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Introduction

Today diet-related diseases of affluence such as cardiovascular disease (CVD), type 2 diabetes mellitus (DM) and obesity have largely replaced the diseases of poverty as the most serious diet-related threats to public health in the United States and other modern societies. Diet related diseases of poverty (starvation, scurvy, beri-beri, rickets, goiter, anemia, vitamin A deficiency, etc.) were associated with a very limited variety and often quantity of foods available to most of the less affluent members of many societies. This is clearly not the main diet-related problem for even most poor Americans today. Now more than half the adult population of the United States is either overweight or obese.
 A wide variety of rich, calorie-dense foods, coupled with decreased physical labor, have enabled even those living well below the "poverty line" to consume excess energy. Excessive energy intake over time promotes the health-threatening storage of excess body fat and often the development insulin resistance and a host of metabolic disturbances now called the “metabolic syndrome” (a.k.a., Syndrome X, dysmetabolic syndrome, and the insulin resistance syndrome. In many ways "poor" Americans today have available to them a greater variety of rich foods than did the wealthy Americans 100 years ago or the royal families of Europe in the 19th century. 

Most studies point to a rich, energy-dense diet, high in saturated fat and low in fiber, coupled with inactivity, as the main cause of the epidemic of coronary heart disease (CHD), obesity and type 2 diabetes mellitus (DM). A recent review concluded that “Reduced intake of saturated fatty acids and other lifestyle interventions aimed at lowering the rates of obesity are the changes most likely to reduce the epidemic numbers of people with type 2 diabetes and CHD.” According to this review there is a growing consensus on the dietary advice that should be given to reduce the risk of CHD and type 2 diabetes. The author of this review, Dr. Mann states that “A cornerstone of the advice is the need for saturated fat to be as low as possible and for various vegetables (including legumes and pulses), fruits, whole grain cereals and low-fat dairy products to be encouraged. Moderate intakes of fish (some oily) and lean meats are appropriate sources of protein – as are vegetable sources.”
  

Dr. Mann’s conclusions are similar to those of Drs. Willett and Hu. They conclude “Substantial evidence indicates that diets using nonhydrogenated unsaturated fats as the predominant source of dietary fat, whole grains as the main source of carbohydrates, an abundance of fruits and vegetables, adequate omega-3 fatty acids can offer significant protection against CHD. Such diets, together with regular physical activity, avoidance of smoking, and maintenance of a healthy body weight, may prevent the majority of cardiovascular disease in Western populations.”
 Nevertheless, despite this growing consensus among nutrition researchers as to how most Americans should be eating to avoid obesity, type 2 DM and CHD many Americans are now turning instead to a diet very high in saturated fat and low in fiber to lose weight. This review will make it clear that the resurgence of this fad diet that promotes the consumption of diet that is the antithesis of what most nutrition experts consider healthy is driven by fad diet book authors, shoddy journalism and the media’s penchant for ratings. Dr. Robert Atkins is the best known advocate of this very-low-carbohydrate diet, which consist largely of fatty meats, cheese, eggs, butter and other fats and oils.
In the classic 1973 Woody Allen movie “Sleeper” his central character wakes up after 200 years and discovers that fatty foods are now healthy. In the real world such an outcome seems increasingly unlikely as growing scientific evidence links the modern American diet rich in animal products, fat and refined carbohydrates to numerous health problems. Science writer Gary Taubes, whose article in the July 7, 2002 New York Times Magazine (“What if it is all a big fat lie?”) suggested that Atkins and other promoters of very-low-carbohydrate diets were right about dietary carbohydrates being the primary cause of overeating and weight problems in the US. Largely as a result of Taubes’ article the Atkins diet was returned to the best seller list of books in the summer and fall of 2002. Gary Taubes has won several national science writer awards. However, he frequently lets his personal bias over rule any rational interpretation of the scientific evidence. Two excellent critiques of Taubes’ NY Times article have been published. One was by Sally Squires and published in the August 27, 2002 Washington Post.
 Bonnie Lieberman wrote the second article for the November 2002 Nutrition Action Newsletter.
 Both Squires and Lieberman show how Taubes misquoted, misrepresented, misinterpreted and ignored the opinions of the nutrition experts he interviewed.

One example illustrates how badly Taubes misrepresented the evidence. According to Taubes’ article “A Porterhouse steak, for instance, will definitely improve your cholesterol profile (at least in comparison with a baked potato next to it). The same is true for lard. If you work out the numbers you come to the surreal conclusion that you can eat lard straight from the can and conceivably reduce your risk of heart disease.” It is hard to say where Taubes gets his numbers. He claims this is a rational interpretation of what he was told in an interview with Walter Willett at Harvard. However, Willett says Taubes misinterpreted what he told him. Go back two paragraphs and re-read the conclusions of the article Willett co-authored in a recent JAMA. Clearly Willett does not advocate a diet devoid of whole grains, fruits and most vegetables as do Taubes and Atkins. Nor does Willett advocate a diet high in saturated fat or claim such a diet would have no adverse effects on blood lipids or atherosclerosis. In fact no credible scientific studies have shown that replacing either lard or steak in the diet with baked potato improves blood lipids or reduces the risk of heart disease or promotes weight loss. It is clear that Taubes’ opinion (like that of his mentor Atkins) is at odds with a large body of scientific evidence showing that the replacement of starchy foods like potatoes with those high in saturated fat and cholesterol like lard or a porterhouse steak would either improve blood lipids or reduce one’s risk of heart disease. 

In addition to the favorable publicity generated by Taubes’ article Dr. Robert Atkins has funded two studies that both suggested that his high saturated fat and cholesterol diet favorably impact blood lipids. However, these studies were short-term and suffered from design flaws that make some of the author’s claims about the metabolic impact of a very low carbohydrate diet of questionable scientific merit. The popularity of the Atkins diet does make it wise to determine what the risks and benefits of a ketogenic diet might be in the long term. There are some ongoing clinical trials comparing the Atkins approach to that of other weight loss strategies. This updated review of low-carbohydrate and very-low-carbohydrate diets will take a close look at the scientific evidence regarding the safety and efficacy of such diets.

Very-Low-Carbohydrate Diets Cause Ketosis

One thing everyone agrees on is that a deficiency of dietary carbohydrate causes a metabolic condition known as ketosis. Ketones are produced in the liver from the incomplete breakdown of fatty acids for energy. These ketones can be used by the brain for energy and so can limit the need for the body to break down lean tissues to generate glucose. Any diet that severely restricts dietary carbohydrate to the point of ketosis is a ketogenic diet. Some of the better-selling diet books of this genre include Dr. Atkins' New Diet Revolution, Suzanne Somers’ Get Skinny on Fabulous Foods, and Protein Power. In the past, the Doctor’s Quick Weight Loss Diet and The Drinking Man’s Diet were also popular versions of ketogenic diets. Primarily because Dr. Atkins is today the most recognized proponent of a ketogenic diet and has been around much longer than the others and there is growing research on his specific dietary recommendations from his books, the Atkins diet will be the main focus of this review. Back in the early 1970s Dr. Atkins wrote a best-selling book (Dr. Atkins Diet Revolution) touting basically the same ketogenic diet that he is still recommending today.
 Over the years, most of the proponents of ketogenic diets and other low-carbohydrate diets have generally made similar arguments about why restricting dietary carbohydrates is the best way to lose weight and keep it off. 

Some authors who recommend limiting dietary carbohydrate do not recommend restriction to such a low level that ketosis results. The two most popular books that advocate limiting dietary carbohydrate but not to the point of ketosis include The Zone and Sugar Busters (see Appendix for brief reviews of each). All of these authors claim that dietary carbohydrates are the primary cause of obesity and many other health problems. They all claim a high carbohydrate intake causes high levels of insulin. These fad diet authors then argue that these high insulin levels cause over eating. This is why, they claim, dietary carbohydrates are the major cause of obesity as well as a host of other metabolic problems such as the “metabolic syndrome” (formerly called “syndrome X”). They all seem to believe that only dietary carbohydrates trigger excessive insulin secretion. The excess insulin triggered by consuming high-carbohydrate foods, they argue, causes increased hunger and promotes fat storage and many other ills. As we shall see such claims are without scientific merit. 

It should be noted that there is one well-documented therapeutic use for a ketogenic diet and that is in patients with certain seizure types (primarily myoclonic and absence). A ketogenic diet is often efficacious in young children whose seizures cannot be controlled by anticonvulsant medications. The use of medium-chain-triglycerides allows the use of a little more dietary carbohydrate because these fatty acids are more quickly converted to ketones in the liver than the more common long-chain fatty acids found in most foods.
  It should be noted that when children with epilepsy stay on ketogenic diets there are adverse side effects. These include an increased risk of kidney stones (both oxalate and urate), nausea and vomiting, amenorrhea, and a deficiency of some nutrients. Perhaps the most disturbing effect on these diets is hypercholesterolemia.
 

Brief History of Ketogenic Diets

The use of very-low-carbohydrate diets for treating obesity can be traced back over 100 years, when an English surgeon, William Harvey, developed a weight loss diet that allowed unlimited meat and other high-fat and protein foods but very little carbohydrate.
 The ketogenic diet for weight loss was revived in the early 1950s by Dr. Pennington, who discounted earlier studies showing that the quicker initial weight loss on diets high in fat and protein but very low in carbohydrate was mainly the result of water loss.
,
 In the 1960s The Air Force Diet, Calories Don't Count, The Drinking Man's Diet, and The Doctor's Quick Weight Loss Diet (also known as Dr. Stillman's diet) all touted very-low-carbohydrate ketogenic diets. So by 1972, when Atkins wrote his first best-selling diet book, ketogenic diets were neither new nor innovative. Indeed, the first popular diet book touting a ketogenic diet was back in the mid –1800s.

One reason for the recurring popularity of these diets is that they usually do produce very quick initial weight loss and many people also report relatively little hunger. However, it is not clear whether or not ketosis actually suppresses hunger or whether other characteristics of the diet lead people to reduce their energy intake. Of course, if ketogenic diets were truly as safe and effective as their diet guru sponsors claim, one might ask why they keep fading into obscurity within a few years of becoming popular again only to be resurrected again years later in a slightly different guise.  The rapid initial weight loss most people experience creates an avalanche of enthusiasm, which again subsides as weight loss slows and adverse effects become better known to the public.

The authors who are now promoting very-low-carbohydrate diets seem even more convinced that high-carbohydrate diets promote excessively high insulin levels. These higher insulin levels, in turn, are claimed to block fat burning, promote obesity, and cause other metabolic problems. For example, Atkins states "... group A responders will recognize the role that excess insulin plays in preventing weight loss, either by directly lowering your apparent caloric needs, or indirectly, by giving you a constant sensation of hunger that can be satiated only by constant overeating."
 Given this questionable belief, it is not surprising that Atkins and other diet book gurus of this genre claim the key to losing weight and keeping it off is to limit dietary carbohydrate. But is dietary carbohydrate really to blame for excessive insulin release that lower energy needs? Does dietary carbohydrate in some unique way trigger excessive hunger, increased food intake, and  "food addictions" (as claimed in the Hellers' books –see appendix for review), or "hormonal imbalance" (as claimed in The Zone books)? 

Do Increased Insulin Levels Trigger Overeating?

Anyone who has worked with diabetic patients realizes that if insulin levels are high this can trigger hypoglycemia and extreme hunger. Most type 2 DM patients gain weight when they start on insulin. It is easy to see how a physician treating type 2 DM patients might come to believe that excess insulin triggers overeating and weight gain. Because there are about 15 million type 2 DM in the US most people in the general population have probably heard of a type 2 DM patient who went on insulin and gained weight. However, in these cases the insulin is injected under the skin and attains levels well above normal physiological levels.

There is also no doubt that insulin inhibits hormone sensitive lipase (HSL) in adipocytes.  HSL breaks triglyceride molecules down to 3 fatty acids and glycerol. Intact triglyceride molecules cannot pass through the fat cell membrane so they are in effect trapped in the adipocyte. Because insulin inhibits HSL one might argue that it is in effect trapping fat inside the adipocytes. Proponents of very-low-carbohydrate diets sometimes refer to these well-know facts as “Endocrinology 101” and believe this explains why dietary carbohydrate and especially those with a high glycemic index (GI) promote obesity.  They reason only carbohydrates raise blood sugar and increased blood sugar triggers insulin release. High GI carbohydrates are the worst because they trigger the largest rise in blood sugar and presumably insulin levels as well. Atkins, the Eades and Schwarzbein argue that severely restricting all dietary carbohydrate promotes weight loss without hunger because it will reduce the excessive insulin levels that trigger overeating. Sears (The Zone) and the authors of Sugar Busters argue that very low-carbohydrate intakes are not necessary if one is careful to eat the right types of carbohydrates that have a lower GI response as long as you balance these with extra protein. Seems reasonable but this argument conflicts with a lot of scientific research. In fact, most research suggests that insulin at physiological concentrations lowers ad libitum food intake.
 Let’s move on to Endocrinology 102.

It is well known that insulin crosses the blood brain barrier.
 There are insulin receptors in the areas of the brain that are associated with satiety or the inhibition of food intake.
 In animal studies, insulin administered directly into the brain suppresses food intake.
 It has also been shown that extra insulin injected into monkeys with enough carbohydrate to prevent low blood sugar also suppresses food intake.
 In contrast, insulin injected into humans or animals with no or insufficient carbohydrate causes hypoglycemia, which often triggers intense hunger and a strong craving for high-carbohydrate foods. Nearly all Type 1 diabetics have had this unpleasant and potentially dangerous experience. Type 2 diabetics who start taking insulin often experience the same thing and they often gain weight. Given the fact that there are now close to 17 million Americans in the US with diabetes it is easy to imagine how the idea that excess insulin is what causes increased hunger, overeating and weight gain. However, there is no compelling evidence that increased insulin levels resulting from the ingestion of high-carbohydrate foods causes excessive hunger. 

Of course some high-carbohydrate foods with a high energy density (ED) and low fiber content may provide relatively little satiety for reasons unrelated to their impact on insulin levels and so could still contribute to excessive energy intake. Foods with a low satiety value have been shown to contribute to an increase in ad libitum energy intake in the short term
 and may very well contribute to the development of obesity in the long run. By contrast, when normal subjects were fed a diet in which the GI of the carbohydrate was either high or low for one month there was no increase in calorie intake or body weight on the high GI diet compared to the low GI diet. In this study other variables known to affect satiety were held constant.
  

As any nutrition expert knows, extra calories in any form (fat, carbohydrate or protein) can lead to the storage of excess body fat. However, there is no credible scientific evidence linking increased levels of insulin in the blood after meals with enhanced food intake or weight gain. Nor is there any compelling evidence linking high glycemic index carbohydrates to higher postprandial insulin levels, loss of insulin sensitivity, weight gain or the development of type 2 DM.

Do Increased Ketones Suppress Appetite?

If it is not the decline in insulin levels that is responsible for the loss of weight on very-low-carbohydrate ketogenic diets then what could it be? Perhaps it is the increased ketones in the blood that somehow suppress appetite? Attempts to show decreased appetite with increased ketone levels in the blood have usually found little difference in hunger with diets containing 0-80 g of carbohydrate daily, even though at 80 g of carbohydrate, 80% of the subjects were not in ketosis.
 In 2002, the Institute of Medicine’s dietary recommendations for Americans specifically state, “a minimum of 100 grams of carbohydrate should be consumed daily to prevent ketosis,” which they believe is an undesirable metabolic state for most people.
 Not only have ketones been shown to have no consistent impact on appetite, but in normal fasting subjects there is even evidence that high levels of circulating ketones in the blood stimulate insulin secretion.
 Any claim that ketones cause a marked suppression of hunger and appetite seems inconsistent with reports of hunger and the large amounts of food consumed by patients with poorly controlled diabetes who have very high levels of ketones. Such patients are often in ketosis with low insulin levels and yet they still get hungry. If keeping insulin levels low and ketone levels high were the key to blocking hunger then this would not be the case.

In addition to fad diet book authors some nutrition researchers also seem to believe that very low fat, ketogenic diets suppress appetite. For example, Jeff Volek, PhD, RD at the University of Connecticut claimed that “a more likely explanation (for the suppressed appetite on ketogenic diets) is the higher satiety value of fat and protein or the anorectic effect of ketosis.
 Lower insulin levels and/or ketosis per se are not the most likely explanations for the decreased ad libitum energy intake and weight loss frequently observed in patients who adopt a very-low-carbohydrate, ketogenic diets. To be sure many people report nausea and poor appetite when they first go on a ketogenic diet but in most this does not persist. Most dietitians have heard numerous anecdotes about how much weight someone has lost on various fad diets. Most of these fad diets severely restrict the variety of foods eaten or limit which foods can be eaten at a given meal. You may recall the Beverly Hills Diet, which had people eat nothing but fruit for several weeks. The Fit For Life diet, which eliminated whole food groups (dairy), restricted which foods could be combined at a given meal and limited other foods to only certain times of the day was very popular in the 1980s. Many people back in the 1980s lost weight on these high carbohydrate fad diets but this had nothing to do with ketones or insulin levels. The Atkins diet, like many other fad diets, has led to many anecdotal reports of weight loss success, at least in the short term. Nevertheless there is little reason to believe that diets with less carbohydrate and more fat and protein necessarily provide more satiety in the long run.

There is growing scientific evidence that people who adhere to low or very-low-carbohydrate diets for several months to a year do in fact often lose a significant amount of body weight. However, ketogenic diets in particular are very restrictive. They largely eliminate grains, starchy vegetables, fruits, and all other high-carbohydrate foods. 

Diets that severely restrict the variety of foods people eat have two major drawbacks. First, such restrictive diets are often nutritionally inadequate because they eliminate (or severely restrict) one or more food groups. Of course, Atkins recognizes that his diet is not nutritionally adequate and recommends a plethora of food supplements, which he sells. 

Even if the Atkins and other ketogenic diets avoid nutritionally deficiencies with food supplements, most people still find such diets too boring and restrictive in the long run. Perhaps this is why less than 1% of people in the National Weight Control Registry (NWCR) who are documented to have lost 30lbs or more and kept if off for at least a year have used the Atkins diet. Most of those in the NWCR eat a diet high in carbohydrate and fiber and low in fat (24% en.). This poor representation of Atkins successes in the NWCR is not proof that the Atkins diet is of no benefit for long-term weight control. However, the fact that there are so few long-term successes in spite of the fact that millions of Americans have bought and presumably tried this approach does suggest it is not all that effective either.

Today more than 60% of Americans are overweight or obese. Most Americans are becoming overweight earlier in life and are becoming more overweight than in past generations. Two recent studies clearly show that being overweight or obese significantly shortens one’s life expectancy.
 
 There is a growing need for more research to determine the long-term safety and efficacy of various dietary and lifestyle strategies for treating overweight people. These studies should be randomized clinical trials. However, it should also be kept in mind that the best weight loss strategy for one person may not be optimal for another. Some people may be better off with diets higher in protein and lower in carbohydrate but there is little reason to believe that an Atkins-style diet would be the best choice.

