a very-low-fat meal, may be atherogenic.
 

Bottom Line: Perhaps it is time for the American Heart Association and the National Cholesterol Education Program to rescind their questionable warnings about a very-low-fat diet for treating and preventing coronary artery disease? In light of growing evidence that a very-low-fat-near-vegetarian diet, composed largely of minimally processed foods, may in fact be the safest and most effective dietary strategy for preventing and even reversing atherosclerosis, it seems unwise to discourage the use of such diets.

PUFA Lower Total-Cholesterol But MUFA Appear Neutral

The best documented dietary factor that lowers TC are omega-6 PUFA. While it is true that both MUFA and PUFA will lower serum TC when they replace SFA in the diet, early research suggested that it was only the latter that appeared to actively lower TC. Most research has shown that MUFA are neutral (neither raising or lowering TC levels) while omega-6 PUFA found in large amounts in corn and safflower oils actively lowers TC levels about half as much as SFA raises TC levels.
,
 

The initial enthusiasm by some researchers about the potential use of high-PUFA diets to lower blood lipids and prevent CVD soon waned for a variety of reasons. Some animal studies showed that high intakes of PUFA seemed to increase the risk of cancer. Also, one prospective study in humans in which PUFA oils replaced animal fats found a reduced death rate from CVD but not overall mortality due largely to an increased incidence of cancer in the high-PUFA fed men. However, a recent meta-analysis found it was unlikely that a diet high in PUFA would substantially increase the risk of breast, colon, and prostate cancer.
 By contrast, reports that a high intake of MUFA may protect against breast cancer appear unwarranted.
 

Another concern about diets high in omega-6 PUFA is that they appear to lower TC, in part by lowering HDL-C.
 One recent controlled clinical trial did confirm that TC was lowered by increasing omega 6 PUFA at the expense of MUFA.
 However, contrary to earlier studies, there is now some evidence that suggests that there is little difference in LDL-C lowering when either omega-6 PUFA or MUFA replace cholesterol-raising C-12 to C-16 SFA in the diet. However, omega-6 PUFA do appear to lower serum TG and HDL-C levels modestly compared with MUFA.
 More research is needed to establish precisely what impact a high-PUFA or high-MUFA intake have on TG, TC, LDL-C, VLDL-C, and HDL-C levels.  Moreover, studies are needed to determine the impact of changes in lipoprotein levels on the development of atherosclerosis and the relative risk of IHD and stroke.

The Seven Countries Study showed a low risk of IHD in human populations consuming diets low in SFA and high in either MUFA or CHO.
 In the populations with a high-CHO or high-MUFA content, there was no evidence of an increased risk of cancer or other serious illnesses. There is comparatively little data from human populations consuming a high-PUFA diet for a prolonged period of time. The research on blood lipids and epidemiological evidence has led most researcher to believe that the best diet to prevent IHD would be either a high-MUFA Mediterranean-style diet or a low-fat, high-CHO diet. The relative merits of these two dietary approaches will be discussed in another CPE course. 

Another concern about diets high in PUFA is that they appear to promote gallstone formation. There is also concern that a very high intake of omega-6 PUFA may increase the susceptibility of LDL particles to oxidative modification. Finally, there is some concern that a high intake of omega-6 PUFA may create a deficiency or imbalance with the omega-3 PUFA in the body. Because of these potential problems with a high intake of PUFA, the NCEP has recommended that PUFA be limited to no more than 10% of calories. The current NCEP guideline to limit PUFA to no more than 10% of total calories seems prudent, given the lack of evidence concerning long-term safety in human populations. 

Omega-3 PUFA Lower Serum TG but not LDL-C

The 3 principle omega 3 PUFA are linolenic acid, EPA, and DHA. Linolenic acid is found in flaxseed and some other terrestrial plants. EPA and DHA are found mainly in seafoods and particularly fatty cold water fish like salmon and herring. Omega-3 PUFA are now considered essential. Although, humans are capable of converting linolenic acid into EPA and DHA, there is still some debate as to whether or not this will result in adequate tissue levels of EPA and DHA in all people.

Omega-3 PUFA are somewhat more likely to increase LDL-C than to lower it, although there is considerable individual variability in the response to the addition of fish oils to the diet.
 Nevertheless, fish oils do decrease serum TG and VLDL-C levels. Their impact on HDL-C and TC is modest and variable.
 

Omega-3 PUFA lower serum TG primarily by inhibiting TG and apolipoprotein (apo) B synthesis in the liver.
 This may be why the consumption of about 7 oz of fish per week, was associated with a decreased incidence of IHD and total mortality.
 However, the consumption of more than 7 oz of fish per week did not provide additional protection. The consumption of fish, primarily because it contains both SFA and cholesterol, does increase LDL-C (unless it displaces other foods in the diet with even more SFA and/or cholesterol like cheese and red meats). 

Omega-3 PUFA also reduce the production of thromboxane A2 (Tx A2) and inflammatory cytokines. Both of these changes tend to reduce the tendency of blood to clot, which may reduce the risk of a fatal heart attack.
 However, it is unlikely that a reduction in the tendency of blood to clot is the only mechanism by which omega-3 PUFA protect against heart attacks. This is because the decrease in death rate from heart attacks with a higher intake of omega-3 PUFA was the same in people who were taking aspirin as in those who were not. Since aspirin works to reduce IHD primarily by blocking the formation of Tx A2 and inflammation, one would expect that the use of aspirin would have attenuated the protective effect of omega-3 PUFA. Since the protection was similar in both groups, the omega-3 PUFA appear to be reducing the risk of fatal heart attacks by some other mechanism. 

Another possible mechanism whereby omega-3 PUFA could protect against a fatal heart attack is by reducing the risk of cardiac arrhythmias. Ventricular fibrillation in patients with advanced CAD can often result from an ischemic event. Omega 3 PUFA have been shown to have an antarrythmic effect in animal studies.
 In humans, an increase in heart rate variability (HRV) following an MI is associated with a decreased risk of fatal arrythmias.
 Recently it was shown that supplementation of omega 3 PUFA (and particularly DHA) can increase HRV in healthy men but only in those who initially had low HRV.

A 10-year follow-up of the Nurses' Health Study also showed a protective effect of omega-3 PUFA against a fatal heart attack. The women who consumed the most omega-3 PUFA were found to have only about half as many fatal heart attacks compared to those who consumed the least. However, the women consuming more omega-3 PUFA were no less likely to have a nonfatal heart attack.
 This is consistent with a secondary prevention trial in which the subjects who were advised to consume 2 or more servings of fish a week were found to have a 29% reduction in fatal MI compared to those who did not increase fish intake. As with the Nurses' Health Study, there was no decrease in the number of MI in those subjects advised to eat more fish.
 

There is growing evidence that omega-3 PUFA is needed to stabilize the heart muscle cell membranes during an ischemic event.  This reduces the risk of a fatal arrhythmia (ie, ventricular fibrillation) developing.
 However, because omega 3 PUFA do not appear to reduce the risk of having a heart attack, it seems likely that they have little impact on the progression of atherosclerosis.

Trans Fatty Acids Raise Serum Cholesterol

TFA raise LDL-C nearly as much as SFA and may also lower HDL-C (something saturated fats don't do).
  Rich food sources of TFA typically contain partially hydrogenated vegetable oils such as margarine and vegetable shortening. Donuts, pastries, cookies, peanut butter, crackers, french fries, chips, and cakes are just a few examples of TFA-rich foods. People who need to improve their blood lipids should be advised to avoid these and other foods rich in TFA. The fact that unsaturated TFA raise serum cholesterol, while some SFA (eg, stearate) have no effect on serum cholesterol indicates that the SFA content on food labels is a very imperfect guide to assess a food's cholesterol-raising potential.

TFA also may interfere with the metabolism of EFA. By displacing EFA from cellular membranes and/or by interfering with the production of EFA-derived prostaglandins, the TFA could contribute to the risk of fatal cardiac arrythmias.
 This may explain the association of an increased risk of a fatal heart attack in women who had the highest intake of margarine and TFA intake.
 The relative risk associated with a 2% increased intake of TFA was 1.93 (CI 1.43 to 2.61).

More research is needed on the role of TFA in human nutrition. Some TFA are also provided by fatty meats and dairy products. It is clear that our ancient ancestors consumed very little TFA in their diet. They did not consume milk and milk products and the meat they ate was much lower in total fat and TFA than that of today's domesticated animals. There is no nutritional need for TFA. At the very least TFA have adverse effects on blood lipids and probably promote atherosclerosis. It seems reasonable that their intake should be limited as much as possible.

Dietary Cholesterol Raises TC, LDL-C, and the Risk of CAD?

Reduction in dietary cholesterol and egg consumption has been recommended for many years by the AHA and the NCEP. However, according to a recent well-publicized prospective epidemiological study of 37,851 men (40-75 y) and 80,082 women (34-59 y), "the consumption of up to 1 egg per day is unlikely to have a substantial overall impact on the risk of IHD or stroke among healthy men and women."
 This finding seems to be consistent with some earlier studies of free-living subjects that found the addition of eggs to the diet had little or no effect on serum cholesterol.
 Does this mean that increasing egg intake is unlikely to increase serum cholesterol or the risk of IHD? Let's take a closer look at the evidence.

Epidemiological studies using food frequency questionnaires to access dietary intake often fail to find a significant association between diet and disease. One problem with epidemiological studies started in middle-aged and older subjects is that dietary intake may have changed substantially over the years. Atherosclerosis begins in childhood, so what people consumed during the first 35-59 years of life may have a greater impact on their risk of IHD than what they are eating now. Dr. Hu's egg study was done on health professionals who had likely heard of the association of dietary cholesterol and TC and the risk of CAD. Would not subjects with a stronger family history of heart disease be more likely to cut back on egg intake than subjects without such a family history? Would not someone who was told that his/her serum cholesterol was "too high" be more likely to cut back on egg intake? If so, this would tend to reduce the correlation between egg consumption and the risk of IHD.

