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Which is best for treating and preventing atherosclerosis: a very-low-fat, near-vegetarian diet or a high-monounsaturated fatty acid Mediterranean-style diet?
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Introduction

Most researchers and health professionals now recognize that elevated blood lipids, particularly elevated total cholesterol (TC) and low density lipoprotein (LDL) cholesterol, play a major role in the growth of atherosclerotic plaque. Atherosclerosis sets the stage for ischemic heart disease (IHD) and for most strokes in the United States. There is also agreement that dietary cholesterol, saturated fatty acids (SFA), and trans-unsaturated fatty acids (TFA) should be reduced in order to lower TC and LDL cholesterol. However, whether SFA and TFA should be displaced in the diet primarily by increasing monounsaturated fatty acids (MUFA) or by increasing carbohydrates (CHO) is still a matter of scientific debate. This debate is likely to continue as more research is needed to address a variety of concerns about the overall impact on health of diets high in MUFA or CHO. 

The purpose of this review is to examine scientific evidence of the pros and cons of each dietary approach and to point out areas where more research is needed. A secondary purpose is to encourage researchers to design experiments so that the results have more real world application to clinical settings. In conjunction with this, it is important that nutrition researchers not over-generalize their results from short-term clinical trials and epidemiological studies and draw overly broad conclusions from short-term studies with clinically unrealistic protocols. As we shall see, this over-generalizing by researchers and the media often confuses both the public and health professionals who do not read and critically analyze the research papers themselves but instead rely too heavily on headline grabbing news reports.

Brief History of the High-MUFA Versus High-CHO Diet Debate

This debate about the best dietary approach to treat and prevent IHD and strokes can be traced back to the epidemiological research of Ancel Keys in the 1950s and 1960s. Dr. Keys found relatively low rates of IHD on the Mediterranean isle of Crete and in Japan compared to the United States and Northern European countries.
 The Cretan diet was over 30% of energy from fat at that time and most of this fat came from olive oil, which is largely monounsaturated. Spain, another country with a high intake of olive oil, also has a low prevalence of coronary artery disease (CAD).
 The Japanese diet at the time of the Keys study was only about 10% fat. In rural China today, a very-low-fat, near-vegetarian diet is consumed and serum cholesterol levels range from 90 to 170 mg/dl and CAD is relatively uncommon.
 Both the Japanese and Cretan diets of 1960 were much lower in SFA and TFA than the current US diet, even though Americans today consume much less SFA and cholesterol than they did in the 1950s and 1960s. Neither diet was high in omega 6 (n-6) polyunsaturated fatty acids (PUFA) and both had a lower ratio of (n-6) to omega 3 (n-3) PUFA than that of the US diet.

Clinical trials have demonstrated that replacing SFA and TFA with either MUFA or CHO lowered LDL cholesterol. Many years ago, both Mark Hegsted and Ancel Keys developed formulas to predict changes in serum cholesterol in response to changes in dietary fats or the amount of dietary cholesterol.
,
 Both of these formulas assumed that the effects of dietary CHO and MUFA are neutral—neither raising nor lowering serum cholesterol. Today we know there are many other dietary variables besides the kind of fat and the amount of fat and cholesterol consumed. Nevertheless, the early research of Keys and Hegsted and others that showed both MUFA and CHO have little impact on serum cholesterol still appears to be substantially correct. 

Of course, high-MUFA oils are not 100% MUFA and always have varying amounts of both SFA and PUFA with varying ratios of n-6 to n-3 FA. These oils also have varying amounts of plant sterols and other phytochemicals that can impact blood lipids, the atherosclerotic process, the risk of blood clots, cardiac arrhythmias, and heart attacks. Different CHOs (ie, sucrose, fructose, and glucose, as well as high amylopectin starch and high amylose starch) can have varying effects on blood lipids even in purified forms. In addition, high-CHO foods generally have some fat (mostly low in SFA), plant sterols, fiber, and other phytochemicals that can impact blood lipids, the atherosclerotic process, and the risk of an ischemic event. Both high-fat and high-CHO foods have varying amounts of protein, with differing ratios of amino acids, which can impact blood lipids and may influence other IHD risk factors. And finally, foods vary in energy density (ED), glycemic index (GI), satiety index (SI), organoleptic properties, and other characteristics that may affect ad libitum energy intake and body weight. Excess energy and changes in body weight or body composition affect blood lipids, insulin levels, insulin resistance (IR), blood sugar (BS) levels, and perhaps other factors that influence the progression of atherosclerosis and risk of ischemic events.

The epidemiological evidence combined with clinical trials establishes beyond a reasonable doubt that reducing SFA and TFA and replacing them with either MUFA or CHO results in lower TC and LDL cholesterol. In addition to being much lower in SFA, both the Mediterranean-style (MS) diets and the very-low-fat, near-vegetarian (VLFNV) diets with the lowest incidence of CAD were relatively low in cholesterol and had a higher ratio of n-3 to n-6 PUFA than diets of Northern Europeans and Americans whose risk of CAD was much higher. But is an MS diet high in MUFA or a VLFNV diet high in fiber preferable for treating patients with hyperlipidemia or IHD? Many patients at high risk for IHD are also overweight and have hypertension (HTN), IR, or Type 2 diabetes mellitus (Type 2 DM). Therefore, the relative impact of either a VLFNV diet or an MS diet on these important risk factors for IHD must also be considered to determine which approach is likely to be more beneficial. 

Researchers' attempts to compare the effects of high-CHO and high-MUFA diets on blood lipids, atherosclerosis, IHD, and other comorbidities are very difficult because there are so many confounding dietary variables that can impact these and other risk factors for IHD. On top of all this, genetic variation can impact how a given individual will respond to various dietary factors.
,

The failure to control (or in some cases excessively control) certain dietary variables has led to apparently conflicting results in numerous studies of the impact of high-CHO versus high-MUFA diets on blood lipids and other CAD risk factors. Nevertheless, some authors have generalized the results of their research to all high-CHO diets or all high-MUFA diets. General conclusions about the likely clinical impact of a high-CHO or high-MUFA diet on blood lipids, atherosclerosis, and the risk of IHD are difficult because foods contain a such wide variety of substances. Obviously, the extent to which a large number of dietary variables are controlled experimentally can impact the results. However, when researchers utilize experimental controls that do not reflect clinical reality, the results and conclusions of these authors may be of little clinical utility. 

Unfortunately, in some cases, the failure to appreciate how some of these variables can impact blood lipids, atherosclerosis, and IHD has led many researchers to some questionable conclusions. Recently, the American Heart Association (AHA) published a scientific advisory stating that a very-low-fat diet (VLF) containing less than 15% of energy from fat should not be recommended to the general public.
 What evidence is there that a well planned VLFNV diet with less than 15% fat is hazardous to health? Or more hazardous than the average American diet or even the type of diet currently recommended by the National Cholesterol Education Program (NCEP) and AHA? As we shall see, the scientific basis for concern about VLF diets is far from conclusive. To their credit, the AHA makes specific recommendations about the type of dietary fat for lowering blood lipids and presumably, CAD. However, they provide little specific information about the type of dietary CHO that should be consumed to prevent CAD. The type of dietary CHO can impact blood lipids and other IHD risk factors just as the type of dietary fat can. A general warning to the public about the presumed dangers of all VLF, high-CHO diets is premature at best.

What is a Low-Fat or a Very-Low Fat Diet?

In the scientific literature you can find diets with over 30% of energy from fat being described as "low-fat" and diets with over 20% fat as "very-low-fat" diets. Other researchers have referred to diets with 20-25% fat as "extremely fat restricted.” How would these researchers describe a diet with only 10% fat? To avoid confusion, particularly in the popular media, I would suggest that a diet with up to 15% fat be referred to as a VLF diet. A "low-fat diet" would have 15-25% fat and a "moderate-fat diet" would have 25-35% fat. A diet with 35-45% fat would be a "high-fat diet" and a diet with 46% fat or higher would be a "very-high-fat diet." If researchers would adopt these ranges, or even some other standardized ranges, it would reduce confusion about what a "high-fat," "moderate-fat," "low-fat," or "very-low-fat" diet really is. But defining a diet based on only one of its three major energy providing macronutrients is problematic. It seems that the overemphasis on the percentage of fat and the type of dietary fat has led the public to believe that other dietary factors are unimportant. As we have seen, research shows that many dietary factors besides fat impact blood lipids and other risk factors for cardiovascular disease (CVD).

The VLFNV diet used at the Pritikin Longevity Center or Pritikin Eating Plan (PEP) has less than 15% fat of energy from fat, 15-20% protein, and 65-75% CHO. The diet has less than 1600 mg of sodium and less than 100 mg of cholesterol daily. The polyunsaturated to saturated fat ratio (P/S) is 1.5-2.5 and no more than about 3% SFA. There is also only a negligible amount of TFA. The PEP is high in fiber (25-35g/1000 kcal). It is composed largely of minimally processed fruits, vegetables, whole grains, and beans. Two servings daily of non-fat (NF) milk or other NF dairy products are recommended. Meat, fish, and poultry are limited to 3.5 oz per day with an emphasis on seafood, very lean meats, or skinless white poultry. 

For overweight patients, starchy foods or complex CHO (CC) that have a lower ED like potatoes, yams, whole wheat pasta, brown rice, beans, corn, and hot whole grain cereals are preferred to dry cereals, crackers, bread products, and "fat-free" chips and pretzels. Most of the latter food products sold in supermarkets also have an unacceptably high salt content as well. Patients interested in weight loss are also encouraged to consume as many servings of vegetables as starchy foods in order to keep the ED of solid foods below 350 kcal/lb or about 0.75 kcal/g. Finally, patients with advanced atherosclerosis (who are in need of regression) are advised to limit their intake of animal protein foods to just 3.5-7 oz per week of fatty, cold water fish like salmon or mackerel. On vegetarian days, beans, tofu, or in thin patients small amounts of nuts and seeds replace lean meat, fish, and poultry. The diet is fed ad libitum and both "starving" and "stuffing" are discouraged.

Obviously, the diet recommended at the Pritikin Longevity Centers is very different from the VLF diets used in most studies that have compared the metabolic effects of a VLF versus a high-MUFA diet. In addition, our VLFNV diet is fed ad libitum but most people still consume less energy and lose weight. By contrast, in most published studies comparing the impact of VLF diets and high-MUFA diets, the research subjects’ energy intakes were tightly controlled and weight loss was intentionally prevented. As we shall see, the tight experimental control over energy intake makes the results of such studies less clinically relevant.

What Is a Mediterranean-Style Diet?

A Mediterranean diet is even harder to define precisely than a VLFNV diet. If it is one that mimics that of the population living on the island of Crete in the 1950s, it is certainly very different than simply adding olive oil to the typical Western diet. The Cretan diet was much higher in fruits, vegetables, legumes, whole grains, and fish than the Western diet. It had much less red meat, refined sugar, and dairy fat and was also much lower in SFA (6-7% of energy), TFA (<1% ), and cholesterol (<200 mg/d) than what Americans consumed back in the 1950s or today. The Cretan diet was also higher in n-3 FA and had a much lower ratio of n-6 to n-3 PUFA than the typical Western diet then or now. This Mediterranean diet was also much higher in antioxidant phytochemicals and fiber.

While it is true that the Cretan population did get a relatively high proportion of their fat calories from olive oil and MUFA, there is no compelling reason to believe that it was primarily the high MUFA content of their diet that helped protect them from heart disease. It seems more likely that their high levels of physical activity, coupled with aspects of their diet other than the high MUFA content, were responsible for their better health compared to that of Northern Europeans or Americans back in the 1950s.

We will take a closer look at MUFA and CHO as well as other dietary factors that could increase or decrease the risk of CVD on a high-CHO or a high-MUFA diet. As we shall see, how these various dietary factors are manipulated or controlled by researchers can alter a variety of known and suspected risk factors for CVD. 

Defining Other Key Terms

The debate about whether a VLF or high-MUFA diet should be recommended is currently most intense regarding patients with IR and Type 2 DM. Any rational discussion of this topic requires some understanding of what IR is and its likely causes. IR refers to a subnormal biological response to insulin in promoting glucose uptake by cells. In simple terms, IR refers to a reduced ability of insulin to move glucose from the bloodstream and into cells. This results initially in hyperinsulinemia, a higher than normal level of insulin for a given BS level. As IR develops, it generally has no symptoms. With a modest degree of IR, fasting blood sugar (FBS) levels may be a little higher for that individual but may still be well within the normal range. If fasting insulin level is measured in an IR subject it would be higher than normal, but this is rarely done clinically. This means as long as the BS is "normal" it is likely that IR will go undetected and often unsuspected. IR has been estimated to be present in 20-25% of "healthy" people with normal glucose tolerance.
 As a practical matter, this means practitioners rarely know for sure if they are dealing with an IR patient. However, there are clinical clues to the presence of IR.

Both aging and weight gain contribute to the development of IR. A high waist to hip ratio (WHR) is often a marker for the presence of insulin resistance syndrome (IRS). IRS has also been called "the deadly quartet," “Syndrome X," or simply "the metabolic syndrome." As IR worsens and the capacity of the beta cells of the pancreas to secrete insulin becomes compromised, FBS may rise above 110 mg/dl. At this level of glucose it is likely there is significant IR, unless insulin output is severely compromised and glucose intolerance may now be measurable with an oral glucose tolerance test (OGTT). Glucose intolerance refers to a decreased ability of the body to clear glucose from the blood and is largely the result of IR. However, glucose intolerance is generally not present when IR is first developing.

Obesity, particularly with large stores of intra-abdominal fat, and Type 2 DM are usually associated with a high degree of IR. Indeed, hyperinsulinemia and IR appear to be largely the consequence of excessive energy intake and a positive energy balance over time.
 This being the case, it seems obvious that the most important clinical goal for an overweight Type 2 DM patient is a reduced energy intake and weight loss. Exercise may also help to reduce IR and should be part of the therapeutic plan for people who are overweight or people who have Type 2 DM and are not overweight.

Debate over High-MUFA Versus High-CHO Diets for Patients with Type 2 DM

In 1988, Dr. Garg and others compared a high-CHO diet with a diet high in MUFA.
 These researchers stated that their results "suggest that the partial replacement of complex-CHO with MUFA in the diet of patients with non insulin dependent diabetes millitus (NIDDM) does not increase the level of LDL and may improve glycemic control and the levels of plasma triglycerides and HDL." 

It has been suggested that the results of Dr. Garg's study have little clinical relevance because the experimental design required subjects to consume the high-CHO and high-MUFA diets at the same calorie level. In the real world, people eat until they are satiated and high-fat diets are generally less satiating than high-CHO diets.
 In rebuttal, Dr. Garg
 stated that "contrary to their belief, fat (is) more satiating than carbohydrate" and "weight loss cannot be achieved by promoting satiety but by... will power..." As we shall see, both of these claims are debatable. 

An epidemiological study of the U.S. population showed that an increased ratio of dietary fat to CHO is associated with increased body mass index (BMI) in middle-aged men.
 The mechanism whereby an increased percent of energy from fat promotes obesity is not known. However, it is likely related to the fact that high-fat foods tend to have a higher ED than low-fat foods rather than simply the ratio of the nutrients themselves.
 In fact, even under the best of circumstances dietary fat has been shown to be no more satiating than dietary CHO.
  

Other researchers have pointed out that "because CHO foods have a lower ED than fat foods (on average) and because of their greater satiating capacity, the free intake of high CHO foods is likely to be self-limiting."
,
 Simply put, high-fat foods generally have less fiber and a higher ED than high-CHO foods. Therefore, in the real world of clinical practice, a high-fat diet is likely to be less satiating and lead to a greater calorie intake than a high-CHO diet.

As dietary fat increases, it is likely that the ED of the diet will increase and this will increase ad libitum calorie intake in most people. This research clearly calls into question the clinical relevance of studies in which the subjects were required to maintain the same body weight on both high-fat and high-CHO diets. However, it is only in studies in which the researchers require that the high-fat and high-CHO diets be consumed isocalorically and that body weight be kept constant that the adverse metabolic changes of high-CHO diets have been demonstrated. For a more extensive discussion of the role of dietary fat, CHO, and ED on ad libitum calorie intake see the related article, “Research points to a more effective strategy for long-term weight control without chronic hunger,” found at http://www.foodandhealth.com.
 