Unfortunately, there is very limited data from long-term studies on the safety and efficacy of on any of the popular low-carbohydrate diets. Dr. Gary Foster at the University of Pennsylvania is conducting a study lasting several years comparing the Atkins diet with a more conventional diet plan that should provide more useful long-term data as to the physiological impact of ketogenic diets. If a long-term follow-up study was conducted of people who tried the Atkins, or other similar ketogenic diet, on their own, one would expect that the vast majority of initially "successful" people would have regained the lost weight within a year. Most of them would have abandoned the diet, as is usually the case with any weight loss diet. This would explain the small minority of well-documented successes on ketogenic diets in the NWCR.
 

The 4 Stages of the Atkins Diet

Atkins divides overweight people into three groups, A, B, and C, based on their response to a short list of questions. Nevertheless, he also states that groups A, B and most C responders all have hyperinsulinemia which he suggests causes a compulsion to eat carbohydrates. The Atkins diet has 4 phases that Dr. Atkins claims are "really four diets."
 In all 4 phases, protein and fat intake are unlimited. All 4 phases allow unlimited amounts of meat, cheese, poultry, fish, olives, eggs, butter, other refined fats and oils, and salt. 

In “Phase 1”, the 2-week "induction diet," carbohydrate intake is limited to no more than 20 g daily. Avocados (15-30% of calories from carbohydrate) and even most nuts (10-20% carbohydrate) have enough carbohydrate to block ketosis if they are consumed in very large amounts. However, fruits, whole grains, starchy vegetables, and all refined carbohydrates must be completely avoided on Atkins’ "induction diet" phase. He doesn't say much about alcohol but clearly beer and sweet wines are eliminated because of their carbohydrate content. Distilled spirits and dry wines have little or no carbohydrate and will not block ketosis. Even on the Atkins diet, one can have up to 3 cups of salad vegetables each day, which would supply about 10-15g carbohydrate.

“Phase 2” is called the "ongoing weight loss" stage and it allows about 20-40g carbohydrate daily. It is recommended that this phase be followed until the goal weight is almost reached. Phase 3 is the "pre-maintenance" diet. An additional 5g carbohydrate daily is added each week or so until weight loss stops. Phase 4 or the "maintenance" diet begins once the goal weight is reached. Dieters continue to consume somewhere between 40 and 90g carbohydrate daily. Atkins calls the level of carbohydrate you can consume daily and maintain your weight loss the “critical carbohydrate level for losing” or “CCRL”. Most people will move out of ketosis if they consume about 80g carbohydrate or more daily. But in others, as little as 40-50g carbohydrate daily may effectively block ketosis.

According to Atkins, severe restriction of dietary carbohydrate is necessary to maintain what he calls “benign dietary ketosis”. Atkins believes “benign dietary ketosis” is the key to losing excess body fat and correcting the metabolic disturbances associated with excessive carbohydrate intake. He claims (incorrectly) that "there is no lipolysis without ketosis."
 Lipolysis occurs 24 hours a day in everyone. Lipolysis exceeds lipogenesis only when there is a negative energy balance and this occurs regardless of the amount of carbohydrate in the diet.

Atkins recommends the use of Ketostix to check the urine to be sure one stays in ketosis. Exceeding what Atkins calls the “CCRL” takes one out of ketosis. According to Atkins, if one goes out of ketosis or regains 5 or more pounds, the dieter must return to the "induction diet" and start the 4 phases all over again beginning with “Phase 1”.

False and Misleading Claims Made by Atkins

What about Atkins’ claim that high insulin levels directly lower apparent energy needs?
 This would defy the first law of thermodynamics. This fundamental law of energy states that the energy in a system is conserved. This means that the energy stored as fat in the human body cannot mysteriously disappear simply because insulin levels are low. Nor is there any evidence that high levels of insulin reduce the metabolic rate and somehow conserve body fat stores. Indeed, during starvation very low levels of insulin are actually associated with a somewhat slower metabolic rate. By contrast, after a meal insulin levels rise and so does the metabolic rate. The increase in metabolic rate after a meal is called the specific dynamic action (SDA) or effect and is due largely to the digestion, absorption and storage of the macronutrients in the food. There is no conceivable way that a higher insulin level would slow the metabolic rate and reduce the energy required to maintain body weight. Nevertheless, Atkins claims
 it is a "fact" that:

"Hyperinsulinemia and insulin resistance ... can be circumvented by restricting carbohydrates." "When you restrict it [carbohydrate], you avoid the food subdivision that causes you to be fat." "This metabolic correction is so striking that many of you will be able to lose weight eating a higher number of calories than you have been eating on diets top-heavy in carbohydrates." "A carbohydrate-restricted diet is so effective at dissolving adipose tissue that it can create fat loss greater than occurs in fasting." Atkins talks about a "metabolic fat trap" that he claims is mediated by high insulin levels. Atkins appears to be claiming that high insulin levels somehow conserve calories or energy. How higher insulin levels enable the human body to defy the first law of thermodynamics is unclear from the writings of Atkins and other proponents of low carbohydrate diets.

How is this possible for excessive energy from fat to not promote fat storage? Atkins claims "It's not that calories don't count, it's just that you can, in fact, sneak them out of your body unused, or dissipated as heat." While large amounts of alcohol do not promote weight gain because they are in fact dissipated as heat, there is no comparable evidence showing that ketosis increases heat production.
 
 
 In starvation ketosis occurs because carbohydrate intake is zero. However, during starvation heat production and body temperature fall which conflicts with Atkins claim that ketosis sneaks calories out of the body by dissipating them as heat. These Atkins "facts" as to how his diet somehow allows weight loss without a reduction in energy intake have now been scientifically discredited. 

When weight loss, fat loss, and protein loss were carefully assessed on a total fast, an 800 kcal mixed diet, or an 800 kcal ketogenic diet, it was shown that fat loss was significantly less on the ketogenic diet than on the total fast (0.36 lbs/d versus 0.53 lbs/d). Not surprisingly, nitrogen loss (or protein loss) was also greater on the total fast than either the ketogenic or mixed diets (8.1, 2.9, and 1.6 g/d, respectively). The rate of weight loss was greatest while fasting (mean, 1.65 lbs/d), but greater with the ketogenic diet (mean, 1.03 lbs/d) than the mixed diet (mean, 0.61 lbs/d) even though both diets contained the same energy level. However, the greater weight loss with the ketogenic diet than with the mixed diet was due almost entirely to greater fluid loss and not greater fat loss.
 There is no evidence that extra calories are dissipated as heat or otherwise somehow snuck out of the body as a consequence of adopting a ketogenic diet.

The main reason weight loss occurs rapidly when people first go on a very low carbohydrate diet is most likely due to a dramatic reduction in glycogen stores. When you lose weight on a low-carbohydrate diet, much of the weight lost in the first week or so comes from stored carbohydrate and water. That's because glycogen also stores

between three and four times it’s own weight in water. Conversely, when you overfeed on carbohydrate calories, much of the weight you gain will also be in the form of glycogen and water. For example, a team of Swedish researchers took a group of five healthy volunteers and fed them a low-carbohydrate diet for four days. This was then followed by a similar period during which a high-carbohydrate was consumed. While following the high-carbohydrate diet, the glycogen and water content of the muscles was shown to increase significantly even though there were no changes in the amount of exercise the subjects did. The average increase in thigh size was 2.5% and calf size increased by an average of 4%. The subjects weighed several pounds more consuming the high-carbohydrate diet not because they gained body fat but because they gained muscle glycogen.
 It is well known that marathon runners can easily gain several pounds by “carbo-loading” for 2-3 days before a race.

The bottom line is that eating far less carbohydrate than normal will initially result in most people losing a few pounds in the first week or so but most of this “extra” weight loss will be in the form of glycogen and water, rather than fat. This depletion of glycogen is largely responsible for why it often appears that people on an Atkins-style diet lose more weight (at least initially) than on a diet with the same calorie level but with far more carbohydrate. This explanation is far more parsimonious with the laws of physics and physiology than Atkins suggestion that higher insulin levels somehow lower the energy needs of the human body.

Can Calories Be Sneaked Out Of The Body As Ketones?

Atkins and other proponents of ketogenic diets for weight loss suggest that you can sneak extra calories out of the body as unmetabolized ketones. Actually, there is a smidgen of truth to this claim. The acetone and other ketones that permeate the expired air from people in ketosis do contain a few calories. These ketones are largely responsible for the bad breath that people always have in ketosis.  Small amounts of ketoacids (acetoacetate and beta-hydroxybutyrate) are also lost in the urine. Together, the loss of acetone and ketoacids on ketogenic diets varies from about 0.5-10 g daily.
 Ketones contain about 4.5 kcal/g. This means that no more than about 45 kcal per day are being "sneaked out" of the body. It seems hard clinically to justify chronic bad breath and other likely long-term adverse effects on health on a ketogenic diet just so a patient can consume a mere 3 to 45 extra calories (1 extra teaspoon of salad oil) a day. 

No one advocates a high-carbohydrate, high-fiber diet because it allows people to “sneak” extra calories out of the body as unabsorbed fat, protein, and carbohydrate. But in reality, high-carbohydrate diets that are very high in fiber do allow you to "sneak" more calories out of your body than would occur on a ketogenic diet. High-fiber natural foods diets lead to a modest reduction in the percent absorption of fat, protein and carbohydrate. For most individuals this would likely exceed the loss of calories achievable with ketosis. Of course, some of those unabsorbed calories do ferment in the colon and this contributes to flatulence. However, with time the body usually adapts to a high-fiber diet and problems with flatulence usually decrease. At worst, flatulence is an intermittent problem whereas the bad breath due to ketosis lasts 24 hours a day for as long as one stays in ketosis.

The main reason that people lose weight on ketogenic diets was demonstrated years ago when 6 obese subjects were placed on ketogenic diets and told they could eat all the meat, fish, eggs, cheese, butter, margarine, chicken, and cream they wanted but had to limit their carbohydrate intake to less than 50g daily. For 2 weeks before and during the ketogenic diet the subjects carefully recorded everything they ate. Compared to their normal diets, the subjects reduced their daily energy intake by 13-55% on the ketogenic diet. None of the subjects ate more fat and 3 of the subjects reduced their average daily fat intake by 22 to 35g. The authors concluded that weight loss on ketogenic diets is due mainly to reduced energy intake.
 Weight loss on a ketogenic diet results mostly from glycogen and fluid loss the first week. After that weight loss on a ketogenic diet only occurs if one maintains a negative energy balance.

Of course, this does not mean that people cannot maintain their body weight on a ketogenic diet. Most people in America usually consume 80-90% of their daily energy from foods or food combinations (e.g., ham and cheese sandwich, bread with butter, or beef stew) that are not permitted on the Atkins diet. This means that when people go on a ketogenic diet they have to figure out what to eat all over again. In addition, many of the high-ED foods frequently consumed by Americans contain carbohydrate as well as fat and protein. Foods such as cookies, potato chips, cheeseburgers, ice cream, candy bars, pastries, and fried rice have a high ED and high fat content but they would not be permitted on the Atkins diet because they also contain a lot of carbohydrate. It may well be the elimination of so many energy-dense foods, particularly those that are highly palatable with a very high ED, that is largely responsible for the drop in ad libitum energy intake often observed when people go on these very low carbohydrate-diets. However, this does not mean that if people stayed on a ketogenic diet for a long time they would continue to consume less energy. Over time they would naturally gravitate toward higher-ED foods without carbohydrate. Fried pork rinds and bacon have a ED similar to those of potato or corn chips. The role of ED will be discussed in more detail later in this review. However, reductions in ED or food variety are not the reasons that Atkins and other ketogenic diet promoters believe their ketogenic diets work. Nevertheless, an inadvertent reduction in the ED of the diet is scientifically far more viable explanation for the drop in ad libitum energy intake frequently observed when people first adopt a ketogenic diet.

Mysterious Fat Mobilizing Substance

In an earlier book (Dr. Atkins' Diet Revolution: the High Calorie Way to Stay Thin Forever) Atkins claimed
 that "carbohydrate - not fat - are the principle elements in food that fatten fat people. They do this by preventing you from burning up your own fat and by stimulating your body to make more fat ... Protein and fat combinations alone do not do this." According to Atkins this defiance of the laws of physics is due to what he calls the "fat mobilizing hormone" or FMH. Atkins claimed
 that "FMH releases energy into your bloodstream by causing the stored fat to be converted to carbohydrate." In fact, the conversion of fatty acids to carbohydrate simply does not occur in the human body. 

In the 20-plus years since the publication of Atkins’ first best seller, this hypothesized FMH has continued to elude researchers. However, in his latest best seller, Atkins
 is still spinning the same old yarn about this hormone, although now he calls it "fat mobilizing substance" (FMS). He talks again about the research of Kekwick and Pawan done in the 1950s and 1960s that Atkins still insists demonstrated that FMS "is the instrument of your metabolic edge; it enables you to sneak out some unused calories from your body that you wouldn't be able to remove so easily on a low-fat diet." In his latest book, Atkins cites 4 other research studies, all published before 1965, which suggested the presence of some "fat mobilizers." Atkins claims the benefits of this mysterious substance have "been demonstrated by a plenitude of researchers."
 

In fact, no FMH or FMS has ever been identified that enables people to lose body fat while consuming lots of energy as fat and protein. Nevertheless, Atkins goes on to discuss other published studies in which the second law of thermodynamics appeared to have been contradicted. Unfortunately for Atkins' mysterious FMS, the results of all the studies he cites to support its existence can be explained more simply by the loss of fluid and glycogen rather than a contradiction of the laws of physics or of physiology and nutrition. Today FMS has the same level of credibility as the study that proclaimed the existence of "cold fusion" back in the 1980s. Extraordinary claims that directly contradict well-established scientific laws should require extraordinary proof. By scientific standards, Atkins’ claim about the existence of a mysterious FMS that enables people to lose weight while eating lots of fat calories is specious and not a matter of scientific debate.

If FMS exists and is the key to long-term weight control, as Atkins claims, one might ask why a large study of people who lost 30 or more pounds and successfully kept the weight off for at least 1 year found that people continued to eat a low-fat diet (24.3% of energy from fat). The authors of this study concluded that "consumption of a low-fat, low-energy diet may be necessary for long-term weight control" and "persons who have successfully lost weight should be encouraged to maintain such a diet."
 In contrast, there are no studies suggesting that large numbers of people are losing a lot of weight and keeping it off long-term using a high-fat, ketogenic diet. The NWCR now has over 3000 success cases but less than 1% of these are following an Atkins-style diet according to Dr. Rena Wing who oversees the NWCR.

Do Ketogenic Diets Control Hyperinsulinemia and Prevent Beta-Cell Failure?

Atkins, like the other promoters of lower carbohydrate diets, claims that dietary restriction of carbohydrate works, at least partly, because it lowers insulin secretion. Atkins believes it is excess insulin levels that cause overeating in some people. Atkins claims
,
 that "food compulsion isn't a character disorder, it's a chemical disorder called hyperinsulinemia" that he believes is due to the "unhealthy way that most people in our culture eat” and claims that "sugar is a metabolic poison." Atkins believes a high-carbohydrate diet leads to a variety of other metabolic disturbances including the insulin resistance syndrome (IRS) or the “metabolic syndrome” (a.k.a., dysmetabolic syndrome and syndrome X). There is no research to support this claim.

Atkins along with many other promoters of low-carbohydrate diets, appears to be confusing cause with effect. High insulin levels don't cause overeating so much as overeating causes high insulin levels. In nondiabetics, higher insulin levels are largely the result of consuming excessive calories. This is not surprising, because one of the main biological functions of insulin is to encourage the storage of extra calories mostly as fat. Also without insulin adipocytes cannot hang on to their fat stores as insulin blocks hormones sensitive lipase (HSL).  Without insulin the action of HSL triggers the release of large and potentially dangerously high levels of free fatty acids (FFA) in the bloodstream. Without insulin, both glucose and FFA can rise to dangerous levels in the bloodstream and cause a variety of serious health problems. Indeed, there is growing evidence that the failure of beta-cells in the pancreas may be due at least in part to the build-up of excess intracellular fat from the influx of excess FFA from the blood.
 In rats it has been shown that glitazones, which reduce insulin resistance also increase fat storage capacity, reduce the flux of FFA from adipocytes and prevent the loss of beta-cell function perhaps via this lipotoxicity mechanism.
  Hispanic women at high risk of developing Type 2 DM were also shown to have their beta-cell function preserved by glitazones that reduce insulin resistance.
 

It is becoming increasingly clear that the high insulin levels are secondary to insulin resistance. Insulin resistance appears to arise in people whose ability to store body fat is being overwhelmed by an energy intake well in excess of biological needs. It matters very little whether the diet is high in carbohydrate or fat but only whether energy intakes are excessive. An estimated 25% of the US population have a genetic predisposition to develop insulin resistance if their calorie intake is excessive. Weight loss and exercise have been shown to reverse insulin resistance. Exercise, a healthier diet and the loss of just 5-10% of body weight has been shown to be even more effective than drugs to reduce insulin resistance and prevent the loss of beta-cell function that leads to the development of Type 2 DM.
 
 There is no evidence that restricting dietary carbohydrate reduces insulin resistance if no weight is lost.

While the promoters of very-low-carbohydrate diets would have people believe that it is only energy from carbohydrate that increases the secretion of insulin, this is not actually the case. A study that examined insulin levels after people ate a set number of calories from a variety of foods clearly demonstrated that the insulin levels rise significantly after consuming foods like eggs and beef, even though both foods are virtually carbohydrate-free.
 Figure 1 below shows the insulin index of a variety of common foods. The insulin index is a measure of the amount of insulin secreted in response to consuming 240 kcal of a food compared to the amount of insulin secreted in response to consuming 3 slices (240 kcal) of white bread.

As can be seen in Figure 1, the amount of insulin secreted in response to consuming 240 kcal of beef, fish, or cheese was similar to the amount secreted in response to consuming 240 kcal of lentils, oatmeal, apples, oranges, or whole wheat pasta. Atkins and other proponents of very-low-carbohydrate diets would have people believe that it is only dietary carbohydrate, not protein or fat that triggers the release of insulin. They also claim it is the excessive release of insulin that promotes fat storage and causes overeating. This is why they believe it is only dietary carbohydrate that leads to increased fat storage and other metabolic problems correlated with "hyperinsulinemia." Clearly the data in Figure 1 directly refutes such a simplistic notion.
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Insulin resistance (IR) is associated with a decreased ability of fat cells to hang on to their fat stores. This means the higher levels of insulin in the blood associated with IR actually increases the release of FFA from adipocytes. Therefore the higher insulin levels do not prevent the burning of fat in the body.
 Therefore, IR reduces the body's ability to store fat even though it results in higher insulin levels in the blood. In fact IR may actually be a physiological adaptation to limit weight gain beyond a certain point.
 While people vary in terms of how much weight they must gain before IR becomes a serious metabolic problem, there is little doubt that chronic excessive energy intake and weight gain are the primary causes of hyperinsulinemia and the development of the metabolic syndrome. Not surprisingly, it is weight gain and IR rather than the higher insulin levels per se that increases the risk of developing both Type 2 diabetes mellitus (DM) and cardiovascular disease (CVD) in people with the metabolic syndrome.