Nevertheless, if dietary cholesterol or eggs do not tend to increase TC and/or LDL-C then it is certainly possible that dietary cholesterol and/or egg consumption would have little impact on the risk of CAD. However, in contrast to epidemiological studies investigating one population, those that compare populations with very different cholesterol levels have generally shown a significant correlation between dietary cholesterol and CAD. Figure 2 below shows the relation between CAD and dietary cholesterol in 24 different countries.
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Of course, the best way to establish whether or not dietary cholesterol impacts blood lipids would be carefully controlled metabolic ward studies. Many such studies have been done that clearly show increasing dietary cholesterol, while holding all other variables constant, consistently results in increased TC and LDL-C.
 So there is no reasonable doubt that increasing dietary cholesterol raises serum cholesterol. 

The egg industry and the American Egg Board have worked hard to downplay the LDL-C-raising effects of dietary cholesterol. Nevertheless, dietary cholesterol remains the second most important dietary factor that pushes up the average American's LDL-C level. Dietary cholesterol has also been proven to promote atherosclerosis in many animals, even if the diet is low in SFA and serum cholesterol is little changed. Even a small amount of dietary cholesterol promoted atherosclerosis in monkeys.

In humans, one study showed that increased dietary cholesterol was a significant independent predictor of atherosclerotic progression.
 However, assuming that dietary cholesterol only affects the atherosclerotic process by raising LDL-C may not be correct. There is some evidence that artery-clogging blood lipids are altered when dietary cholesterol is absorbed. Some epidemiological studies suggest that dietary cholesterol may be more atherogenic than predicted based soley on its effect on fasting LDL-C.
 However, there is also evidence that the correlation between dietary cholesterol and CAD (above and beyond its impact on serum cholesterol) may be due to confounding variables.

The mechanism by which dietary cholesterol promotes atherosclerosis independent of its impact on fasting blood lipids is also a matter of debate. One recent study showed that adding cholesterol to a meal blunts the normal postprandial fall in HDL-cholesterol, while increasing the concentration of very large triglyceride-rich lipoprotein particles, particularly in subjects with high TG levels. The authors stated that "both of these changes may be atherogenic."

Another possible mechanism whereby dietary cholesterol could promote atherosclerosis and contribute to CAD involves the consumption of cholesterol-oxidization products (ChOx). ChOx fed to animals has been shown to be more atherogenic than cholesterol itself.
 ChOx are present in the human diet and are produced during the digestive process. Powdered milk and eggs are high in ChOx compared to fresh products. Endogenously-produced cholesterol can also be oxidized in the body. For any given serum TC level, it is possible that an increased dietary intake of ChOx could accelerate the atherosclerotic process. Much more research is needed to clarify this potential added risk of ChOx.

There is little controversy over whether or not dietary cholesterol raises both TC and LDL-C. A review of all well-controlled studies showed that a 70 mg increase in dietary cholesterol will increase TC by about 1%.
 There is, however, a considerable amount of individual variability in the response to changes in dietary cholesterol. Part of this variability is due to the genetic variation in apoproteins, known as polymorphism. For example, a recent study showed that in subjects with apoE 4/4, increasing their dietary cholesterol from 265 mg/d to 566 mg/d (by adding about 1 1/2 egg yolks/d) raised their serum cholesterol by 10.8% but had relatively little effect on the cholesterol levels of subjects who had apoE 3/3 and apo E 3/4 alleles.

It has also been suggested that the type of dietary fat can alter the impact of dietary cholesterol on TC and LDL-C. However, as Figure 3 below shows, the effects of dietary cholesterol (from eggs) on blood lipids appears to be similar regardless of whether the dietary fat is mostly SFA, MUFA, or PUFA.
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As we have seen, butter raises LDL-C more than chocolate fat (cocoa butter), in part, because butter's SFA content is largely C-12 to C-16, whereas the cocoa butter's SFA content has a much higher ratio of the cholesterol-neutral stearic acid. However, it is now clear that another reason why butter raises LDL-C much more than cocoa butter is that butter contains cholesterol (about 35 mg/Tbsp) and cocoa butter contains no cholesterol. Indeed, cocoa butter contains a modest amount of plant sterols. However, as we shall see, these plant sterols have the opposite effect on serum LDL-C as does cholesterol, the predominant animal sterol..

Phytochemicals that Lower Serum Cholesterol

Plant sterols and stanols can also lower LDL-C. Plant sterols have received relatively little attention in the clinical community and have been virtually ignored by the popular press until the recent introduction of two margarines, Benecol™ and Take Control™, which are enriched with these phytochemicals. The manufacturers claim that these 2 margarines lower LDL-C. Plant sterols (eg, beta-sitosterol) lower serum LDL-C about half as much as dietary cholesterol raises it. Plant sterols appear to work primarily by reducing the absorption of cholesterol from the gut.
 Benecol contains sitostanol, which is a hydrogenated plant sterol or stanol.

Plant sterols and stanols lower serum cholesterol primarily by displacing cholesterol from micelles in the intestinal lumen and thereby preventing its absorption. In essence, these plant phytochemicals are competitive inhibitors of cholesterol absorption. If the ratio of plant sterols and stanols to cholesterol is high in a given meal, then the amount of dietary cholesterol absorbed will be dramatically reduced.
 The average American diet provides only about 200-300 mg/d of these compounds. By contrast, the diets of our ancient ancestors probably contained 2-3 times as much sterols and stanols as that of modern man.
 A study of Seventh Day Adventists found that the ratio of plant sterols to cholesterol was associated with a decreased risk of colon cancer.

Replacing butter with margarine containing 3 g/d of sitostanol in the typical Western diet, was shown to lower LDL-C  by about 20%. There was no effect on HDL-C or TG levels. The same margarine used in place of butter, but without the extra stanols, lowered LDL-C by about 7%. This means that the 3 extra grams of sitostanol daily lowered LDL-C by about 13%.
 Since both plant sterols and stanols work primarily by displacing cholesterol from micelle, a high ratio of these compounds relative to the amount of cholesterol in the gut will block the absorption of most of the cholesterol. 

Normally, less than 5% of plant sterols are absorbed;  stanols are not absorbed at all. It seems likely that they will prove very safe for long-term cholesterol control. However, there is a very rare metabolic defect that results in the absorption of excessive plant sterols. In these patients, the plant sterols can promote xanthomas and atherosclerosis, much like excessively high levels of cholesterol in the blood.
 Except in these rare cases, there seems little reason to suspect any harm from these plant sterol enriched margarines.

A typical American diet already contains about 200 to 300 mg of plant sterols (mostly beta-sitosterol) mainly from vegetable oils. Legumes, nuts, seeds and corn are all high in plant sterols. Vegetarian diets average about twice the plant sterol content of more typical Western diets. Because most vegetarians already consume more plant sterols and less cholesterol, it is likely that these margarines will prove to be of less value in lowering the cholesterol of vegetarians than of those who consume more dietary cholesterol. It seems likely that Benecol and Take Control will have a more modest cholesterol-lowering impact on people who are consuming a VLFNV diet that is already high in fiber and plant sterols.

Besides dietary cholesterol, a significant amount of cholesterol is released in the bile. Plant sterols may also act to reduces the re-absorption of this endogenous cholesterol. Compared to a higher fat diet, a diet very low in fat also reduces the release of bile, which, in turn, reduces the amount of endogenous cholesterol in the gut. Resin drugs (eg, Cholestipol® and Cholestyramine®) also greatly reduce the absorption of both dietary and endogenous cholesterol. The impact of supplemental plant sterols in patients taking resin drugs to control their serum cholesterol would probably be negligible. Indeed, 3 g/d of plant sterols had little impact on serum LDL-C levels in mildly hypercholesterolemic men who consumed a low cholesterol diet. And in subjects taking 8 g of cholestyramin daily, the addition of 3 g of plant sterols had no additional impact on blood lipids.
 However, the impact on LDL-C in patients taking statin drugs or niacin to lower cholesterol is likely to be additive or synergistic, because these drugs do not influence cholesterol absorption.

In addition to plant sterols, there are likely other phytochemicals that can influence serum cholesterol levels. For example, tocotrienols were shown to lower TC significantly in a double-blind, crossover, 8-week study.
 This hypocholesterolemic effect of tocotrienols may help to explain why palm oil, which is very high in palmitic acid content, is much less hypercholesterolemic than one would expect based solely on its fat content.
 

Coffee Can Raise the LDL-C Level

While it is generally true that most phytochemicals have a favorable or benign effect on blood lipids, there are a few exceptions. For example coffee has two chemicals, kahweol and cafestol, that have been shown to raise LDL-C and TG levels.
  These lipid substances may raise LDL-C as much as 1-2% per cup per day. This means that someone consuming 5 cups of unfiltered coffee daily may experience a rise in his/her LDL-C level of 5-10%. This may explain the connection between coffee consumption, higher LDL-C, and an increased risk of CAD in Norway, where most coffee is unfiltered.
 However, the relation between coffee intake and heart disease in Americans has been inconsistent. Perhaps this is because the LDL-C raising phytochemicals in coffee are largely removed by a paper filter.
 The trend toward the consumption of more European-style unfiltered coffee in America may be deleterious.

It is unlikely that the caffeine in coffee contributes to CVD. Caffeine-containing tea appears to have no significant impact on blood lipid levels. Some studies have suggested that phytochemicals found in tea may actually reduce the risk of CVD, but other studies have found no benefit. More research is needed before any claims can be made for a CVD protective effect of either green or black tea.
 

Patients who are concerned about CVD or have elevated LDL-C or TG levels should be advised against consuming unfiltered coffee. They should also be informed that a moderate amount of caffeine is unlikely to pose any significant CVD risk. They may also be encouraged to consume tea rather than filtered coffee, particularly if their intake of fruits and vegetables appears inadequate (less than 7 servings daily).

Dietary Fiber Lowers LDL-C

Today, the average American consumes about 10-15 g of dietary fiber daily. By contrast, our ancient ancestors' diet probably contained at least 100 grams daily.
 Increasing dietary fiber, particularly soluble fibers like pectins and gums found in legumes, fruits, root vegetables, oats, and barley, is perhaps the safest and most effective dietary factor for lowering LDL-C. Indeed, increasing the intake of foods high in soluble fiber, has been shown to lower serum cholesterol levels even when the diet is already low in SFA and cholesterol.
 