Research has shown that the single most important dietary variable that impacts satiety and ad libitum calorie intake is ED. Since fat has a much higher ED than CHO and most high-fat foods have a much higher ED than most high-CHO foods, any recommendation to increase dietary fat at the expense of CHO is likely to lead to a higher ED diet. A higher ED diet is likely to increase ad libitum calorie intake and so promote weight gain in the long run. Because excessive calorie intake and increased adiposity are major factors promoting the development of IR and eventually Type 2 DM in genetically susceptible individuals, it seems wise to question the clinical utility of diets higher in fat for patients with IR or Type 2 DM. 

Weight gain and increased BMI also tend to increase serum triglycerides (TG), lower HDL cholesterol, and increase pattern B, also known as phenotype B, which is associated with more atherogenic LDL particles.
 (Pattern B is characterized by small dense LDL particles & often lower HDL and increased fasting TG.) Paradoxically, these are exactly the same metabolic changes often reported when dietary CHO replaces MUFA isocalorically and body weight is artificially held constant. These metabolic changes seen in short-term clinical trials have led some researchers to believe a diet higher in MUFA is preferable to a high-CHO for patients with Type 2 DM who are at risk for CVD.

Is "Will Power" and a Calorie Controlled Diet the Key to Weight Control?

Dr. Garg also suggested that will power and energy restricted diets were the key to weight control. However, there is compelling evidence that the use of will power to restrict energy intake may create what psychologists have termed "restrained eaters." There is also compelling evidence that suggests restrained eaters are prone to developing serious eating disorders.
 Contrary to Garg's claim that "will power" is the key to weight loss, most research suggests that few people can adhere long-term to an energy intake significantly below what their appetite demands.
  

In some cases, the authors of studies showing adverse metabolic effects on a high-CHO versus a high-MUFA diet have admitted it was difficult to get their subjects to eat as many calories on the high-CHO as on the high-fat diet. For example, Morgan et al concluded that a "low-fat diet enriched with olive oil provides advantages over a very-low-fat diet in control of serum lipids among persons with hypercholesterolemia." However, these authors noted that on the 10% fat diet their "subjects found it difficult to eat enough food to maintain weight" and even required their subjects to consume a concentrated refined CHO drink in order to prevent weight loss.
 In a letter to the editor, I pointed out that increased adiposity was a significant component in the deterioration of blood lipids and that the addition of fat to low-fat foods has been shown to increase body weight. I also pointed out that research has proven that a VLFNV diet can reverse atherosclerosis, which is something diets higher in fat have not been shown to do
 In response, one of the authors stated that "in many ways we agree with the sentiments expressed by Kenney regarding the advantages of VLF diets."
 In fact, as we shall see, the advantage of a high-MUFA diet compared to a high-CHO diet occur primarily in short-term clinical trials in which MUFAs are replacing primarily refined CHO in an isoenergetic exchange. In my opinion, this is a very artificial and largely clinically irrelevant situation.

Population Studies Suggest a High-CHO Diet Is Best for Preventing Type 2 DM

If we look at population studies it seems clear that high-fat diets seem to promote obesity.
 By contrast, a VLFNV diet that is high in fiber coupled with a moderate activity level is likely to prevent both obesity and Type 2 DM in most people. For example, the Pima Indians living in Arizona have the highest incidence of Type 2 DM in the world. They consume a fairly typical Westernized diet with about 30-35% of energy from fat, become obese, and by age 50 y the majority have developed Type 2 DM. By contrast, the Pimas living in the Sierra Madre Mountains in Mexico still grow most of their own food and consume a high-CHO diet that consists largely of potatoes, corn, beans, squashes, peppers, and small amounts of fruit and animal products. They are more active, weigh 60-65 pounds less than their northern "cousins," and rarely develop Type 2 DM before age 50 y.
   

In contrast, there are no population studies or long-term clinical trials that show that increasing dietary fat intake is associated with a lower incidence of either obesity or Type 2 DM. A VLFNV diet is likely superior to an MS diet for the prevention of both obesity and Type 2 DM precisely because such a diet would generally have a lower ED, higher fiber content, and greater satiety index and so would reduce ad libitum calorie intake and promote weight loss without hunger. Indeed, it is diets high in fat, particularly saturated fat, and refined CHOs, particularly sugar, that are most closely associated with the development of IR, while diets high in unrefined CHOs are usually associated with improved insulin sensitivity.
 

Nevertheless, it would be inappropriate to draw too many conclusions from population and migration studies. In general, as a population becomes more affluent not only does the intake of fat and animal products increase but the source of dietary CHO also shifts from more natural foods to more refined and processed foods. There is also a reduction in activity associated with increased affluence. Clearly, part of the reason that the Mexican Pimas are protected from obesity and Type 2 DM is their greater activity level.
 So while one can conclude that a more affluent or Westernized lifestyle as a whole promotes obesity and the development of Type 2 DM in genetically predisposed individuals, it is not scientifically justifiable to put all or even most of the blame on an increasing percent of energy from fat.

Comparison of Diets High in CHO or Fat in Type 2 DM Subjects

When Type 2 DM subjects were switched from a high-fat diet (42% of energy from fat) with a low P/S (0.3) to a high complex CHO diet (21% fat) with a high P/S (1.2) and twice as much fiber, their average LDL cholesterol dropped by 23%, even though both diets had the same high cholesterol content (550 mg/d) and were fed isocalorically.
 This study also found no significant change in HDL cholesterol or blood sugar levels. Serum triglycerides (TG) changed little in most subjects but did rise significantly in 2 subjects. It appears that a minority of Type 2 DM patients may experience an increase in fasting TGs even when high-fiber, high-CHO foods are increased at the expense of dietary fat. However, if the P/S and fiber are both increased when dietary CHO replaces dietary fat isocalorically, then most Type 2 DM subjects will experience little change in their TG or HDL cholesterol levels, but their LDL cholesterol will drop markedly. By contrast, if the high-CHO and high-fat diets are fed isocalorically and the P/S remains constant, it is more likely that fasting TGs will increase and HDL cholesterol will fall.
 Nevertheless, both of these presumably adverse metabolic effects on blood lipids would likely be mitigated if the 2 diets were fed ad libitum. This is because it is likely that some weight would be lost on the high-CHO diet. 

The metabolic effects of 2 VLF, high-CHO diets (about 10% fat) were compared with a very-high fat diet (55% fat - Diet 3) and a very-high-protein diet (62% protein - Diet 4). All 4 diets were fed isocalorically to Type 2 DM men for 2 weeks each. One high-CHO diet had 45 g of fiber (Diet 1) and the other had 20 g of fiber (Diet 2). As one would expect on very high fat and protein diets, the fiber content was fairly low (14 g and 13 g for Diets 3 and 4, respectively). Also, as one would expect, the P/S was considerably higher and cholesterol content considerably lower on the two high-CHO diets than on either the high-fat or high-protein diet. This study better reflects real world eating because most natural foods that are high in fat or protein come primarily from animals. In general, the P/S is much lower in animal based foods than it is in natural high-CHO plant derived foods. Of course, dietary cholesterol is found only in foods derived from animals, while dietary fiber is derived only from plants. In this study, the researchers used real foods and did not attempt to artificially manipulate the P/S or the SFA, cholesterol, and fiber content of the four different experimental diets.

Unfortunately, these researchers did attempt to get their subjects to consume the same energy level on each of the 4 experimental diets. Comparison of a 75 g OGTT before and after 2 weeks on these 4 diets showed that glucose tolerance improved on the 2 high-CHO diets (more so on Diet 2, which was higher in fiber) and the high-protein diet but deteriorated significantly on the high-fat diet. The higher insulin response following the high-fat diet clearly showed that in just 2 weeks this diet had increased IR. By contrast, insulin sensitivity and glucose tolerance improved on both the high CHO and fiber Diet 2 and the high-protein Diet 4. This was demonstrated by a significant drop in FBS on these 2 diets compared to when the subjects consumed their usual diets. There was no significant change in insulin sensitivity or FBS on the lower fiber, high-CHO diet.
 

In this same study, the impact of the 4 diets on blood lipids is also instructive. Compared to when  the subjects consumed their usual diets, their LDL cholesterol dropped 22% in 2 weeks on the high-fiber, VLF diet but only 2% on the lower fiber, high-CHO diet despite similar reductions in both dietary cholesterol and SFA. Clearly then, the type of high-CHO foods fed has very important effects on blood lipid levels. The LDL cholesterol rose 7.3% on the high-fat diet but dropped 8.5% on the high-protein diet compared to the subject's usual Western diets. Interestingly, serum TGs did not rise on either high-CHO diet (in fact, they were 17% and 11% lower on diets 1 and 2, respectively). This is inconsistent with some other studies but may reflect the fact that the P/S was increased on the two high-CHO diets used in this study. Also, there was no refined sugar on either of the high-CHO diets. There was no significant change in HDL cholesterol on any of the 4 diets. The authors noted that "on the basis of the subjective reports concerning appetite, it is possible that had the subjects been eating ad libitum during this study, they might have lost weight on the high-fiber, high-carbohydrate Diet 1 and on the low-fat, high-protein Diet 4 and gained weight on the high-fat Diet 3. Given that weight control is one of the most important aspects of the treatment of Type II diabetes, Diets 1 and 4 would seem to have added advantages over the high-fat, low-fiber diets." 

So while this study can be faulted for requiring their subjects to eat more or less than their appetites demanded on the 4 different diets, at least they did not artificially control other dietary variables that would be expected to be different on high-CHO, high-fat, and high-protein diets. In contrast, what is the clinical or real world relevance of an experimental design in which both the high-fat and high-CHO diets have the same fiber, cholesterol, P/S, and SFA content?

Is a High-CHO Diet Dangerous for People with Syndrome X or NIDDM?

Much of the criticism and concern about high-CHO diets has been generated by researchers whose results have led them to conclude that "In NIDDM patients, high-carbohydrate diets compared with high-monounsaturated-fat diets caused a persistent deterioration of glycemic control and accentuation of hyperinsulinemia, as well as increased plasma triglycerides and very-low-density lipoprotein cholesterol levels which may be undesirable."
 Is this conclusion justified or does the experimental design of this study create an artificial situation that limits its clinical applicability?

The debate about the best dietary approach for preventing and treating IHD has become most intense for the segment of the population who exhibit IR, particularly those with Type 2 DM. An estimated 25-30% of the U.S. population has what has been variously termed the "deadly quartet," "syndrome X," and the IRS. This syndrome is generally characterized by IR, hyperinsulinemia, dyslipidemia, central adiposity, and often HTN, glucose intolerance, and/or Type 2 DM.
 This syndrome appears to be an independent risk factor for the development of IHD.
 

Do High-CHO Diets Cause Hyperinsulinemia?

Some diet book gurus have claimed that high-GI foods cause an increased insulin output and this hyperinsulinemia leads to obesity and atherosclerosis. Some dietitians have also made similar claims.
 This theory appears too simplistic. For example, Pima Indians with IR and high insulin levels were actually found to be less likely to gain weight than Pimas with less IR.
 In fact, IR appears to be largely the result of excessive energy intake, inactivity, and weight gain.
 

So IR and high insulin levels are probably due to weight gain rather than being the cause of the weight gain. Confusing correlation with causation is a failure in logic. It appears that despite the claims of diet book gurus (and some RDs), high insulin levels are far more the result of excessive energy intake rather than the cause of excessive energy intake. This is because IR at the cellular level results in an increased release of free fatty acids (FFA) and an increased rate of oxidation of body fat stores. This is probably because insulin inhibits the release of FFA from fat cells and when these cells become IR this inhibition decreases. So while high-GI, high-CHO foods do cause an increased release of insulin compared to most foods with little CHO, their association with increased body weight probably has more to do with their high ED, low fiber content, and low satiety value rather than to the higher insulin output they trigger. 

Weight gain is caused by energy intake in excess of energy output, which results in increased fat stores. IR is associated with an increased release of FFA from adipocytes and increased fat oxidation.
 Since it appears that IR reduces the body's ability to store fat, IR appears to be a physiological adaption which limits additional weight gain.
 For more information about GI, obesity, and popular fad diet books, see the article, “Do high glycemic index foods cause obesity? A look at the false claims made in Sugar Busters and The Zone diet books,” found at http://www.foodandhealth.com/continuingeducation.htm.

Does Hyperinsulinemia Cause CVD?

A recent study found that only the ratio of insulin area to glucose area predicted atherosclerotic progression and restenosis.
 It was only when the insulin output was proportionately much greater than the rise in blood sugar that atherosclerosis was promoted. This enhanced secretion of insulin occurs in Syndrome X and Type 2 DM because of IR. This study found that IR is a risk factor for IHD, but did not find that higher insulin levels without IR was not associated with an increased risk of IHD. It has been shown that high-fat meals usually cause a greater rise in blood insulin levels relative to the rise in BS compared to high-CHO meals.
 

It has also been demonstrated that insulin sensitivity in women was reduced on a high-fat diet (50% of energy from fat) but insulin sensitivity improved when they were fed a low-fat (20% fat), high-CHO diet.
 It is important to note that the adverse changes in insulin sensitivity in this study occurred even though the high-fat and high-CHO diets were fed isocalorically. This suggests that high-fat diets may be more atherogenic than VLF diets, because the high fat diets tend to increase IR. So high-CHO diets, compared to high-fat diets, may have a modest tendency to increase insulin sensitivity. This is particularly true if the high-CHO diet is high in fiber and has a low GI.
 For example, the consumption of a low-GI, high-fiber breakfast cereal was shown to improve glucose tolerance at the very next meal compared to a high-GI breakfast composed largely of white bread.
 

In the long run, high-fat diets are more likely to promote excessive calorie intake and weight gain compared to high-CHO diets. Increased body fat stores are often associated with greater IR and an increased risk of CVD. The main reason for this is that high-CHO foods generally have a lower ED than high-fat foods. Increasing the ED of the diet generally leads to a greater ad libitum calorie intake and weight gain.
 Weight gain is known to increase IR, insulin levels, and BP and to promote dyslipidemia, all of which are associated with Syndrome X and an increased risk of CAD.
 And weight loss increases insulin sensitivity, lowers serum TG, raises HDL cholesterol, and lowers BP.
 It is much easier to plan a low ED, high-fiber, high-CHO diet than it is to plan a low ED, high-fat diet. This is because refined fats and oils are the most ED foods possible and most food items in the supermarket with a high percentage of fat will also have a high to very high ED and usually a low fiber content as well.

Research clearly shows that the type of CHO as well as the type of fat in the diet can impact blood lipids even when the different diets are fed isocalorically. However, the clinical benefits of the high-fiber, high-CHO diet with an increased P/S would likely be superior to that of a high-MUFA diet if the subjects consumed both diets ad libitum.
 This is partly because minimally processed high-CHO foods tend to have higher satiety value than most high-fat foods.
 

However, if the high-CHO diet is high in sugar or refined CHO and has a similar P/S, cholesterol content, and fiber content as the high-MUFA diet and both diets are consumed isocalorically, it is likely that fasting TG will be higher and HDL cholesterol lower on the high-CHO diet than on the higher fat diet. Under these circumstances, 24-hour insulin levels may also be higher in healthy subjects, as well as in Type 2 DM subjects, and postprandial BS will be higher on the high-CHO diet than the isocalorically fed high-MUFA diet. Clearly then, it is important to not only recommend that Type 2 DM patients at risk for CVD avoid foods high in cholesterol, SFA, and TFA, but also foods high in sugar and other high-CHO foods that are highly refined and/or processed. Such foods typically have a high ED and low satiety value.

So What Is The Best Diet For Type 2 DM Patient?

In many ways, what to do with the individual Type 2 DM patient is easier than trying to determine what is best for all Type 2 DM patients. With an individual patient, the body weight, blood lipids, and BS can all be monitored so there is little doubt about the clinical impact of a specific dietary strategy. For example, let's say the patient is a recently diagnosed mild Type 2 DM patient. If this patient is overweight or obese with a family history of IHD (fairly typical), then perhaps the most important therapeutic goals are to reduce excess body fat to reduce IR and improve BS control. An important secondary goal would be to improve blood lipids to reduce the risk of atherosclerotic disease. Because research suggests that a low-fat, low-ED, and high-fiber diet coupled with regular exercise is most likely to achieve all of these therapeutic goals, this would seem the best dietary and lifestyle strategy to recommend for a typical overweight Type 2 DM patient who still has good insulin production but also has a high degree of IR. There is also little doubt that highly refined and concentrated sources of dietary CHO may not promote weight loss in many Type 2 DM patients. In addition, a diet high in refined CHO can have apparently adverse effects on blood lipids in an overweight Type 2 DM patient, particularly when such a diet it is not accompanied by exercise and resulting weight loss. 