The bulk of the scientific research does not support the simplistic idea that simply by reducing the percentage of energy from carbohydrate promotes weight loss. Nor is there any evidence low-carbohydrate diets prevent the development of CVD or Type 2 DM. IR and the metabolic syndrome appear to be largely the result of excessive calorie intake, inactivity, and weight gain and not the percentages or amount of carbohydrate, protein and fat in the diet. It appears that excess calories can eventually exceed the ability of adipocytes to store fat. When this happens changes in the adipocytes appear to trigger IR in muscle and other tissues.
 If this is correct it means that excess energy from either fat or carbohydrate or protein can promote IR, The Metabolic Syndrome, and Type 2 DM in genetically susceptible individuals. Because the Atkins diet is high in animal fats it is also high in saturated fat. There is some evidence that overweight individuals are more likely to develop insulin resistance on diets high in saturated fat compared with isoenergetic diets with unsaturated fats.

So the Important Question Is: Are High-Fat or High-Carbohydrate Diets More Fattening?

Some researchers, as well as fad diet book authors, have claimed that an increase in ketones in the blood has an appetite suppressing effect.
 However, no such anorectic impact of ketones has been shown in carefully controlled studies. There are a number of other plausible explanations for the decreased ad libitum energy intake usually observed when most people adopt a ketogenic diet. One of these, a decrease in dietary variety, was discussed earlier. This review will now examine the role of dietary fat and carbohydrate in promoting obesity.

When the fat content of foods was manipulated covertly and the palatability of both diets was similar, human subjects were shown to increase their ad libitum energy intake and gain weight as the percentage of energy from fat increased.
 However, high-fat diets do not always lead to increased ad libitum energy intake and weight gain when compared to diets higher in carbohydrate. It has been shown that if the ED of high-fat and high-carbohydrate diets is the same, a higher percentage of fat calories do not generally cause a higher level of energy intake.
  

Foods many people think of as being "rich" generally have a high ED. For example, one pound of M&Ms has about 2200 calories whereas a pound of strawberries has only about 140 calories. M&Ms are a high-ED food, whereas most fruits and vegetables have a very-low to low ED. M&Ms are high in fat and refined sugar while most fruits and vegetables are very low in fat and have a lot of fiber and water. Fruits and vegetables have a high percentage of their calories as carbohydrates but they are not high in carbohydrate on a weight basis.

The promoters of low-carbohydrate diets generally point to the increased percentage of carbohydrate in the American diet in the past 10-15 years and the increase in body weight of the average American during the same time. Of course, this observation does not prove that dietary carbohydrate is fattening per se. No doubt the reduction in cigarette smoking and decreased activity level of Americans during this time accounts for much of the weight gain. Nevertheless, this observation should result in future research that focuses on the type of carbohydrate in the diet more than the percentage of energy from carbohydrate.

In general, more processed and refined foods have a higher ED than more natural foods and they also appear to be less filling.
 Indeed, research has shown that not only was a high-fat intake, especially from saturated fatty acids (SFA), associated with increased body weight, but also the consumption of more refined sugar and less fiber have been associated with excessive energy intake and obesity.
 
 These processed and refined foods have both a high ED and a low fiber content.

So while it is generally true that many high-carbohydrate foods do have a low to moderate ED, this is not always the case. Nor do all high-fat foods have a higher ED than all high-carbohydrate foods. For example, avocados have about 800 calories per pound, which is less than bread products that typically have about 1150-1300 calories per pound. Dry cereals have 1500-1700 calories per pound, which is much more than beef, chicken, and fish, that have 400-1000 calories per pound depending on their fat content. Mounting scientific research suggests that a diet composed of more low-ED foods and fewer high-ED foods is more likely to make people feel full on fewer calories. When people feel full on fewer calories they probably consume fewer calories and this promotes weight loss.
 

Potential Health Risks of a Ketogenic Diet

1. Ketogenic Diets Can Cause Orthostatic Hypotension

A drop in systolic blood pressure of 20 mm Hg or more 1-3 minutes after standing up from a supine (lying down) position is called orthostatic hypotension (OH). The loss of fluid and electrolytes that always occurs on a ketogenic diet coupled with a decrease in sympathetic nervous system activity often results in OH. Researchers have observed a drop in systolic blood pressure of 30 mm Hg and diastolic blood pressure of 15 mm Hg when people on a ketogenic diet stand up after being in the supine position.
 
 OH can cause dizziness or even loss of consciousness when people stand up quickly or are exposed to a sudden changes in gravitational or centrifugal forces. 

The presence of OH is associated with increased mortality in elderly men.
 In older people, the presence of OH has been shown to predict an increased incidence of vascular-related deaths.
 The authors of this study concluded "Clinicians should prescribe vasodilating and volume-depleting medications with caution for elderly persons with diastolic OH 1 minute after standing up." Because ketogenic diets cause the rapid loss of fluid and electrolytes and would no doubt worsens problems with OH, common sense should dictate that such a ketogenic diet should not be recommended for older people with systolic hypertension (HTN), who often have problems with OH.

Even in younger people without OH, a ketogenic diet can result in OH. In 1993, I testified as an expert witness in a case in which the plaintiff (a moderately overweight man in his 40s) lost consciousness while riding his motorcycle. He had been on a ketogenic diet and had not been warned about the potential danger of OH, which I believe contributed to a sudden drop in blood flow to his brain as he rounded a corner. As a result, he lost consciousness and crashed his bike and broke his wrist. The jury agreed and awarded the plaintiff a $125,000 judgement.
 

Bottom Line: Orthostatic hypotension, or a rapid drop in blood pressure when you go from lying down to standing, is caused by a loss of fluid and electrolytes and reduced sympathetic nervous system activity. Both of these occur when your body is deprived of carbohydrate and during ketosis. This may result in dizziness or even fainting in some when they stand up quickly. It would be wise for those who advocate ketogenic diets to warn their patients about the potential dangers of OH, which often occurs to some extent in some people who adhere to these nutritionally imbalanced diets. The failure to warn patients of a known risk associated with a medical treatment is dangerous and could be viewed as malpractice by a jury.

2. Osteoporosis, Gout, Kidney Stones, and Hyperuricemia

Ketogenic diets often cause a significant rise in blood uric acid levels. This may be due in part to an increased intake of purine-rich animal products. In genetically susceptible individuals, an increased intake of purines can increase the synthesis of uric acid to the point where it starts to crystallize in the joints, most often the big toe, causing gouty arthritis. At the same time the ketoacids may compete with uric acid for renal tubular excretion and the lower pH of urine due to a high intake of foods with an acid residue will reduce the solubility of uric acid in the urine. This can result in the formation of uric acid crystals in the urine and kidney stones.

Increasing dietary protein has been shown to increase calcium excretion in the urine.
 Over time, excess protein intake, especially that from animal sources may increase the loss of calcium in the urine and contribute to the development of osteoporosis.
 

High levels of animal protein in the diet have been associated with an increased risk of forming calcium oxalate renal calculi.
 More recently, an Atkins-style ketogenic diet was shown to deliver a marked increase in the acid load to the kidneys. An increase acid load is known to promote kidney stones in genetically susceptible people (about 10% of men and 5% of women) due to increased calcium excretion. This study showed a doubling of undissacociated uric acid along with a significantly greater loss of calcium in the urine. These changes would be expected to promote kidney stones in some people and increase the risk of osteoporosis in most others.

Eskimos are the only people studied who have followed a ketogenic diet for much of their lives, and on average they develop osteoporosis earlier in life than Americans.
 More research is needed about why Eskimos develop osteoporosis, as an excessive intake of retinol or a deficiency of boron could also be playing a role. Nevertheless, there is reason to be concerned about an increased risk of osteoporosis in those who adhere long-term to a high-animal protein diet.

Bottom Line:  An excess of uric acid in the body causes gout. This excess can be caused by an increased intake of foods high in purines, which are broken down into uric acid in the body. Meat, poultry, nuts, seeds, eggs and seafood are all fairly high in purines. In addition, a diet with an acid residue slows the renal clearance of uric acid. High protein ketogenic diets like Atkins create an acidic urine. Increased production coupled with decreased rate of excretion can lead to higher uric acid levels in the blood. Elevated levels of uric acid in the blood may lead to needle-like uric acid crystals in joints, which is the cause of gout. Increased uric acid, calcium and reduced citrate in the urine can all increase the risk of kidney stones. Ketogenic diets are likely to increase the risk of osteoporosis, kidney stones, and gout.

3. Feeling Better On A Ketogenic Diet

Atkins states
 that "There's no doubt that feel-good changes can make their appearance in Atkins dieters long before there is significant weight loss." In reality, most people experience fatigue within 2 days of starting a ketogenic diet and by the third day most have trouble with normal daily activities. Subjects in this study found high levels of activity very difficult on a ketogenic diet.
 

During World War II Canadian soldiers were fed dehydrated beef with added suet as an emergency ration. This diet was about 30% of energy from protein and 70% from fat. The soldiers’ performance deteriorated rapidly and they became incapacitated by the third day on this ketogenic diet. This is not surprising because after 3 days on a ketogenic diet, glycogen stores would be similar to those of a marathon runner who was about to "hit the wall." The soldiers complained of severe fatigue and nausea, their breath smelled strongly of acetone, and several vomited. Because of fluid and electrolyte loss and poor appetite, they all lost weight rapidly. When a modest amount of carbohydrate was added to their diet the soldiers were again able to function normally.
 One reason the soldiers fared so poorly on a ketogenic diet was that they had no time to adapt to it. Another reason was the high levels of physical activity required by infantry soldiers during World War II.

Of course, there are many anecdotes of people feeling better on ketogenic diets and these cannot be dismissed easily. No doubt many people feel better due in part to the initial rapid weight loss. Most of the studies that found adverse changes in mood, fatigue, impaired mental function, or nausea on ketogenic diets observe these effects primarily in the first week or so. By the second week, most people begin to feel better on a ketogenic diet, although this is also true of other diets, which restrict energy intake. It seems likely that this dysphoria seen in most people when they first go on ketogenic diet will not be permanent once the brain adjusts metabolically to using ketones, rather than glucose, as its major energy source.

The claims of some people feeling better on a ketogenic diet may result from a comparison to how poorly they may have felt during the first week of the ketogenic diet before their bodies and brains had adjusted to a limited or different fuel mix. Research has also shown that a sudden drop in energy intake is often associated with a big increase in appetite and dysphoria but this occurs whether or not the diet results in ketosis.
 However, as people adapt to the lower energy intake they generally have fewer problems with hunger, depression, or fatigue.

It should be noted that Eskimos following their traditional diet of fish and sea mammals spend much of their lives in ketosis. Nevertheless, despite this ketosis they are quite physically active and have survived for countless generations in a very harsh and challenging environment. Therefore, any conclusion that a ketogenic diet will invariably lead to dysphoria, chronic fatigue, or seriously impaired cognitive function in the long-term does not appear to be warranted. Nevertheless, this does not mean that ketogenic diets have no effect on high level mental functions.

Wing et al put 21 overweight women (mean BMI, 41) on either a low-calorie ketogenic diet or an isocaloric diet higher in carbohydrate. The diets were fed in a randomized double-blind protocol for 4 weeks. Weight loss on the isocaloric diets was the same (8.1 kg). The subjects were reevaluated periodically with brief measures of cognitive performance and mental flexibility. Performance on the attention tasks was similar on both diets. However, performance on the mental task requiring higher order mental processing and flexibility showed significant impairment on the ketogenic diet but not on the higher carbohydrate diet.
  

It seems that at least under some circumstances, a ketogenic diet may impair high-level brain function. This possible adverse effect of ketogenic diets deserves more research attention, given the current resurgence in the popularity of such diets. Keep in mind also that the long-term impact of ketogenic diets may also impair mental function if they contribute to a physical disease (i.e., atherosclerosis of carotid arteries, Alzheimer's disease, or strokes) that ultimately end up compromising the health and function of brain tissues.

Bottom Line: While some people may feel better on a ketogenic diet it is likely that many others will feel worse. More research is needed to determine if most people feel better or worse after being on a ketogenic diet for several months. When first adopted it appears that the majority of people experience some unpleasant side effects on a ketogenic diet but this is not always the case.

4. "Hitting the Wall" Comes Much Sooner on a Low-Carbohydrate Diet

At least since the 1930s, it has been known that a high-carbohydrate diet can enhance endurance during strenuous athletic events.
 For example, a study in which 9 healthy subjects rode a bicycle ergometer at a fixed rate (75% VO2 max) until exhaustion found that they lasted an average of 126 minutes on a typical Western diet. When they were given a diet high in protein and fat for 3 days before the test, they lasted only 59 minutes. But when they consumed a diet very high in carbohydrate for 3 days before the test, they became exhausted after 189 minutes. Their endurance was shown to be correlated with the amount of glycogen stored in their muscles.
 Recall also the impaired performance of the Canadian soldiers during WW II discussed previously.

When endurance athletes start to run low on muscle glycogen, their ability to maintain a pace greater than 65% VO2 max is seriously impaired and they are forced to slow down. This is called "hitting the wall." Depletion of muscle glycogen also impairs sprinting, because with inadequate glycogen reserves anaerobic exercise is compromised. On a ketogenic diet glycogen stores may be less than one-third of normal. This means an athlete who could have finished a marathon on a high-carbohydrate diet or "hit the wall" at mile 19 or 20 on a typical Western diet would likely "hit the wall" between miles 5 and 10 on a ketogenic diet. Needless to say, no one on the Atkins diet has ever won the Boston Marathon!

Impact of a High-Fat Diet on Athletic Performance

If one’s idea of an athletic event is a round of golf or a bowling tournament, chances are athletic performance will not suffer when a ketogenic diet is adopted. Most people can perform normal daily activities with no more noticeable difficulty when in ketosis, once they get past the first week or so. Provided that the physical activity does not require more than a moderate level of physical exertion (<60-65% VO2 max) there is no compelling evidence that a ketogenic diet impairs athletic performance, at least in the short-term. However, the ability to maintain exercise at a high intensity level (>70-80% VO2 max) depends on adequate stores of muscle glycogen. On a very-low-carbohydrate diet, glycogen stores will necessarily end up much lower than they would be on a high-carbohydrate diet. 

Some researchers have claimed that “fat-loading” can replace “carbohydrate-loading” in endurance athletes and may actually improve performance.
  However, a recent review found no credible support for enhanced athletic performance after long-term adaptation to a high-fat, low-carbohydrate diet. The authors of this review stated “When exercise intensity is increased, there is an increased need for carbohydrates. On the other hand, the consumption of a fat-rich diet decreases the storage of glycogen in both muscle and liver. Therefore, training intensity may be compromised in individuals while consuming a fat-rich diet.”

Insulin Is Required for Protein Synthesis

Atkins and other proponents of ketogenic diets always stress the negative aspects of insulin. However, insulin is an anabolic hormone that stimulates the uptake of both glucose and amino acids by muscle cells. Insulin deficiency can impair muscle protein synthesis after exercise. Fortunately, dietary protein, as well as carbohydrate, stimulates the release of insulin. If it did not, then a ketogenic diet would cause the massive loss of lean tissue as well as body fat as was seen in Type 1 DM patients before the discovery and administration of injectable insulin. However, a review of high-carbohydrate and high-fat intakes in athletic performance noted that the "provision of carbohydrate after exercise is likely to stimulate muscle protein synthesis to a greater extent than a corresponding amount of fat." 
 If correct, this would mean that athletic performance could be impaired in the long run on a ketogenic diet due to a failure to attain maximal muscle strength with training. 

Athletic performance can be impaired by limited stores of glycogen, the loss of fluid and electrolytes, and a reduction in the repair and synthesis of new muscle protein. It seems clear that for many athletes, a ketogenic diet could impair performance and may even increase the risk of heat stroke or hyponatremia. Risk/benefit analysis for use of the Atkins diet is easy for athletes because no benefit of a ketogenic diet on athletic performance has ever been demonstrated in well-controlled scientific studies.

5. The Danger of Getting Too High on a Ketogenic Diet

Mountain sickness is a common problem for people who travel from low altitude areas to altitudes of 8000-10,000 feet or higher. The early symptoms include headache, light-headiness, giddiness (sometimes called a "mountain high"), anxiety, poor judgement, and nausea. In severe cases, lung function can become seriously impaired and death can result. People can adapt physiologically after a few days to the thin air and there are people who live their entire lives in Tibet at altitudes as high as 12,000-14,000 feet. Nevertheless, people not adapted to high-altitude living will often become quite ill when they travel to the mountains, particularly when engaging in vigorous exercise.

Mountain climbers and skiers should be warned that a ketogenic diet will greatly increase the risk of mountain sickness and death at high altitude. By contrast, a very high-carbohydrate diet helps to maintain a higher CO2 level in the blood (pCO2) and reduces the risk or severity of mountain sickness.
  

Mountain sickness is due in large part to the loss of excessive CO2 in the blood in people whose kidneys have not become adapted to conserving bicarbonate ions. Indeed, the early symptoms of mountain sickness are often indistinguishable from hyperventilation. When the air is thin, people must breathe more air to get enough O2. However, in the process of getting enough O2 they end up losing so much CO2 from their blood that it throws off the buffering system. The reason a very-high-carbohydrate diet protects against depletion of CO2 in blood is that for every liter of O2 used to burn carbohydrate in the body, a liter of CO2 is produced. Burning protein for energy results in about 15% less CO2 per liter of O2 than with carbohydrate. When fats are burned for energy about 30% less CO2 is produced than with carbohydrate. Even worse than a high-fat meal in the mountains is alcohol. This is because alcohol yields one-third less CO2 than carbohydrate for each liter of O2 consumed.

Therefore, people on the Atkins diet who travel to their favorite mountain range for a weekend trip may find themselves developing symptoms of mountain sickness for the first time. People who are often troubled by mountain sickness should be advised that switching to a very high-carbohydrate diet the day before they leave and maintaining it for the first few days they are there should reduce or eliminate their symptoms. They should also be cautioned to avoid alcohol for at least the first 2-3 days of their trip. 

6. Reduce the Risk of Heart Disease With Cheese Omelettes?

Of all the questionable or discredited health claims made by Atkins regarding his high-fat ketogenic diet, the most appalling may be the suggestion or even the implication that a diet high in fat, saturated fat, and cholesterol not only reduces the risk of heart disease but can actually help to reverse it. Atkins discusses
 the case of Patrick McCarthy, who was diagnosed with ischemic heart disease (IHD) when he was 55 y. If we can believe Atkins, "Patrick has a two-egg cheese omelette for breakfast each morning, sometimes supplemented with slices of filet mignon." Patrick also eats lots of meat, poultry, and fish for lunch and dinner and "his portions are large." Patrick also enjoys "salads with blue cheese dressing" and "broccoli with cheese." Atkins says this "case speaks for itself" and claims he has "seen so many thousands of people like Patrick eating the way he eats and reversing their heart disease. And that is why I [Atkins] know [emphasis in original] that cheese omelettes and steaks are heart-healthy in the context of a low-carbohydrate diet." 