Psyllium husk (the richest natural source of soluble fiber) has been shown to lower LDL-C levels by about 1% for each additional gram of soluble fiber consumed daily.
  Soluble fibers lower TC primarily by reducing LDL-C.  They have little or no effect on HDL-C, so increasing dietary fiber improves the ratio of TC/HDL-C. Most studies have shown that each 2 additional grams of soluble fiber (from various sources) added to the daily diet will lower LDL-C and TC by about 1-2% in 3-4 weeks.

By contrast, foods such as wheat bran, which contain mainly insoluble fiber, generally have been shown to have little impact on blood lipid levels.
 Nevertheless, a large prospective study of American women found that an increased consumption of whole grains was associated with a significant reduction in the risk of both fatal and non-fatal IHD. This decreased risk could not be explained by correlation with any other established dietary or non-dietary IHD risk factors.

It is becoming increasingly clear that the very low fiber content of the typical American diet is both unnatural and unhealthy. Scientific research indicates that soluble fiber dramatically lowers LDL-C, while having little impact on HDL-C. Therefore, a diet high in soluble fiber would certainly dramatically lower the risk of clinically-significant atherosclerosis. Human beings undoubtedly evolved consuming a diet with 5-10 times as much fiber as consumed by the average American today. Given the relatively high intake of fruits and vegetables in our ancient ancestors' diets, it seems likely that they would have consumed at least 30-40 g of soluble fiber daily. This amount of soluble fiber would be expected to lower LDL-C levels by about 20-30%.

Although whole grains probably did not make up a large part of our ancestral diet, they too have been associated with a decreased risk of IHD. Of course, natural plants (including grains) contain many other nutrients and phytochemicals that may provide protection against atherosclerosis and CVD. However, more research is needed to identify the protective phytochemicals and establish the mechanism(s) by which an increased dietary intake of whole grains reduces the risk of CAD.

There is also evidence that a high-fiber diet may also aid weight loss and provide other health benefits.
 The current NCEP guidelines for treating hypercholesterolemia encourage an increase in dietary fiber but make no specific recommendations. Given the overwhelming body of evidence that a large increase in dietary fiber, and particularly soluble fiber, will lower LDL-C levels and reduce the risk of IHD, there should be a recommendation to increase soluble fiber in the diet of hypercholesterolemic patients to at least 15-20 g daily.

Effect of Dietary CHO on Blood Lipids and CAD Risk

The NCEP and the AHA have focused most of their dietary guidelines for reducing LDL-C on the amount and type of dietary lipids (mainly fats and cholesterol). However, there are other dietary factors that can affect blood lipids or the development of atherosclerosis and/or CVD. Just as the amount and type of dietary fat affects serum cholesterol, so does the amount and type of dietary carbohydrate. For example, fructose appears to have a modest LDL-C-raising effect. This may be important because dietary fructose and high fructose corn syrup and total sugar have all increased in the average American diet in the last 30 years. This increase has partially offset the LDL-C-lowering effects due to a moderate drop in the consumption of both saturated fat (18 to 13% en) and cholesterol (from about 550 to 350 mg/d).

There is considerable scientific evidence that shows that various sugars have disparate effects on blood lipids, specifically serum LDL-C. In baboons, dietary fructose has been shown to promote atherosclerosis compared to other carbohydrates.
  Another study found that fructose glycosylated hemoglobin 7 times faster than glucose.
 This may be important because glycosylation (as well as oxidation) of other proteins, including LDL & HDL particles, may increase the growth rate of atheroma.

Serum LDL-cholesterol is the most important risk factor for the development of CVD. The more likely it is that a given sugar would elevate LDL-C, the less desirable the use of that sugar would be. Unfortunately, while evidence continues to mount for the hypocholesterolemic-effect of fructose relative to other sugars, its use as a sweetener in the average American diet has been increasing. This is due largely to the displacement of sucrose (50% fructose) and corn syrup (0% fructose) with high fructose corn syrup (up to 90% fructose) and crystalline fructose. There has also been an increase in total per capita sugar intake. 

Researchers have found that fructose appears to increase TC primarily by elevating LDL-C.
 Increasing dietary fructose from 3% to 20% of calories at the expense of starch increased TC by 9% and LDL-C by 11%. It appears that a 2% increase in dietary fructose raises LDL-C more than 1%. There is now reason to believe that dietary fructose will increase the risk of atherosclerosis. It seems prudent at this time to limit the use of sweeteners containing fructose in order to reduce CVD. 

Both fructose and sucrose have a tendency to increase blood lipids, especially in those with elevated serum TG (many of whom exhibit insulin resistant, Type IV hyperlipoproteinemia, and/or Type-2 DM).
,
,
,
 There is also some evidence showing that both fructose and sucrose impair glucose tolerance.
,
,
 

The mechanism by which dietary fructose increases LDL-C is still a matter of debate. However, because fructose metabolism in the liver bypasses the rate-limiting step catalyzed by phosphofructokinase (PFK), it is more readily converted to acetate and fatty acids than glucose. In the short term, the addition of either sucrose or fructose to a fat load is known to greatly exaggerate the postprandial rise in serum TG levels.
 

It is possible that some or most of the adverse impact of dietary fructose and sucrose compared with starch on blood lipids may be to enhance the hyperlipidemic effects of a diet with a high ratio of SFA to PUFA. An increase in dietary cholesterol and SFA may exaggerate the TG-raising effects of sucrose and fructose.
 By contrast, an increase in dietary fiber appears to blunt the TG-raising impact of sucrose and fructose.

Sucrose has been shown to increase BP in spontaneously hypertensive rats when it replaces starch
 and in normotensive young men.
 There is some evidence in rats that a diet high in sucrose and fat can impair endothelial cell function and raise blood pressure. Switching the animals to low-fat, high-CHO diet reverses this effect.

Others have reported that much of the adverse effects of high-CHO diets on blood lipids appear to be due to a higher intake of sucrose.
 Since both fructose and sucrose appear to increase IR, they may contribute to the development of IRS or Syndrome X and Type-2 DM, both of which increase the risk of CVD. These presumably adverse metabolic effects of consuming fructose or sucrose appear to warrant a position of limiting the use of refined fructose-rich sweeteners in diabetic or obese subjects, as well as individuals with elevated blood lipids. Nevertheless, the American Dietetic Association adopted a position paper on the use of nutritive and nonnutritive sweeteners that stated, "At this time there is no evidence that current levels of fructose intake contribute to hyperlipidemia."
 Obviously there is some evidence but none of the research referenced above was discussed in the current ADA position paper on sweeteners. 

While dietary fructose and sucrose appear to have some adverse effects on blood lipids, it should be noted that these effects are fairly modest compared to SFA. A 2% increase in fructose raises LDL-C a little more than 1% on average. By contrast, a 2% increase in SFA raises LDL-C about 4%. This suggests that the isocaloric exchange of fructose for either MUFA or starch would raise LDL-C about one-fourth as much as the isocaloric exchange of SFA for either MUFA or starch. This also means that the isocaloric exchange of fructose for SFA would lower LDL-C, even though fructose itself raises LDL-C. This means it is more important to focus more on dietary SFA than dietary fructose in order to lower LDL-C. Nevertheless, there is scientific evidence that clearly indicates that dietary fructose and sucrose can increase serum LDL-C and TG levels, at the very least, under some circumstances and in some patients. It seems reasonable in patients at risk for CVD because of elevated LDL-C or TG levels that they should be encouraged to reduce their intake of both sucrose and fructose.

The amount of the sugars in fruits and some vegetables is not a problem. However in patients with dyslipidemia the use of refined sugars containing fructose should be discouraged as much as possible.

Do High-GI Foods Cause Dyslipidemia?

It has been demonstrated that less processed high-CHO foods generally yield a significantly lower postprandial elevation of both blood sugar and insulin levels compared to more processed and refined high-CHO foods even if fed at the same energy level.
 Hyperinsulinemia has been shown to be a risk factor for the development of atherosclerosis.
,
 This appears to be largely because hyperinsulinemia is usually an early clinical sign of IR and reflects the development of Syndrome X or IRS.

High-CHO foods that produce the greatest insulin responses (high-GI foods) are also more likely to provide less satiety per calorie than lower GI-foods. This can lead to a greater ad libitum calorie intake and weight gain.
,
 Indeed, glucose tolerance was shown to improve when low-GI foods, high in fiber and resistant starch, were fed to healthy subjects.

The drop in HDL-C often seen with an isocaloric substitution of dietary CHO for dietary fat is accompanied by changes in HDL-mediated cholesterol transport. The increased rate of HDL-mediated cholesterol ester transport on a higher fat diet as noted by the authors of a recent study "suggests that the requirement for HDL-mediated cholesterol removal is less at lower intakes of dietary fat and cholesterol. This response may be compensatory, such that higher secretion rates of apo A-I on an atherogenic diet may be a protective mechanism against the deleterious effects of elevated apo B containing particles in the artery wall."
 Simply put, the higher HDL-C levels seen with high-fat diets may be an attempt by the body to offset, at least partially, the atherogenicity of the higher fat diet. If we view HDL particles as garbage collectors and deposition of LDL-C in the arteries as "garbage." The lower HDL-C levels on a low-fat diet simply reflect the body's need for fewer "garbage collectors" when there is less "garbage" to collect.

There is also evidence that the isocaloric exchange of high-GI, high-CHO foods may decrease HDL-C compared to a low-GI, high-CHO diet.
 

It seems preferable to consume less processed and refined high-CHO foods. This is especially true for high-CHO foods with a lot of sucrose or fructose. Keep in mind that fructose is a low-GI food that causes adverse effects on blood lipids. Another problem with high sugar foods and most high-GI foods is that they have a high energy density (ED). Indeed, the increased consumption of refined and processed foods with a high ED coupled with an increasingly sedentary lifestyle has lead to a significant increase in obesity and weight gain, which also raises LDL-C, lowers HDL-C and elevates TG. As we shall see, weight gain leads to IR and can have adverse effects on blood lipids. Excess body fat leads to IR, which often leads to Type-2 DM, another major risk factor for heart attacks and strokes.