Of course, in any patient with a high TC and LDL cholesterol, foods high in SFA, TFA, and cholesterol should also be minimized. However, it is also important to minimize the use of refined vegetable oils (including those high in MUFA), because the addition of refined fats and oils to low-fat foods has been shown to increase ad libitum energy intake and promote weight gain.
 And finally, it also makes sense to minimize the addition of nuts and seeds and most other high-fat foods in a weight loss diet because of their high ED. By default then, the best diet for the typical overweight Type 2 DM patient, particularly one with a high LDL cholesterol, is likely to be VLFNV diet. 

A VLFNV diet is most likely to be efficacious in Type 2 DM patients when it also promotes weight loss. When weight is lost, it is quite likely that blood lipids and the risk of CVD will be markedly reduced. If weight is lost, then FBS and postprandial BS levels should also improve and IR will decrease. This diet would be similar to the DASH. diet, so it should also be beneficial if BP is elevated.

Salt should also be restricted, even if BP is not elevated. This is because a high intake of salt coupled with a low intake of potassium, calcium, and magnesium in the diet triggers the release of an endogenous digitalis-like substance (EDLS), which inhibits the sodium/potassium pump and creates an electrolyte imbalance inside the cell. Specifically, there is a decrease in intracellular potassium and an increase in intracellular sodium and calcium. This electrolyte imbalance appears to impair insulin sensitivity, and could be the primary metabolic defect in the development of essential HTN and also an important factor in the development of IR.
,
 

It should be noted that most highly refined and processed high-CHO foods in the supermarkets have a higher salt content (eg, most breads, dry cereals, crackers, and pretzels) than most high-fat foods. Refined oils like olive and canola have no salt at all. What role (if any) an electrolyte imbalance might be playing in the adverse metabolic effects noted when high-CHO diets are compared with high-MUFA diets is unknown. Indeed, researchers doing studies comparing the impact of high-CHO versus high-MUFA diets rarely measured or even estimated intakes of salt, vitamins, phytochemicals, and minerals in their experimental diets. This is an area that deserves some attention from researchers in the future.

So a VLFNV diet with a reduced salt intake, plenty of fiber, potassium, calcium, and magnesium with a low ED appears most likely to improve blood lipids, reduce BP, promote weight loss, and reduce IR. Indeed, just such diets have been utilized for many years at the Pritikin Longevity Center and has been shown to both dramatically improve blood lipids, BP, and reduce the need for oral medications to control BS in most Type 2 DM subjects.
,
 

Of course, what is ideal scientifically is not always attainable clinically. Unfortunately, many patients will not comply with this dietary advice and/or an exercise prescription. However, health professionals have a duty to fully inform their patients about all therapeutic options and what the likely clinical outcome would be with full compliance. To assume a patient will not comply and so deny them accurate information about a safe and very effective (albeit difficult to comply with) therapeutic option is unethical. 

If a patient does not lose weight when a VLF diet is prescribed then it is likely that they are choosing mainly high-CHO foods that are high in sugar and/or refined flour. Such foods generally have a high ED, high GI, and a low satiety value. Such a high-CHO diet may promote some potentially adverse changes in blood lipids such as an increased fasting TG level and a large drop in the HDL cholesterol level. While the clinical relevance of such metabolic changes on a VLF diet may be debatable, they do not appear to be desirable. This is particularly the case if the percentage drop in LDL cholesterol is not at least as great as the drop in HDL cholesterol and if fasting TG levels also increase significantly. Under these circumstances, it may be worthwhile to focus the patient more closely on low-GI, high-fiber, high-satiety, high-CHO foods. If this fails, then increasing dietary protein in the form of NF dairy products or adding a moderate amount of fatty, cold water fish to the diet may be beneficial, particularly if TGs are elevated. If this also fails to improve blood lipids and BS and no weight is being lost, then the use of modest amounts of nuts, seeds, avocados, and small amounts of canola or olive oil (or other high-MUFA oil) primarily in stir fries and salad dressing may also be tried. Provided these dietary additions result in a much greater vegetable intake and do not result in weight gain, the Type 2 DM patient may be better off. However, without increasing vegetable intake on a higher fat diet, weight gain is likely, particularly with the addition of refined vegetable oils.

When Is a High-MUFA Fat Diet Clinically Justified for Type 2 DM Patients?

What about the thin or older Type 2 DM patient whose insulin output has fallen and whose glycosylated hemoglobin (Hb A1c) is high enough so exogenous insulin may now be required? In such a patient a VLFNV diet may not work as well, in part because an already thin patient may lose even more weight. Also, in such a patient, the ability to metabolize dietary CHO is compromised because of limited insulin secretion. When insulin secretion is severely compromised, the higher intake of CHO to prevent weight loss will likely result in higher postprandial BS levels. Such a Type 2 DM patient may do better clinically on a higher-fat MS diet with more nuts, seeds, avocados, legumes, and fatty fish and more generous amounts of high-MUFA oils. This would be preferable to having them eat a lot of refined, high-ED, high-GI, low satiety, high-CHO foods in order to prevent weight loss. 

So the best case for an MS diet for patients with Type 2 DM can be made for a thin or normal weight subject who does not wish to lose weight. Often these are older patients with more severe beta cell dysfunction whose endogenous insulin production is now greatly diminished. While such patients may still have significant IR, their reduced capacity to produce insulin can result in higher blood sugar levels when dietary CHO is increased. This is particularly true if the high-CHO foods are high in sugar or refined CHO and large but infrequent meals are consumed. In addition, as has been amply demonstrated, a high-ED and high-GI diet may result in potentially adverse effects in blood lipids in Type 2 DM patients who consume as much energy on a refined high-CHO diet as one higher in MUFA.
 Since weight loss is not an option in these patients, one of the main advantages of a VLFNV diet compared to a diet higher in MUFA has become clinically irrelevant. 

At the Pritikin Center, most Type 2 DM patients experience improved glycemic control on a VLFNV diet and exercise program. However, it is often the thinner Type 2 DM patients with more severe and long standing diabetes (who usually also have poor beta-cell function) who are the least likely to see either improved blood sugar control or a reduction in the need for medication (oral agents and insulin).
 They also may lose body weight even though this may not be clinically desirable. 

Just because a VLFNV diet may not always be ideal for treating patients with more severe diabetic patients who are not overweight, it would be inappropriate to conclude that such a diet, if instituted earlier in the course of the disease, could not have slowed its progression. If instituted earlier in life a VLFNV diet could have prevented or greatly delayed the onset Type 2 DM. It has long been known that a very high-CHO diet improves glucose tolerance in healthy individuals.
,
 

In early or mild Type 2 DM, the isocaloric substitution of refined, high-GI, high-CHO foods for MUFA tends to raise fasting TG and lower HDL cholesterol, but does not adversely affect glycemic control even if dietary fiber is not increased on the high-CHO diet.
 However, if beta-cell failure leads to a marked drop in the capacity to produce insulin then such a highly refined and processed high-CHO diet may make BS control more difficult than would be the case on a more MS diet.

In some ways this is analogous to renal failure, which is common in patients with long standing Type 2 DM and/or HTN. In a patient with advanced renal disease, a VLFNV diet that is very low in sodium and high in potassium may result in hyperkalemia and sodium depletion due to the lack of healthy kidney function or medication. However, such a diet may have been ideal for prevention or early treatment of HTN.
 So a diet high in potassium and very low in sodium is likely to either prevent HTN or successfully treat mild to moderate HTN.  However, this same diet may be less efficacious or even contraindicated in the patient with long standing HTN who has lost most of their kidney function. Likewise, a VLFNV diet may be ideal for preventing or treating Type 2 DM because it promotes weight loss and reduces IR, but may not be best for a Type 2 DM patient who has lost much of his/her beta-cell function, particularly if the patient is now below normal weight.

The bottom line is that the diet for a given Type 2 DM patient should be individualized and any blanket recommendation for either a high-MUFA diet or a VLF diet for all Type 2 DM patients is not justified by current research. Nevertheless, most early Type 2 DM patients who are overweight and dyslipidemic are likely to improve with a high-fiber, VLFNV diet, particularly if it is coupled with increased daily exercise. This therapeutic approach is most likely to be beneficial for an overweight or obese patient recently diagnosed with early or mild Type 2 DM. This patient usually has IR but still can secrete a lot of insulin. The best chance of controlling BS and blood lipids and reducing the risk of CVD is probably a VLFNV diet, because such a diet, coupled with an exercise program is most likely to promote weight loss without hunger as well as improve blood lipids and other CVD risk factors. Paradoxically, as the Type 2 DM progresses and beta-cell function deteriorates, the potential benefits of a VLFNV diet appear to diminish. Indeed, such a diet may even be inappropriate for a normal weight or particularly a thin Type 2 DM patient who has lost most of their beta-cell function. Such a patient may do better with a more MS diet.

The mortality rate associated with increasing serum cholesterol increases exponentially in both diabetics and nondiabetics. However, diabetics have a 3-5 fold increased risk of CAD at every cholesterol level compared to nondiabetics.
 While diabetics are at higher risk for CVD than nondiabetics, they are often excluded from studies on CVD. This obviously makes it more difficult to know what impact changes in diet composition and blood lipids will have on the progression or regression of atherosclerosis in diabetic patients who alter their diets. Nevertheless, it is generally assumed that the impact of changes in blood lipids on the atherosclerotic process is similar in both diabetics and normal subjects. We will now examine the evidence of how a MUFA-enriched diet and a VLF diet impact blood lipids and the risk of CVD in nondiabetic people.

Is an MS or VLFNV Diet Preferable for Treating and Preventing IHD?

In recent years, there has been a growing interest among nutrition researchers about the health benefits of a MS diet. Many now believe that a MS diet high in MUFA may be preferable to an LF or VLF diet for the treatment and prevention of IHD. In some ways this enthusiasm is similar to that for diets high in PUFA back in the 1960s and early 1970s. Some of you may recall advertisements for vegetable oils that touted their high PUFA content. According to the Keys and Hegsted formulas, a diet with a high ratio of PUFA to SFA (P/S) would likely be most effective for lowering TC and presumably also best for reducing the risk of IHD.

A large clinical trial conducted at 3 VA hospitals found that an experimental diet with about a 50% reduction in dietary cholesterol and replacement of butterfat with several high-PUFA oils did significantly reduce both serum cholesterol and morbidity and mortality from heart attacks and strokes. Unfortunately, it did not also reduce overall mortality.
 The experimental diet in this study contained about 15% of energy as PUFA (mostly n-6). Because of concern that this high intake of PUFA may have contributed to increased deaths from cancer in the experimental group,
 the AHA later advocated that PUFA not be increased above 10% of total energy. There was also concern that high-PUFA diets promote gallstone formation
 and lower HDL cholesterol.

After the enthusiasm for high-PUFA diets waned, the AHA started advocating a moderately low-fat and higher-CHO diet for the treatment and prevention of dyslipidemia and IHD. But the enthusiasm for high-CHO diets has been waning of late, largely because of concerns that high-CHO diets lower HDL cholesterol, raise TGs, and increase the concentration of small dense LDL particles. All these changes in blood lipids are believed to be more atherogenic. There is near consensus that dietary cholesterol, SFA, and TFA should be reduced to lower the risk of IHD. There is also concern that increasing dietary protein may increase the risk of osteoporosis, degrade kidney function, and promote some types of cancer. If increasing CHO causes dyslipidemia, this leaves only MUFA as an acceptable replacement for SFA and TFA. But does a  high-CHO diet necessarily cause adverse changes in blood lipids and more importantly, do these changes in blood lipids really promote atherosclerosis and increase the risk of IHD compared to diets higher in MUFA?

Research Shows That Not All High-CHO Diets Are The Same

While researchers realize that the type of dietary fat has important metabolic effects on blood lipids and the risk of IHD, they often draw general conclusions about all high-CHO diets from studies which used poorly described or sometimes not even specified types of CHO. If the dietary CHO is specified it is generally largely refined starches and sugars. Most of the high-CHO foods on these diets also have a high ED. As we have seen, high-CHO foods vary in many ways that can impact blood lipids, insulin levels, and satiety. In addition, natural high-CHO foods contain fiber and other phytochemicals that can impact both blood lipids and the atherosclerotic process. Let's take a closer look at some of the studies that have led many researchers to the belief that high-CHO diets cause adverse changes in blood lipids and promote atherosclerosis and see whether or not such a conclusion is justified. 

The authors of one study that showed a benefit of moderate fat and cholesterol restriction on blood lipids in hypercholesterolemic (HC) and combined hyperlipidemic (CHL) subjects also claimed that "more extreme restriction of fat offers little further advantage in HC and CHL subjects and potentially undesirable effects in HC subjects.”
 The study was designed to compare 4 diets with 30%, 26%, 22%, and 18% of energy from fat. However, in the HC groups, what they actually achieved was 27%, 26%, 25%, and 22% fat on diets 1, 2, 3, and 4, respectively. If we ignore group 2 (which lost the most weight and was the only group that had a higher P/S), the drop in TC for groups 1,3, and 4 were 3.3%, 6.5%, and 8.3%, respectively, and LDL cholesterol decreased by 5.3%, 8.4%, and 13.0%, respectively. In contrast, fasting levels of TG increased by 9.5%, 21.7%, and 38.7% on the three diets. HDL cholesterol increased less than 1% on diet 1 and fell by 3.1% and 4.4% on diets 3 and 4, respectively. However, the TC/HDL cholesterol ratio improved slightly in all three groups (compared to a more typical American diet) by 4.3%, 4.4%, and 4.7%, respectively. This study did show that reducing the percentage of fat calories led to higher fasting TG levels when there were no differences in body weight. However, the drop in TC and LDL cholesterol was greater on the two slightly lower-fat diets compared to the highest-fat experimental diet. Also, the change in TC/HDL ratio was essentially the same on all 3 experimental diets. What impact these diet-induced changes in blood lipids would have on the risk of CVD is not known. Therefore, Dr. Knoop's claim that more fat-restricted diets have potentially adverse effects is questionable. He could just as easily have concluded that the greater drop in TC and LDL cholesterol with greater fat restriction may be potentially favorable for reducing CAD.

In this same study, a rise in TGs was not always seen with decreasing dietary fat percentage. In the 3 CHL groups, the TGs increased 23.9% on the highest fat diet (28% fat) but only 8.1% on the lowest fat diet (25% fat), and actually decreased 1.1% on the 26% fat diet compared to these subjects' usual diets. And the TC/HDL improved by only 3.8% on the 28% fat diet but by 6.2% and 7.4% on the 26% and 25% fat diets, respectively. TC dropped 4-5% on all three diets in the 3 CHL groups even though the P/S was somewhat higher on the highest-fat experimental diet compared to the two lower-fat diets (1.12 versus 1.00 and 1.00, respectively). 

Despite the modest and inconsistent changes in blood lipids in this study, the authors concluded that "more extreme restrictions of fat intake offer little further advantage in HC or CHL subjects and potentially undesirable effects in HC subjects." This study showed that greater reductions in dietary fat and cholesterol lead to greater reductions in TC and LDL with no change in the P/S. This study was widely portrayed in many media reports as demonstrating that more extreme reductions in dietary fat were clearly not beneficial for patients with high cholesterol levels but quite likely harmful. Actually, what this study showed was that there is a tendency for fasting TG to increase modestly with increased dietary CHO provided little or no weight is lost and the P/S does not change as dietary CHO is increased at the expense of fat. However, this study does call into question even that assumption for those individuals who initially have higher than normal TG (patients with CHL). 

Do High Serum Triglyceride Levels Increase CAD Risk?

VLF and high-CHO diets are often criticized because many studies have shown that they raise fasting serum TG levels. Some epidemiological studies of people consuming high-fat Western-type diets have found increasing CAD risk with higher fasting TG levels. But do higher fasting TG levels necessarily mean that atherosclerosis is progressing more rapidly and increasing the risk of IHD?

The relationship between serum TG level and CAD has been a matter of scientific debate and controversy for many years.
 Most studies have shown a correlation between fasting TG levels and the risk of CAD but in most cases this correlation has either disappeared or become much weaker when multivariant statistical analysis has controlled for HDL cholesterol levels. Low HDL cholesterol levels often accompany higher TG levels and many dietary manipulations that raise TGs also tend to lower HDL cholesterol. This makes it difficult to separate their independent impact on the atherosclerotic process and the risk of IHD. Whether isolated high TG increases the risk of CAD in the absence of high LDL cholesterol and low HDL cholesterol is questionable but when HDL cholesterol is low and TG is high the risk of CAD for a given LDL cholesterol level is generally much higher, especially in older women.
  