Atkins claims he "actually treats cardiac patients with as much success on [his diet] as Dr. Dean Ornish claims for the patients who he treats on a wildly different diet, an extreme low-fat, vegetarian diet." Of course, unlike Ornish, Atkins has published no clinical trials of his diet in cardiac patients, or any other patients for that matter. There are no data on the relative risk of myocardial infarcts or angina on a ketogenic diet. Even Atkins does not dispute that a very low-fat, near-vegetarian (VLFNV) diet dramatically lowers serum total cholesterol (TC) and can at least partially reverse even advanced atherosclerosis. Of course, Ornish has shown his diet works in a clinical trial.
 Atkins, like virtually all promoters of nutrition quackery, relies on anecdotes and a gross distortion of the published scientific evidence to support his questionable "theories" about his diet favorably impacting the risk of atherosclerosis related diseases.

More research is needed about the relative impact of high-carbohydrate and high-fat diets on CVD. However, claims or suggestions made by diet book gurus that very-low-fat diets are dangerous and promote atherosclerosis by causing hyperinsulinemia are not based on credible scientific research. However, the preponderance of scientific evidence about the relative benefits of a VLFNV diet versus a Mediterranean-style diet for the prevention of IHD still favors the use of the former.

Even Atkins
 admits, “there are some individuals who are fat-sensitive and will develop less favorable cholesterol level on a high-fat diet than on a low-fat diet." However, he then claims that "Intensive study of medical reports strongly suggests that fewer than one person in three falls into this category." Somehow, no such reports have been located and the studies Atkins discusses in his books to support his claims remain unsubstantiated. Indeed, most of the studies he cites have been discredited by better-designed studies. 

According to Atkins' 
 "painstaking review of the medical literature" ... "Ketogenic levels of carbohydrate restriction will lower a normal cholesterol level slightly, [and] an elevated cholesterol level moderately.... has been demonstrated, confirmed and reconfirmed." However, when a group of 21 overweight men and women with an average TC of 205 mg/dl followed the Atkins diet for 8 weeks, their average TC increased to 217 mg/dl (NS). Their LDL cholesterol increased significantly from 127 mg/dl to 151 mg/dl (P<0.01) or about 19%. Fasting triglyceride (TG) dropped from 138 mg/dl to 93 mg/dl (P<0.01) but HDL cholesterol decreased from 51 to 49 mg/dl (NS). Both uric acid (5.9-7.7 mg/dl) and FFA increased significantly on the Atkins diet, and the subjects lost an average of 16.9 lbs.
 Diet analysis showed that the subjects were not eating more SFA on the Atkins diet than on their usual diets but their average daily cholesterol intake increased from 507 to 828 mg on the Atkins diet.

In this same study, one subject developed a cardiac arrhythmia (atrial bigeminy) on the Atkins diet, which disappeared after the ketogenic diet was discontinued. Other cases of cardiac arrhythmia have been reported on ketogenic diets and there is evidence that myocardial infarct is associated with elevated FFA.
 On a ketogenic diet FFA in the blood will typically be elevated by 33-50% or more.

There is little data on the impact of long-term adherence to a ketogenic diet on blood lipids and atherosclerosis. One study that long ago examined the blood of 2 men who consumed an all-meat diet for one year found they both had very high TC levels. In one subject the TC was 315 mg/dl and the other subject had markedly elevated TC of 800 mg/dl.
 Clearly more research is needed to establish whether or not the ketotic state causes a greater or lesser elevation in TC than would be expected simply as a result of consuming more SFA and cholesterol and less fiber than would be on a diet with more carbohydrate-rich foods . There is currently no reason to believe a ketogenic diet would favorably affect blood lipids or atherosclerosis in the long-term. Of course, if adherence to a ketogenic diet did result in significant weight loss and this weight loss were maintained long-term then this should help reduce insulin resistance and improve blood lipid levels. It seems clear that any possible long-term beneficial impact that an Atkins-style diet with a large amount of cholesterol and a high percent of calories as saturated fat might have on blood lipids and atherosclerosis would be secondary to weight loss and a reduction in insulin resistance.

Best Studies Show Ketogenic Diets Increase rather than Lower Serum Cholesterol 

The largest and best study to date concerning the impact of a high-fat ketogenic diet on blood lipids was done on childre. Kwiterovich et al put children on a ketogenic diet and reported its impact on blood lipoprtein levels after 6months and up to two years.
 While these children were placed on a ketogenic diet to control epileptic siezures rather than for weight loss it results bears on the ongoing debate over the blood lipid effects of very-low-carbohydrate, high-fat diets such as the one promoted by the late Robert Atkins.  Because these children were for the most part at healthy body weights their calorie intake was not restricted and they were fed enough calories on the ketogenic diet to maintain a healthy body weight. Blood lipids were checked initially while the children were consuming a fairly typical American diet that was already rather high in saturated fat and cholesterol. They were then placed on a high-fat ketogenic diet for 6 months and their blood lipids were rechecked. Table 1 below shows the changes observed in their lipoprotein levels. 

Table 1. Plasma Lipoprotein levels before and after adoption of a ketogenic diet.





Baseline

After 6mos
Mean % Change

Total Cholesterol


174mng/dl
232mg/dl

+33

Triglycerides


 96mg/dl

148mg/dl

+60

NonHDL-Cholesterol

118mg/dl
181mg/dl

+53

HDL-Cholesterol


 56mg/dl

 49mg/dl


-12

LDL-Cholesterol


 99mg/dl

148mg/dl

+49

Apo-B



 89mg/dl

140mg/dl

+57

Total/HDL-Cholesterol ratio
3.11

4.73


+52






Adapted from Kwiterovich et al. JAMA 2003;290:912

Unlike many other studies reporting more modest changes in blood lipids in adults who adopt a ketogenic diet this study was of a longer duration and compliance with the dietary guidelines were much more carefully monitored and remained excellent throughout the study. The 53% increase in nonHDL-cholesterol, 60% increase in triglycerides and the significant 12% drop in HDL-cholesterol observed in this study directly refute the claim made by Atkins and other that diets higher in saturated fat and cholesterol do not adversely impact blood lipid levels as long as dietary carbohydrate intake is severely restricted. Kwiterovich et al also noted the depressed HDL levels and markedly increased LDL levels remained in most children even after 1-2 years on a ketogenic diet. This is especially troubling because many people are now being persuaded to adopt a ketogenic diet as a permanent lifestyle change to control body weight. 

The adverse changes in blood lipids caused by a ketogenic diet may be masked initially in the obese due to the favorable impact on blood lipids caused by a reduced energy intake and weight loss.
 There is also evidence that obese people with insulin resistance respond less to the hypercholesterolemic effects of cholesterol-rich foods like eggs.
 This may be part of the reason a systematic review of the efficacy and safety of low carbohydrate diets found they “…had no significant adverse effect on serum lipid … levels….”
 However, most of the studies and low-carbohydrate diets were short term and those that lasted long enough for weight to stabilize experienced relatively poor compliance with dietary advice and provided no quantitative data on dietary intake. As a result here is still very little evidence in adults about what happens to blood lipids on an Atkins-style ketogenic diet at a stable but lower body weight.  
At a lower but stable body weight insulin sensitivity would probably improve so the blunted impact of eating eggs on serum lipids likely be gone. In addition there would be a greater intake of saturated fat and cholesterol  consumed than on an isoenergetic low-fat diet and in most cases a greater. This would predictably worsen blood lipids and accelerate atherosclerosis even if a lower body weight could be maintained on a ketogenic diet. Indeed, Fleming
 published data showing adverse effects on blood lipids and other CVD risk factors after 1 year in a group of obese subjects following an Atkins-style despite the loss of 13.7% of their initial body weight. By contrast, Fleming observed a marked improvement in blood lipids (including a 52% drop in LDL) and other CVD risk factors on a very-low-fat diet. An average loss of 18.4% of initial body weight was also observed in subjects following the high-carbohydrate diet. Until more research is done on the long-term safety of low-carbohydrate, high saturated fat and cholesterol diets the presumption should be that such diets are likely to be dyslipidemic and atherogenic in both children and adults in the long term. 

The adverse changes in blood lipids on a ketogenic diet not only persist but begin very quickly. For example, in just 3 days, TC increased an average of 16% when subjects were switched from a typical Western diet to a ketogenic diet.
 When 9 lean men were fed either a low fat-diet or a ketogenic diet for 4 weeks, their TC rose from 159 to 208 mg/dl but their fasting TG levels fell from 107 to 79 mg/dl.
  The drop in TG levels seen in this and many other studies is probably largely the result of a negative energy balance, weight loss and a reduction in sugar intake.According to Atkins, "Insulin provokes the liver into producing more LDL cholesterol." The truth is that the liver makes VLDL cholesterol, which degrades to LDL cholesterol in the blood. However, short-term food restriction in human subjects does result in much lower insulin levels and this was also shown to dramatically reduce cholesterol synthesis.
 On the other hand, the drop in insulin levels during a fast is accompanied by a marked increase in the release of FFA from the adipocytes. This increased flux of FFA to the liver might be expected to stimulate cholesterol synthesis and VLDL production. So while insulin may stimulate VLDL cholesterol and TG synthesis in the liver, higher insulin levels also inhibit the release of FFA from adipocytes. This shuts off much of the supply of substrate for the liver to synthesize both TG and cholesterol, which are then excreted in VLDL particles.

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

A study that examined the impact of fasting on blood lipids was conducted on normal weight subjects whose TC rose from 190 to 260 mg/dl (37%) in just one week. Neither HDL cholesterol nor TG levels changed significantly, so nearly all of this marked increase in TC was in the LDL cholesterol particles, which increased from 114 to 190 mg/dl (67%).
 It can be assumed that after 7 days of fasting both obese and normal weight subjects will have lower insulin levels and will be in ketosis. These 2 studies of fasting subjects certainly refute Atkins claims that there is something magical about the state of ketosis that would somehow cause favorable changes in blood lipids. 

The New York Times ran an article titled “What if it has all been a big fat lie?” in its Sunday (July 7,2002) magazine. The article was written by science writer Gary Taubes. Mr. Taubes wrote an article several years ago claiming that new research was now showing salt had little impact on blood pressure. The DASH-sodium trial and other research proved his analysis wrong. Now Gary Taubes suggests that Atkins was right about carbohydrates causing obesity. Mr. Taubes says he talked with leading nutrition experts and claimed in his article that eating a potato worsens blood lipids and eating a porterhouse steak or even lard out of the can will improve blood lipids and probably reduce the risk of heart disease. He also claims that new research will soon prove that Atkins was right and the US Dietary Guidelines, the Food Guide Pyramid and the National Cholesterol Education Program are wrong to recommend a low-fat diet.

To his credit, Atkins has funded two recently published articles. One followed 41 subjects who stayed on a ketogenic diet for 6 months.
 There was no control group in this study. Compared to baseline values this study found total cholesterol fell from 214mg/dl at baseline to 203 mg/dl at the end of 24 weeks. HDL increased 10 points and LDL fell by 10 points on average and fasting triglyceride levels dropped from 130 to 74 mg/dl. During the study the subjects lost an average of about 20 lbs. All subjects were given supplements including supplements of omega 3 fatty acids and other PUFA that can lower TGs and increase HDL. Both TGs and TC would be expected to drop in response to weight loss and HDL would be expected to increase. No data was collected on their diets before the study so what happened to their intake of saturated fat and cholesterol intake is not known. Saturated fat intake and cholesterol intake do not necessarily increase on the Atkins diet, at least while weight is being lost. Why? If the percentage of saturated fat and cholesterol in the diet doubled from the baseline diet but total energy intake was cut 50% the amount of saturated fat and cholesterol consumed would not have changed at all. Also, it should be noted that at least one subject in this study was given a food supplement (niacin) that reduced his LDL from 225 to 176mg/dl. Most subjects reported constipation and bad breath, half reported headaches and 10% hair loss. Urinary calcium increased from 162 to 248 mg/24hrs. The increased losses of calcium in the urine on diets higher in protein are likely to increase the risk of kidney stones and osteoporosis. Others have confirmed an increased risk of more lithogenic urine on an Atkins-style diet.

The other study had just 20 subjects who either followed their typical diet or were assigned to the Atkins diet for 6 weeks. TC, LDL and HDL levels were about 8 to 10% higher than in those consuming a typical American diet but these higher levels were not significant. Fasting serum TG levels were significantly lower on the ketogenic diet than the subject’s usual diets by 33%.
 Those on the ketogenic diet lost 5 lbs while the control group gained about 1lb after 6 weeks. Not surprisingly, after 6 weeks on the high-fat ketogenic diet postprandial lipemia in response to a high-fat meal was reduced by 29%. Of course, had the researchers measured 24-hour serum TG levels they would have found that the much higher fat intake on the ketogenic diet would have increased postprandial lipemia and mitigated the increased ability of the body to clear TG from the blood postprandially. Had these researchers instead challenged these subjects with a high-carbohydrate meal they would have found much higher postprandial glycemia for those on the ketogenic diet. Why? People metabolically adapt to some extent to the macronutrient intake of what they eat for several weeks. It is not new or surprising that people metabolically adapt to the mix of macronutrients in their diet. These two studies funded by the Atkins foundations were small and poorly designed. It would be inappropriate to draw any conclusions about the long-term impact of ketogenic diets on blood lipids, other CVD risk factors and coronary artery disease based on this research.

Two other studies funded by the NIH compared an Atkins-style ketogenic diet with a more conventional low-fat diet.
 
 Preliminary results from these randomized controlled trials comparing the Atkins diet with a more conventional low-fat, calorie restricted diet show that serum cholesterol levels increase modestly but the HDL levels tend to go up and fasting TG levels fall on the ketogenic diet compared to the higher carbohydrate diet.

What impact the modest changes typically observed in blood lipids of people who’ve lost a significant amount of weight on a ketogenic diet might have on atherosclerosis and other disease processes and the overall risk of heart attacks and strokes if adhered to long-term is unclear. However, a recent study conducted at the Fleming Heart and Health Institute in Omaha suggests that obese people concerned about losing weight and improving their blood lipids and other CVD risk factors would do far better on a very-low-fat, near vegetarian diet similar to the type recommended by the Pritikin Longevity Center and Dr. Ornish.
 

Dr. Fleming assigned 100 obese subjects who came to his clinic for weight loss concerns to one of four dietary programs. One diet was a high-fat (HF) Atkins-style diet; one was a moderate fat (MF) diet with 30% of calories from fat. The two high carbohydrate and low fat diets had 10% fat (LF-1) and the other 15% fat LF-2) calories.  The percent change in body weight, blood lipids, homocysteine levels and fibrinogen levels from baseline on these 4 diets are shown in Table 2 below.

Table 2. The Average % Change in CVD-Risk Factors After One Year on 4 Different Weight Loss Dietary Programs.

Diet     Weight
     TC       LDL-C   HDL-C      TG         Hcy       Lp(a)  Fibrinogen

MF        -2.6%     -5.0%     -6.1%     -1.5%     +1.0%    +9.7%     +4.7%     -0.6%

LF-1
-18.4%   -39.1%   -52.0%    +9.0%    -37.3%   -13.6%     -7.4%    -11.0%

LF-2    -12.6%   -30.4%   -38.8%    +3.6%    -36.9%   -14.6%    -10.8%     -6.3%

HF
-13.7%    +4.3%    +6.0%     -5.8%      +9.8%  +12.4%   +31.0%   +11.9%

It is clear from the data in Table 2 that both TC and LDL-C drop dramatically on a very low-fat, near-vegetarian diet similar to those advocated by Pritikin and Ornish. HDL-C has often been reported to drop and fasting TG levels to rise on very-low-fat diets compared to diets higher in fat.
 
 
 However, these are short-term studies in which calories are strictly controlled and weight loss (by design) is prevented. In these studies most of the carbohydrate comes from refined sources whereas in Fleming’s study they came mostly from natural high-fiber foods like fruits, vegetables, whole grains and beans. Other studies in which calorie intake is ad libitum have also showed that VLF diets do not cause an increase in TG levels or a drop in HDL-C levels. 

Dr. Fleming’s study shows that an Atkins-style diet can be effective for promoting weight loss. Indeed, it appears more effective than the type of moderate fat diet with modest calorie restriction typically advocated by mainstream nutrition authorities. However, it appears to be no more effective than a very-low-fat high-fiber diet. An Atkins-style diet also has an adverse impact on CVD risk factors in the long run whereas all these risk factors tend to improve (often dramatically) on a VLFNV diet. There is a need for more long-term studies such as the one conducted by Dr. Fleming but with tighter controls. Until such studies are done we cannot be certain of the likely effectiveness of different dietary approaches to long-term weight control and what their impact is on CVD and overall health. However, until more data become available it seems prudent to discourage the intake of foods high in saturated fat and cholesterol and low in fiber for patients concerned about their blood lipids and risk of CVD.

Weight Loss Lowers Both TC and TG

Weight loss, even without any change in diet composition, generally lowers TG, TC, and LDL cholesterol in overweight subjects with initially high TC levels.
 Obese patients who received a low calorie diet (925 kcal/d) experienced significant drops in serum TG (22.7%), TC (15.7%), and HDL cholesterol (8.7%) after 8 weeks.
  

People who actually consume less SFA and cholesterol on a ketogenic diet than on their normal diet generally do so because of a marked decrease in average daily energy intake. Those who lose a lot of weight should experience at least a modest drop in TC and TG levels due to the loss of weight and maintenance of a lower body weight. However,  individuals who lose weight and keep it off with a ketogenic diet are not the norm. Research has shown that in most people, an increase in either SFA or cholesterol intake was sufficient to negate the moderate hypocholesterolemic impact of weight loss. Eventually weight loss must be halted by the consumption of sufficient calories to maintain a healthy body weight is required. As the study by Kwiterovich clearly illustrated maintaining even a healthy body weight on a ketogenic diet is likely to result in marked dyslipidemia that almost certainly promote atherosclerosis. Anyone who attempts to maintain their lower body weight on a ketogenic diet like the Atkins diet will likely have a much higher TC and LDL cholesterol than they would have on a diet much lower in SFA and cholesterol and much higher in fiber.

A study of another once-popular ketogenic diet, Dr. Stillman's diet, examined the changes in blood lipids of 12 healthy subjects who volunteered to follow this diet because they wanted to lose weight. TC increased from baseline in every subject even though they were only on the diet for 3-17 d (mean, 7.6 d) and lost an average of 7 lbs. Their average daily energy intake dropped from 2565 to 1325 kcal and their average daily fat intake actually fell from 115 to 73 g. However, their intake of animal protein increased from 100 to 160 g/d and their average cholesterol intake increased from 533 to 1215 g/d. Their average serum TC increased from 215 to 248 mg/dl (P<0.001) or 15.3% on the ketogenic diet.
 This increase in TC occurred even though the Stillman diet emphasizes leaner animal protein sources than the Atkins diet. It should be noted that most of the subjects in this study complained of fatigue, lassitude, and mild nausea, and in some subjects these symptoms interfered with their work performance. This is why they chose to discontinue the Stillman diet after just a few days.