However, it is important to recognize that a few high-GI food such as potatoes, beets, parsnips, and carrots, which have a low to moderate calorie density, plenty of fiber, and a high-satiety value, are unlikely to lead to excessive calorie intake.
 It is primarily excessive calories coupled with inactivity that is most likely to lead to IRS and eventually Type-2 DM in genetically-susceptible individuals. Those who develop IR and diabetes are at a much higher risk for CVD.
 

Effect of Weight Gain on Blood Lipids and CVD Risk

Being overweight (BMI > 25) or obese (BMI > 30) has long been associated with an increased risk of CAD,
 stroke
 and all-cause mortality in women.
 Indeed, CVD mortality and all-cause mortality both increase with increasing BMI. The lowest mortality from CVD and all other causes combined was found in both men and women with a BMI of 19.0 to 21.9.
 It should be noted that the association between BMI and CVD mortality weakens with age, but overall risk and absolute risk both increase with age. This is also true for most other CVD risk factors.

Data from the long-running Framingham Study on heart disease have found about a 30% increase in the risk of CVD for a 10% increase in body weight.
 CVD accounts for most of the increased mortality seen with increasing BMI. Unfortunately, the average BMI for most middle-aged and older American men and women is now between 26-28 and has increased significantly in recent years.
 If this trend continues, it threatens to reverse the downward trend for CVD mortality in the United States that has been occurring since the late 1960s.

There is still some debate about whether being overweight per se is an independent risk factor for CVD or whether the association between BMI and CVD results entirely from IR and other metabolic problems that result from excess body weight. Data from Framingham did suggest that obesity itself was a risk factor for CVD.
 Others have suggested that the increased risk of CVD seen with increasing BMI can be explained by increasing IR and other metabolic problems associated with the IRS or Syndrome X.
 

Excess body fat stores, especially in the intra-abdominal area, are associated with increasing IR. IR is associated with lower HDL-C levels and increased TG levels. It is also associated with small dense LDL-C particles that appear to be more atherogenic. IR also greatly increases the risk of developing Type-2 DM. Even in uncomplicated obesity, it was shown that endothelial dysfunction correlates with an increased ratio of visceral fat to subcutaneous fat independent of BMI.
 Because people with Type-2 DM usually have a high degree of long-standing IR, this may be part of the reason why Type-2 DM is associated with a 3-5 fold increased risk of CVD for any given level of serum cholesterol.

Weight Loss Improves Blood Lipids and Other CAD Risk Factors

Weight loss is generally associated with a modest reduction in LDL-C.
 A study of overweight men with moderately high TC levels found that the loss of just 13.4 lbs resulted in a marked reduction in cholesterol synthesis.
 Some of this reduction may be due to a reduction in dietary factors that raise LDL-C. Also, HDL-C often drops during active weight loss, but usually recovers to higher than pre-diet levels, if a lower body weight is maintained.
 

Weight loss reduces other IHD risk factors like HTN and high TG levels. Since weight loss reduces IR, it will also improve a number of other metabolic abnormalities associated with a faster progression of atherosclerosis and risk of CAD. These include higher levels of apo B, an increased preponderance of small dense LDL particles (a.k.a. pattern B or phenotype B), higher levels of fibrinogen and plasma activator inhibitor-I (PAI-I), and a more exaggerated postprandial lipemia.
 Weight loss has been shown to slow the progression of atherosclerosis to that of lean controls in a 4-year study. In this study, the control obese subjects experienced a nearly 3-fold faster progression as measured by changes in the intima-media thickness.

While this review is focusing primarily on how dietary factors impact blood lipids and the risk of CVD, it should be noted that successful long-term weight control is best achieved by a healthier diet coupled with increased activity. Regular exercise should help raise HDL-C, lower TG and reduce IR. A goal of burning at least 300-400 kcal daily or 2000 kcal per week will not only promote weight loss but may improve many other CVD risk factors associated with the IRS or Syndrome X.

There is some evidence that weight loss may come disproportionately from the hips and thighs rather than the abdominal area in women with Type-2 DM eating a high-CHO diet compared to a high-MUFA diet..
,
 If these results are confirmed, it may help to explain why some researchers have found adverse metabolic effects on isocaloric high-CHO diets compared to high-MUFA diets, particularly in postmenopausal women with Type-2 DM. Little is currently known about how the ratio of dietary fat to CHO and/or the type of dietary fat and CHO might impact the distribution of body fat.

Fasting For a Week Raises Serum Cholesterol

The impact of fasting on blood lipids has received little scientific attention. Going without food results in a marked drop in insulin output. Since insulin promotes the synthesis of VLDL particles, one might expect fasting to lower both serum TG and TC. In fact, short-term food restriction in human subjects was shown to dramatically reduce cholesterol synthesis.
 On the other hand, the drop in insulin levels during a fast is accompanied by a marked increase in the release of fatty acids from the adipocytes. This increased flux of FFA to the liver might be expected to stimulate cholesterol synthesis and VLDL production. 

One study that examined the impact of fasting for one week on blood lipids in obese women found that serum TC rose throughout the week and was about 15% higher after 7 days of fasting. The response of serum TG was more variable. For most women, TG levels rose modestly during the first 3-5 days; however, by the end of the week, they had started to fall (although they remained higher than after the overnight fast).

This study certainly refutes the idea that the state of ketosis causes favorable changes in blood lipids because it can be assumed that all of these women were in ketosis by day 3 to 4 during this fast. By contrast, weight loss, even without change in diet composition, generally lowers TG, TC, and LDL-C in overweight subjects with initially high serum TC levels.
 Obese patients who received a low calorie diet (925 kcal/d) experienced a significant drop in serum TG (-22.7%), TC (-15.7%), and HDL-C (-8.7%) after 8 weeks.

More impressive improvement in blood lipids were seen when weight loss resulted from the ad libitum consumption of a diet made up largely of unrefined high-CHO foods. On this diet, there was a dramatic reduction in TC (-33%), LDL-C (-41%), and TG (-21%), but no effect on HDL-C after 3 months and an average weight loss of about 16 lbs.
 More importantly a VLFNV diet has been shown to regress atherosclerosis and dramatically improve blood flow to the heart muscle.
 It appears likely that a more gradual weight loss on an ad libitum VLF, high-fiber diet composed largely of unrefined high-CHO foods is much more effective for improving blood lipid levels than more rapid weight loss with a total fast or even a low-SFA and low-cholesterol calorie-restricted diet.

Smaller, More Frequent Meals Lower LDL-C

An often overlooked strategy for lowering LDL-C is increasing meal frequency.  An epidemiological study found a significantly lower TC and LDL-C but no difference in HDL-C in people who ate smaller, more frequent meals.
 Others have found that people eating just 1 or 2 large meals daily had an increased risk of CVD.

Smaller, more frequent meals appear to lower LDL-C primarily by reducing cholesterol synthesis in the liver.
 A controlled clinical trial that compared the effects of eating the exact same diet either as 3 meals daily or by nibbling (17 snacks daily). Blood lipids and lipoprotein levels were measured after 2 weeks of meal eating or nibbling. TC, LDL-C, and apo B decreased by 8.5%, 13.5%, and 15.1%, respectively.
 More modest changes in blood lipids were observed when subjects were fed either 3 or 9 meals daily for 3 weeks.
 

The impact of spreading daily energy throughout the day appears to be greater on very high-CHO diets than on high-fat diets. It also seems likely that the impact of meal frequency on blood lipids will be greater when the high-CHO diet is composed of more high-GI foods. At the very least, people who skip breakfast and consume the majority of their daily calories in the evening should be encouraged to consume at least 3 meals of comparable size each day. Diets with a low ED often lead to an increased meal frequency, which may help to improve blood lipids and reduce the risk of IHD.

Effect of Alcohol on Blood Lipids and IHD

Although heavy drinking raises TG levels and increases the risk of CAD
 and all-cause mortality,
 moderate alcohol consumption has been shown to raise HDL-C levels in premenopausal women
 and men.
 At least one-half of the reduction in the risk of CVD with moderate alcohol consumption has been attributed to changes in HDL.
 

A case control study found that the primary beneficial effect of moderate alcohol consumption was an increased HDL-C. This study also found no evidence for additional benefit from the type of alcoholic beverages consumed.
 The more favorable effects of red wine reported by some researchers may now be explained primarily by the association of wine consumption with a healthier overall diet, rather than the wine itself.
 Nevertheless, there is some experimental evidence that the flavonoids found in red wine may provide some additional protection. However, it is not necessary to consume red wine to get these protective phenolic phytochemicals. Purple grape juice was shown to improve endothelial cell function and reduce oxidative modification of LDL-C in patients with CAD. These benefits occurred even though these patients were taking statin drugs to lower their LDL-C and vitamin E supplements to reduce LDL oxidative damage.
 Remarkably, these improvements occurred despite a modest increase in LDL-C and TG, perhaps due to the high fructose content of purple grape juice.

A drop in HDL-C often accompanies a major reduction in dietary fat intake. However, a study of 26 women (41-59 y) found that the addition of 5% calories as alcohol had little impact on blood lipids when the diet had only 18% fat calories. This same study showed a very modest 3% increase in HDL-C and a 6% reduction in TC when 5% alcohol displaced CHO in a high-fat diet (38% kcal).
 There is also some evidence that alcohol may reduce the risk of heart attacks by reducing platelet aggregation, fibrinogen levels, and blood clot formation.
Again, this beneficial effect is seen primarily in those consuming a high intake of SFA and a low intake of PUFA.
 

However, even a moderate intake of alcohol is associated with an increased risk of breast, liver, throat and other cancers.
 Alcohol also promotes cirrhosis of the liver and contribute to weight gain. Also, even moderate alcohol intake can increase the risk of serious accidents and may impair judgement and undermine compliance with a heart-healthy diet. Since there appears to be little benefit to adding alcohol to a very low-fat diet with a high P/S, the health benefit of even a moderate alcohol intake would be questionable for active individuals consuming a healthy diet.

The French Paradox: Does Red Wine Protect Against CAD?

In most countries, the consumption of SFA and cholesterol is closely correlated to death from CAD. However, the French population has been reported to have a relatively low rate of CAD despite eating lots of cheese, croissants, Bernaise sauce, and liver pate and having blood lipid levels similar to those in other Westernized countries. Reported death rates from CAD are about 4 times higher in Finland than in France despite a similar cholesterol content and only a modestly higher intake of SFA.
 