Of course, elevated TGs are often the result of genetic defects in the synthesis or metabolism of TG lipoprotein particles. In addition, such genetic predispositions to run higher TG levels can be aggravated by inactivity, excessive calorie intake, and weight gain. There are many genetic and environmental factors that influence the amount and composition of various lipoprotein particles in the blood.
 

One difficulty in assessing the risk of serum TG levels is the daily variability and heterogeneity of TG-rich particles found in the blood. After a high-fat meal, a large proportion of the serum TG may be found in chylomicron particles but after a 10-14 hour fast, the vast majority of serum TG is being transported in the VLDL particles. Even if elevated fasting TG levels are not a risk factor for CAD, they are often a marker for metabolic conditions that are associated with an increased risk of atherosclerosis. These metabolic conditions include an increased postprandial lipemia, IR, lower HDL cholesterol, more small dense LDL particles, increased susceptibility of LDL cholesterol to oxidative damage, poorly controlled diabetes, and central adiposity.
 However, a mechanism by which higher fasting TG levels promote atherosclerosis remains uncertain. Epidemiological studies that have linked higher TG levels with an increased risk of IHD have done so in populations where nearly everyone was consuming a high-fat, Western-style diet. However, there are no studies that show that changes in fasting TG levels in response to increasing dietary CHO alters the atherosclerotic process or the relative risk of CVD in humans.

Do Increased Postprandial TG Levels Promote Atherosclerosis?

It was suggested many years ago that higher levels of TG after meals are associated with more atherogenic chylomicron remnant particles.
 Subsequently, it was demonstrated that postprandial hyperlipemia may be particularly atherogenic.
 However, simple clinical tests have not been available to directly measure these potentially atherogenic remnant particles. Recently, an immunochemical test has become available to detect and measure these particles. Using this test, researchers have established that higher levels of these remnant particles do predict future coronary events in patients with CAD, independently of other established CAD risk factors.
 Increased abdominal fat, IR, and higher levels of fasting TG all are associated with a greater elevation of serum TG after a meal. This results in a greater area under the curve (AUC) for postprandial lipemia.
  

So it appears that the rise in TG after a meal is somewhat analogous to the rise in BS after a meal, except the rise in TG is slower than that of BS and lasts considerably longer. A higher fasting BS predicts that postprandial BS will usually rise higher and stay elevated longer (so the AUC is greater). Likewise, a higher fasting TG level predicts a greater rise in postprandial TG level with a greater TG AUC. In general, obesity and IR are associated with both higher fasting BS and TG levels. In addition, IR, obesity, and higher fasting and postprandial BS and TG levels appear play some role in promoting atherosclerosis. Higher TG and BS levels seem to increase the risk of IHD more in postmenopausal women than in men or younger women.

Older women who are overweight and have IR with high fasting TG levels are often at a much higher risk for IHD. Jeppesen et al examined the effects of a high-CHO (25% of energy from fat) versus a high-fat (45% fat) diet on these risk factors in postmenopausal women. They found that on the high-CHO diet, the women had lower HDL cholesterol and higher TG and insulin levels and concluded that "all of these changes would increase the risk of ischemic heart disease in post-menopausal women..." This led the authors to question the wisdom of recommending that postmenopausal women consume low-fat, high-carbohydrate diets.
  

In a letter to the editor about the Jeppesen article, I pointed out that their results may be of limited clinical utility because the two diets were fed isocalorically rather than ad libitum.. I argued that most research shows that when consumed ad libitum, higher fat diets generally promote increased energy intake and weight gain compared to lower fat diets.
 Apparently this point escaped one of the authors, namely Gerald Reaven, who replied "In an effort to make our results meaningful, we maintained energy intake and output constant throughout the study"
 If diets higher in fat usually promote increased calorie intake and weight gain (which most research shows), then how meaningful are the results of such short-term studies in which the research subjects are required by the experimental protocol to consume the same number of calories and/or maintain the same weight on both the high-fat and high-CHO diets? Apparently Dr. Reaven missed the point of my criticism of his study.

The addition of fat to a high-CHO meal greatly increases postprandial lipemia. It has long been known that TG levels can increase markedly after a meal and stay elevated for many hours, particularly if the meal is high in fat.
 Indeed, this is one of the main reason doctors have patients fast for 10-14 hours before measuring their blood lipids. In the fasting state, nearly all the serum TG is in VLDL particles in a ratio of about 5/1 with cholesterol. It is easy to measure TC and fairly easy to measure HDL cholesterol following precipitation with a metal ion (usually Mn). TG is also easily measured but it is hard to separately measure VLDL cholesterol and LDL cholesterol. However, in the fasting state the VLDL cholesterol levels is usually about 1/5 of the TG levels. So the LDL cholesterol can be estimated by subtracting the HDL cholesterol plus VLDL cholesterol from the TC level. Because these are the values that most clinicians work with, most researchers have tried to predict the risk of CAD from these fasting blood lipid levels. However, there is now growing evidence that important changes in serum lipoproteins occur postprandially and that these changes in blood lipids play an important role in the growth of atherosclerotic plaques.
 It has been shown that the addition of 0, 15, 30, 40, and 50 g of fat (as sunflower oil) to a high-CHO meal resulted in a stepwise elevation in serum TG levels and induced marked changes in serum lipoproteins during the postprandial state.
 The 5 test meals used in this study had less than 5%, 18.6%, 31.4%, 37.9%, and 43.3% of energy from fat respectively. The change in serum TG levels following these 5 meals is shown in Figure 1.

As Figure 1 below shows, the rise in serum TG levels after a meal increases in response to the addition of greater amounts of dietary fat to that meal. It should be noted that the subjects in this study were of normal body weight (BMI, 20.1-24.2) and had a fasting TG level of 118 mg/dl and serum TC of 185 mg/dl. This is important because the rise in postprandial lipemia tends to be greater in older people and overweight individuals and those with higher fasting TG levels. Even so, this study observed marked alterations in postprandial blood lipids in young, normolipidemic, and normal weight subjects when the diet contained at least 30% of energy from fat. At 18.6% fat there were some significant changes in postprandial blood lipids compared with the nearly fat-free test meal, despite the fact that these subjects were all shown to clear chylomicrons and VLDL-TG normally. One can imagine that individuals with genetic impairment of TG clearance would experience even greater elevations and alterations of postprandial lipoproteins. Even people without genetically abnormal metabolism of blood lipids may experience delayed clearance of chylomicrons as they grow older or gain weight. 
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FIGURE 1.  Effect of adding fat to a high-CHO meal on postprandial TG levels.

We have seen that the addition of fat to low-fat foods results in a marked increase in ad libitum energy intake even when the palatability of the low-fat and high-fat foods is no different. This lack of satiety from refined fats and oils is due largely to the marked increase in the ED of the diet that results from their addition to low-fat foods.
 Longer term, the weight gain that results when more fat is added to the diet would also tend to increase postprandial lipemia. Clearly, more research is needed to elucidate what role postprandial lipemia plays in promoting atherosclerosis. However, those who advocate a diet with more than 15-20% of energy from fat should be aware that they may be exposing their patients to what increasingly appears to be a factor in promoting atherosclerosis, namely increased postprandial lipemia. It should also be clear from Figure 1 that it takes at least 5-6 hours after a single high-fat meal for postprandial TG to return to normal levels. This means that while physicians typically only evaluate fasting blood lipids, their patients are spending most of their lives in the postprandial state. The impact of adding fat to the diet in the real world, where food intake is usually ad libitum, is likely to be an increased calorie intake and a greater rise in postprandial TG levels.

What if the High-CHO and Moderate-Fat, High-CHO Diets Are Fed Ad Libitum?

A crossover design study that compared the effects of a either VLF high-CHO diet or another diet higher in fat on blood lipids. This study may help put the Jeppesen article (discussed in the previous section) in better perspective. In this study, a VLF (15% of energy from fat), high-CHO diet was compared to a 30% fat diet. However, in this study the VLF diet was either fed ad libitum or isocalorically with the moderate-fat diet.
  

When a VLF diet was fed isocalorically with a moderate-fat diet, the fasting TGs were much higher (188 versus 115 mg/dl, respectively) and the postprandial AUC for TG was also much higher (see Figure 2 below). In addition, the HDL cholesterol was lower (42 versus 35 mg/dl) and the LDL cholesterol somewhat higher (134 versus 128 mg/dl) on the VLF diet compared to the moderate fat diet. However, when the VLF, high-CHO diet was fed ad libitum, the LDL cholesterol was lower (119 versus 128 mg/dl) than on the 30% fat diet. Remarkably this lower LDL cholesterol occurred despite the much higher PUFA content (11.2% versus 2.5% ) and P/S (1.6 vs. 0.5) on the 30% fat diet compared to the VLF diet. The cholesterol content of the two diets was also similar. And while the fasting TG level was still a little higher (130 vs. 115 mg/dl) on the VLF diet compared to the moderate fat diet, the postprandial TG AUC was now considerably lower on the VLF diet compared to the 30% fat diet (see Figure 2 below).
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FIGURE 2. Effect of an AHA-style diet and a VLF diet (fed either ad libitum or isocalorically with the AHA-style diet) on serum TG levels.

Weight loss can usually be expected because of the decrease in ad libitum calorie intake that often occurs when people reduce dietary fat intake. Assuming that switching to a VLF diet would result in a significant decrease in intra-abdominal fat in the long-run, the benefits of reducing dietary fat on postprandial TG levels would predictably be much greater than seen in this short-term study. 

It is important to note that postprandial serum TG levels rise much more on a high-fat diet than on diets much higher in CHO. A high-fat load of olive oil was shown to increase plasma levels of chylomicron remnants more than fats high in either n-6 PUFA (as seen in Figure 1 above with sunflower oil) or even SFA.
 As we have seen, increased postprandial lipemia is associated with an increase in more potentially atherogenic remnant lipoprotein particles. As Figure 2 above clearly shows, even when TG levels are somewhat higher in the fasting state, they may still be much lower during most of the day, because subjects will be in the postprandial state for most of their waking hours. Because people spend most of their lifetime in a postprandial state, it may be inappropriate to generalize the findings about higher fasting TG levels promoting IHD to VLF diets, because the postprandial rise in TG levels is much less on such diets than it is on higher fat diets. More research is needed in this area, but equating the risk associated with higher fasting TG levels in people consuming high-fat diets with that of higher fasting TG levels in people consuming VLF seems inappropriate.

Do High-CHO Diets Always Lower HDL Cholesterol?

Another concern about advocating a VLFNV diet, rather than a more MS diet, is that VLF diets tend to lower HDL cholesterol. Low HDL cholesterol is a well established risk factor for IHD. However, as with higher TG levels, the connection between lower HDL cholesterol and an increased risk of IHD is seen primarily in epidemiological studies of populations that are consuming a high-fat Westernized diet. There are no studies showing that a drop in HDL caused by an increase in dietary CHO at the expense of fat promotes atherosclerosis and CAD. Nevertheless, there is some reason to be concerned about a drop in HDL cholesterol, particularly if such a drop is greater (by percentage) than the drop in TC and LDL cholesterol so that the TC/HDL or LDL/HDL are significantly increased.

When dietary CHO replaces dietary fat there is usually a drop in HDL cholesterol unless weight is lost on the high-CHO diet.
 However, in the vast majority of studies that compared diets high in CHO with those higher in fat, weight loss was not permitted by experimental protocol. For example, one study found that both HDL cholesterol and LDL cholesterol dropped  20% and TGs increased 16% in a group of men with "desirable" or moderately elevated serum cholesterol levels after 10 weeks on an isocaloric low-fat diet with a high fiber content.
 While the LDL/HDL did not increase, it did not improve, either.

Another example of this type of study is a 6 week intervention study in Finland. This study found a significant decrease in TC (263 to 201 mg/dl) and LDL cholesterol (185 to 137 mg/dl) but HDL cholesterol also dropped (54 to 44 mg/dl). However, in this study there was a insignificant drop in fasting TGs (124 to 96 mg/dl). A group of middle-aged men were switched from a high-fat to a low-fat diet (39 to 24% of energy from fat), and they were encouraged to keep their weight constant.
 The large drop in both SFA and MUFA and the increased PUFA intake and increased P/S (0.15 to 1.2) may have mitigated the impact of increasing dietary CHO on fasting TG levels but could have exaggerated the impact on lowering HDL cholesterol. Even so, the drop in HDL cholesterol was less than the drop in TC and LDL cholesterol, so the LDL/HDL improved modestly from 3.4 to 3.1. 

Of course, no one doubts that replacing SFA and cholesterol-rich foods with high-CHO foods will dramatically lower TC and LDL cholesterol. However, when most people are switched from a high-fat to a high-CHO diet and little or no weight is lost, it is likely that either HDL cholesterol will fall or TGs will increase. If the P/S is increased it is perhaps less likely that TGs will rise but perhaps more likely that HDL cholesterol will drop. 

If a high-CHO diet also has a higher P/S than a high-MUFA diet, which is likely if real foods are used, it is also likely that the LDL cholesterol will fall more on the high-CHO diet than on the high-MUFA diet. If the high-CHO diet also emphasizes low-GI foods, it has been shown that the fall in HDL cholesterol is less.
 Of course, if both the P/S and dietary fiber are increased, the switch to a high-CHO diet will usually be associated with a much greater fall in LDL cholesterol than if these variables are held constant. Under these circumstances, the percentage drop in HDL cholesterol will usually be no greater than percentage drop in TC or LDL cholesterol. It should be noted that if the TC/HDL is the same, then the lower the TC, the lower the risk of CAD will be.

Both increased TG and decreased HDL cholesterol are often observed when dietary CHO replaces MUFA. But these changes are usually most pronounced in short-term studies in which both diets were fed isocalorically or energy intake was manipulated by the researchers to maintain a constant body weight. Since a high-CHO diet using real foods would normally have a lower ED and higher fiber content than a diet high in MUFA, it would be more difficult long-term to maintain equal body weights with both a high-MUFA and a high-CHO diet. It is, therefore, far more important clinically to know what the likely impact of increasing high-CHO foods while reducing high-fat foods would be on people eating ad libitum. This is because most research suggests that long-term control of body weight with a prescribed energy intake that differs significantly from what the patient's appetite demands is rarely successful.

What is the Impact of High-CHO Diets on HDL Cholesterol When Fed Ad Libitum?

When a group of Native Hawaiians with multiple IHD risk factors were switched to a VLF diet (7% of energy from fat) for 3 weeks, their HDL cholesterol dropped only 7%, but their fasting TG levels actually fell by 42%. However, in this study the VLF diet was fed ad libitum and the subjects lost an average of 6.5% of their initial body weight in just 3 weeks.
 The reason for the large amount of weight lost in this study was the low ED of the Native Hawaiian diet (377 kcal/lb) and a very high initial body weight (mean = 264 pounds). On this VLF diet, the TC dropped by 14% and the TC/HDL improved. 

HDL cholesterol often falls in the first few weeks when patients are switched to a VLF from a typical high-fat Westernized diet. After the active weight loss phase, when weight has stabilized at a lower level, HDL cholesterol may rise significantly and often to levels as high or higher than the initial HDL cholesterol level on the higher fat diet. A comprehensive review of the impact of weight loss on blood lipids found that HDL fell by an average of 8% during the active weight loss phase. However, HDL cholesterol level was increased by an average of 12.3% once the subjects had stabilized at a lower body weight.
 This means that the drop in HDL cholesterol seen in short-term studies when subjects are allowed to consume a VLFNV diet ad libitum may be partly due to the active weight loss itself and may disappear if the diet is continued long enough for the subjects to stabilize at a lower body weight.