The reason there are anecdotes of people who report improved blood lipids on a ketogenic diet is generally a combination of weight loss and a temporary reduction in the intake of SFA due to the elimination of fatty desserts, bread and butter, and baked potatoes with sour cream, etc. Nearly all of these people whose lipids improve on an Atkins-style diet were consuming a typical high-SFA, high-cholesterol and low-fiber modern diet before going on the ketogenic diet. In the exceptional individual whose blood lipids improved on a ketogenic diet, it may be that he or she actually ate less SFA on the ketogenic diet than they were eating before on their typical diet. In others, a drop in TC and TG may also result in part from eating fewer calories and losing excess body weight. However, these observations should not be viewed as disproving the association between the intake of SFA or cholesterol and a higher level of TC or LDL cholesterol .

How Could One End Up Eating Less SFA on the Atkins Diet?

If you examined the diet logs of patients before and after adopting a ketogenic diet you may find those who dine out frequently eating less SFA on a ketogenic diet. If someone dines out on the Atkins diet, they will almost always end up eating fewer calories and often less SFA than before going on this diet. How can this be? Atkins says go ahead and order a big steak or lobster and dip it in butter. Of course, chances are that's what these people were ordering before the Atkins diet. However, now that they are on the Atkins diet they can't eat the bread before their salad arrives. Now Atkins says they can eat the butter but how many people would eat the butter without the bread? Atkins says to eat the salad with blue cheese dressing but remove the croutons (usually loaded with cholesterol-raising trans fatty acids). On the Atkins diet, it is okay to eat the sour cream and butter that comes with your baked potato but not the potato. Who would eat the sour cream and butter without the potato? 

For dessert on the Atkins diet you get some cheese. However, the cheese probably has no more SFA and cholesterol than the cheesecake, ice cream, or pastry that is now taboo on the Atkins diet. At the end of the meal, many people on the Atkins diet will end up eating a lot fewer calories, less SFA, and sometimes less cholesterol than they were eating before adopting the ketogenic diet. These are the people who see their TC and LDL cholesterol drop modestly on the Atkins diet. Of course, even these people will eventually learn to how to consume enough energy to maintain their body weight if they stay on the Atkins diet long enough. When that happens their TC and LDL cholesterol will almost certainly be significantly higher than they were on a typical high-SFA and high-cholesterol American diet and much higher than they would be on a VLFNV diet.

However, most health conscious people who were avoiding foods high in SFA and cholesterol will increase their intake of both SFA and cholesterol on the Atkins diet, even if they consume fewer calories. Even if they are losing weight, these individuals may see a significant rise in TC and LDL cholesterol levels. When a ketogenic diet and a diet higher in carbohydrate are fed at the same energy level, there is little doubt that TC and LDL cholesterol will be significantly higher on the ketogenic diet and this will likely promote atherosclerosis. 

Atkins Points to Eskimos and Masai as Proof that His Diet Reduces IHD

Atkins claims
 "that in two primitive cultures, the Eskimos of North America and the Masai of East Africa, a high-fat diet correlates not with heart disease but with virtually the complete absence of heart disease." Of course, as the Eskimos have demonstrated for thousands of years, it is quite possible to grow and gain weight on an ad libitum ketogenic diet but Atkins ignores such inconvenient facts.

Eskimos do develop atherosclerosis and die of atherosclerosis, albeit less frequently than do most other population groups who consume a diet high in animal products.
 Of course, the Eskimos' traditional diet was composed largely of fish and sea mammals whose fat is relatively low in SFA compared to beef or dairy fat. Fish and sea mammal fat also contains no trans fatty acids, which are hypercholesterolemic and promote coronary artery disease (CAD). The Eskimo diet is also high in n-3 polyunsaturated fatty acids, which reduce the risk of fatal ischemic events.
 Keep in mind also that the traditional Eskimo diet contained no added salt, and not surprisingly, essential HTN is virtually unknown among Eskimos who continue to follow their traditional diet. The traditional Eskimo lifestyle was also quite active and they had no access to tobacco. Suicide (by walking out on the ice and sitting down) was also a common practice among older Eskimos who could no longer maintain the active lifestyle that their harsh environment demanded. Clearly, there are many factors that could be contributing to the lower rate of heart disease among Eskimos following their traditional lifestyle, but what about the Masai, whose diet is largely milk, fermented milk, blood, and meat?

The low incidence of CVD mortality among the Masai is a bit more puzzling. The Masai eat a diet very high in SFA and cholesterol but paradoxically, they have an unusually low TC level and rarely die of IHD. Like the Eskimos they are quite active, don't smoke, and add no salt to their food, so again blood pressure (BP) does not rise with age. However, while they rarely die of IHD they are hardly free of CAD. When the hearts of 50 Masai men were examined by autopsy the authors reported their arteries "show[ed] extensive atherosclerosis with lipid infiltration and fibrous charges but very few complicated lesions. The coronary arteries showed intima thickening by atherosclerosis which equaled that of old U.S. men." 

What is unusual about the Masai is they do get extensive lipid-filled lesions despite an average TC of only 135 mg/dl. It is also unusual to have these lesions and not develop major narrowing of the coronary artery lumen. For some reason the atherosclerotic plaques grow away from the lumen and rarely rupture in the Masai. More research is needed to explain these unusual observations among the Masai. It should also be noted that much of the Masai diet consists of bovine milk, which has sufficient lactose to prevent ketosis. Clearly the studies of the Masai do not provide support for claims that a ketogenic diet prevents or reverses atherosclerosis and heart disease.

It is unlikely that most Americans following the Atkins diet will have such low TC levels as the Masai. Recall the experience of two normal weight men who consumed an "all meat diet" for a year and had no trouble maintaining their weight. Unfortunately, their blood was so high in fat and cholesterol that their plasma looked like cream.
 Indeed, the experience of the Masai suggests that if one's diet is very high in SFA and cholesterol, one could still end up with extensive atherosclerosis even if the TC is very low by American standards.

Does a High-Carbohydrate Diet Promote Atherosclerosis Via Hyperinsulinemia and Dyslipidemia?

We have seen that it is primarily excessive energy intake that promotes high levels of insulin and eventually leads to IR. At the same energy level, many foods high in dietary carbohydrate often do cause a greater rise in blood sugar and a greater secretion of insulin than do foods high in either fat or protein with little or no carbohydrate. But does IR promote atherosclerosis simply by causing higher insulin levels? If so, then a higher dietary carbohydrate intake could pose a greater danger to health than a diet higher in protein and unsaturated fats. However, a study found that 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 the “metabolic syndrome” and Type 2 DM because of IR. This study found that it is IR that is a risk factor for IHD and not simply a higher insulin level.

A study that examined insulin sensitivity in women found a reduced insulin sensitivity (or increased IR) on a high-fat diet (50% of energy from fat) and increased insulin sensitivity on a low-fat (20% fat), high-carbohydrate diet.
 So diets higher in animal fats may cause a loss of insulin sensitivity compared to diets higher in carbohydrate and fiber even when fed isocalorically. Large cohort studies of US men and women have shown that those who eat the most whole grains and fiber and the least amount of refined sugars, meats and saturated fats have the lowest risk of developing type 2 DM.
 
 
 
 When cells are less sensitive to insulin they have become more insulin resistant. This data suggests that even an isocaloric diet higher in carbohydrate may actually reduce the risk of developing IR. Of course, there seems little doubt that a modern diet higher in fatty animal products and lower in high- fiber carbohydrate rich foods promotes weight gain in most people and weight gain is what triggers the development of IR in genetically predisposed individuals. More research is needed before any firm conclusions can be drawn about the relative importance of more meat, animal fat, sugar and refined grains compared to a lack of whole grains and other unprocessed plant foods in the promotion of weight gain and IR. 

Both Nathan Pritikin and Robert Atkins claimed their diets could improve blood lipids and help prevent the progression of atherosclerotic lesions. Following his death in 1985 the results of Nathan Pritikin’s autopsy were revealed in a letter to the editor in the New England Journal of Medicine. Dr. Hubbard, who did the autopsy wrote, “In a man 69 years old, the near absence of atherosclerosis and the complete absence of its of its effects are remarkable.”
 These findings are all the more remarkable given the fact that Nathan Pritikin had been diagnosed with advanced CAD in his early 40s. While the condition of Atkins’ arteries at the time of his death in 2003 would only be a case study they might help dissuade people from adopting a ketogenic diet. We know Atkins suffered a cardiac arrest the yeare before he died. We also know he fell and ended up in a hospital in a coma. We also know an autopsy was done but his wife has refused to allow his doctors to release any information about the condition of his arteries or what caused his heart to stop or what caused him to fall. It is the opinion of this reviewer that Atkins likely suffered from coronary heart disease and this is what caused hgis cardiac arrest. It is also quite plausible that his fall this year could have been due to a massive stroke. The fact that his autopsy results are not being made public should be pointed out to those who would like to believe his cardiac arrest and fall were unrelated to atherosclerotic disease.

The bottom line on the Atkins-style diet and heart disease: 

Most research suggests that the risk of heart disease would likely increase on an Atkins-style diet. An Atkins-style diet is low in cholesterol lowering fiber and other phytochemicals that reduce serum cholesterol and/or reduce the risk of CVD in other ways. An Atkins-style diet will also be higher in animal protein, cholesterol and saturated fat than the average American diet. Saturated fat and cholesterol in the diet raise serum cholesterol, particularly LDL or "bad" cholesterol. Large amounts of meat, eggs and cheese also tend to increase homocysteine levels and increase iron stores in the body. There is growing evidence that high levels of homocysteine and iron may increase the risk of heart disease. Therefore, it seems reasonable to discourage people at risk of CVD from adopting an Atkins-style diet until more is known about its impact on the progression of atherosclerotic plaques and risk of heart attack or stroke. There is far better evidence that people at risk for CVD will lose weight and reduce their risk of CVD if they adopt a very-low-fat diet that is high in fiber.

7. Are High-Fat or High-Carbohydrate Diets Better for People with Diabetes?

Data from the Health Professionals Follow-up Study found that men who ate more whole grains experienced a reduced risk of developing type 2 DM. The authors concluded, “efforts should be made to replace refined grains with whole grains.”
 There is no evidence linking diets higher in carbohydrate with the development of diabetes. However, people with type 2 DM usually have some degree of  dyslipidemia including lower HDL and higher fasting TG levels. 

Patients with IR or diabetes are at a much higher risk of dying of CVD than others. Before the discovery of insulin and its use to treat Type 1 DM patients, these diabetic patients were often treated with a diet high in fat and protein and low in carbohydrate. This made sense then because without some insulin, many cells cannot remove glucose from the blood and so it is of no metabolic value. However, these same cells could still make use of FFA and so this was a much better fuel source for Type 1 DM patients before the use of insulin. However, without insulin many cells also could not remove amino acids from the blood and this would result in the loss of lean body mass no matter what was eaten. So no diet really helped Type 1 DM patients for long. At best, a high fat, low-carbohydrate merely delayed the inevitable. Today, given the high risk of CVD in diabetic patients (both Type 1 and 2) the focus should be on controlling CVD risk factors as well as blood sugar levels. Because IR is a risk factor for CVD, a diet that would reduce IR is important and improves blood lipids and other CVD risk factors would be optimal.

There are many scientific studies that have been interpreted as showing that high-carbohydrate diets lead to higher BS levels, higher insulin levels, or adverse effects on blood lipids compared to diets higher in unsaturated fat.
,
 However, in all studies showing adverse metabolic effects when a higher carbohydrate diet was compared to a higher fat diet, the subjects were required to consume the same number of calories (or maintain the same body weight) on both the high-fat and high-carbohydrate diets. In several such studies the authors stated that they had difficulty getting people to eat as many calories on the high-carbohydrate diet as they ate willingly on the higher fat diet.
   

In contrast, in other studies where the subjects themselves, rather than the researcher's protocol, determined how much they ate on the high-carbohydrate diet and high-fat diets, the negative metabolic effects associated with the high-carbohydrate diet largely disappeared. Indeed, when people eat according to their own appetite, the high-carbohydrate diet appears to be superior metabolically to the high-unsaturated fat diet for reducing CVD risk factors.
 This is because it is much more the consumption of excess energy, rather than the ratio of fat to carbohydrate in the diet, that is primarily responsible for the development of IR and the metabolic problems referred to as the Metabolic Syndrome. Since it is excessive energy intake that appears to be largely responsible for the development of Metabolic Syndrome, the key to preventing its development is likely a diet and lifestyle that does not promote the storage of excess body fat. 

8. Dietary Salt, Insulin Resistance, and High Blood Pressure

Atkins and other proponents of ketogenic diets do not concern themselves much with limiting salt intake. The lack of fruits and vegetables limits the potassium intake as well. Diets higher in salt and lower in fruits, vegetables, whole grains, have now been unequivocally linked to higher blood pressure in both hypertensive and normotensive Americans.
 Of course, blood pressure often falls when people initially lose weight. Of course weight loss has also been shown to lower blood pressure at least in the short term. Also many foods high in salt are excluded on the Atkins diet (e.g., pretzels, chips, breads, dry cereals, crackers, etc.).  So what the long-term impact of the Atkins diet might be on blood pressure is not known.

There is a correlation between IR and HTN that has led some to speculate that essential HTN may be due primarily to hyperinsulinemia. However, it has been shown that HTN is not simply the result of IR or higher insulin levels as the promoters of some low-carbohydrate fad diets have suggested.
 Essential HTN appears to be due primarily to a dietary imbalance of electrolyte minerals. A high-salt intake is known to promote HTN in both animals and humans.
 This is particularly true when the diet is low in potassium, calcium, and magnesium as the Atkins diet may well be. Indeed, in all human populations ever studied, HTN is extremely rare when the diet contains little or no added salt. In contrast, BP rises with age in every human population where a significant amount of salt is added to the diet. In these populations, most people who are in their 60s or older have developed HTN.

There is growing evidence that IR itself may be caused, at least in part, by an electrolyte imbalance inside cells. This electrolyte imbalance may be due to a high salt intake coupled with too little calcium, potassium, and magnesium.
,
 A low-fat diet with more fruits, vegetables, whole grains, and nonfat dairy products was shown to lower BP, perhaps because of its higher content of the key minerals such as potassium, calcium, and magnesium.
 If such a diet is also low in salt it may help to correct some of the electrolyte disturbances that contribute to the development of IR. Ketogenic diets may lower BP in the short run as a result of promoting weight loss. However, in contrast to a low-sodium DASH-style diet there are no studies that show that a ketogenic diet lowers high BP in the absence of weight loss. 

As noted earlier ketogenic diets can result in the loss of fluid and electrolytes and often cause OH. A potentially more serious electrolyte disturbance may be dangerously low serum potassium levels. A 16-year-old girl had a sudden onset of cardiorespiratory arrest while at school. She had been losing weight on a high protein, low-carbohydrate diet. Lab test done at the hospital revealed severe hypokalemia. Post mortem examination of her body found no evidence of drug use or any other possible causes of this severe hypokalemia and sudden cardiac arrest. The authors of this report suspected that electrolyte disturbances brought on by the Atkins-style diet she was following may well have contributed to her death.
 More research is needed to determine whether or not a ketogenic diet can trigger electrolyte disturbances severe enough to kill. However, in the interim it seems prudent to caution people who take diuretics that can increase potassium loss to reconsider their plans to go on a ketogenic diet.

There is little or no reason to advocate a diet high in fat and protein to treat HTN when a diet high in the right kinds of minimally processed carbohydrate-rich foods has already been proven to lower BP, even without weight loss or the restriction of dietary salt. Of course, both weight loss and a reduction in dietary salt have been proven to lower BP so it seems likely that the most effective strategy for lowering high BP would be a VLFNV diet that is high in fiber, has low ED, and is quite low in salt.

Bottom Line: Blood pressure will likely increase with age on a typical low-carbohydrate, ketogenic diet. In part, this is because ketogenic diets are low in key electrolytes found in abundance in a high-carbohydrate, high-fiber diet that includes more fruits, vegetables, whole grains and nonfat dairy products. A diet rich in these foods was shown to lower blood pressure in the DASH study. Also low-carbohydrate diet proponents do not generally restrict salt intake, the main reason blood pressure rises with age. However, much of the salt in a typical American diet comes from foods like breads, cereals, crackers, chips, etc. Therefore, a ketogenic diet may be lower in salt than a typical American diet but also lower in potassium. Weight loss also tends to lower blood pressure, at least in the short-term so it may be that those who adopt a ketogenic diet may end up with lower blood pressure in the short run. However, the lower intake of minerals like potassium and magnesium on a ketogenic diet could contribute to increasing blood pressure in the long run if salt intake is not restricted. 

9. Ketosis is associated with bad breath and constipation

Even researchers who believe the Atkins-diet may be reasonably healthy have observed that most people report problems with bad breath and constipation. The constipation should come as no surprise given the complete lack of fiber from fruits, whole grains and legumes and very limited amount of fiber from low starch vegetables like lettuce and cucumbers. But what is the source of the bad breath complaints. Diets very low in carbohydrates result in ketones, which are very volatile and are expelled with outgoing air from the lungs. Keto-breath has been described as a cross between nail polish and over-ripe pineapple. This is common for dieters who consume so few carbohydrates that they put their bodies in ketosis. While not a threat to one’s health, keto-breath may result in problems in one’s social life because most people find ketones in expelled air offensive even if the person with the keto-breath does not notice the offensive odor.

10. Other Ways a Ketogenic Diet May Promote Disease

A ketogenic diet, by definition, must be low in fruits, vegetables, whole grains, and beans. Many of these foods have substantial amounts of cholesterol-lowering fiber. In addition, these foods contain a variety of phytochemicals that have been shown to reduce the tendency of LDL particles to oxidize.
 By contrast, a very-low-fat, near-vegetarian diet with just 10% of energy from fat was shown to significantly reduce LDL oxidation in CAD patients undergoing atherosclerosis-reversal therapy.
 

A high-animal protein diet will also be high in L-methionine, which is converted to homocysteine in the body. A 6-month study found that increasing the intake of lean meats and low-fat dairy products in the diet in overweight subjects had no significant impact on fasting homocysteine levels.
 Indeed the authors found that Hcy levels were lower (although not significantly) on the higher animal protein diet. They observed an inverse relationship between plasma vitamin B-12 levels and homocysteine levels and suggested that the increased intake of low-fat animal products may have lowered Hcy by improving vitamin B-12 status. However, a ketogenic diet may have more vitamin B-12 than a more vegetarian diet but is also more likely to be deficient in folic acid. This is because a ketogenic diet eliminates many of the best food sources of folic acid, such as beans, whole grains, oranges, and vegetables. Increased dietary intake of L-methionine coupled with lower levels of folic acid could delay the breakdown of Hcy. Therefore, it seems likely that a ketogenic diet might increase postprandial homocysteine levels. This needs to be studied because there is growing evidence that increased homocysteine levels promote atherosclerosis by a variety of mechanisms.
 