Much has been made of this apparent paradox by the American media. However, the unusually low rate of CAD in France compared to Finland (or the United States) now appears to be more myth than paradox. At a medical conference of leading cardiologists sponsored by the World Health Organization (WHO), the French Paradox was exposed as more myth or wishful thinking than reality. According to British cardiologist Hugh Tunstall-Pedoe, who did an exhaustive analysis of the WHO mortality data, "The truth is not that heart disease is less prevalent among the French, but that many deaths from heart attacks simply aren't reported that way." It turns out that the French have an unusually high death rate from "sudden death" that is not further classified. They are reported to the WHO as simply "unclassifiable." Undoubtedly many of these "unclassifiable" sudden deaths were the result of heart attacks or strokes but they are not recorded as such. According to Dr. Tunstell-Pedoe "when French heart disease statistics are adjusted to take into account this discrepancy, the incidence [of CVD mortality] is not much different from that of other Westernized nations."

So the French Paradox is more myth than reality. However, there is some evidence that the French may receive some protection from their consumption of red wine. The French do have the highest consumption of alcohol of any Western country and most of this is red wine. As we have seen, much of the beneficial effect of red wine is probably the result of the alcohol itself. However, there is some evidence that phenolic compounds in red wine may reduce LDL oxidation.
,
 There is also evidence that red but not white wine, improves blood flow to the heart by causing vasodilation in small blood vessels.

As we have seen, oxidative damage of the endothelium is associated with an increased risk of CVD. Since the phenolic compounds found in red wine are powerful antioxidants, it seems likely that an additional cardioprotective effect from red wine may be due to improved endothelial function. The phenolic compounds in red wine are derived mainly from the skins of grapes. The consumption of grape juice for 2 weeks was found to improve endothelial cell function and reduce the susceptibility of LDL particles to oxidation even in patients taking a pharmacological dose of Vitamin E.
 It should be noted that in this study, the consumption of grape juice (about 21 oz/d) resulted in a small increase in both TC and TG levels. This was probably due to consuming extra sugar without any fiber.

The French and Italians have a very high incidence of cirrhosis of the liver compared to other Westernized countries where alcohol consumption is low. Alcohol is also the cause of many accidents and increases the risk for several types of cancer, so a recommendation to consume more wine to improve ones health is questionable. A far safer way to reduce the risk of CVD and overall morbidity and mortality is to reduce SFA and cholesterol intake and consume more soluble fiber-rich foods, both of which lower LDL-C). A more vegetarian diet with a lot more fruits and vegetables appears to be ideal. An increased consumption of fruits and vegetables has been shown to increase the plasma antioxidant capacity in humans.
 Further, an increased intake of phenolic compounds from fruits and vegetables has been associated with a reduced risk of CAD.
,
 

Impact of Dietary Protein on Blood Lipids and the Risk of CAD

Much less studied than the impact of dietary fats and oils on blood lipid levels is the impact of the amount and type of dietary protein. Nevertheless, high protein diets are back in vogue. For the past few years, the most popular diet books have been touting a higher protein intake to promote weight loss. Some of the authors of these fad diet books like Dr. Atkins have even claimed that a diet higher in animal products can help lower serum cholesterol and reduce the risk of CAD. Such a claim was long ago discredited in a study of 24 subjects who followed the dictates of Dr. Atkins Diet Revolution (published by David McKay Co., Inc., NY, 1972). After 8 weeks on the Atkins diet, average TC and LDL-C increased significantly while HDL-C did not change. LDL-C increased from 127 to 151 mg/dl (or 18%) on the Atkins diet compared to the subjects' usual diets, which were already high in SFA and cholesterol. And this increase in TC and LDL-C occurred despite an average weight loss of nearly 10 lbs in 8 weeks.
 The rise in LDL-C occurred despite no real increase in SFA intake. However, there was a small increase in the P/S and dietary cholesterol increased by 300 to 400 mg/d on the Atkins diet. But, did the animal protein in the diet also contribute to the higher LDL-C level?

A prospective study of middle-aged women followed for 14 years found that a higher intake of both animal and vegetable protein was associated with a decreased risk of IHD after correcting for other dietary risk factors.
 The exchange of animal protein for carbohydrate in the diet of human subjects was shown to result in a decreased LDL-C and TG and an increased HDL-C.
 Of course, exchanging animal protein for CHO in one's diet, while holding SFA, cholesterol, and fiber intake constant, would be a challenge using normal foods. Obviously, it is rather difficult to increase dietary protein with animal products and not also increase the amount of dietary cholesterol and SFA. Also, if dietary protein were increased with large amounts of egg whites and NF dairy products, this would tend to reduce the amount of fiber, PUFA, and plant sterols in the diet, all of which actively lower LDL-C.

Substituting vegetable proteins for animal proteins lowers LDL-C particularly in hypercholesterolemic individuals.
There is also evidence that substituting soy protein for animal protein not only lowers LDL-C but may also improve endothelial cell function.
  A meta-analysis of 38 studies in humans comparing the impact of replacing animal protein with soy protein found such a substitution results in a significant decrease in both TC and LDL-C without significantly affecting HDL-C.
  

The effect of different dietary proteins on blood lipids may be due largely to differences in the amount or ratio of amino acids in the protein. . Indeed, even with total parenteral nutrition, altering the ratio of amino acids to more closely resemble the mixture one would derive from vegetable rather than animal protein sources was shown to significantly lower LDL-C levels and promote atherosclerosis in severely hyperlipidemic patients.

Increasing dietary protein with animal protein appears to be much less beneficial than increasing dietary protein with vegetable protein. Consuming more soy products, beans, peas, and lentils in place of lean meat, poultry, and even fish will dramatically lower LDL-C. While part of this LDL-C effect may be due to the protein itself, much more of it will be due to the increase in cholesterol-lowering fiber from the legumes. Also, legumes contain much less SFA than even the leanest beef, pork, and poultry and have a higher P/S. Legumes are also good sources of cholesterol-lowering plant sterols while the cholesterol content of lean meats is quite high. Another potential advantage is that, unlike the non-heme iron in legumes, the heme-iron in meat is absorbed efficiently, even when iron stores are high. There is evidence that high iron stores may increase the risk of CVD.

Another potential advantage of choosing legumes over lean meat, fish, and poultry and even egg whites and NF dairy products has to do with the amount and ratio of amino acids found in animal products and legumes. Beans, peas, and lentils are much lower in l-methionine (Met) compared to all animal proteins. This may be important for preventing CVD because dietary Met is the source of plasma homocysteine (Hcy). A large oral dose of Met (100 mg/kg body weight) was shown to increase plasma Hcy levels by about 4-fold in a group of 40 healthy adults in a double-blind crossover study. The increase in plasma Hcy level was accompanied by a deterioration in normal endothelial cell function. This endothelium dysfunction appeared to be largely the result of oxidant stress because it was largely prevented by a large (2 g) oral dose of ascorbic acid.
 

It seems likely that increasing animal protein foods in the diet may promote atherosclerosis and increase the risk of CVD by increasing LDL-C and Hcy levels in the blood. Both increased LDL-C and Hcy levels have been shown to impair endothelial cell function, which plays a role in the development of atherosclerosis. By impairing endothelial function, the ability of arteries to vasodilate is impaired, which can increase the resistance to blood flow and elevate blood pressure. Fruits and vegetables are high in ascorbic acid and other antioxidants that may protect against Hcy-induced oxidative damage to the endothelium..

HDL

Atherosclerosis is the build-up of cholesterol-rich plaques in artery walls. It is the leading cause of heart attacks and strokes. LDL (“bad” cholesterol) particles appear to be the primary source of the cholesterol in these plaques. Lowering LDL by diet and/or drugs has been shown to slow and sometimes even reverse (regress) the build-up of atherosclerotic plaques. 

However, potent statin drugs appear to cut the risk of a heart attack or stroke by no more than 1/3 and used alone rarely produce regression of these cholesterol-rich plaques or get rid of angina – a symptom of severely clogged coronary arteries. By contrast, a very low fat, near vegetarian (VLFNV) diet has been shown to regress atherosclerosis, reduce or eliminate angina, and reduce total mortality.

Despite the demonstrated safety and effectiveness of VLFNV diets for treating and preventing atherosclerotic disease the American Heart Association has warned Americans to avoid diets with less than 15% of calories from fat. Why? They believe the drop in HDL may promote atherosclerosis. They also site data from studies showing increased fasting triglyceride levels and a shift toward smaller more dense LDL particles on very-low-fat diets. However, studies showing presumably adverse changes in blood lipids have some flaws. First these diets get most of their carbohydrate from refined sugars and grains. No one who advocates a VLFNV diet to treat atherosclerosis recommends mostly refined carbohydrate. Secondly, these studies require subjects to consume the same calorie level on the high-carbohydrate diet as they consumed willingly on an AHA-style or even on a high fat diet. When fed ad libitum, people generally eat fewer calories on low fat diets than higher fat diets. This is especially true if the low-fat diet is high in fiber-rich fruits, vegetables, whole grains, and beans.

It is hard to rectify the belief of the AHA that diets very low in fat promote pro-atherogenic changes in blood lipids with data demonstrating people following VLFNV diets usually see dramatic improvements for angina, regression of atherosclerosis and reduced coronary artery disease and total mortality. Physicians are trained to assess the risk of atherosclerotic-related heart attacks and strokes by looking at the ratio of “bad” LDL or total cholesterol to “good” HDL in the blood. Because lower HDL have been associated with an increased risk of atherosclerosis it is assumed when they drop on a VLFNV diet this may promote atherosclerosis. However, Pfizer recently withdrew a drug that markedly elevates HDL levels (and lowers (LDL too) because this drug was shown in a clinical trial to increase total mortality by 49%. Clearly atherosclerosis is far more complicated than simply looking at fasting levels of blood lipids.