When a group of 14 patients with severe CAD and high TC were placed on an ad libitum VLFNV diet (10% fat and <100 mg cholesterol/d) for 3 months, their TC was reduced by 33% and their LDL cholesterol by 41%, but their HDL cholesterol did not fall. Their serum TGs also fell by 14.6% (ns). However, in the 7 patients who continued to consume less than 20% fat for another 9 months and maintained their weight close to the 3 month level, their TGs after one year were 38% lower than their initial levels and this was statistically significant. Also, in this group of patients who maintained the VLF diet for one year their HDL cholesterol was actually 13% higher after one year.
 On this VLFNV diet the P/S and fiber content increased and sugar intake was discouraged. Food intake was ad libitum but body weight dropped from 176.5 pounds to 160 pounds during the first 3 months. It is likely that weight loss had slowed dramatically or stopped in most by the end of the third month. The group of men who maintained the VLF diet for an additional 9 months lost only another 2.5 pounds on average so their weight had stabilized at a lower level. It appears a high-CHO diet is most likely to improve blood lipids when the P/S and dietary fiber are increased, the diet is low in refined sugars, and the VLFNV diet is fed ad libitum so that weight is lost and kept off.

It seems likely that long-term adherence to a VLFNV diet may dramatically lower TC and LDL cholesterol and often fasting TG levels, but is less likely to lower HDL cholesterol than the results of most short term clinical trials have suggested. This is because short-term trials usually control body weight and calorie intake at levels that are artificially high compared to feeding the high-CHO diet ad libitum. Long-term, a lower body weight usually leads to an increased HDL cholesterol, which would likely mitigate or completely eliminate the HDL cholesterol-lowering effect of a high-CHO diet in most people.

Does a Drop in HDL Cholesterol on a VLF Diet Increase the Risk of IHD?

HDL cholesterol particles are involved in the efflux of excess cholesterol from tissues and the return of that excess cholesterol to the liver for disposal. This is called reverse cholesterol transport. In people consuming a typical high-fat, high-cholesterol Western diet, it has been shown that low levels of HDL cholesterol are associated with an increased risk of CAD.
 It is because of this association that the drop in HDL cholesterol frequently seen when a VLF diet is adopted has led to some concern. However, no research has actually shown that the drop in HDL cholesterol and apolipoprotein (apo) A-I on VLF, high-CHO diets actually impairs reverse cholesterol transport. Nevertheless, it is often assumed by many clinicians that the fall in HDL cholesterol on VLF diets must be impairing reverse cholesterol transport and this would increase the risk of atherosclerosis.

In hamsters, a VLF diet high in soluble fiber was shown to lower HDL cholesterol and apo A-I compared to a Western-type diet. However, the return of cholesterol to the animals' livers (reverse cholesterol transport) was not impaired even though HDL cholesterol and apo A-I were 86% and 45% higher on the Western-type diet than on the VLF, high-fiber diet.
 One might argue that the failure to increase reverse cholesterol transport on a diet high in fat and cholesterol despite higher apo A-I andHDL cholesterol levels is the real problem. Like people, hamsters that consume VLFNV diets do not develop significant atherosclerosis despite significantly lower HDL cholesterol levels.

It has been shown that a lower HDL cholesterol (<35 mg/dl) in people who are consuming a typical high-fat Westernized diet is a strong risk factor for IHD. However, this lower HDL cholesterol under these circumstances is generally the result of differences in the fractional catabolic rate (FCR) of apo A-I rather than differences in the transport rate of the HDL particles. By contrast, when people are switched to a low-fat diet, the subsequent fall in HDL cholesterol is due to changes in the apo A-I transport rate with little or no change in the fractional catabolic rate. The authors concluded that "this fundamental metabolic difference renders it inappropriate to assume that a diet-induced decrease in HDL cholesterol carries the same risk as does a low HDL cholesterol within a given diet."
  

Nevertheless, proponents of a high-MUFA diet continue to point to the fall in HDL cholesterol with high intakes of either CHO or PUFA when either one displaces MUFA from the diet as evidence that a high-MUFA diet is better than a diet high in either CHO or PUFA for treating patients with atherosclerosis. However, the mechanism whereby a diet high in MUFA compared to one high in PUFA produces a higher HDL cholesterol level appears to involve a greater rise in chylomicron remnant particles.
 There is reason to believe these changes in postprandial lipoproteins may be atherogenic.
 This makes any claim that diets high in MUFA are superior to high-CHO diets because they result in higher HDL cholesterol levels suspect. Such a claim is premature and is clearly not warranted when the totality of scientific evidence is considered.

What Happens To Blood Lipids If the VLFNV Diet Does Not Reduce Weight?

One study clearly demonstrated that a VLFNV diet was superior to the NCEP Step 2 Diet for improving blood lipids in normal weight, hypercholesterolemic individuals. This study examined the metabolic effects of switching subjects who had high TC and LDL cholesterol levels, despite following the NCEP Step 2 diet for at least 2 months, to a diet that was low-fat (18%), low-SFA  (3.6%), very low in cholesterol (20 mg/d), high in total fiber (50 g/d) and soluble fiber (16 g/d), and with a high P/S (2.22). Even though their weight did not change significantly (by experimental design) their TC and LDL cholesterol both fell by 14% and their TG by 10%. In this study, the HDL cholesterol did fall 9% but the TC/HDL improved from 5.15 to 4.88 (ns).
 This study found that compared to the Step 2 Diet, further reductions in fat, SFA, and cholesterol coupled with an increase in soluble fiber produced favorable changes in blood lipids (TC & LDL cholesterol both 14% lower than on Step 2 Diet) even when little or no weight is lost. Had the subjects been allowed to consume the VLFNV diet ad libitum the improvement in blood lipids would have been predictability even greater due to a reduction in caloric intake and the loss of body fat.

Even so, this study does reinforce the fact that HDL cholesterol often falls if the percentage of dietary fat is reduced (particularly if the P/S ratio is simultaneously increased) in the absence of significant weight loss. This reduction in HDL cholesterol has been shown to be largely due to a reduction in apo A-I secretion rate on the lower fat diet.
,
 However, as the authors of the later study pointed out, this drop in HDL "should not be viewed as a negative outcome with regard to CHD risk." Unfortunately, many authors have assumed that this drop in HDL cholesterol on a VLF diet does increase the risk of IHD. There is no evidence to support such a claim.

In studies lasting no more than a few weeks, a fall in HDL cholesterol is likely even if the diet is not reduced in percent fat when active weight loss is occurring. This fall in HDL is likely to be greater if the P/S is also increased and the diet is much lower in cholesterol.
 At the Pritikin Longevity Center, we have also observed a drop in the average HDL cholesterol level during active weight loss during the first few weeks when subjects are switched from a typical Western diet to a VLFNV diet with a high P/S.
 However, it should be noted that in both cases where the P/S was increased and the HDL cholesterol level fell, the TC/HDL improved on average. Also important, at the Pritikin Longevity Center we often observe a fall in fasting TGs in most patients even though the diet is very high in CHO (70%+) and fed ad libitum. This fall in fasting TG levels is probably due largely to a drop in ad libitum calorie intake but an increase in daily exercise would also be contributing to the reduced TG levels. In any case, if fasting TGs are lower on the VLF diet then the drop in postprandial AUC TG will be even greater and this should reduce the generation of more atherogenic remnant lipoprotein particles.

Does a High-CHO Diets Promote Phenotype B?

Another study which compared the effects of a VLF vs. a high-MUFA diet concluded that "there is no apparent lipoprotein benefit of reduction in dietary fat from 20-24% to 10% in men with large LDL particles."
 These authors (lead author Dr. Dreon) also suggested that switching from an average Western diet to a very low-fat diet "in a subset of men who convert to phenotype B, [is] suggestive of an increase in coronary disease risk." Are these authors suggesting that a VLFNV diet is more atherogenic than an average American diet? Perhaps not, but if you heard or read some of the media reports that followed publication of this article you could certainly have gotten that impression.

Dreon is correct that phenotype B is associated with increased risk of atherosclerosis, at least in people who eat moderate to high-fat diets. While there is no evidence that switching to phenotype B from phenotype A as a result of replacing dietary fat with CHO promotes atherosclerosis, it is still not likely to be desirable. Of course, a low HDL cholesterol is associated with an increased risk of IHD on moderate and high-fat diets and restricting dietary fat generally leads to a drop in HDL cholesterol. However, in countries where VLF diets are the norm, the incidence of IHD is much lower than in the U.S. despite the fact that HDL levels are usually lower and fasting TGs are often higher. As we have seen in hamsters, the reverse cholesterol transport (from tissues and blood to the liver) is not impaired by fat restriction despite a nearly 50% reduction in HDL cholesterol level.
 The adverse effects of a low HDL cholesterol level with typical Westernized high-fat diets on the atherosclerotic process are well established. However, it seems likely that a low HDL cholesterol level would carry far less risk of IHD if it were the result of a reduction in dietary fat or active weight loss.

Perhaps there are other metabolic changes associated with the switch to phenotype B when fat is restricted that make phenotype B less atherogenic on a VLF diet? For example, Parks et al showed a significant reduction in the susceptibility of LDL to oxidation on a 10% fat diet, even though there was little change in LDL particle size.
 There is little doubt that a large reduction in dietary fat with no change in calorie intake usually results in a reduction in HDL secretion rate and a lower HDL and apo A-I in most people.
 However, as the authors of this study correctly pointed out, "the requirement for HDL-mediated cholesterol removal may be less at lower intakes of dietary fat and cholesterol." 

Nor would it be correct to generalize from Dreon's results and conclude that in clinical practice all VLF diets inevitably lead to an increased ratio of small dense LDL particles (phenotype B). Indeed, at the Pritikin Longevity Center it was observed that 6 of 22 subjects actually switched from pattern B to pattern A on a VLFNV diet,
 which is the exact opposite of the trend observed by Dreon 106. There are several possible factors which may have contributed to the opposite trends on the two diets even though both were about 10% fat by energy.  One reason we saw a trend away from pattern B  may be increased exercise, which tends to raise HDL and lower TGs and so it may reduce the predominance of small dense LDL particles. 

However, it is unlikely that exercise alone could account for the more favorable changes in blood observed on the Pritikin Program. For example, a group of patients with clinically demonstrated advanced CAD who adopted a VLF (15% en), high complex-CHO diet experienced a fall in TC of 20% and TG of 25% in comparison to a similar group of patients who followed the same aerobic exercise program but received no specific dietary advice. After a follow-up of 10-16 weeks, those who adopted a VLFNV diet had lost an average of 13 pounds, while those who exercised but did not change their diets experienced little change in body weight
 This study suggests that the drop in TG levels is due more to the reduced ad libitum calorie intake on a VLFNV diet than it is to exercise. These authors also noted a significant reduction in angina on the VLFNV diet but not in the exercise only group. A significant reduction in angina shortly after adopting a VLFNV diet has also been observed at the Pritikin Longevity Center.
 Since the reduction in angina occurs within the first few weeks on a VLFNV diet, it is unlikely to be due to significant regression of the atherosclerotic lesions but may be secondary to improved endothelial cell function and vasodilation and/or a reduction in thrombus formation.

Aside from exercise, which probably played only a minor role, there are 3 possible differences between the Dreon 10% fat diet and the 10% fat diet used at the Pritikin Longevity Center that could account, at least in part, to the opposite trends in changes from phenotypes A to B and vice versa: 

(1) Dreon's higher fat diet actually had 50% more fiber than the 10% fat diet (which was 50% simple CHO), but Beard’s 10% fat diet110 had much more fiber than either Dreon diet106. Since dietary fiber improves blood lipids
 and most high-fat foods are low in fiber (compared with many high-CHO foods) it seems odd that the Dreon higher fat diet would have more fiber than their 10% fat diet. The unusually low fiber content or the unusually high simple CHO content (50% of CHO) of the Dreon 10% diet could have influenced their results in ways that would make it inappropriate to generalize their results to all VLF diets.

(2) Those who advocate a VLF diet to treat and prevent CAD generally recommend a 

higher fiber intake and a large reduction in dietary cholesterol. But the Dreon VLF diet not only had less fiber but also at least as much cholesterol as their moderate fat diet. Again, such differences would tend to reduce the efficacy of their VLF diet for treating dyslipidemia compared to the kind of VLF diets typically advocated for the treatment and prevention of IHD. This also would make it inappropriate to generalize their results to all VLF diets.

(3) Finally, those who advocate VLF diets also generally recommend that they be consumed ad libitum. As Dreon noted, "the tendency for ad libitum consumption of low-fat diets to promote weight loss need(s) to be considered." Why then was it not considered in their experimental design? This is important because extra energy and an increased body weight increase small dense LDL particles.
,
 Indeed, the Dreon data show that their subjects were actually fed 14% more calories on the VLF diet than on their "usual diet." One might expect that the extra 370 kcal/day on the Dreon VLF diet compared to their more moderate fat diet (24%) would tend to have caused more adverse effects on blood lipids and again this would bias their results against their VLF diet. This is perhaps the most important difference because it has been shown that the presumably adverse metabolic effects on blood lipids associated with VLF diets largely disappear when such diets are fed ad libitum, rather than isoenergetically, with higher fat diets.
, 87 

Research has shown that few people adhere long-term to diets with a prescribed energy level that differs significantly from what their appetite demands.
 This means the results of short-term studies with a controlled energy intake are of limited clinical value when the test subjects are required to eat more (or less) than their appetite demands. In the Dreon study, subjects were actually required to consume an extra 370 kcal per day for 10 days on their VLF diet, presumably to maintain the same body weight. Over such a short time frame body weight is a poor measure of energy balance. Could the 50% greater fiber content of the Dreon higher fat diet have caused a little more bloating relative to their very-low-fiber VLF diet? Or perhaps caused a shift in fluid and electrolyte balances? If so, this could have showed up on the scale as weight gain and so the energy intake of the higher fat diet would have been reduced relative to the VLF diet. If this were the case (and the weight gain on the higher fat diet was not due to increased body fat), it seems hard to justify adjusting energy intake downward on the higher fat diet or upward on the VLF diet. Nevertheless, in terms of applying their results to a clinical setting it is hard to justify feeding a VLF diet at a higher calorie level than a higher fat diet since this would not likely happen in the real world.

Dreon's study indicates that a VLF, calorie-dense, low-fiber diet consisting largely of refined sugars and white flour is of questionable value for many, if not most, normolipidemic individuals. However, their reports about this study data does not demonstrate that a more vegetarian, high-fiber, VLF diet is likely to promote atherosclerosis and IHD in "normolipidemic" individuals relative to an average Western diet, as some have suggested. The peculiar nature of the VLF diet used in the Dreon study compared to the type of VLFNV diet advocated by those who utilize such diets clinically to prevent and reverse atherosclerosis, coupled with the fact that their VLF diet was fed at a higher energy level than their subject's "usual diet," makes it inappropriate to suggest or imply that all VLF diets promote phenotype B or increase the risk of CHD. This is clearly not the case. These criticisms of the Dreon study were summarized in a letter to the editor 
. The authors responded that they "are planning further studies that address to what extent our findings can be extended to other forms of dietary fat restriction, including diets with a high whole grain content and in which energy intake is ad libitum."
 Such studies will help to clarify the impact of different types of high-CHO diets on blood lipids.

Do VLF Diets Improve Blood Lipids When They Are High in Sugar?

In many cases, such as the Dreon study106 just discussed, studies of VLF diets that find the most disturbing changes in blood lipids are often high in sugar. As we have seen, both sucrose and fructose are likely to have adverse effects on blood lipids when they replace starch in the diet (see Diet & CVD: An Overview also in this presentation kit). This was shown to be the case, perhaps inadvertently, even when significant weight was lost on the VLF high-sucrose diet. In this study, two VLF diets were fed to overweight subjects at a restricted energy level (about 1100 kcal/d) for 6 weeks with an average weight loss on the two diets of 15-16 lbs. One diet was much higher in sucrose but both diets were low in fiber (10-15 g/d) and had similar amounts of fat and cholesterol. On the high sucrose diet the LDL cholesterol fell only 3.7%, while on the high starch diet it fell 21.7%. Both TC and TG levels dropped about twice as much on the high starch diet as on the high sucrose diet compared to the basal diet. Not surprisingly, given the active weight loss and the VLF content of the two diets, the HDL cholesterol fell 21.5% and 20.2% on the high-sucrose and high-starch diets, respectively. Perhaps most disturbing was the worsening ratio of LDL cholesterol to HDL cholesterol, which rose 22.5% on the high sucrose diet, but fell slightly (2.1%) on the high starch diet.
  