There is growing evidence that a wide variety of phytochemicals found in fruits, vegetables, whole grains, and legumes may reduce the risk not only of CVD, but also of a wide variety of other degenerative conditions including some types of cancer.
 By contrast, there is growing evidence that diets high in meat promote cancer. For example, as shown in Figure 2 below, the incidence of colon cancer was many times higher in countries that eat the most meat (e.g. USA, New Zealand and Canada) than in countries where relatively little meat is consumed (e.g. Japan, Nigeria, China and Columbia).
 
 Most research suggests that cutting back on fatty meats and consuming more whole grains, fruits, vegetables, and modest amounts of non-fat dairy products and seafood should help prevent the risk of colon and many other of the most common cancers in the USA
 and is consistent with the recommendations of the American Cancer Society. There is overwhelming evidence that eating more fruits and vegetables will reduce the overall incidence of cancer in the United States
 and yet fruits and vegetable intake is restricted on the Atkins diet because they contain carbohydrates. 

It seems likely that the risk of many cancers may increase when most fruits, vegetables, whole grains and beans are eliminated from the diet because this would largely eliminate phytochemicals and nutrients associated with a reduced risk of cancer. The National Cancer Institute currently recommends, based on the bulk of scientific research, that Americans eat a diet higher in fiber and lower in fat. A ketogenic diet would take Americans in the opposite direction of where most health organizations suggest we go to prevent diet-related cancers. Clearly, the total or even partial elimination of food groups rich in phytochemicals would likely increase the risk of developing a number of serious degenerative diseases. 

Figure 2. 

[image: image2.jpg]Colon cancer incidence per 100,000

The relationship between meat intake and the incidence
of colon cancer in different countries

50 —~
New Zealand @
40 =
®us
30 @ Canada
Denmark
® ew
20 |- Sweden
@ Netherlands
Norway® . ® FDR
Israel [}
° Iceland
Jamaica@ . DDR
10 Finland  France
™ Yugoslavia® ® @ toang
'Y [ ]
[
[ ] China’ ~ Romania mungary
Japan ° .
@ Nigeria Columbia
1 1 1 1 1 1 |

40 80 120 160 200 240 280 320

Per capita meat consumption (grams/day)
(adapted from Cummings, J.H., Cancer Surveys 1987,6:610-21)





Atkins Uses Chelation Therapy for Treating Heart Disease?

Atkins claims
 to discontinue, or at least reduce, the medication burden at the Atkins Center in "over 90% ... of our patients ... [who] already have some cardiovascular problems." It is hard to believe this is possible when even Atkins states flatly "I admit that there are individuals who are fat-sensitive and will develop a less favorable cholesterol level on a high-fat diet than on a low-fat diet." He goes on to claim that his "intensive study of medical reports strongly suggests that fewer than one person in three falls into this category (of fat-sensitivity).” However, a careful reading of the published scientific trials suggests that nearly everyone will sooner or later end up with a much higher TC and LDL cholesterol on an Atkins-type ketogenic diet than on a moderately low-fat diet, such as those advocated by the National Cholesterol Education Program and the American Heart Association.

In addition to "treating" his heart disease patients with a diet high in SFA and cholesterol, which even he admits raises TC in many patients, Atkins also claims that "nutritional pharmacology is part of the reason behind our patients' success, as is chelation therapy." Atkins recommends large doses of many supplements for which there is little or no compelling evidence of safety or efficacy in treating heart disease. However, some supplements he recommends such as omega 3 fatty acids and nicotinic acid do favorably impact blood lipid levels and reduce CVD risk. The fact that he is selling what he is prescribing creates an obvious conflict of interest that many health professionals believe is unethical under most circumstances.

Atkins’ advocacy of chelation therapy and other questionable methods to treat CVD patients would make him a "quack" as defined in a 1984 Congressional Report.
 In this report, a "quack" was defined "as anyone who promotes medical schemes or remedies known to be false or which are unproven for a profit." The effectiveness of chelation therapy for treating patients with atherosclerosis has been studied and shown to be no better than a placebo.
 In two other more recent studies of chelation therapy it was also shown to be no more effective than the placebo for either reducing objective measurements of CVD or patient symptoms.
 


The suggestion by Atkins, a trained cardiologist, that a ketogenic diet will help lower TC and LDL cholesterol, prevent atherosclerosis, or reverse heart disease is akin to a dentist claiming that a diet rich in sugar and sticky high-carbohydrate foods will help to prevent or even reverse dental caries and periodontal disease. The use of discredited medical therapies (e.g. chelation) coupled with the prescription and sale of many questionable food supplements to treat CVD puts Atkins well outside the bounds of standard science-based medical care. 

Should Ketogenic Diets Be Advocated For Patients at Risk of CVD?

Today more than half the adult population of the United States is overweight or obese.
 In many cases, those who struggle with controlling their body weight have turned to diet gurus who offer what appears to be an almost magical solution. However, there is no proven metabolic magic with ketogenic diets. If they appear to work it is because they decrease ad libitum energy intake. This is probably secondary to eliminating many high-ED foods from the diet such as cookies, pastries, chips, fries, and candies. These foods have such a low satiety value that they probably do contribute to excessive energy intake. Ketogenic diets may also work, in part, by reducing dietary variety and by making it more difficult or inconvenient to eat.

Claims by Atkins that his diet can help reverse heart disease are without scientific support. There is every reason to believe that the higher TC and LDL cholesterol that occur in most people on a ketogenic diet, even compared to a typical Western diet, will speed up the atherosclerotic process and increase the risk of CVD. A ketogenic diet may also increase Hcy and iron stores and lower nitric oxide production, all of which may increase the risk of a fatal ischemic event. In contrast, an ad libitum VLFNV diet coupled with daily exercise has been shown to lower serum insulin levels, promote weight loss without hunger, and lower TC, LDL cholesterol, TG, and BP in people with normal insulin levels and in those with IR or Type 2 DM.
 And it has also been shown to reverse atherosclerosis. Similar evidence simply does not exist to demonstrate the long-term safety or efficacy of a ketogenic diet for treating CVD. Claims by Atkins that his ketogenic diet can help reverse atherosclerosis and prevent heart disease is the nutritional equivalent of an astronomer claiming that the Earth is flat or the moon is made of green cheese. It is appalling to this reviewer that a licensed medical doctor in the state of New York be allowed to continue to practice medicine while embracing disproved and unproven therapeutic strategies. Perhaps New York, like California, should simply stop pretending that they are in the business of assuring its citizens protection from medical doctors and other healthcare practitioners who blatantly ignore scientific evidence and subject their patients to questionable healthcare practices?

Possible Explanations for Weight Loss on an Ad Libitum Ketogenic Diet

1. Reduced Variety May Reduce Energy Intake But Impair Nutritional Status


For many years standard nutritional advice has been to eat a variety of foods from several different food groups. The number of “official” food groups has varied from 4 to 7 over the past few decades. The rationale for recommending a variety of foods from the different food groups, with a minimum number of servings from each group, has been to assure a nutritionally "balanced" diet. In this century we have seen a dramatic drop in nutritional deficiency diseases like pellagra, scurvy, beri-beri, rickets, etc. These nutritional deficiency diseases were due, at least in part, to a lack of variety in the diet but also to an increased reliance on processed foods. Today the number of foods available to American consumers has increased dramatically but so have diseases associated with nutritional excesses. Has the increased availability of a wide variety of foods improved the nutritional status of the average American?

Does Decreasing Dietary Variety Reduce Calorie Intake?

Studies have shown that increasing the variety of foods available to animals usually causes them to increase ad libitum energy intake.
, 
 In the long run, the "cafeteria diet," in which animals are offered a variety of rich foods, clearly results in excessive energy intake and obesity.
 Research in animals shows that offering them a greater variety of foods often causes them to eat more calories.

Studies of human subjects also show that offering people a greater variety of foods at a given meal generally increases their ad libitum energy intake compared to when just one food is offered.
 A recent study found that Americans who consume a greater variety of foods were more likely to consume excess energy and be obese.
 Does this mean that the admonition to eat a variety of foods from each of the major food groups may be counterproductive?


Is Variety the Spice of Life?



Most dietitians have heard numerous anecdotes about how much weight has been lost on various fad diets. Most of these fad diets severely restrict the variety of foods eaten or at least eaten at a given meal. You may recall the Beverly Hills Diet, which had people eat nothing but fruit for several weeks. Or the Fit For Life diet that eliminated whole food groups, like dairy, but also restricted which foods could be combined at a given meal or eaten only at certain times of the day. The Atkins Diet, which largely eliminated grains, starchy vegetables, fruits, and other high-carbohydrate foods, has had many weight loss successes. Unfortunately, diets that severely restrict the variety of foods people eat have two major drawbacks. First, such restrictive diets are often nutritionally inadequate because they eliminate whole food groups. But even if these fad diets are made nutritionally adequate with food supplements most people still find them too boring and restrictive in the long run.  

Secondly, human beings are by nature omnivores, which means that they are biologically programmed to desire a variety of foods. This is why people get bored if all they eat is a nutritionally adequate milkshake such as Optifast or Ensure, no matter how good it tastes. This lack of desire to eat the same thing all the time can reduce the desire to eat and aid weight loss in the short run. Anyone who ate nothing but his or her favorite food for several days would develop a strong desire to eat something else. This desire for variety is strong in all omnivorous animals. Rats will eat a significant amount of a bitter and unappealing food if it is their only alternative to a nutritionally adequate and much preferred food. People often find "room for dessert" even after they proclaim they "can't eat another bite" of a delicious entree. This is why any weight loss diet that eliminates food groups or severely restricts the variety of foods one eats is generally doomed to failure because it conflicts with our built-in desire to eat a variety of foods. 

A study of Americans found that those who consumed a greater variety of foods were more likely to consume excess calories and be obese.
 In addition a study of human subjects confirmed that offering people a greater variety foods at a meal generally increases their ad libitum energy intake compared to when just one food is offered.
 Greater dietary variety is associated with increased calorie intake in the short term and increased rates of obesity in the long term. It seems logical then to assume that diets that restrict variety by eliminating whole food groups such as ketogenic diets and to a lesser extent high protein diets like Sugar Busters and The Zone Diet, may very well reduce ad libitum energy intake and promote weight loss.

An Optimal Diet Requires a Variety of Healthy Foods

It is likely true that eating a greater variety of foods does tend to increase ad libitum energy intake. However, if one focuses on the types of foods in the diet and limits dietary variables linked to degenerative diseases then it is still quite possible to plan healthy meals while eating a wide variety of foods from the different food groups.

There are two successful strategies that go beyond simply advocating a low-fat, high-fiber diet and exercise to promote weight loss. Both of these strategies work, at least in part, because they tend to reduce the energy density of the diet. Energy density has been shown to be by far the single greatest dietary variable in determining ad libitum energy intake.
 Fad diets that limit the variety of foods consumed will often reduce ad libitum energy intake, at least in the short run. However, they do not focus on what is most important for good health and weight control in the long run. Such diets often prove too boring, most are nutritionally deficient, and they often contain excesses of other food components (e.g., saturated fat and cholesterol in the case of ketogenic diets).

The first recommendation is to increase the number of servings of vegetables each day so that they are equal to the number of servings of starchy foods (complex carbohydrate foods). So if one consumed 7 servings of starchy foods they would also need to consume 7 servings of vegetables. While this recommendation was based originally on clinical observations, a recent study on dietary variety found that greater variety of vegetables in the diet was negatively associated with energy intake.
 Simply put, people who eat a greater number of vegetables on a regular basis tend to eat fewer calories. This same study showed that eating a greater variety of sweets, snacks, condiments and entrees was associated with an increased energy intake.

The second modification of the diet is to choose what is called "preferred” carbohydrates. This generally means consuming high-carbohydrate foods like fruits, grains, and starchy vegetables, primarily in a minimally processed and less energy dense form. For example, fresh fruit would be a good choice but dried fruit and fruit juice would be less desirable choices. Whole wheat pasta, brown rice, and hot whole grain cereals would be preferred over bread, dry cereals, and crackers because of their much lower energy density. Yams, baked or boiled potatoes, and beans would be preferred over pretzels, fat free chips, nuts, seeds, and soy "nuts" again because of their lower energy density.   

The bottom line: The combination of a starchy food like whole wheat pasta or brown rice with vegetables and a little lean meat, fish, or poultry and a variety of herbs, spices, and other flavorings can provide a delightful meal which is both more nutritious and more filling than typical American fare. Even though one of the principles of good nutrition has long been "eat a variety of foods," this advice in modern societies can easily lead to excessive energy intake and a host of diseases associated with the typical Western diet. It is becoming increasingly clear that a diet with a wide variety of fresh fruit, vegetables, beans, and minimally-processed whole grain foods, nonfat dairy products, and a little lean animal protein or vegetarian alternatives can optimally meet the nutritional needs of humans without promoting excessive energy intake, obesity and other diseases of affluence.

2. The Reduced Energy Density of Ketogenic Diets May Contribute to Reduced Calorie Intake and Weight Loss.

A second possibility to explain the short-term success frequently reported by people who have tried ketogenic diets is that they often reduce the energy density (ED) of the overall diet. The ED of a typical meal in a restaurant is likely to be reduced if one adheres to the carbohydrate restrictions required to maintain ketosis. ED has been shown to be a far more important variable in determining ad libitum energy intake than the ratio of fat to carbohydrate in the diet.
 Table 3 below shows the typical ED of various items typically consumed in restaurants. The left column shows food items excluded on the Atkins diet and the right column shows food choices acceptable on ketogenic diets.

Table 3. Energy Density of Various Common Food Selections in American Restaurants

Food Item:


kcal/lb

Food Item:


kcal/lb

Bread dipped in olive oil
2000

Green salad with dressing
 350

Bread sticks


1800

Shrimp
 cocktail

 325

French Fries


1600

Filet Mignon


 800

Baked Potato with butter
1000

Lobster dipped in butter
 625

Potato Chips or Corn Chips   
2400

Chicken, broiled with skin
 850


Fried Rice


1100



Chocolate cake

1800



Cheese



1600

Cookies


2600

As Table 3 illustrates there are many foods typically eaten when dining out that have a high to very high ED but these are excluded on the Atkins diet. By contrast, those foods allowed typically have only a moderate to fairly high ED.

It has been shown that on both low-fat (20% of energy from fat) and high-fat (40%) diets it is primarily differences in ED, rather than amount of fat or carbohydrate, that leads to differences in ad libitum energy intake.
,
 Research increasingly suggests that the ratio of fat, protein, and carbohydrate in the diet is not a major determinant of satiety. A foods satiety index is a measure of how many calories of a given food one must consume in order to feel satiated. A food's ED, fiber content, and physical form all appear to be more important determinants of satiety than a food’s percentage of fat, protein, or carbohydrate calories.
 ED provides a far more simple and realistic theory about what controls appetite and leads to overeating and obesity than the theories put forth by the proponents of low-carbohydrate diets.

Cutting Dietary Fat May be One Key To Lowering ED and Cutting Body Fat

Refined fats and oils are far more concentrated in energy than even sugar (4080 versus 1725 kcal per pound, respectively). This means that the addition of fat or oil to any food item will invariably increase the ED. Research has shown that increasing ED usually causes food to be less filling and thus, more fattening. In addition, most naturally occurring high-fat foods have a fairly high to very high ED. This makes it very difficult to consume a high-fat but low-ED diet. In contrast, fresh fruits, vegetables, and many whole grain foods like pasta, brown rice, and hot cereals have a low to moderate ED. A high-carbohydrate diet consisting largely of such foods will have a low-ED, high-fiber content and a high satiety index, which means it will reduce ad libitum energy intake without causing hunger.

To the extent that the diet is made up of minimally processed high-carbohydrate foods, it is likely that people will feel full on fewer calories. It is primarily because diets higher in fat usually have a higher ED than diets higher in carbohydrate and they are also more likely to lead to excessive energy intake, weight gain, and metabolic problems such as those seen in the “metabolic syndrome”. This is why research studies that require people to consume the same number of calories on both high-fat and high-carbohydrate diets have been criticized for having little real world relevance.
,

A study that compared ad libitum energy intake on either a low-ED diet consisting primarily of minimally processed plant foods or a typical high-fat, low-fiber American diet found that energy intake was dramatically lower on the low-ED diet than on the high-ED diet (1570 versus 3000 kcal/d, respectively).
 In this study, the subjects reported that they were equally satisfied and enjoyed the food just as much on the low-ED diet as on the more typical rich American-style diet. 

Unfortunately, it is challenging to plan acceptable meals that have a low ED and a high fiber content. Such meal plans require more nutrition knowledge than most Americans possess. They also would require more culinary skill than most Americans possess to make a low-ED diet very palatable. This is because in general, the palatability of foods tends to decrease with decreasing ED.
 However, losing excess body fat without triggering chronic hunger will usually require a low ED diet with a higher fiber content and an increase in daily activity level.  

Human beings are biologically programmed to prefer rich, high-ED foods. This is probably because for most of human evolution, famine and starvation were common. The best way to survive a famine is to start it with greater body fat stores. Under such circumstances, it made sense for human beings to become programmed to "pig out" on very rich foods when they occasionally became available. For our ancient ancestors, rich food was not the norm but only an occasional luxury. However, most of the time our ancestral diet consisted of foods with a lot of fiber and a low to moderate ED. It is reasonable to assume that such a diet is what the human body is biologically best equipped to handle.
 Returning to a less processed and refined diet with far less concentrated energy and increasing daily activity may be necessary for most people to lose weight and keep it off without chronic hunger. In contrast, there is no scientific data that suggests a ketogenic diet is what the human body was designed by evolution to thrive on. Our ancestors no doubt encountered ketosis during famines. During a famine, the key to survival is conserving metabolic fuel. It seems illogical then to argue that ketosis somehow evolved to enable human beings to eat high-fat foods so they could lose weight more quickly.

Another reason to cut dietary fat: a hormone that makes people hungry
Ghrelin is a recently discovered hormone produced by the stomach and other parts of the gastrointestinal (GI) tract. Recent studies suggests that ghrelin may serve as a good biomarker for hunger. High levels of this hormone released by the GI-tract in the blood correlate with subjective feelings of hunger. When ghrelin is given to people intravenously it increased their hunger level and they ate significantly more calories at lunch than when given a placebo injection. Ghrelin is one of the first hormones that has been shown to stimulate appetite. More importantly it seems to be involved in not only shot-term satiety after a meal but is also involved in hunger and food intake regulation over the long term as well. As such it is one of the most promising biomarkers yet discovered for hunger and food intake regulation.
 

When people lose weight on calorie-restricted diets grehlin levels increase and people report they are hungrier than before they lost the weight. In one study grehlin levels rose 24% after subjects lost 17% of their initial body weight. Eating food dramatically lowers grehlin levels in the blood and eliminates hunger. But simply drinking water does not lower grehlin levels and does not reduce hunger. However, not all foods have the same impact on grehlin levels in the blood. For example, grehlin levels drop in proportion to the amount of carbohydrate in a meal or snack. However, the consumption of fat or a fat-rich meal does not suppress the release of grehlin nearly as effectively as does a meal with more carbohydrate and little fat. The higher grehlin levels in the blood after a high-fat meal compared to a meal higher in carbohydrate and low in fat may explain why in the long term most people who lose body fat and keep it off do so on fat restricted diets. Simply put restricting the amount of fat in the diet can lead to a lower calorie intake without an increase in hunger and appetite.
 