UCLA researchers reported the impact on blood lipids and other coronary artery disease risk factors in 22 overweight and obese men, most of whom had several risk factors for the metabolic syndrome when they adopted a VLFNV diet and exercised for 3 weeks. The diet was fed ad libitum with the only limitation on animal products. Not surprisingly, HDL dropped 10% on average. However, the HDL removed from their blood and tested in vitro was found to be pro-inflammatory before the intervention but became anti-inflammatory when measured again after 3 weeks. The authors conclude their “data indicate that intensive lifestyle modification improves the function of HDL even in the face of reduced levels.”
 

Bottom Line: It seems unlikely that a drop in HDL as a result of adopting a VLFNV is dangerous. Claims that very-low-fat diets promote atherosclerosis simply because they lower HDL is without scientific merit. On the contrary, very low fat diets have been shown to reverse atherosclerosis. They also help individuals control their weight and blood sugar for diabetes.

Homocysteine

Homocysteine is an Important Risk Factor for CAD

Hcy is an amino acid that is produced in our bodies by the breakdown of the essential amino acids methionine. Elevated levels of Hcy in the blood definitely increase the risk of atherosclerosis. More than 75 studies have shown an increased risk of CVD in patients with elevated Hcy levels. Moreover, an elevated Hcy was found to be a strong predictor of mortality in patients with confirmed CAD, most of whom subsequently underwent bypass surgery or angioplasty.
 The mechanism by which increased Hcy contributes to atherosclerosis is unclear; however, an increased tendency for blood to clot and direct damage to the lining of the arteries are likely.  Hcy may also increase the oxidative damage to LDL-C, which makes LDL particles more toxic to cells in the arteries.
,
 

There is also evidence that higher levels of Hcy may reduce the amount of nitric oxide (NO) released from endothelial cells.. This impairment appears to be largely the result of oxidative destruction. Indeed, one study found that Hcy-induced damage to endothelial cell function could be largely prevented by pretreatment with a large dose of antioxidant vitamins (800 IU of vitamin E, 1 g of vimtain C).

What Causes Elevated Hcy?  

A small  percent of people carry 2 defective genes (homozygous) for a severe metabolic defect known as hyperhomocysteinuria. This defect results in the production of faulty enzymes involved in Hcy metabolism.   The Hcy level in these people can be 10-fold the healthy range (probably less than 8-9 mM/L). Far more common are people who carry only 1 defective gene (heterozygous) for hyperhomocysteinuria. They may represent 2-5% of the population and can have Hcy levels that are 2-5-fold the healthy range. 

More common still are people who have an elevated Hcy level due to a lack of one or more B-vitamins (vitamins B-6, B-12, and folate). A randomized placebo-controlled trial showed that 5 gm of folic acid daily improved endothelial cell function, without changing plasma lipids in patients with familial hypercholesterolemia.
 A much lower dose of folic acid (400 mcg) was just as effective as higher doses in lowering plasma Hcy levels when combined with supplements of vitamins B-6 and B-12.
 Indeed, simply increasing the consumption of citrus fruits and vegetables was shown to improve folate status and lower Hcy levels.

Another study found a substantially increased risk of IHD in women whose dietary intake of folate and pyridoxine were low.
 This study found that at least 400 mcg/d of folate and 3 mg/d of pyridoxine were needed to minimize the risk of IHD, which means that current RDA levels of these vitamins are likely to be too low.  A Canadian study found that those in the lowest quartile for serum folate had a 69% increased risk of dying from IHD.
 Another study found that low levels of either folate or vitamin B-12 had increased serum Hcy levels.
 

Elderly people appear to be at particular risk for vitamin B-12 deficiency.
,
 An estimated 15% of the elderly have low levels of vitamin B-12, many of whom also have elevated serum Hcy.
 It appears that low levels of any 1 of these 3 B-vitamins can result in substantial elevation of Hcy and an increased risk of CVD. Also, because Hcy arises in the body from the metabolism of Met, it also seems likely that diets higher in Met will elevate Hcy levels (at least postprandially).  Animal proteins tend to be higher in Met than vegetable proteins (especially beans which are also an excellent source of folate). Met and other sulfur-rich amino acids also increase the loss of calcium in the urine, which may contribute to osteoporosis.
 High-protein diets can increase calcium excretion. Even a high calcium intake is unlikely to prevent the negative calcium balance that could contribute to osteoporosis.
 Of course, cutting back on meats, eggs, and milk products will also reduce saturated fat and cholesterol in the diet and lower serum LDL-C.

Is Elevated Hcy more important than increased serum cholesterol?

Is Hcy a more important risk factor for IHD than serum cholesterol? For most people, the answer is probably not. The MRFIT study found a 4-fold increase in fatal heart attacks in men who had a cholesterol level above 245mg/dl compared to those with a total cholesterol below 185mg/dl.  A homocysteine level above 15.8 micromoles/L is associated with about a 3-fold increase in IHD compared to a level below 10 micromoles/L.  By contrast, the combination of cigarette smoking plus hypertension increased the risk of IHD mortality by 3-fold in the MRFIT study.  Of course relative risk depends to a certain extent where you draw the line between high and low levels.  It appears that a high Hcy level is probably somewhat less risky than a high TC (or LDL-C) level but probably about as risky as either cigarette smoking or high blood pressure in terms of IHD.  Of course, both cigarette smoking and HTN damage the body in many other ways, so they may still be more dangerous risk factors for overall morbidity and mortality.

Another way of looking at the relative risk is that you see a 2-3% increase in IHD is seen for every 1% increase in TC. The data on homocysteine is far less extensive. About a 60% increase in IHD for each 5 mM/L increase in homocysteine above 10 mM/L has been reported.
 This means a 50% increase in Hcy would increase the risk of IHD by 60% or a little over a 1.2% increase in IHD for every 1% increase in Hcy.  Thus, current data suggest that  Hcy is an important risk factor for IHD but probably not as important as TC or LDL-C.  

Should Everyone Be Screened for Elevated Hcy?

I would say yes but the test for serum Hcy may cost $30-130 so there will be some debate about screening everyone for elevated Hcy in terms of a cost/benefit analysis.  In addition, many labs are not equipped to test for Hcy, so it may be difficult to find a doctor to do the test. People who are at risk of CVD or elevated Hcy should be tested. This includes people with diabetes, 
 people who have significant atherosclerosis, and people who have a family history of early IHD despite a lack of other known risk factors 

What Should Be Done When the Hcy Level is High?   

First, improve the diet. Most Americans get 2-3 times as much Met in their diets as they need.  Met is found in relatively large amounts in animal proteins (eggs, dairy, meats, poultry, and fish), so consuming less animal products may help. By contrast, soy products and beans are low in Met and most vegetable foods have much less Met than animal products. Eating more beans and less meat and cheese will also lower LDL-C. Beans, whole grains, oranges, and dark green vegetables are all good sources of folate— the vitamin found most often to be in short supply in people who have elevated Hcy. The RDA for folate was lowered from 400 to 200 mcg. In retrospect, this was clearly a mistake and the new RDI for folate was again raised back to 400 mg. A recent study found that 50-65% of people with elevated Hcy consumed too little folic acid.
 This same study found that only about 13% of those with elevated Hcy had low levels of vitamin B-12. 

People whose Hcy level remains elevated even on a healthier diet should talk to their physician and/or a registered dietitian about the use of B-vitamin supplements. Supplements of folic acid may help to lower Hcy even in those with genetic defects in folic acid or Hcy metabolism.  Daily supplements providing 1 mg of vitamin B-12, 1.1 mg of folate, and 5 mg of pyridoxine lowered serum Hcy (and/or MMA) in the majority of free living and hospitalized elderly subjects in less than 2 weeks compared to a placebo.
 Even when plasma folate levels appear normal, supplemental folic acid still lowers Hcy levels.

Strict vegetarians should take a vitamin B-12 supplement as should people with a history of ulcers or gastritis, which may lead to atrophic gastritis, vitamin B-12 deficiency, and pernicious anemia. These people may require 100-200 mcg of vitamin B-12 daily, so a supplement would be necessary. As many as 5 million Americans may have subnormal levels of vitamin B-12 which not only increases their risk of thrombosis (by elevating Hcy) but can also lead to depression and other neurological problems.
 Relatively few people are low in vitamin B-6 but supplements of 5 mg/d are safe and may help a small percent of those with elevated Hcy. It generally takes about 3 weeks to see the full effects of B-vitamin supplements on Hcy level. This is about the same amount of time it takes to see the full drop in TC after starting a cholesterol lowering drug or adopting a cholesterol-lowering diet. Heavy alcohol consumption often results in increased Hcy levels at least in part by causing a deficiency in B vitamins.
 

Some drugs appear to increase Hcy levels as well. Indeed, two fibric acid-derivative medications used to treat combined high cholesterol and TG levels have been shown to cause a significant increase in Hcy levels in the blood.
 Another study reported that 3g/d of nicotinic acid elevated serum Hcy levels
. Clearly more research is needed about the implications of elevated Hcy levels and what the RDAs for folate, pyridoxine, and vitamin B12 should be.

Animals fed a diet high in fat and sugar also produced more Hcy in their livers and had higher plasma Hcy levels.
 Both elevated serum LDL-C and Hcy damage endothelial cells and increase the risk of CVD and both can be lowered by a low-fat diet that provides: (1) plenty of fruits, whole grains, vegetables, and beans; (2)  only modest amounts of NF dairy and fish; and (3) little or no poultry and lean meat. The growing evidence that elevated Hcy is an important CVD risk factor provides more evidence that a VLFNVDis the key to preventing and treating CVD because such a diet lowers both Hcy and LDL-C levels. 

The Bottom Line

The most effective dietary strategy for reducing LDL-C and CVD is one that minimizes all the dietary factors that raise LDL-C. The diet should increase those dietary factors that actively lower LDL-C such as fiber and phytosterols. The diet should avoid excessive Met but have plenty of Arg and provide plenty of antioxidant vitamins and other phytochemicals to help preserve healthy endothelial function. It is also important to avoid excessive salt and consume plenty of potassium, calcium, and magnesium to preserve or restore normal electrolyte balance within arterial cells in order to prevent or control HTN and improve endothelial cell function. The diet should also contain sufficient omega-3 PUFA to reduce the risk of fatal cardiac arrythmias and perhaps also reduce the risk of thrombus formation. The diet should have a low ED and a high satiety value in order to reduce excessive stores of body fat without chronic hunger. Weight loss improves glycemic control, improves insulin sensitivity, lowers BP, and reverses the dyslipidemia associated with the IRS or metabolic Syndrome X.