This study on the impact of a high-sucrose VLF diet was funded in part by the Sugar Association and Kellogg Co., so perhaps the authors' conclusions that their "Results showed that a high sucrose content in a hypoenergetic, low-fat diet did not adversely affect .... blood lipids..." is understandable. However, it appears more political than scientific. A more appropriate conclusion would be that the beneficial effects of weight loss and VLF diets on blood lipids appear to be largely negated if the sugar content of the VLF diet is high. This is not surprising because the isocaloric substitution of sucrose for starch for 6 weeks, in a crossover design study where weight was kept stable, led to 32.4% higher TG and 11.2% higher TC levels during the last two weeks.
 It has been shown that increasing dietary fructose from 3% to 20% of energy raised LDL cholesterol in healthy subjects by 11%.
 The dyslipidemic effects of increasing dietary fructose appear to be greater in those individuals already at higher risk for CAD.

It seems likely that a VLF diet that is high in sucrose or fructose is likely to have adverse effects on blood lipids. Studies that have found the most deleterious impact of high-CHO diets have typically been higher in these hyperlipidemic sugars. The tendency for sucrose and fructose to raise TG and LDL cholesterol levels is generally greater in subjects with IR are at higher risk for CAD. For example, in the Dreon study discussed earlier, the 10% fat diet had 75.7% of the energy as CHO but half of this was refined sugars. And while they did not specify what the simple sugars were, it is likely that their high-CHO diet was much higher in fructose than was their higher fat diet. 

VLF diets high in sucrose or fructose are not likely to improve blood lipids and may even increase the risk of IHD in some patients. While a VLFNV diet consisting largely of minimally processed foods is likely be very beneficial for the treatment or prevention of dyslipidemia or IHD, the same cannot be said for a diet high in refined CHOs, particularly refined sugars. A prospective study of women 55-69 y who were initially free of overt signs of IHD found a significant reduction in death from IHD in those women who consumed more whole grain products.
 Indeed, another study of these same women found that all-cause mortality rate after 9 years was inversely associated with the intake of whole grains.
 However, these two studies found no health benefit to consuming a diet with more refined grain products.

Do Changes in Fasting Blood Lipids Accurately Predict CAD Risk?

It should be noted that changes in blood lipids in response to an MS or VLFNV diet may or may not impact the atherosclerotic process itself and the risk of CAD or all cause mortality. Diet can impact the risk of IHD independently of changes in fasting blood lipid measurements. Conversely, improvements in blood lipid values may influence the risk of IHD but not all-cause mortality. A study of 11 countries that examined changes in SFA and PUFA in the diet found the death rate from CAD had fallen in 7 countries (USA, Australia, New Zealand, Finland, Norway, Belgium, and Norway) and in 6 of these 7, the P/S ratio had increased. However, in 4 other countries where the P/S had dropped, the incidence of CAD had increased.

No one knows precisely how changes in blood lipids and other known or suspected CVD risk factors observed with different amounts and types of dietary fat and CHO impact mortality from CVD and, perhaps more importantly, overall mortality. It is perhaps unwise to assume that changes in blood lipids induced by changes in diet carry the same risk as different levels of blood lipid observed in a group of people who are consuming a very similar diet. Let's take a look at research that examined the effects of dietary changes not only on blood lipids, but on the risk of clinical CVD and overall mortality.

Research in Primates Suggests High-MUFA Diets Promote Atherosclerosis

Feeding rhesus monkeys a diet high in butterfat (SFA) and eggs (cholesterol) has been shown to result in high serum TC levels and severe coronary atherosclerosis and myocardial infarcts. This atherosclerosis was largely reversed when the monkeys where placed on a low-fat vegetarian diet.
 It has been proven beyond a reasonable doubt, at least in non-human primates, that a VLFNV diet with little or no cholesterol not only prevents atherosclerosis but also results in regression of atherosclerotic plaques that had been produced by feeding a diet high in fat and cholesterol. For example, one study found that the average coronary artery narrowing decreased from 58% to only 18% after 40 months on a VLF, cholesterol-free diet. This same study also found that the coronary artery narrowing was reduced to 22% on a high-PUFA diet that was also cholesterol-free.
 So there is no doubt that both a high-PUFA and high-CHO diet that are low in SFA and are also cholesterol-free (or vegetarian) promote regression of atherosclerosis in non-human primates. But what about an MS diet that has a high-MUFA content plus significant cholesterol content? Would such a diet also promote the regression of atherosclerosis in primates?

In humans there are no studies, which demonstrate that high-MUFA diets cause regression of atherosclerosis. However, in both humans as well as in other primates, a diet high in MUFA does result in a significant drop in LDL cholesterol [when MUFA replaces SFA in the diet]. This drop is similar to the drop in LDL cholesterol observed when either PUFA or CHO displace SFA in the diet. However, there is also generally a drop in HDL cholesterol when either PUFA or starch displace SFA but this tends not to occur when MUFA displace SFA in the diet. So the changes in blood lipids in response to replacing SFA with MUFA is usually a big reduction in LDL cholesterol and the maintenance of HDL cholesterol. As a result of these lipoprotein changes the TC/HDL is lowered. The reduction in TC/HDL is usually greater when MUFA displaces SFA than when either PUFA or CHO displace SFA in the diet. Epidemiological studies of Americans and Europeans have shown that in people with similar LDL cholesterol, those with a lower HDL cholesterol level and a higher TC/HDL are at increased risk of CAD. All of this evidence has resulted in speculation that MUFA may be preferable to either PUFA or CHO as a replacement for SFA in the diet.

It is now widely assumed that replacing SFA with MUFA would be at least as effective at slowing or even reversing the progression of atherosclerosis in humans as diets in which either CHO or PUFA replaced the SFA. While the changes in blood lipids do appear favorable when MUFA displaces SFA in the diet, this does not prove that a high-MUFA diet also prevents or reverses atherosclerotic lesions. Indeed, a recent study in green monkeys has cast doubt on the assumption that the drop in LDL cholesterol and the maintenance of a higher HDL cholesterol on a high MUFA diet (compared to a high-PUFA diet) really does have a favorable impact on the atherosclerosis process.

This monkey study was designed to mimic an earlier study in humans that compared three diets with 35% of energy from fat coming primarily from a high-SFA, high-MUFA, or high-PUFA oil.
 It was this study by Mattson and Grundy that really began to focus more attention on the presumably favorable impact of MUFA (compared to PUFA and CHO) on blood lipids. The improved TC/HDL ratio often seen on a high MUFA diet compared with diets high in either PUFA or CHO would be expected to favorably impact the atherosclerotic process based on epidemiological studies, this remains to be proven in man or non-human primates.

This 5-year study on green monkeys that compared the effects of 3 diets with a high-SFA [palm oil], high-MUFA (high-monounsaturated safflower oil), or high-PUFA (safflower oil) content was designed to address this issue. The researchers not only examined blood lipids on the 3 diets but also examined the arteries of the monkeys.
 The changes in blood lipids and apolipoproteins of the monkeys are shown in Table 1, below.

TABLE 1. 

Blood lipid and apoprotein levels of monkeys fed diets high in cholesterol and either SFA, MUFA, or PUFA

Dietary      Total C 
      LDL-C   HDL-C     apo B     apo A-1    TG       TC/HDL    

  Fat
        (mg/dl)        (mg/dl)   (mg/dl)    (mg/dl)    (mg/dl)
(mg/dl)     Ratio

  SFA            420            272
75
     153        261
   26            5.6

 MUFA         345            184           87            114       272           24           4.0

 PUFA
         293            166           48            125       200           15            6.1

As can be seen from Table 1, the drop in LDL cholesterol and apo B levels were similar on the high-MUFA and high-PUFA diets and much lower than on the high-SFA diet. However, HDL cholesterol and apo A-1 were somewhat higher on the high-MUFA compared to the high-SFA diet. By contrast, both HDL cholesterol and apo A-1 were both markedly lower on the high-PUFA than either the high-MUFA or the high-SFA diets. Because of the much lower HDL cholesterol on  the high-PUFA diet it had the worst (highest) TC/HDL ratio. The high-MUFA group had a somewhat higher HDL cholesterol and apo A-1 and much lower LDL cholesterol and apo-B compared with the high-SFA fed group. The high-MUFA group also had a much lower TC/HDL ratio (4.0) than either the high-SFA group (5.6) or the high-PUFA group (6.1). 

Looking at these blood lipid changes in response to 3 different diets (which are all in the same direction seen in humans), one would assume that the high-MUFA group would also have less atherosclerosis than the high-SFA group. However, this was not the case. The researchers also examined the arteries of the animals to see whether or not the changes in blood lipids accurately predicted differences in the progression of atherosclerosis. Despite the presumably improved blood lipoprotein levels on the high-MUFA fed group compared to the high-SFA fed group, examination of the animals' arteries showed that both the high-MUFA and high-SFA fed groups developed about the same amount of atherosclerosis. Despite a lower HDL cholesterol and apo A-1 and smaller LDL particle size on the high-PUFA group (changes often seen on VLFNV diets as well as high PUFA diets in humans), compared to the high-MUFA group, it was the high-PUFA group that experienced significantly less progression of atherosclerosis after 5 years. 

The authors of this study suggested that "dietary PUFA appears to result in the least amount of coronary artery disease because it prevents cholesteryl oleate accumulation in LDL and coronary arteries in these primates." They are suggesting that the cholesterol ester of oleic acid (the main MUFA in olive oil and other high-MUFA oils) may be more atherogenic than other cholesterol-fatty acid esters. More research is needed to determine whether or not this is the case. In  humans, high-MUFA diets also increase the ratio of cholesteryl oleate to other cholesterol esters in LDL particles so there is reason for concern if cholesteryl oleate is particularly atherogenic compared with other fatty acid-cholesterol esters. While this study does not prove that a high-MUFA diet would have the same effects on the atherosclerotic process in humans as it did in green monkeys, it certainly suggests that a high-MUFA diet that is also high in cholesterol may not reduce the risk of atherosclerosis, even when it does alter the plasma lipid profile in ways that appear beneficial based on the results of blood lipid and CAD among Americans. 

Clearly then, simply observing changes in blood lipids and assuming what impact these changes will have on the atherosclerotic process may not always be warranted. Nevertheless, this is precisely what those who are advocating a high-MUFA diet for the treatment and prevention of IHD have been doing. In contrast, research in primates and more importantly, in humans, has proven that atherosclerosis can be reversed by a VLFNV diet. While the results of this study in monkeys do question the efficacy of high-MUFA for treating and preventing CAD, much more research is needed before any firm conclusions should be drawn. Also, it should be noted that the amount of dietary cholesterol (0.8 mg/kcal) in this green monkey study was at least 4-5 times higher than that consumed by the average American, so it may be that the relatively adverse impact of a high-MUFA diet compared to the high-PUFA diet may have been due to some postprandial interaction when the intake of both cholesterol and MUFA are high. 

Do High-MUFA Diets Impair Reverse Cholesterol Transport?

A study in young men compared the effects on blood lipids of either a NCEP Step 1 diet or a similar diet but enriched with MUFA. The ability of plasma  to promote the efflux of cholesterol from cells was also examined. Both the NCEP Step 1 Diet and the MUFA-enriched diet were fed isocalorically (as usual) and both diets had the same amount of PUFA, SFA, cholesterol, and fiber. Not surprisingly, since the 2 diets were fed isocalorically, the lower-fat NCEP diet resulted in a significant drop in HDL cholesterol compared to the subjects' usual diets. However, on the MUFA-enriched diet, HDL cholesterol did not fall. On both the NCEP Step 1 diet and the higher MUFA diet, the TC and LDL cholesterol fell as expected.

In this same study, both diets were also fed with an extra 2 eggs daily to increase the cholesterol content of both diets to a fairly high level (about 700 mg/d). As expected, the addition of 2 eggs daily for 24 days to both the NCEP and MUFA-enriched diets resulted in a significant rise in both serum TC and LDL cholesterol. The extra dietary cholesterol increased HDL cholesterol significantly compared with the standard NCEP Step 1 diet. However, the extra cholesterol added to the MUFA-enriched diet did not increase HDL cholesterol. So extra dietary cholesterol increased HDL cholesterol when added to the NCEP Step 1 diet but not when added to the high-MUFA diet. Furthermore, when the plasma taken from these subjects was compared for its ability to promote the efflux of labeled cholesterol from cells, a significant difference was noted. According to the authors, "with respect to cholesterol efflux, addition of cholesterol to the NCEP Step 1 diet was tolerated better than when it was added to the MUFA diet because of an increase in cholesterol efflux on the former [NCEP Step 1] diet."
  

Even when dietary cholesterol intake was below 300 mg/d, the plasma from the subjects fed the lower-fat NCEP Step 1 diet was at least as good at promoting cholesterol efflux from cells as plasma from subjects fed more MUFA. This was true despite the higher levels of HDL cholesterol in the plasma of subjects fed the MUFA-enriched diet. HDL cholesterol is believed to be largely responsible for the efflux of excess cholesterol from cells and plays a role in reverse cholesterol transport. Therefore, the results of this study suggest that the function of HDL cholesterol and other changes in the plasma of subjects fed diets higher in MUFA may reduce cholesterol efflux and possibly impair reverse cholesterol transport.

Recall also that research in hamsters demonstrated that reverse cholesterol transport was not impaired when they were fed a low-fat diet even though HDL cholesterol levels fell by nearly 50%.
 The results of these studies are at odds with the widely held assumption that the higher HDL cholesterol level that results from feeding MUFA rather than CHO or PUFA will help reduce the risk of CAD. Together, these 3 studies undermine one of the key assumptions made by advocates of a high-MUFA diet; namely, that the higher HDL cholesterol levels on the MUFA-enriched diet compared to diets higher in either CHO or PUFA should improve reverse cholesterol transport and so should slow the progression of atherosclerosis. It is clear that one of the key assumptions made by advocates of an MS diet is not being supported by new research. Therefore, the assumption that the higher HDL cholesterol level that often results from enriching the diet with MUFA (as opposed to PUFA or CHO) is beneficial for reducing CAD is now questionable at best. 

It has been argued that replacement of fat with CHO does not "reduce the risk of CAD, and benefits are unlikely, because this change similarly lowers HDL and LDL cholesterol and reduces the intake of vitamin E and essential fatty acids."
 However, a high-CHO diet composed largely of fruits, vegetables, whole grains, and beans supplemented with modest amounts of fatty, cold water fish would not be deficient in either vitamin E or essential fatty acids. If the diet consisted largely of sugar and other refined CHO this would be a concern, but such a conclusion should not be over-generalized to all high-CHO diets. However, the claim of high-MUFA diet advocates that a high-CHO diet does reduce the risk of CAD because it causes a similar drop in both HDL cholesterol and LDL cholesterol appears to be at odds with the scientific and clinical research.

The publication of more studies showing favorable effects on blood lipids with a diet high in MUFA compared with a high refined CHO diet are now fairly meaningless. Unless those who advocate a high-MUFA diet can demonstrate that increasing MUFA at the expense of CHO or PUFA will actually favorably impact the atherosclerotic process itself, it is premature to advocate such a diet to the general public. There may be more reason to educate the public that olive oil is not a health food than to warn the public against following a VLF diet (<15% fat) as the AHA has done. An AHA position paper would have been more in tune with the scientific evidence if it had cautioned the public against displacing fruits, vegetables, and whole grains with either refined CHOs (especially sugars) or refined oils high in either PUFA or MUFA. It seems unlikely that refined CHOs or refined oils are the key to improving health. Such foods have only a small fraction of the non-caloric nutrients than the natural foods from which they are made.

Human Intervention Studies on Diet and Atherosclerosis

The gold standard for determining whether or not a change in diet impacts atherosclerosis and CVD must be the direct measurement of these hard clinical end-points rather than inferring what the impact might be based solely on short-term changes in blood lipids. Unfortunately, there is very little research in humans regarding the impact of dietary changes on atherosclerosis, CVD, and overall mortality. This is because such studies are very expensive and time consuming. For example, it may take at least a year to measure significant changes in the size of atherosclerotic lesions using very sophisticated and expensive equipment. It would take at least several years to see a significant difference in CVD morbidity and mortality even with several hundred subjects randomly assigned to different diets. 

Maintaining compliance would be a major challenge with any diet that is very different from what Americans typically consume. It would probably take even longer than one year to find a statistically significant change in overall mortality following dietary intervention. Nevertheless, only a prospective trial that randomly assigned at least 300 people to either (1) a VLFNV diet, (2) an MS diet, or (3) the current Step 2 Diet advocated by the NCEP/AHA could clearly establish which approach is most efficacious for treating high-risk CAD patients with dyslipidemia. Far more subjects and a much longer time period would be required to establish the relative efficacy of a VLFNV diet, Step 1 Diet, or MS diet for preventing CVD and reducing all cause mortality in healthier and younger subjects. Given these scientific and economic realities, clinicians must use what evidence is available to make dietary recommendations.