Bottom Line: Despite the current mania for low-carbohydrate diets for weight control, research on grehlin strongly suggests that far more people are likely to be able to control their appetites, lose weight and keep it off without having to deal with increased hunger if they keep dietary fat to a minimum.

3.  Food Cravings Diminish When Foods Are Avoided?

Food cravings are a strong desire for a particular food that can drive one to consume a large amount of a that food on occasion. The authors of some fad diet books have claimed that intense cravings for high-carbohydrate foods is the result of an "addiction" to carbohydrate. However, cravings are not the same as an addiction to a drug and fad diet book authors who pretend that there are "carbohydrate addicts" or that "foods are powerful drugs" are simply misusing these terms. Indeed, many of the foods that "carbohydrate-addicts" supposedly crave, because of their high carbohydrate content, are also quite high in fat (e.g., cookies, ice cream, donuts, and chocolate candies). It would be equally sensible to claim that the consumption of chips, chocolate, donuts, Oreo cookies, etc. was due to a fat craving rather than carbohydrate craving. What seems clear is that the consumption of a variety of energy dense foods with a lot of fat and/or carbohydrate and little or no fiber tends to lead most people to develop a strong preference for them. This strong preference is a craving. Giving in to this craving leads most people to consume more calories and gain weight.  

The authors of fad diet books who claim that high-carbohydrate diets cause bingeing, overeating, and addiction recommend a diet much higher in protein than most Americans normally consume. They claim that avoiding high-carbohydrate foods or getting the correct ratio of protein to carbohydrate in the diet is the key to preventing excessive energy intake and reducing the cravings for high-carbohydrate foods. More protein in the diet is also supposed to control insulin, glucagon, and other hormones, which supposedly will have many beneficial effects on health. But is adopting a higher protein diet the key to blocking cravings for foods high in fat and sugar?

In human populations around the world, the protein content of the diet is typically about 12-15% of energy and is only much higher or lower than this when people have very limited food choices. In contrast, the percentage of energy from fat and carbohydrate can vary quite widely although much of this variation is due to the availability of foods high in fat or carbohydrate. In animals, there is evidence that the appetite for various macronutrients (carbohydrate, fat, and protein) can be influenced by the prior macronutrient consumption. At least some animals appear to develop specific appetites for protein, and possibly carbohydrate that help regulate their intake.
 It is possible that changes in neurotransmitters can alter food preferences in humans and increase the desire to eat foods with a higher protein, carbohydrate, or fat content, but the evidence for this is mixed.

The results of one study suggest that those who advocate a high-protein diet to reduce the cravings or "addiction" to carbohydrate may be barking up the wrong tree. In this study, 9 women reported having frequent intense food cravings. These cravings occurred primarily in the afternoon or evening. They were given 3 meals that varied primarily in carbohydrate and protein content. One meal was very high in protein and very low in carbohydrate, another was the reverse (very low in protein and very high in carbohydrate), and the third meal was about 24% protein and 37% carbohydrate. All 3 meals were about 37% of energy from fat. The researchers then measured the intensity of cravings for various foods and the moods of the subjects after each of the test meals. The authors found "that consumption of a protein-rich meal increases the susceptibility to craving sweet-tasting, palatable foods in vulnerable women. Behaviorally, such a [high-protein] meal resulted in subsequent ad libitum consumption of a relatively carbohydrate-rich meal and subjective binge eating."
 The authors concluded, "possibly via the effects of sensory-specific satiety, serotonergic function, or cognitive factors, a protein-rich meal may induce craving for sweet-tasting, palatable foods in susceptible individuals." This research suggests that eating high-protein foods all day may create or magnify one's cravings for the very foods that so many women binge on in the evening.  

Sweet tasting foods such as chocolate cookies or ice cream are the foods most often craved by women.
 Men are more likely to report cravings for meats and salty snack foods. Because nearly all foods craved by men and women are energy-dense, it is not surprising to find overweight people reporting intense food cravings. Giving in to these cravings means the diet will have a higher ED. In general, the higher the ED of the diet the more calories are needed to achieve satiety even if the percent of fat, protein and carbohydrate are held constant.
 If the diet has a high ED then one must control or restrain ones appetite and stop eating before satiety is achieved. Because dietary restraint in the form of calorie restriction or portion control invariably increases hunger and hunger increases the desire to eat all foods, it is not surprising that people on calorie-restricted diets often end up binging on a highly preferred foods or craved foods. So unless one can change the diet so that it provides more satiety per calorie one will be forced to go hungry and live with more hunger in order to lose weight and keep it off.

Many people believe that a craving for a specific food is an indication of nutritional need. Some researchers have suggested that because most cravings are for nutrient-poor foods, high in fat, sugar, or salt, that such cravings appear unlikely to have anything to do with real nutritional needs. These researchers note that food items that are highly palatable are the most likely to be craved. They hypothesize that most food cravings simply reflect a desire for pleasure. Consistent with this hypothesis is the observation that it is often people who are depressed, anxious, or lonely who often report the most intense food cravings. When such individuals cannot control bingeing on foods that are detrimental to their health they may benefit from psychological counseling as well as nutritional counseling.

Other researchers note that certain neurotransmitters increase the desire to eat certain types of food. For example, galanin increases the desire for fatty foods while neuropeptide Y is associated with a desire for high-carbohydrate foods. Of course, research also shows that the more fat in one’s diet, the more galanin is produced and the more galanin that is produced, the more one prefers or craves fattier food. Indeed, research shows that eating less fat for several weeks reduces galanin levels and the desire to eat fatty foods. This is a bit of a "which came first, the chicken or the egg" paradox. Nevertheless it is clear that the only way to reduce one’s desire for fatty foods is to not eat them. There is no evidence that avoiding a certain food will create a more intense craving or desire to eat that food in the long run. In fact, avoidance of a highly preferred food is perhaps the only way to reduce one’s desire for a craved food item.    

The flip side of food cravings is food aversions. These may be innate such as the aversion that humans and most animals have to bitter tasting food. This built-in aversion to bitter tasting food is the flip side of the craving or desire for sweet tasting foods. For our ancient ancestors a sweet taste generally indicated that a fruit was ripe and more nutritious, while a bitter taste often was a sign that toxic alkaloids were present and the plant was dangerous to eat. But food preferences and aversions are also learned. Rats exposed to x-rays shortly before being fed a novel food item develop an intense aversion to the flavor of that food, which they associate with the radiation sickness even though the food itself was perfectly harmless.  

The bottom line: Contrary to popular myth, food cravings do not reflect a real nutritional need and often undermine rational attempts to improve one’s diet. The foods most Americans find the most “addicting” tend to be high in both fat and refined carbohydrates and have a high ED and low fiber content. In general, the only way to reduce the desire for nutritionally undesirable craved foods is to avoid them for several weeks. With time such cravings will likely diminish and become easier to control. However, such cravings will likely rapidly return if these foods are consumed again.

A Higher Protein Intake May Increase Metabolic Rate and Satiety

Another possible reason why people lose weight with less hunger on a ketogenic diet may be due to its higher protein content than that of a typical modern diet. One study found that when dietary protein was increased from 12 to 25% at the expense of carbohydrate that satiety levels increased and ad libitum energy intake fell. Both diets contained 29% fat calories and were of similar ED. The high protein diet resulted in greater weight loss and nearly twice as much fat loss over 6 months in the 65 healthy obese subjects.
  Another study found that a high protein (29% en) very-low-fat (10% en) diet increased satiety and 24 hour diet-induced thermogenesis compared to a high-fat (61%en) low-protein (9%en) diet in a group of lean women.
 

If diets higher in protein tend to increase the metabolic rate (by increasing DIT) and increase satiety it seems likely that they may promote greater loss of body fat over time. This may be part of the reasons that ketogenic diets with a percent protein level about twice as high as that of the average American may help people to lose weight without hunger. Of course dietary fat has the lowest DIT of all nutrients and also appears to provide the least amount of satiety per calorie of all the macronutrients. If this is so then a diet higher in protein and very low in fat would be even more effective than a diet higher in both protein and fat (as recommended by Atkins and others) at increasing metabolic rate (via increased DIT), increasing satiety, reducing ad libitum energy intake and promoting the loss of body fat.

There is good evidence to show that a higher protein intake would increase the metabolic rate after a meal. The increase in metabolic rate as a meal is digested, absorbed and stored is called the diet-induced thermogenesis (DIT). In the past this called the specific dynamic action or effect (SDA or SDE) of eating. It is higher for protein than for CHO and a little higher for carbs than fat. It is by far the highest in response to alcohol. Of course, no one would not recommend a much higher percentage of energy from alcohol (well except for the author of the "Drinking Man's Diet" circa 1970) even though there is pretty good evidence that this would aid weight loss. Of course this weight loss would depend on no compensation in energy intake from the other caloric macronutrients. If these were not increased over time then an increased percent en from alcohol would aid weight loss. Of course the overall health consequences would make such a recommendation questionable at best. Now in the case of protein the impact on DIT could in theory produce a modest negative energy balance if there was not an increase in calorie intake from fat or carbohydrate. A somewhat higher satiety index from protein appears to be a good possibility as well. If this were true then there would be little reason to suspect an increase in the percent of protein in the diet might reduce ad libitum energy intake. This might help explain the greater weight loss on diets higher in protein observed in studies in which the higher protein diet was compared to one higher in carbohydrate. However, increasing dietary protein in the diet may also be harmful. More protein from animal sources will bring more saturated fat and cholesterol into the diet. More protein may increase postprandial homocysteine levels and do increase excretion of more calcium in the urine which could heighten the risk for kidney stones and osteoporosis. More meat may increase the risk of several cancers. There is not enough data to tell Americans that eating a higher % protein will aid weight loss but even if this proves to be the case there are still other concerns about a greater intake of protein, particularly from meat and fatty dairy products.

Bottom Line on Satiety and the Atkins Diet

A ketogenic diet such as advocated by Atkins and others may very well prove to provide a greater satiety level on fewer calories than a typical American diet. The lower energy density of the diet coupled with its higher protein intake and dramatic reduction in the variety of foods allowed probably account for its effectiveness in terms of weight loss. However, given the long list of proven and likely adverse effects from following a ketogenic diet for a prolonged period of time it seems inappropriate for responsible health professionals to promote Atkins-style ketogenic diets for weight loss.

Appendix – ongoing discussion of studies and topics that use the Atkins Diet approach
Does New Study Vindicate Atkins? 
A recent study of about 300 middle-aged obese men, average age 51 and average BMI 31, purported to examine the impact of a “Low-Carbohydrate” (LC) Diet, a “Low-Fat” (LF) Diet, and a “Mediterranean” (Med.) Diet on weight loss and cardiovascular disease (CVD) risk factors. This study received widespread media coverage in July 2008 with some reports suggesting the results of this study vindicated the claims of the late Dr. Robert Atkins. Dr Atkins’ books claimed that a low-carbohydrate, high-fat diet with lots of saturated fat and cholesterol-rich animal products not only promoted weight loss but also was heart healthy. However, a closer look at the study’s design and results suggests it does little to vindicate Atkins claim that his diet was heart healthy. 

This new study was conducted in Israel and was funded by the Atkins Foundation. However, the researchers stated that the foundation did not influence their study. This is rather a curious claim since the late Dr. Atkins stated in his many books that a diet high in meat, eggs, cheese, butter and other animal fats does not adversely impact blood lipids and was heart healthy as long as carbohydrate intake was severely restricted. In this study the subjects assigned to the LC Diet were counseled to “…choose vegetarian sources of fat and protein…” and yet also claimed the LC Diet “…was based on the Atkins diet.”1 Anyone familiar with the Atkins diet knows he did not primarily advocate tofu and vegetable oils in place of carbohydrate-rich foods so surely the researchers knew this as well. So why did they have their subjects following a diet they claimed was based on the Atkins diet avoid lots of meat, cheese, and butter? Perhaps they realized such a diet would raise total and LDL-cholesterol levels and promote heart disease? 

While the authors of this study claimed no conflicts of interest it should be noted that Dr. Stampher works with Dr. Willett at Harvard Medical Scool and the Med. Diet used in the study was based on Willett’s version of a Mediterranean Diet. 

Here are the interesting points that we believe make this study’s results disceiving:

• The Med. Diet and the LF Diet had the same amount of saturated fat and cholesterol 

• but the Med. Diet had about 50% more fiber. Willett is a big fan of olive oil but it is fiber-free and 

• had the LF Diet they used been similar to that advocated Pritikin, Ornish, and others, the LF diet surely would have had more rather than considerably less fiber than the subject’s own basal diets. 

• Indeed, the LF Diet used in this study had the same % fat and saturated fat as the subject’s original diet. According to the authors, the Med. Diet had only 3% more fat and the Atkins-style LC Diet only 9% more calories from fat than the LF Diet did. 

• Weight loss and weight maintenance were somewhat better on the LC and Med. Diets than the LF Diet with subjects after 2 years losing 10.3, 9.7. and 6.4 pounds respectively on the 3 diets. The dietary data reported that calorie intake was reduced by 200 calories a day more on the LF diet than on the Med. Diet, which makes little sense given the somewhat greater weight loss and no greater activity level in those on the Med. versus the LF diet. 

The HDL levels rose roughly in proportion to the loss of weight and triglyceride levels fell more in those who lost more weight, which should surprise no one. 

One might look at the results of this study and conclude that a LC Diet and Med. Diet are better for weight loss than a LF Diet. However, this is a bit of a stretch because research has shown that the relative impact of modest changes in the ratio of fat to protein to carbohydrate in the diet have little or no impact on ad libitum energy intake compared to that of calorie density. Was the calorie density of the experimental diets in this study controlled? If not it is quite possible the difference in weight loss on the 3 diets could be explained by differences in calorie density. 

Bottom Line: 

This study’s results on CVD risk factors are not all that surprising given the questionable design of the study. The fact is all 3 experimental diets failed to lower Total and LDL-cholesterol levels, which is in marked contrast to the many studies of very-low-fat, near vegetarian diets. Furthermore, the lack of attention to important dietary variables like calorie density and percent of calories consumed as beverages which do impact calorie intake, is inexcusable in a study today that purports to examine the impact of diet on body weight regulation. Indeed, the results of this study and the media reports that followed will likely further confuse people and sadly some health professionals about the likely impact of healthy low-fat diet based mostly on minimally processed whole grains, fruits and vegetables for aiding weight loss and preventing and even reversing CVD. 

By James J. Kenney, PhD, RD, FACN
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For more information: 

Visit online at foodandhealth.com and click on CPE Courses on the left hand side under Media. You can read Dr. Kenney’s CPE course article on the Atkins diet online for free. It is good for 16 CPE hours if you choose to purchase and take the post-test. The title of this article is, “Are high-protein ketogenic diets the key to weight control?”: 

Other Popular Diets that Claim High-Carbohydrate Foods Produce Weight Gain by Over-Stimulating Insulin Production:

Zone Diet and Sugar Busters

Two of the most popular diet books in recent years (Enter the Zone by Barry Sears and Sugar Busters by H.L. Steward et al) claim that diets too high in carbohydrates lead to high insulin levels which prevent the burning of fat resulting in obesity. This is basically the same claim that Atkins and other promoters of ketogenic diets make. However, these two books do not recommend dietary carbohydrates be restricted so severely that ketosis results.

Sugar Busters Based on Broken Science



A CEO and 3 MDs have come up with Sugar Busters: Cut Sugar to Trim Fat,” yet another version of the "high-carbohydrate diets are bad for you" books. They are most concerned about sugar, which they claim is "toxic" but all high-carbohydrate foods with a high glycemic index are also claimed to be bad for you.
 The authors appear to be oblivious to the role of energy density and fiber in influencing satiety and ad libitum energy intake. The authors claim that if you scooped out a baked potato and filled the skin with sugar it would be exactly the same.
 In fact, sugar has 1,725 kcal per pound while the potato you scooped out has about 450 kcal. What can make a baked potato fattening are mainly the calorie-dense toppings like butter and sour cream.

This book is so full of factual errors it is hard to select a few to illustrate how little the authors know about nutrition and weight control. They claim "most sugars or carbohydrates are converted to fat when consumed."
 This is wrong! Most are burned for energy or stored as glycogen. In fact, one must overeat high-carbohydrate foods for several days before there is any significant conversion of carbohydrate to fat.
 Much of what they say is self contradictory or confusing. For example, the authors state
 that "it is not necessary to count calories" but "portion size is very important" and "do not go back for seconds or thirds!"  They also tell you to eat nothing after 8 PM.
 Now if they could just explain the difference between eating less food and eating fewer calories! The authors state
 that "refined sugar in any significant quantity is toxic to many human bodies" and "fructose will normally not hurt you..." In fact, fructose has been shown to elevate LDL cholesterol.
 Other studies show increased TG levels on diets high in fructose.
 

So why have some people lost weight on this diet? Well, anyone who follows the authors' advice when they go out to eat will have to eliminate the bread (and also the butter or olive oil) and the potato, rice, or corn that comes with the entrée. The saturated fat will probably be trimmed from the entree and desserts are skipped because all of them have too much "toxic" sugar. And don't forget "No seconds or thirds." Now wouldn't that result in reduced energy intake?
These authors are both concerned about high carbohydrate foods that produce the largest rise in blood sugar. The rise in blood sugar after consuming a set amount of carbohydrate from different foods is a measure of what is called the glycemic index (GI). Among the foods that produce the greatest blood sugar response are carrots, potatoes and parsnips. These foods have a high GI so they are claimed to be among the most dangerous because they are assumed to produce the greatest insulin response. High insulin levels do inhibit the release of free fatty acids from adipocytes and so do block fat oxidation. Even some RDs have made similar claims.
 These authors claim that diets higher in protein and fat and much lower in carbohydrate are the key to lowering insulin levels and burning off more body fat. However, a recent cross-sectional study actually found that diets higher in protein were actually positively associated with body mass index (BMI).
 The authors of this study conclude, “There is evidence indicating that protein intake is conducive to obesity.” Data from other studies suggest higher intakes of protein may aid weight loss.

There is some evidence indicating that a diet with more high GI foods may increase the risk of developing type 2 diabetes mellitus (DM), particularly if it is also has a low cereal fiber content.
 Of course most high GI foods are highly processed and refined and lack fiber and are also low in many nutrients compared with less processed and refined foods. This means that even if the intake of foods with a high GI is associated with weight gain and the development of type 2 DM, one could not conclude that the higher glycemic response alone is the primary cause. It certainly would be reasonable to encourage people concerned about their weight and/or risk of developing type 2 DM to reduce their intake of highly refined and processed sources of carbohydrate. However, this does not mean that all high GI foods promote obesity, insulin resistance and type 2 DM. Nor must foods with a relatively high GI be banned from a weight loss diet. Nor does it mean that total dietary carbohydrate must be reduced at the expense of greater amounts of protein and/or fat in order to prevent weight gain or promote weight loss. It seems premature to recommend the consumption of foods with a lower GI to prevent obesity, diabetes, or cardiovascular disease.