As we have seen, there are many dietary components that can impact on blood lipids and/or the risk of CVD. However, most of the impact on blood lipids of various dietary components is due to the amount and kind of dietary lipids and fiber. Table 4 below shows, the amount of several dietary factors supplied by 2,000 kcal of various foods. 

To put these values in some perspective, the amount of these substances that one would get from 2,000 kcal on a Standard American diet (SAD), NCEP Step 1 Diet or the VLFNV are also shown. Obviously, no one would consume all his/her daily energy needs from a single food source. Table 4 clarifies why eating a VLFNV diet is far more effective at lowering LDL-C than the NCEP Step 1 Diet. Recall that dietary SFA increase TC about half as much as dietary PUFA lower it, and that dietary plant sterols lower TC about half as much as cholesterol raises it. Also, every 3 g or so of dietary fiber will likely lower TC and LDL-C by about 1%. 

Table 4 shows that, compared to SAD, olive oil has precisely the same percent of total energy from SFA and PUFA. This means the P/S in olive oil is virtually the same as that of SAD. However, olive oil is also modestly higher in plant sterols and lower in fiber than the SAD. Therefore, given what is known about how various dietary factors impact blood lipids, it is hard to imagine why olive oil is currently being promoted as the ideal way to lower LDL-C. Clearly, if olive oil were used in place of butter or coconut oil, then serum TC and LDL-C would fall. However, if corn oil were used in place of olive oil, then serum TC and LDL-C would fall. 

What if navy beans marinated in soybean oil were added to a salad instead of olive oil? Under these circumstances it should be clear that the TC and LDL-C would decrease. Also, since these marinated beans would have a lower ED and a higher fiber content than the olive oil, it seems obvious that an in ad libitum feeding situation that such a substitution would likely reduce ad libitum calorie intake and result in weight loss over time. It should be clear that one cannot estimate the impact of adding any food item to the diet unless one also knows what other food items it is displacing.  If the two items have a different energy density and/or fiber content then it is clinically important to realize that in most patients this substitution would not occur isocalorically.

	Table 4.  Amount of SFA, PUFA, Cholesterol, Plant Sterols and Fiber in 2000 kcal

	
	SFA
	PUFA
	Cholesterol
	Plant Sterols
	Fiber

	SAD
	30 g
	16 g
	400 mg
	240 mg
	12 g

	NCEP Step 1
	22 g
	22 g
	300 mg
	260 mg
	16 g

	VLFNV
	5 g
	10 g
	75 mg
	450 mg
	55 g

	
	
	
	
	
	

	Corn oil
	29 g
	133 g 
	0 mg
	2,192 mg
	0 g

	Olive oil
	30 g
	16 g
	0 mg
	472 mg
	0 g

	Soybean oil
	33 g
	162 g
	0 mg
	536 mg
	0 g

	Coconut oil
	202 g
	4 g
	0 mg
	184 mg
	0 g

	Butter
	140 g
	8 g
	592 mg
	24 mg
	0 g

	Whole Milk
	71 g
	4 g
	448 mg
	16 mg
	0 g

	Cheddar Cheese
	104 g
	4 g
	528 mg
	18 mg
	0 g

	Chicken leg (no skin)
	27 g
	22 g
	920 mg
	8 mg
	0 g

	Top Sirloin, lean only
	30 g
	2 g
	928 mg
	16 mg
	0 g

	Salmon, pink
	11 g
	24 g
	880 mg
	104 mg
	0 g

	Eggs, whole
	42 g
	18 g
	5,528 mg
	140 mg
	0 g

	
	
	
	
	
	

	Sesame Seeds
	24 g
	76 g
	0 mg
	2,536 mg
	54 g

	Almonds
	13 g
	38 g
	0 mg
	512 mg
	32 g

	
	
	
	
	
	

	Banana
	4 g
	2 g
	0 mg
	240 mg
	33 g

	Orange
	1 g
	4 g
	0 mg
	1,000 mg
	96 g

	Strawberries
	1 g
	13 g
	0 mg
	640 mg
	176 g

	
	
	
	
	
	

	Carrots
	1 g
	6 g
	0 mg
	584 mg
	144 g

	Tomatoes
	6 g
	13 g
	0 mg
	528 mg
	120 g

	Potato with skin
	1 g
	1 g
	0 mg
	304 mg
	88 g

	Sweet potato
	0 g
	  1 g
	0 mg
	200 mg
	56 g

	
	
	
	
	
	

	Navy beans
	2 g
	9 g
	0 mg
	608 mg
	58 g

	Lentils
	0 g
	2 g
	0 mg
	672 mg
	72 g

	WW Pasta
	1 g
	  3 g 
	0 mg
	184 mg
	56 g

	Brown rice
	2 g
	  4 g
	0 mg
	160 mg
	32 g

	Corn
	2 g
	11 g
	0 mg
	904 mg
	66 g

	SAD indicates standard American diet; NCEP Step 1, National Cholesterol Education Program Step 1 diet, VLFNV; very low-fat, near vegetarian diet; SFA, saturated fatty acids; PUFA; polyunsaturated fatty acids.


 On average, the NCEP Step I diet lowers TC by 10%, LDL-C by 12%, TG by 8% and improves the TC/HDL-C ratio by about 10% when consumed ad libitum. The NCEP Step II diet lowers TC, LDL-C, and TG by about 13%, 16%, and 8%, respectively, when calorie intake is not controlled.
 Because these diets are lower in fat and higher in fiber, they generally promote weight loss. It should be noted that these results are somewhat better than seen in tightly controlled studies in which the subjects were required to consume the same number of calories and maintain the same body weight on these lower fat diets.

Of course, as we have seen, a VLFNV diet composed largely of unrefined and minimally processed plant foods will promote even greater weight loss in comparison to the NCEP Step I and II diets because of its lower ED and higher fiber and satiety value. In addition, the much greater reductions in dietary cholesterol, SFA, and TFA on the VLFNV diet will result in much greater reductions in TC and LDL-C. In addition, the much higher intake of dietary fiber and plant sterols plus the exchange of vegetable protein for animal protein are all likely to magnify the hypocholesterolemic effect of a VLFNV diet in comparison with the NCEP diets. Other risk factors like HTN, clotting factor VII, Hcy, and elevated postprandial blood lipids will also be reduced. Improved electrolyte balance, reduced Hcy and higher levels of antioxidant phytochemicals will slow the oxidation of LDL-C particles and improve endothelial function. Improvement in all these risk factors coupled with at least twice the reduction in LDL-C make a VLFNV diet far more effective than the more moderate NCEP Step I and II diets for treating and preventing CVD.

An elevated LDL-C is the most important risk factor leading to the growth of atherosclerotic plaque. Foods high in SFA and cholesterol tend to raise LDL-C, while foods high in fiber, PUFA, and/or plant sterols actively lower LDL-C. Table 4 shows why nearly all natural foods of plant origin lower LDL-C. The only real exceptions would be coconuts, chocolate, unfiltered coffee, and tropical oils. However, the hydrogenation of vegetable oils can eliminate their ability to lower serum cholesterol. Refining grains removes most of the fiber and reduces the PUFA and plant sterol content. Juicing fruits and vegetables also removes most of the cholesterol-lowering fiber. And refined sugars can raise LDL-C because of their fructose content. In fresh fruit, the impact of fructose is outweighed by the presence of pectin (a soluble fiber) but this is not the case with fruit juices.

Table 4 also shows why virtually all foods of animal origin will raise LDL-C. All natural unprocessed foods of animal origin are high in SFA and/or cholesterol. They also have no fiber, negligible amounts of plant sterols, and relatively modest amounts of essential PUFAs. Their protein content may be more atherogenic than that of vegetable origin because it raises LDL-C and may impair endothelial cell function. This may result from the high Met content which elevates Hcy levels postprandial state and/or the relatively high lysine to ARG ratio, which may reduce NO production by the endothelium.

Diet alone has the potential to lower most American's LDL-C by at least 25% to as much as 50% or more. Such a reduction in LDL-C coupled with dietary control of other CVD risk factors would virtually eliminate significant atherosclerosis and IHD deaths in the long run. Indeed, just such a dietary approach was proven to shrink atherosclerotic plaques in most patients who had been advised by their doctors to have cardiac bypass surgery.
 This study showed that such a diet was more effective in reversing CAD than a more moderate diet plus statin drugs. Because patients on the statin drugs had LDL-C levels at least as low as those on the VLFNV diet for most of the 5-year trial period, the greater benefit of a VLFNV in regressing atherosclerosis and improving blood flow to the heart was likely due to physiological changes other than alterations in fasting blood lipid levels. Perhaps this is because a healthy diet improves so many other CVD risk factors besides LDL-C. Because all of the patients in this study had developed severe coronary artery atherosclerosis while consuming a typical American diet and most had experienced at least some reversal of this disease on the VLFNV diet, it should be clear that CVD is largely the result of a typical Westernized diet. 

Conclusions

CVD is responsible for more deaths than any other disease in America today. By the teen years, virtually all Americans have some atherosclerosis. Clear and convincing evidence indicates what people eat is primarily responsible for CVD. It appears that the typical Western diet is very different from what the human body is biologically adapted to eat. 