To date, only one diet study in humans has demonstrated regression of atherosclerosis in most subjects with serious pre-existing CAD. Ornish observed regression of atherosclerosis in most subjects consuming a VLFNV diet, while in the control group that consumed a more moderate-fat AHA-style diet most subjects showed progression of their atherosclerosis. Remarkably, progression of atherosclerosis even occurred in those control subjects who were taking cholesterol-lowering drugs as well as following an AHA-style diet.
  

The Ornish diet was nearly vegan except for one serving of NF dairy products daily. This VLFNV diet had a high P/S and a high-fiber content and was fed ad libitum. As one might expect, this VLFNV diet resulted in significant weight loss, much of which was kept off in the long-run (5 years) in most subjects. LDL cholesterol was reduced by 41% and there was little change in LDL cholesterol. HDL cholesterol changed little on average and serum TG was increased at first. However, as body weight fell so did the serum TG levels. Critics of this study point out that the subjects on the VLFNV diet also exercised and meditated to reduce stress. However, there is little reason to believe that stress reduction or exercise can regress atherosclerosis. Recall that in non-human primates, regression of atherosclerosis was produced by a VLF vegan diet even though the monkeys were not encouraged to exercise or meditate.

There is only one other published clinical dietary trial that measured the progression of atherosclerosis using before and after angiograms. In this study, 39 patients who had had a previous myocardial infarct (MI) and at the start of the study had stable angina and angiographically established atherosclerotic lesions were placed on a near vegetarian (about 60 mg cholesterol/d) diet with a very high P/S (2.54). Unlike the Ornish study, there was no control group and the diet had a moderate fat content. After 2 years, the lesions progressed in 21 patients but no lesion growth was found in the other 18 subjects, some of whom had a modest increase in the diameter of partially occluded coronary arteries (probable regression). Not surprisingly, the subjects with lower HDL cholesterol and higher TC were more likely to show progression while subjects with a lower TC/HDL were more likely to show evidence of regression. In this study, as was also observed in the green monkey study, enrichment of LDL particles with cholesteryl linoleate at the expense of cholesteryl oleate appeared to reduce the risk of progression of atherosclerotic lesions.
 

Many years ago, Morrison showed a dramatic reduction in both cardiovascular disease and all cause mortality in 50 high-risk (all had had a previous MI) older subjects consuming a VLF diet compared to another 50 control subjects who continued to consume an average American diet.
  Long before the Dayton trial had failed to reduce overall mortality with a high-PUFA, moderate-cholesterol diet, this study had clearly shown that even older men and women with advanced atherosclerosis could dramatically reduce not only cardiac events but also all cause mortality. Indeed, 18 of 50 subjects were alive 12 years after starting on this VLFNV diet while all 50 subjects who continued to follow a typical American diet had died—most from CAD. 

The high mortality on the Morrison VLFNV diet is not surprising given that all subjects enrolled in this study had had at least one prior heart attack and most were in their 60s or older when placed on the experimental diet. Also, because the subjects were free-living, compliance was likely lower in some than others. To put the results of this study in perspective, consider patients with primary liver or pancreatic cancer, both of which have close to a 100% mortality rate after 12 years. What if there were a dietary treatment that could keep 38% of these cancer patients alive for 12 or more years and could cause tumors to shrink in most patients who closely adhered to the diet? 

The evidence from short-term trials examining short-term changes in blood lipids on very controlled diets that are often extremely artificial in nutritional content certainly does not outweigh the hard evidence from these much longer clinical trials with endpoints like overall mortality, IHD mortality, and before and after angiograms. Indeed, in all published clinical trials in which cholesterol-lowering drugs were being tested and atherosclerosis was being measured, the vast majority of the people in the control group (that was placed on either a NCEP Step 1 or 2 Diet and got the placebo) showed progression of their atherosclerotic lesions. Since an NCEP/AHA style diet alone does not produce atherosclerosis regression in most people, it is safe to conclude based on available evidence that it is certainly not preferable to a VLFNV diet for treating patients with IHD. So why does the AHA and NCEP continue to recommend a dietary treatment that has been proven not to work?

In the absence of any other hard evidence to the contrary, it seems safe to assume that a diet that has been shown to reverse atherosclerosis, namely the VLFNV diet, would also be far more likely to prevent it from occurring in the first place. Since the NCEP Step Diets have not been shown to regress atherosclerosis in most patients but rather have been shown to result in the progression of atherosclerosis in most patients, one might question why such diets would continue to be promoted to prevent atherosclerosis and ISD. And why did the AHA publish a position paper that was widely publicized in the lay media (thanks in part to the AHA press release) suggesting that diets with less than 15% fat should not be recommended to the general public? Perhaps, like Drs. Brown and Goldstein (see Kenney JJ. Diet and CVD: An Overview also in this presentation kit), they worry about needlessly depriving the 50% of people who are genetically resistant to CVD because they are destined to die of something else? Or perhaps they fear exposing the population to other diseases now being prevented by a high-fat intake, whatever those might be? Or perhaps they envision economic hardship for some (particularly the meat, egg, and dairy industries, pharmaceutical companies, cardiologists, and cardiac surgeons)? 

Other Successful Secondary Prevention Dietary Trials

There are several other dietary trials in which patients with clinically significant atherosclerosis have shown a reduction in CAD. These successful trials have reduced the recurrence rate of IHD by 30 to 70%. One study found that a diet enriched in fish and n-3 FA reduced the reinfraction rate in subjects who had previously suffered an MI.
 Two other studies that reduced both dietary fat and saturated fat while increasing fruits, vegetables, legumes, and whole grains also reduced CVD morbidity and mortality.
,

A 46-month follow-up of the Lyon Diet Heart Study showed a significant reduction in both CVD and all cause mortality. There were 24 deaths/100 patients in the control group and this has decreased to only 14 deaths/100 patients in the experimental group.
 Because all of these trials showed relatively modest effects on blood lipids, it seems likely that the protective effects of the these diets may have been due more to stabilization of myocardial cell membranes and/or a reduced tendency of blood to clot, or improved endothelial function. The latter impact could possibly be due to an increased intake of antioxidant phytochemicals or alterations in homocysteine (Hcy) and/or nitric oxide (NO) levels. Similar benefits have been observed with a daily aspirin, which also has no impact on blood lipids and probably not much impact on the size of the atherosclerotic lesions but does inhibit blood clot formation. Whatever the protective mechanism of these dietary trials, it appears to be clinically very significant. Much more research needs to be done to establish how these diets are reducing CVD, morbidity and mortality

While this Lyon study has been reported in the media as a "Mediterranean diet," it was certainly not a high-MUFA diet. The MUFA content of this diet was 12.9% of energy from fat, which was only 2% higher in fat than the control diet. The control group was instructed to follow a "prudent diet" by their physicians but received no detailed dietary instruction. Dietary cholesterol intake was about 50% higher in the control group and dietary fiber was a little higher in the experimental diet. The major nutritional difference between the two diets was a much higher ratio of n-6 to n-3 PUFA on the "prudent diet" compared to the MS diet (18.3 vs. 4.3). A secondary prevention trial lends support to the importance of n-3 PUFA. In this study, a supplement of just 1 g of n-3 PUFA daily significantly reduced both CVD and overall mortality compared to a placebo.
 

Another study that cast some doubt on the health benefits of olive oil showed that the addition of 50 g of olive oil to bread impaired flow-mediated vasodilation by 40% postprandially compared to baseline, presumably by impairing endothelial cell function. The addition of antioxidant vitamins C and E to the olive oil and bread meal blocked this impairment in endothelial cell function. A meal with 50 g of fat from salmon did not significantly reduce endothelial cell function. The authors concluded that "our observations on the direct effects of components of the Mediterranean diet on endothelial function suggest that the beneficial components of this diet are fish and antioxidant fruits and vegetables, but not olive oil."
 

Clearly then it is premature to categorize olive oil as a "health food." It may be wiser to emphasize the more vegetarian nature of a true Mediterranean diet and its lower content of SFA, cholesterol, and TFA compared to a more Western diet. The greater fruit and vegetable intake of the true Mediterranean diet should also be emphasized. In addition, the use of fish rather than fatty red meats and dairy products should be promoted as healthy aspects of this diet. 

The Lyon study was touted in the media as evidence that a high-MUFA diet was more healthful and would prevent CVD. However, the results of this study certainly do not prove or even suggest that a diet high in either olive oil (which has only a small amount of n-3 FA) or some other high-MUFA-rich oil would help reduce the risk of CVD or promote the regression of atherosclerosis. Indeed, the MUFA content of this diet used in this study was about the same as the average for the American diet today. Clearly then, Americans do not need more MUFA. Most need fewer calories, especially those from SFA and TFA. They also need less cholesterol and more fiber. And they need more n-3 PUFA and antioxidant phytochemicals from fruits, vegetables, and whole grains. We can be confident these dietary changes will reduce the risk of CVD and overall mortality as was shown in the Lyon heart study.

A High MUFA Diet Increases Clotting Factor VII

Most heart attacks and strokes in Americans occur because of a blood clot in a diseased section of artery, this generally happens after a lipid-filled atherosclerotic plaque ruptures. This means dietary components that increase the tendency for blood to clot to increase the chances that a plaque rupture will trigger the formation of a blood clot large enough shut off blood flow to part of the heart or brain. Aspirin reduces the risk of fatal heart attacks or ischemic stroke primarily by "thinning the blood" or more accurately, reducing the tendency of blood clots to grow. Aspirin does not impact blood lipids and probably plays little or no role in the atherosclerotic process itself. Nevertheless, most American men by the age of 40 y and most American women by the age of 50 y have enough atherosclerotic plaque that many doctors routinely prescribe for them a "baby" aspirin daily to reduce the risk of a fatal heart attack or stroke. This would not be medically justified in the absence of significant atherosclerosis. In the absence of diseased arteries, taking aspirin to reduce the tendency for blood to clot would increase the risk of a serious hemorrhagic stroke or internal bleeding from an ulcer or other injury. The frequency with which MDs prescribe aspirin and more powerful anti-thrombotic drugs is merely a reflection of the high incidence of atherosclerosis to be expected in middle-aged and older Americans.

Research has shown that clotting factor VII (also known as factor VIIc) falls significantly shortly after a low-fat meal but increases rapidly after a high-fat meal. The increase in factor VII is similar with a high-MUFA meal or a high-SFA meal. Oleic acid, the principle MUFA, also increased the activated form of factor VII (clotting factor VIIa) but this did not occur with the low-fat diet that also lowered total factor VII.
 This means that for at least 6-8 hours after every high-fat meal, the risk of a blood clot growing large enough to shut off blood flow to part of the heart, brain, or other vital organ is significantly increased. In contrast, the rapid decline in clotting factor VII on a VLFNV diet would reduce the tendency for blood clots to grow large enough to seriously impede blood flow. Those who advocate a diet high in MUFA for patients with significant atherosclerosis need to be aware that this may increase the risk for a fatal ischemic event and should inform their patients of this potential risk.

Do High Insulin Levels Impair Endothelial Function and Increase Clot Formation?

Plasminogen activator inhibitor type 1 (PAI-1) increases the danger of blood clots by inhibiting plasminogen, a substance the body produces to break down fibrin, which is part of a blood clot. It has been suggested that increased PAI-1 may be the link between IR and an increased risk of CAD.
 A recent study showed that increased PAI-1 was associated with both higher insulin levels and IR in people with varying degrees of glucose tolerance.
 

PAI-1 is synthesized in adipocytes, particularly in intraabdominal fat cells. Its synthesis increases with increasing fat cell size.
 Another study suggested that PAI-1 and IR may both be caused by an increase in tumor necrosis factor-alpha and transforming growth factor-beta.
 These metabolic changes do help to explain how the IRS promotes increased CVD morbidity and mortality, but what triggers these metabolic changes?

High levels of insulin are not likely to be the cause of increased PAI-1 because direct infusion of insulin does not stimulate increased PAI-1 in the blood.
 So increased PAI-1 is most likely just another part of the IRS. Indeed, higher insulin levels stimulate the release of NO by endothelial cells.
  There was a short study
 which compared a meal high in MUFA to a meal high in CHO. Both meals were fed at the same calorie level. 3 hours after the high-MUFA meal endothelial function was impaired and flow mediated reactivity was significantly depressed. By contrast, flow mediated reactivity increased significantly 3 hours after the high-CHO meal. The authors concluded "Our findings showed an acute beneficial effect of a high-carbohydrate dietary intake, which may have implications in both health and disease." See Figure 3 below.

Figure 3. 
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The IRS is itself largely the result of excessive energy intake and weight gain. And diets high in fat, sugar, and refined flour coupled with a sedentary lifestyle are what promote excessive energy intake and weight gain and eventually lead to the development of Syndrome X or IRS in many people.

Vegan Diets May Increase TX A2 and the Risk of Blood Clots

A vegan diet is generally so low in SFA and cholesterol that it is unlikely to promote clinically significant atherosclerotic plaque development in most people. However, most fatal ischemic events are the result of a blood clot or thrombus forming in an already diseased blood vessel. Aspirin is often prescribed to postmenopausal women and middle-aged and older men in America, because most doctors recognize the high probability that most older men and women already have significant atherosclerotic plaque. Under such circumstances, plaque rupture can trigger the formation of a thrombus. If the thrombus is large enough, it can shut off the blood supply to part of the heart, brain, or other organ. Aspirin reduces the tendency of blood to clot by interfering with the production of thromboxane A2 (TxA2). TxA2 works by triggering platelet aggregation, the first step in clot formation. So aspirin reduces the risk of a heart attack or stroke not by impacting atherosclerotic plaque but by reducing the tendency of blood to clot. Aspirin may also reduce plaque rupture by inhibiting inflammation as well.

TxA2 is synthesized from the n-6 PUFA arachidonic acid (AA). Some AA is found naturally in meat and dairy products but the body also can synthesize it from linoleic acid (LA). The typical American diet contains a relative excess of both AA and LA and a relative deficit of n-3 PUFAs. Fish is the primary dietary source of EPA and DHA (two n-3 PUFAs). Dietary n-3 PUFAs reduce the production of TxA2 and so reduce the tendency for platelets to aggregate. This reduces the tendency for blood to clot.
  

A vegan diet is likely to have a high LA content but be very low in EPA and DHA. One study showed that a vegan diet increased platelet aggregation compared to a diet with more meat and less n-6 PUFA.
 Of course, in this study the meat eaters had a higher BMI and WHR and higher serum clotting factor VII, TG, TC/HDL and much higher LDL cholesterol than the vegans. So it is likely that they also had far more atherosclerosis and were at much higher risk for a heart attack or stroke. Nevertheless, this study does suggest that if someone switches to a vegan diet late in life, they may experience a modest increased risk for platelet aggregation and thrombus formation, if their n-6 to n-3 ratio is high. However, in the long run a vegan diet would likely lead to at least some regression of atherosclerosis, which would greatly reduce the risk of an ischemic event.

The consumption of just 5.5 g of EPA and DHA per week was associated with a 50% reduction in the risk of a fatal heart attack.
 Fatal heart attacks may also result from arrhythmias as well as thrombus formation. Research in animals has shown that n-3 PUFAs also protect the heart from ventricular fibrillation.
 A VLFNV diet with 1-2 servings of fatty fish per week may therefore be preferable to a strict vegan diet for patients with advanced atherosclerotic lesions. Vegans may get sufficient n-3 PUFA by consuming flaxseed, walnuts, canola oil, and soy products. 

Both olive oil and whole grains have little n-3 PUFA and both contain modest amounts of n-6 PUFA. To protect against CVD, either a high-MUFA diet or a VLF high-CHO diet should contain at least 1-2 servings of fatty, cold water fish per week or a vegetarian source of n-3 PUFA such as flaxseeds. This is because a lack of n-3 PUFA may increase the risk of both cardiac arrhythmias and thrombus formation. This is particularly true in patients with high serum LDL cholesterol and Hcy levels or in patients with Syndrome X.