The current NCEP guidelines for a "desirable" TC and LDL-C level do not represent what is ideal or optimal for preventing atherosclerosis and CAD. Unfortunately most Americans will not be able to achieve a truly safe LDL-C level with the type of moderate fat and cholesterol diets currently recommended by the NCEP and the AHA. However, a VLFNV diet is superior to the currently recommended NCEP Step-1 and Step-2 diets for lowering LDL-C and all other proven and suspected risk factors for the development of CVD. Furthermore studies of human populations consuming VLFNV diets have been shown to have little CAD. Patients who wish to prevent the development of clinically significant atherosclerosis should be informed that a VLFNV diet is most likely to help them achieve this goal. Of course, there will be many people, particularly when they are young who will be able to maintain a blood lipid profile, which predicts little or no risk of clinically significant atherosclerosis by adopting a more moderate diet. It is also true that compliance with a VLFNV diet will be a problem because such a diet is so different from that to which most Americans have become accustomed. In most patients, the failure of prescribed dietary changes to significantly alter blood lipids is simply a reflection of poor compliance
. Poor compliance or the lack of adherence to a prescribed diet is often the result of inadequate dietary counseling skills by a health professional who lacks knowledge about food composition, preparation methods and nutrition
. As nutrition experts, RDs should fully inform their clients of how food choices impact CVD risk factors. Certainly many factors will dictate the extent to which a given patient will comply with a low-salt, VLFNV diet, however health professionals should not decide for their patients what dietary changes the patient would be willing to make in order to prevent CVD. 

The newly adopted LDL-C and HDL-C guidelines for secondary prevention, ie treating patients with ischemic disease, are more reasonable. These guidelines recommend a LDL-C below 100 mg/dl and a HDL-C above 35 mg/dl. Secondary prevention patients clearly need regression of atherosclerotic lesions. Patients who have suffered a heart attack or have angina are more likely to be motivated to make major dietary changes in order to reduce their risk of dying. Only a VLFNV diet has been demonstrated to regress atherosclerosis and decrease overall mortality in patients who have survived a previous heart attack.

A VLFNV diet appears to be superior to the NCEP Step 1 and Step 2 diets for both the prevention and treatment of atherosclerosis. Limiting to salt in  a VLFNV diet also makes it an ideal diet for preventing and treating hypertension. Limiting ED high carbohydrate foods (eg, dry cereals, bread products, crackers, pretzels, chips and dried fruits) in a VLFNV diet would also help to prevent excessive calorie intake, IR, Type 2 DM and obesity. If all Americans consumed a VLFNV diet it seems likely that morbidity and mortality from CVD would become uncommon.

Further Discussion and Updates:

Dr. Arthur Agatston has written a book about preventing and treating America’s #1 killer – heart disease. Most know Dr. Agatston as a cardiologist turned diet guru who wrote the best selling South Beach Diet (SBD). With his new book, The South Beach Diet Heart Program, Dr. Agatston focuses more on a topic he knows a lot about – namely coronary artery disease (CAD). 

Dr. Agatston does an excellent job of describing why modern cardiology is costing Americans billions of dollars in costly heart surgeries (angioplasty and bypass) that provide patients with little or no protection against future heart attacks and often do more harm than good. Dr. Agatston is at his best when describing how useless heart surgeries are in most cases for treating CAD and preventing future heart attacks and strokes and how heart surgeons misrepresent the facts about their effectiveness to convince patients to undergo these procedures. 

He also does an excellent job of explaining how modern screening tests can identify those at high risk of CAD earlier and how drugs can be used in addition to diet and lifestyle changes to dramatically cut the risk of heart disease and stroke. 

Unfortunately for Dr. Agatston, one cannot really talk about treating and preventing CAD without talking about diet and the prominent role diet plays in promoting dangerously clogged arteries. As Dr. Agatston demonstrated so clearly in his first book the SBD his understanding of nutrition science is rudimentary at best. In the original SBD he claimed people would be better off eating French fries or even potato chips rather than a plain baked potato. [See CFFH Newsletter August 2003]. He also claimed foods with a high glycemic index were fattening even though research shows no consistent relationship between a food’s GI and its impact on satiety and calorie intake. In his new book he describes the 3 principles of the SBD on page 153. They are:

 #1. “Eat good fats” tells people to consume refined oils such as olive, flaxseed, walnut, canola, and peanut and eat more nuts, avocados and fish. 

#2. “Eat good carbs” like fruits, vegetables and whole grains.

#3. “Eat lean protein” like “eggs, low-fat dairy, nuts, seeds, legumes, white meat poultry, fish, shellfish, and lean cuts of meat.”

Certainly eating more high-fat, calorie dense foods like refined oils listed in #1 is a bad idea for weight loss because the more oils one consumes the lower the nutrient density and fiber content of one’s diet. While Agatston claims olive oil lowers LDL (p.148) there is no credible evidence to support his claim. In fact olive oil has 13-14% saturated fatty acids and very little omega-3 fatty acids that do help reduce CVD mortality. One cannot fault his principle #2 but #3 makes me wonder why a cardiologist rightly concerned about higher LDL promoting CAD would recommend eating foods with plenty saturated fat and or cholesterol like eggs, lean meats, poultry, and low-fat dairy products. All these foods raise LDL levels and promote clogged arteries when consumed in place of admittedly bad white bread. Such advice is made more dangerous by the fact that he puts no limits on the amount of these cholesterol-raising, artery-clogging foods during phase 3 of the SBD (that is weight maintenance phase). Oddly enough he does limit nuts and seeds to “..about one ounce…. a day if you are also trying to lose weight”. Why?  Because he says they “…are easy to overdo”.(p. 147). In fact refined fats and oils are even easier to overdo than nuts and seeds and far less nutritious. The addition of “good oils” to any diet will increase calorie density and reduce nutrient density even more so than the refined carbohydrates he is rightly critical of. If refined carbs are bad because they are calorie dense and nutrient poor and promote weight gain then by the same standard refined oils are worse.
Dr. Agatston said when he began working on the South Beach Diet (SBD) the only other diets recommended for heart patients were the American Heart Association’s diet or the “…extremely low-fat regimes popularized by Dean Ornish, MD and Nathan Pritikin.” (p. 137). He then states, “The problem with low-fat, high-carb diets was that they did not distinguish between good, high-fiber carbohydrates, and refined, low-fiber, high sugar carbs.” (p.138) Obviously Dr. Agatston is not very familiar with the Pritikin Diet which has severely restricted the use of refined carbohydrates. On the next page, he stated, “I observed that some patient’s triglycerides rose in response to a strict low-fat, high diet…..”. Dr. Barnard at UCLA has published many studies showing triglycerides drop on average over 30% on the Pritikin Program. Agatston also claims “..with the low-fat diet …..[LDL-C] would go down a few points …. but then it would return to baseline or go even higher.” (p.139). Clearly Dr. Agatston is confused about the impact of very low fat, near vegetarian (VLFNV) diets on LDL-C levels. Clinical trials using VLFNV diets as the sole treatment of advanced coronary disease patients have shown a dramatic and long lasting reduction of LDL and nearly all other known and suspected CVD risk factors. Published clinical trial data are at odds with Dr. Agatston’s claims. More importantly, a VLFNV diet has been shown to regress atherosclerosis, reduce angina, and dramatically reduce total mortality in people at high risk of CVD. By contrast when Dr. Agatston was asked if he would do a clinical trial with his SBD program as the sole treatment for CAD, his response was, “I was adamant that I would not.” (p. 95 South Beach Diet Heart Program). To go from the SBD to the Pritikin Diet one would just eat less fruits, vegetables and whole grains and more refined fats, salt, low-fat dairy, eggs, and lean meats. Such a change in diet would increase LDL and blood pressure and promote weight gain. Clearly the SBD is not the best dietary approach for preventing and treating coronary heart disease. 
Dr. Agatston claims "...only about one-third to one-half of all people with high blood pressure are salt-sensitive" and claims only those who know they are salt sensitive need limit salt to 2300mg per day (p. 151). Elsewhere Agatston states, "Societies with low levels of salt intake do not have age-related increases in blood pressure and decreases in kidney function seen in the Western World." (p.78).This is true. So where are all the non-salt-sensitive hypertensives in these societies? And if only 1/3 to 1/2 of hypertensive Americans got that way because they were "salt-sensitive", how is it over 90% of Americans, Europeans and Asians are developing hypertension by their late 70s? Clearly Dr. Agatston appears unaware of the fact that excess dietary salt causes hypertension to develop in over 90% of people sooner or latter. Research has proven beyond a reasonable doubt that excess salt is primarily responsible for the world's hypertension epidemic.

For more information on hypertension and salt toxicity, see 

www.foodandhealth.com - click on CPE Courses on the left side and scroll down to the article titled, Diet, Hypertension and Salt Toxicity.
Pomegranates Cut Alzheimer’s Risk
10/6/06

Pomegranates like most plant foods contain a variety of potentially beneficial phytochemicals. Pomegranates are rich in tannins and polyphenols, which have potent antioxidant properties. A recent study in middle-aged mice prone to develop beta-amyloid plaques examined the impact of pomegranate juice concentrate or plain water on their ability to master a water maze. Beta-amyloid is a protein found in larger amounts in the brains of those with Alzheimer’s disease (AD). The results showed the mice given the pomegranate juice were able to negotiate a water maze 35% more quickly than those given plain water. When the researchers examined the brains of the two groups of animals they found those given the pomegranate juice had 50% less bet-amyloid protein in their brains the animals in the control group. This study was published in the October issue Neurobiology of Disease. According to Dr. Hartman at Loma Linda University, the lead author, “This is the first study to show beneficial effects (both behavioral and neuropatholigical) of pomegranate juice in an animal model of AD.”

Another study examined the impact of curcumin (a phytochemical in turmeric) on the ability of white blood cells (WBC) from either patients with AD or healthy volunteers to engulf beta-amyloid. These WBCs (called macrophages) play an important role in the body engulfing potentially harmful materials such as bacteria and LDL particles. This study published in the Journal of Alzheimer’s Disease last April showed that in half the patients with AD the curcumin enhanced the ability of their WBCs to engulf the beta-amyloid.  

If turmeric, pomegranates, and likely other plants contain phytochemicals that can reduce the formation of beta-amyloid and/or increase its breakdown then it is likely a diet rich in these plant foods can prevent or at least the delay the development of AD.

Bottom Line: One may not have to eat pomegranates or turmeric in order to obtain beneficial phytochemicals that may very well help reduce the build up of beta-amyloid plaques in the brain, but it couldn’t hurt. Of course, there are numerous other potentially beneficial phytochemicals found in a wide variety of other fruits, vegetables, herbs, and spices. A recent meta-analysis of 9 large cohort studies found increased consumption of fruits and vegetables was associated with a reduced risk of coronary heart disease.
 Growing scientific evidence suggests that dietary factors that promote CAD also promote AD.
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