Most of the emphasis on cholesterol reduction has focused on slowing, stopping, or even regressing atherosclerotic lesions. However, a high level of serum cholesterol also impairs endothelial cell function. The endothelial cells that line the artery walls release nitric oxide (NO) that dilates blood vessels. Endothelial cells also release prostacyclin which reduces the tendency for platelets to aggregate and trigger clot formation. Lowering serum TC and LDL cholesterol with drugs has been shown to improve endothelial function and reduce the risk of thrombus formation.
,
 

Both a traditional MS diet and a high-fiber VLFNV diet are high in fruits, vegetables, whole grains, and beans. Most of these foods are good to excellent sources of folic acid, a nutrient in such short supply in the typical American diet. Low levels of folic acid have been associated with both cerebrovascular disease and CAD.
,
 A recent study showed that supplemental folic acid improved endothelial cell function in familial hypercholesterolemic patients.

Olive oil and other refined fats and oils contain virtually no B-vitamins. Sugar and foods high in refined CHOs also have little folic acid although folic acid is now added to most enriched grain products. A strict vegan diet will be deficient in vitamin B-12 and a deficiency of this B vitamin can also increase Hcy levels. A VLFNV diet with 2 servings daily of NF dairy products and a little fish or shellfish twice a week should meet the RDA for vitamin B-12 and supply adequate folate and vitamin B-6. Beans and other legumes are an excellent substitution for animal foods for patients with CVD who have both a high cholesterol and high Hcy levels. This is partly because beans are low in Met. Beans are high in LDL cholesterol-lowering soluble fiber and are one of the best sources of folic acid. Beans also have a low GI and may be beneficial for those with Type 2 DM, IRS, and a low HDL cholesterol. 

Impact of Diet on Homocysteine and Nitric Oxide

An increased serum Hcy level is now a fairly well established risk factor for IHD, but there is still some debate about the mechanism by which a high serum Hcy level promotes CVD.
 There is also evidence that lower levels of NO synthesis or increased degradation can increase the risk of IHD. Increased Hcy may promote atherosclerosis by altering LDL particles, damaging endothelial cells, and increasing the oxidation of NO, which impairs vasodilation of coronary and other arteries.

A low intake of folic acid, vitamin B-6, and vitamin B-12 can interfere with the metabolism of L-methionine (Met) and result in an increased level of Hcy in the blood. Hcy is produced by demethylation of Met. The greater the Met content of a meal, the greater the postprandial rise in Hcy, particularly in people low in either folate, B-6, or B-12. However, even in healthy subjects with normal levels of these B-vitamins, a dose of Met equal to that found in about 24 oz of lean beef was shown to increase Hcy from 10.5 to 27.1 mmol after 4 hours. Increased Hcy impairs endothelial function, perhaps via increased oxidative destruction of NO. That elevated Hcy impairs endothelial function via increased oxidative destruction is suspected because such impairment could be largely reversed by supplying 800 I.U. of vitamin E along with the high dose of Met.
 So it appears that a high Hcy level may activate blood coagulation and trigger a thrombus formation. 

Table 2 below shows the Met and L-arginine (Arg) content of a variety of foods. Note that the ratio of Arg to Met is generally much higher in foods of plant than animal origin. Because a VLFNV diet high in fruits and vegetables, whole grains, and legumes will have a high Arg content, a relatively low Met content, and a high level of natural antioxidant chemicals and folic acid, it is likely to lower plasma Hcy and improve endothelial cell function by increasing the availability of NO. Animal proteins also tend to be higher in L-lysine (Lys) than vegetable proteins. This may also be important because research in animals suggests that diets high in Met and Lys increase LDL cholesterol and the addition of arginine to diets high in Met and Lys lowers LDL cholesterol. 

TABLE 2 The content of arginine and Met in various foods


Food Item 

Amount


       Arg (mg)
      Met (mg)


Wheat germ

1 oz



   667

  163


Kidney beans

1 cup



1,000

  242


Lima beans

1 cup



   882

  182


Brown rice

1 cup



   382

  113



Lentils


1 cup



1,380

  152


Spinach

1 cup



   302

  100


Corn


1 cup



   222

  114


Kale


1 cup



   103

    18


Broccoli


1 cup



   242

    56


Almonds

1 oz



   709

    64


Peanuts

1 oz



   793

    81


Baked Potato

7 oz



   214

    59


Tofu


1 cup



1,334

  256


Orange


1 small


   
   101

    31


Watermelon

1 cup



     94

    10


Banana
    

1 medium


     54

    13


Apple


1 large


      
       8
  
      3

Chicken, breast

1/2 medium


1,661

  762


Skim Milk

8 fl oz



   302

  210


NF Yogurt

8 oz



   391

  383


Pork tenderloin

3.5 oz



1,999

  709


Beef, tip round

3.5 oz



2,251

  912


Salmon


3.5 oz



1,308

  647


Lobster


3.5 oz



1,522

  470


Egg Whites

2 small


  
 382

  242

The differential impact of a VLFNV diet and a diet with more MUFA on plasma Hcy and NO has not received much attention to date. However, foods of animal origin tend to have a higher Met content, and this would tend to raise Hcy more after a meal containing a lot of meat or dairy products than a vegetarian meal with legumes replacing the animal products. The higher antioxidant content of a VFLNV meal than a typical American meal would also be more likely to increase NO production and reduce LDL cholesterol oxidation. All of these changes should favorably impact the risk of atherosclerosis. They would also reduce the risk of thrombus formation and improve vasodilation of coronary arteries. This may explain, at least in part, why angina pain is reduced and coronary blood flow is improved within the first few days of adopting a VLFNV diet. By contrast, a diet high in fat and sugar has been shown to impact endothelial function in animals and this can raise BP and restrict blood flow. This can be reversed by placing the animals on a VLF complex CHO diet.
 

The Bottom Line

The debate about the relative merits of a VLFNV diet or an MS diet for the treatment or prevention of CVD is likely to continue for many years. However, reducing SFA, TFA, and dietary cholesterol and increasing dietary fiber does reduce LDL cholesterol and should reduce atherosclerosis. Weight loss in overweight patients, particularly patients with Type 2 DM or Syndrome X, is also extremely important. Losing excess body fat should be viewed as far more important than the short-term impact on BS or insulin levels caused by various foods. Only when two food items have a similar satiety value and nutrient content should the relative GI of the two foods be taken into consideration.

Because dietary fat is so calorie dense and has such a low satiety value it seems wise to limit all refined fats and oils and high-fat calorie dense foods in the diets of overweight patients. Reducing the intake of sugar and refined grain products may also be particularly beneficial for patients with Syndrome X and Type 2 DM. In the occasional thin Type 2 DM patient, the use of nuts, seeds, avocados, and modest amounts of unsaturated oils may be helpful in controlling blood sugar and blood lipid levels. However, if the patient has serious CVD, particularly unstable angina, there may be an enhanced tendency for blood clots to form due to an increase in clotting factor VII.

Patients should be informed about the many potential metabolic problems of treating diabetes, HTN, and dyslipidemia with drugs. For example, thiazide diuretics and beta-blockers often lower HDL cholesterol and may increase IR. Fibric acid derivatives (prescribed to treat dyslipidemia) can increase Hcy levels.
 And insulin and sulfonureas often promote weight gain in Type 2 DM patients. Niacin may increase BS in DM patients and statin drugs can cause liver and muscle damage. Niacin may also increase Hcy. By contrast, a VLFNV diet promotes weight loss, reduces IR, and dramatically lowers LDL cholesterol. It also usually lowers TG levels and improves TC/HDL, lowers BP, reduces LDL oxidative damage, and may also help to lower plasma Hcy and improve endothelial cell function. 

It seems unlikely that an MS diet will prove as efficacious as a VLFNV for treating most Americans who suffer from these many metabolic abnormalities associated with an increased risk fo CVD. However, an MS diet appears to be far preferable to the average American diet for patients with CVD and may also be preferable to the moderate dietary changes recommended by the AHA and NCEP. The benefits of an MS diet are probably due largely to a reduction in SFA, TFA, and cholesterol, as well as a large increase in the consumption of fruits and vegetables. A higher ratio of n-3 to n-6 PUFA is also likely to prove beneficial for reducing CVD. More research is needed to clarify many of these issues, but in the meantime RDs should feel comfortable about recommending a VLFNV diet for their overweight, diabetic, dyslipidemic, and HTN clients at risk for CVD. It is the only dietary approach that has produced regression of atherosclerosis in most patients in a controlled clinical trial. Unless there is some contraindication, or some other dietary approach can be shown to be as efficacious at reversing CAD as a VLFNV diet, a VLFNV diet should be prescribed for most patients with proven CAD or advanced atherosclerosis.

Further Discussion and Updates:

Low-Fat Vegan Diet Beats ADA-Style Diet 

By James J. Kenney, PhD, RD, FACN

The August 2006 Diabetes Care journal reported on the impact of either a very-low-fat (10% calories) vegan (VLFV) diet or a control diet consistent with the current American Diabetes Association (ADA) diet guidelines. The study examined 99 adults with type 2 diabetes mellitus (DM) randomly assigned to follow 2 diets for 22 weeks. Half the subjects followed a VLFV diet and the other half followed an ADA diet. Both groups of subjects were instructed to continue their current diabetes medications unless they developed low blood sugar levels during the trial. Initially all participants in both diet groups met for 1 hour with a registered dietitian experienced in the use of the assigned diet. Thereafter, the 2 groups of subjects met for one hour with a physician and a RD or cooking instructor on how to follow each diet. 

By all comparison the VLFV diet proved far superior to the ADA-style diet for the treatment of subjects with Type 2 DM. While 13 of 50 subjects on the ADA diet reduced their hypoglycemic meds 21 of 49 subjects on the VLFV diet needed less medication because of reduced blood glucose levels. Weight loss on the ADA diet was a respectable 6.8lbs over 22 weeks but on the VLFV diet weight loss was more than twice as great (14.3lbs). Glycosylated hemoglobin dropped about twice as much on average on the VLFV diet than on the ADA diet despite the much greater reduction in hypoglycemic meds on the vegan diet. For those subjects who did not have their diabetes meds reduced the HbA1c fell more than 3 times as much on the VLFV diet as on the ADA diet. Serum cholesterol levels and triglyceride levels dropped significantly in both groups but the drop in LDL was about twice as great on the VLFV diet compared to the ADA diet (21.2 vs 10.7%).

In previous trials using a VLFV diet or a very-low-fat near vegetarian diet dramatic improvements in insulin sensitivity, blood sugar, blood lipids, blood pressure, inflammation markers, oxidative stress, and other CVD and reduction in diabetes medication needed to control blood sugar levels have been reported in people with Type 2 DM.
 
 
 However, these clinical trials have been criticized for their short duration, accompanying exercise recommendations, and/or the lack of a control group. In this current study there were no exercise recommendations for either group and subjects were randomly assigned to each of the two diet groups and the study lasted 22 weeks.

One likely factor contributing to the superior results of the low-fat vegan or near vegetarian diets may well be a reduction in AGEs and increased intake of anti-oxidant phytochemicals. Consuming a diet rich in AGEs has been shown to promote many of the complications of diabetes and restricting the amount of AGES and other pro-oxidant compounds in the diet appears to help prevent these complications of diabetes.
 

Bottom Line: Scientific evidence suggests the current dietary advice from the American Diabetes Association, American Heart Association, and the National Cholesterol Education Program is less effective than a very low fat, near vegetarian or vegan diet rich in whole grains, vegetables and fruits for treating those with type 2 DM or CVD.
Muscles May Be Key To Dyslipidemia of High-CHO Diets

Forward by Dr. Kenney: 
As I have argued for years, the studies showing adverse impact of a high-CHO diet on blood lipids relative to more monounsaturated fat always require calorie intake to be the same. Since refined oils raise the calorie density more than refined CHOs there is every reason to believe they would reduce satiety per calorie relative even to refined CHOs and so in the real world people who cut back on refined CHOs and consumed more "good" oils would likely gain weight. Weight gain is the #1 promoter of insulin resistance. Plus studies comparing High-CHO diets with High-MUFA diets generally make sure fiber and saturated fat intake are the same. Again if one replaces calories from even refined grains with oil there is more fiber in the refined grain than the olive oil and more saturated fat in the olive oil than the grains. Of course, if one is talking about a diet high in unrefined CHO-rich foods there is generally far more fiber/calorie in fruits, vegetables, whole grains, and bean s than there is in refined oils. If you compare those foods to less refined sources of 'good" fats there is still a lot more fiber per calorie in most fruits, vegetables, whole grains and beans than there is in nuts, seeds, and avocadoes. Of course, the calorie density of nuts, seeds, and even avocadoes is much higher or at least higher than corn, beans, peaches, WW pasta, potatoes, broccoli, and tomatoes. And nuts, seeds, and avocadoes have considerably more saturated fat than any whole grain, fruit, vegetable, or bean. So in the real world in which real foods are chosen one would expect a diet higher in "good" fat-rich foods to have a considerably higher calorie density than a diet higher in "good" carbs. That would make it more fattening. And the higher "good" fat diet would have considerably less fiber but considerably more saturated fat than the "good" carbohydrate-rich foods diet. Those who argue that diets higher in "good" fats and lower in CHO would be b eneficial ignore these realities and base their arguments on data from studies that are intentionally designed to eliminate the advantages of natural CHO-rich foods over foods naturally high in "good" MUFA.

In addition to all this one might argue that studies comparing the advantages of High-MUFA diets vs High-CHO diets are further biased because they are generally done in sedentary people. As this study shows being sedentary is more of a disadvantage metabolically on a high-CHO diet compared to one higher in MUFA. Of course, in the real world of America most people are fairly sedentary making this bias more likely to reflect reality.
Intro:
The National Cholesterol Education Program has suggested people with insulin resistance (IR) and the Metabolic Syndrome (MetS ) avoid diets high in carbohydrates (CHO). This recommendation is based on the many studies showing high-CHO diets tend to raise serum triglyceride levels, increase the proportion of small dense LDL particles, and lower HDL-C levels – known collectively as dyslipidemia. People with IR, the MetS, and Type 2 diabetes mellitus (DM) are more CHO sensitive than those without IR and so are more prone to dyslipidemia and atherosclerosis when consuming a low-fiber, high-CHO diet and are inactive and fail to lose weight.
By contrast, epidemiological studies of people living in places where high-fiber, high-CHO diets are the norm, such as rural China, rarely develop type 2 DM and have far less atherosclerosis than Americans. Indeed, as their diets Westernize and become lower in % CHO and fiber and higher fat and animal products the prevalence of type 2 DM and atherosclerotic diseases increase dramatically. No doubt the increasing body weight and reduced activity levels often seen in human populations adopting a more Westernized diet plays a role in promoting IR, the MetS, Type 2 DM, and the accompanying dyslipidemia. However, Americans who come to the Pritikin Longevity Center and adopt a high-CHO diet often experience marked drops in insulin levels and serum triglyceride levels in a week or two and long before much body fat is lost. How can we explain what on the surface appears conflicting data?

A recent article by Dr. Gerald Shulman
 sheds light on the important role of skeletal muscle in the development of dyslipidemia seen in people with the MetS. Dr. Shulman screened 400 young, healthy, normal weight but sedentary subjects. He selected half the subjects who had normal glucose tolerance and insulin sensitivity and the other half had reduced insulin sensitivity (or were IR). Despite differences in insulin sensitivity the two groups had a similar amount of abdominal fat. Both groups of subjects were then fed a standard liquid meal or the same meal enriched with added sucrose. Compared to the insulin sensitive subjects those with IR in their skeletal muscle responded to the higher CHO diet by increasing fat synthesis from CHO in their livers while the muscles of the insulin sensitive subjects responded by synthesizing more muscle glycogen. The authors state “These data demonstrate that IR in skeletal muscle, due to decreased muscle glycogen synthesis, can promote atherogenic dyslidemia….”.

Research has shown that exercise reduces muscle glycogen stores. Until the muscle glycogen is replenished the muscle cells remain far more sensitive to insulin. Last month we discussed how diets high in fructose tend to raise serum triglyceride levels by delaying the clearance of fat-rich lipoprotein particles from the blood stream. The authors stated that “The similarity of fructose-induced hypertriglyceridemia to certain forms of endogenous hypertriglyceridemia is also suggestive of potential cardiovascular risk.”
 Because fructose goes primarily to the liver for metabolism it is more likely to stimulate fat synthesis in the liver.

Bottom Line: Those genetically prone to develop IR should remain active, thin, and limit their intake of refined CHO and especially those containing fructose or they will likely develop a more atherogenic blood lipid profile. By contrast, a diet high in unrefined CHO and limited in fructose when combined with regular exercise can promote weight loss, improve insulin sensitivity, and reverse the dyslipidemia associated with the MetS and Type 2 DM.
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