South Beach Diet Review

The South Beach Diet by Dr. Agatston has vied with the Atkins Diet for the top selling diet book in the USA in 2003. This book is an amalgamation of mostly sensible advice about “good” and “bad” types of fats and carbohydrates. The diet itself starts out, like the “Protein Power” diet by the Eadeses or the Atkins diet, by severely restricting dietary carbohydrate. This produces rapid weight loss in the first 2 weeks (called “Phase 1”), although much of the weight loss will be due to fluid and glycogen loss, not body fat. During “Phase 2,” Dr. Agatston’s plan begins to gradually add back what he calls “good carbs.” This includes foods such as low-glycemic-index (GI) fruits, beans and whole grains. You stay in Phase 2 until your target weight is attained. “Phase 3” allows more “good carbs” but now includes some with a higher GI such as whole-grain breads, pasta, rice, tortillas and potatoes. These high-GI foods can only be eaten occasionally and in limited amounts. “Phase 3” eliminates the two daytime snacks allowed in “Phase 2.” Unlike some authors, Dr. Agatston does not obsess about the ratio of fat to protein to carbohydrate.

Like many popular fad diet authors, Dr. Agatston blames the growing waistlines of Americans on high-GI foods and excessive insulin release. Like Sears (Enter the Zone) and the Sugar Busters! authors, he claims high-GI foods trigger excessive insulin release that leads eventually to dietary carbohydrates turning into body fat. Like other fad diet book authors, Dr. Agatston claims adding fat or protein to high-carbohydrate foods such as potatoes will reduce the insulin response and help prevent excessive hunger and cravings. 

• On page 54 he claims “Even French fries are better than baked [potatoes], because of the fat in which they’re cooked. Of course the same is true for potato chips.” Why? Because he says the fat “slows the digestive process.” 

• On page 55 he claims eating some steak with a baked potato “… renders it better for your diet than a potato on its own.” This is because he apparently believes that the addition of fat and protein to carbohydrate will cause your body to make less insulin. In fact adding fat and/or protein to a potato will actually increase insulin release, not lower it..

Dr. Agatston also reincarnates the claims of the late Carlton Fredericks and others who for years blamed refined carbohydrates for causing excessive insulin output followed a few hours later by a “reactive hypoglycemia” (page 62). He, like Fredericks before him, claims it is this reactive hypoglycemia that triggers extreme hunger, cravings and excessive calorie intake and weight gain. In fact, there is no credible research showing “reactive hypoglycemia” leads to weight gain. Blaming all foods with a high GI for obesity is too simplistic. In fact, the much-maligned white potato was shown to have the highest satiety index compared to a wide variety of other foods.
 This study showed that people felt more satisfied and also ate less 2 hours after eating a potato than after eating the same calorie intake from steak, fish, eggs and many other low-GI foods. This finding directly refutes one of the central tenets of The South Beach Diet.

The theory that a diet with a high GI or even a high glycemic load promotes obesity is also far fetched. One of the highest-GI foods is the sticky rice favored by the Japanese who have about one-tenth the incidence of obesity as Americans. In the 1970s the Japanese ate an extremely high GI and glycemic load diet and yet obesity, diabetes and coronary heart disease were far less common than in the United States where the GI of the diet was lower.  Indeed, as more fat has entered the Japanese diet calorie intake has increased and obesity, diabetes and coronary artery disease are all increasing.

Contrary to Dr. Agatston’s claims, there is far more research linking obesity to high-fat diets with a high calorie density than to high-GI foods such as potatoes and beets. Agatston makes many claimsthat are either known to be wrong or likely to be wrong. For example, it has been proven that adding fat or protein to carbohydrate increases rather than decreases as he claims the release of insulin. It has also been clearly demonstrated that adding fat to lowfat foods dramatically increases ad libitum calorie intake.
 Simply put, when dietary fat is increased, increasing the calorie density of the diet, nearly all people will increase their calorie intake and gain weight.

Bottom Line for South Beach Diet: Dr. Agatston’s diet may help people lose weight, not for the reasons he claims but because his diet is higher in fiber and has a lower calorie density than what most Americans now eat. Certainly eating far less sugar and refined grains is good advice, but ignoring the role of fat in promoting excessive calorie intake is unwise.

FMI: See the article on using the glycemic index on page 72 of the June 2000 issue of Communicating Food for Health.

The Pima Paradox

Human population data seem at odds with the theory that diets high in carbohydrate promote obesity and replacing dietary carbohydrate with more protein and fat would prevent obesity and type 2 DM. For example, if high carbohydrate diets cause hyperinsulinemia, obesity and type 2 diabetes mellitus (DM) as the authors of the Zone diet and Sugar Busters suggest then how do we explain what is happening to the Pima Indians of Arizona? These Pimas have the world’s highest incidence of type 2 DM and most are overweight or obese and yet they eat a diet much closer to the 30% fat, 30% protein and 40% carbohydrate recommended by Sears than they did back before World War II. Before World War II both obesity and type 2 DM were fairly uncommon among the Pimas of Arizona.
 Historically, the Pima diet consisted largely of minimally processed high carbohydrate foods that mostly had a low GI.
 However, after World War II, the Arizona Pima Indian diet switched from being very high in minimally processed carbohydrate-rich foods to be more typical modern diet with more meat and fat. It seems likely that there is something about the modern Western diet and lifestyle that promotes obesity and type 2 DM.
 
 But it seems unlikely that it would be as simple as the notion that finding the optimal ratio of fat to protein to carbohydrate in the diet is the key to controlling insulin and other hormone levels that control body weight.  One might argue that refined carbohydrate with its rapid absorption and high GI and the excessive stimulation of insulin caused by the high-GI carbohydrate is what promotes obesity and diabetes in a modern diet that is predominantly consisting of refined carbohydrates.

Pima Indians living in northern Mexico weigh 60-65 pounds less than Pima Indians living Arizona even though the Mexican Pima’s diet consists largely of potatoes with a high GI and corn with a fairly high GI. The Arizona Pimas eat a modern diet with much more protein and fat than their Mexican "cousins." In Arizona, more than half the Pimas develop type 2 DM before age 50y whereas in Mexico, type 2 DM is rare and afflicts mainly the elderly.
 Low-carbohydrate advocates claim a high-carbohydrate diet containing a lot of high GI foods causes excessive insulin release, which then promotes weight gain, insulin resistance and type 2 DM. If this is true then why doesn’t the high-carbohydrate diet of Mexican Pimas cause them to become obese and develop type 2 DM? Clearly a high-carbohydrate diet, even one containing a large amount of high-GI potatoes, does not necessarily lead to weight gain and type 2 DM.

Part of the reason for the Pima Paradox, is that the Mexican Pima Indians are much more active than their Arizona brethren. A single bout of exercise improves insulin resistance for a day or so.
 Exercise reduces liver and muscle glycogen stores. This leads to metabolic changes causing muscle tissue to more rapidly take up blood sugar after an exercise bout in order to replenish their glycogen stores. When people are sedentary their muscle glycogen stores remain so full that there is little need for them to take up more sugar from the blood. It is as if inactive muscle cells resists the action of insulin because they have no use for blood sugar when their glycogen stores are full and they are not moving. Research also shows the body does not increase caloric intake to account for increased daily activity.
 
 The failure to increase energy intake with higher levels of physical activity could be why more active people are less likely to gain weight than those who are more inactive. Research shows weight gain leads to the development of insulin resistance. Insulin resistance sets the stage for the development of type 2 DM.
 Aside from inactivity, the relatively high energy density (ED) and lower fiber content of the Arizona Pima's diet compared to that of their Mexican counterparts also appears to promote weight gain. As we shall see high ED diets with little fiber require a greater energy intake to achieve satiety than a low ED, high-fiber diet.

Genetic differences are not a likely explanation since these two Pima Indian populations arose from the same genetic stock. A study of identical twins showed that there was little difference in ad libitum caloric intake on a high fat or a high carbohydrate diet if the ED of the two diets was the same.
 The Zone Diet book claims that hyperinsulinemia caused by excess dietary carbohydrate particularly with a high GI leads to obesity and type 2 DM is questionable. In fact, it is largely the consumption of excess calories in any form that causes hyperinsulinemia and it is a low fiber, ED diet coupled with inactivity that leads to a positive energy balance, weight gain and eventually type 2 DM. Even though it is claimed that high insulin levels prevent fat burning and promote fat storage, which then lead to obesity, it is much more true that obesity leads to insulin resistance that then causes excessive insulin secretion or hyperinsulinemia.

Glycemic Index vs. Insulin Score Vs Satiety Index

Glycemic Index does not accurately predict Insulin Score

GI is a measure of how high the blood sugar rises in response to a given amount of carbohydrate from various sources compared to a standard food (usually white bread or glucose). For example, carrots, parsnips and potatoes (baked or boiled) all have a higher GI than sugar and about as high as white bread. However, carrots have only 195 calories per pound and a boiled potato has about 450 calories per pound while bread contains around 1250 calories per pound and sugar contains 1725 calories per pound. So the volume of food must increase dramatically for foods with a lower ED to be fed at the same carbohydrate level. Gastric expansion increases the rate of gastric emptying and carbohydrate can only be absorbed after it leaves the stomach. However, foods with a lower ED often have a higher SI and in an ad libitum feeding situation would provide more satiety. More satiety means less carbohydrate and calories would be consumed. Therefore, the methodology used to measure GI creates a bias against foods with a lower ED that would not exist under conditions of ad libitum food intake. Foods that produce a higher osmolarity in the stomach can delay gastric emptying and this may also slow their absorption and lower their glycemic response. One reason sports drinks don’t have a high concentration of sugar is that it would delay gastric emptying and slow the absorption of water and increase the risk of dehydration.

The Insulin Score (IS) is a measure of insulin output in response to a given amount of energy consumed from various foods. Among foods with little fat or protein, the GI correlates fairly well with the IS. However, dietary fat delays gastric emptying so any carbohydrate consumed with a lot of fat slows the absorption of the carbohydrate. This usually results in a lower GI. Of course, the higher fat intake from such foods magnifies the insulin output. High fat foods tend to have lower GI but their IS is generally much higher than would be predicted based on their GI. For example, Mars Bars with their high fat content and high osmolarity (due to its high sugar content) have a modest GI. The GI of Mars Bars is lower than that of baked potatoes, white rice, parsnips or carrots. However, dietary fat greatly magnifies the insulin response to a given amount of dietary carbohydrate. Therefore, the Insulin Score (IS) for a Mars Bar is a little higher than that of rice, bread or potatoes despite having a lower GI than all three. Dietary protein, like fat, also stimulates the pancreatic beta cells to release insulin. This is why foods with little or no carbohydrate (e.g., meat, fish, eggs and cheese) still cause a fairly substantial insulin response (IS) even though they have little effect on blood sugar.
  The GI of foods like meat, eggs and cheese really cannot be measured because the GI is based on a set number of grams of carbohydrate being fed. Foods without carbohydrate have little short-term impact on blood sugar levels. It should be clear then that GI does not accurately predict the IS when foods vary considerably in either their percentage of fat, protein or carbohydrate and/or ED.

Table 4 – The Insulin Score (or Index) of Foods
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Table 5 – The Glycemic Index of Foods

Food

GI

Food


GI

Croissant

67

Bananas

54

Cake, pound

54

Grapes


46

Doughnuts

76

Apples


38

Cookies

55

Oranges

44

Crackers

71

Watermelon

72

Sweet corn

55

Peach


42

Mars Candy Bar
64

Pear


37


Peanuts

15

Plum


39

Yogurt


36

Mango


56

Waffles

76

Kiwi


53

Ice Cream, low-fat
51

Grapefruit

25

Jellybeans

80

Cherries

22

Popcorn

55

Raisins


64

M&Ms, peanut
32

Pineapple

66

White Bread

71

Cantaloupe

65

French fries

54

Apricots

57

Pasta, white

41

Dates

          103

Rice, brown

55

Lentils


29

Rice, white

58

Soybeans

18

Bread, whole wheat
69

Kidney Beans

29

Pasta, whole wheat
37

Pinto beans

39

Potatoes, baked
85

Potatoes, boiled
59

Bagel

72

Sucrose


64

Oatmeal

49

Maltose

          105

Parsnips

97

High Fructose corn syrup
62

Carrots

92

Glucose

          100

Beets

64

Fructose


22

Sweet potato

54

Lactose


46

Rutabaga

72

Maltodextrin
                      105

Corn Tortillas

62

Museli

56

Sustain


68



Special K

54

Corn Flakes

83

Honeysmacks

55

All-bran

42

Rice Krispies

82

Total

76

* The GI values shown in this table are relative to glucose

Source: http://www.mendosa.com/
Satiety Index

Satiety is the opposite of hunger. One is motivated to eat when hungry and deterred from eating when satiated. The satiety index (SI) is a relatively new concept that measures how full or satiated people feel after consuming a given calorie load from a variety of foods. It is measured subjectively by asking people to rate how satiated they fell after eating a set amount of energy from different foods. Objectively it is determined by how much food these same subjects consume ad libitum 2-hour after consuming the test food. So a high SI food would leave people feeling more satisfied after eating a set amount of calories and the more satiated subjects would also tend to eat less 2 hours later when given something else to eat. The presumption is that this is because they were still less hungry two hours after the higher satiety food. It seems likely that a diet made up of higher SI foods would lead to less hunger and a lower ad libitum energy intake. The notion that high GI foods lead to obesity ultimately rests on the assumption that the GI would be equal to the Satiety Index (SI). It turns out that one of the highest SI food tested so far was the potato. Table 6 below shows that potatoes had a SI of 343% compared to that of white bread. By contrast peanuts, which have a very low GI, had a SI even less than that of white bread.
 Assuming that how full one feels right after consuming a set amount of energy predicts long-term energy intake better than how high one’s blood sugar goes, it seems likely that potatoes would be more likely to promote weight loss and peanuts more likely to promote weight gain. A quick glance at Tables 4 and 5 above shows the GI of various foods does not even correlate that closely with the amount of insulin released (or IS). This poor correlation between GI and SI conflicts with the claims of fad diet authors who maintain that the reason high GI foods promote weight gain is that they trigger excessive insulin output.

More importantly, the GI of foods also does not correlate very well with the SI of those same foods. Clearly more research is needed on the SI of more foods and more importantly research is needed to demonstrate that diets composed of more high SI foods lead to a reduction in ad libitum energy intake and weight loss in the long run.

Table 6 – Satiety Index of Foods

[image: image4.jpg]AllFoods are Compared to White Bread at 100%

Balkery Products Casbohylrate Rich Fools
Croisant am. Whitebiead 1o
Cae o Fueel fes e
Donghuuts o Wit paste 1o,
Cooki L BomRe 12
Crlers o W 1z
Snacks and Confectonary Gninturad 154
Mas cndybar 0 Whclnsalbread 15
Peannts s Biom pasta 1
Vogat £ Potaors E
Crisps o1 Protein Rich Foods

- 56 Lentie 1z
Tllyorans UL Clesse L.
Popeom LT It
Breakfast Cereal with Mill Baledbears 1627
M W Ber A
Sustain Uz Lign 2
Spesil & LN

Conthes JIETR S e
Honeysacls w2 Onpe 162
LB 151% Appls 1o
PonidgiOatuesl W% Omes 02

rable adapted from S.H.A. Hol, .C. Brand Miller, P. Petocz, and E. Farmakalidis, "
Satiety Index of Comman Foods,” European Joumal of Clinical Nutition, Septernber
1995, pages 675-590

This chart is the courtesy of Rick Mendosa hitp:/Awww. mendosa.com




Satiety Index and Energy Density

Table 7 below shows the energy density of selected foods. In general, foods with a higher ED have a lower SI. Comparing all 5 tables it appears that SI is predicted better by ED than by either GI or IS. Baked potatoes have a both a very high GI and a high IS.  Those who argue that high-carbohydrate diets promote overeating because they cause an over production of insulin which then triggers increased hunger should realize that the high SI of a potato conflicts with their theory. On the other hand the fairly low ED of a potato would predict that it would have a high SI. Bakery products and candy and peanuts have a low SI and a very high ED. Peanuts have both a very low GI and IS. Therefore, peanuts should be an ideal diet food for weight loss if foods lower in carbohydrate that trigger little rise in blood sugar or insulin promote weight loss. The direct measure of the satiety value of peanuts shows they have a very low SI. This data certainly conflicts with the simplistic theories promoted in Sugar Busters and The Zone Diet books. 

Table 7. The Energy Density of Selected Foods

Food                    

 kcal/lb


Food


kcal/lb

Croissant

1,771


White bread

1,120

Cake, white

2,006


French fries

1,415

Doughnuts

1,760


White pasta

   639

Cookies

1,956


Whole wheat pasta
   564

Crackers

1,967


Brown rice

   503

Mars candy bar
2,116


White rice

   591


Peanuts

2,560


Whole wheat bread
1,056

Yogurt


   278


Potato, baked

   494


Ice cream,chocolate
   984


Lentils


   530

Jellybeans

1,664


Cheese, cheddar
1,856

Popcorn

2,384


Eggs, hardboiled
   700

Mueslix

1,689


Baked beans

   648

Sustain


1,650


Beef, round tip lean
   817

Special K

1,760


Ling or cod fish
  507

Cornflakes

1,760


Banana


  418

Honeysmacks

1,760


Grapes, green

  334

All-Bran

1,120


Apples

 
  266

Oatmeal

   281


Oranges
 
  211

There is an increasing amount of evidence indicating that the consumption of a high ED diet is one of the major factors responsible for the growing epidemic of obesity and type 2 diabetes in the U.S. and in the developing world. There is little doubt that inactivity and the reduction in dietary fiber as well as the high ED of the average American diet contribute to excessive energy intake and weight gain. Until more data is available on the SI of foods it seems reasonable to use ED and dietary fiber as the best surrogates for planning low calorie diets that will not result in chronic hunger. Energy restricted diets that result in a great increase in hunger will almost certainly undermine long-term compliance and/or promote eating disorders rather than increase the chances for effective weight control.

A recent review of popular diets came to the following conclusions: “Diets that are high in carbohydrate and low to moderate in fat tend to be lower in energy. The lowest energy intakes were observed for those on a vegetarian diet. The diet quality as measured by HEI (healthy eating index) was highest for high carbohydrate groups and lowest for the low carbohydrate groups. The BMIs were significantly lower for men and women on the high carbohydrate diet; the highest BMIs were noted for those on a low carbohydrate diet.”
  The HEI is 10 component index based on the Food Guide Pyramid and the components of the U.S. Dietary Guidelines which both recommend a reduction in the amount of fat and especially saturated fat in the diet. There is better evidence linking a low-fat diet, consumed ad libitum, with long-term weight control than diets higher in fat.
 A comprehensive review of popular diets found that there was far more evidence linking low-fat diets high in fruits, vegetables and whole grains to long-term weight control than ketogenic diets such as that advocated by Atkins.
 Another review of weight-reducing diets concluded, “While high fat diets may promote short-term weight loss, the potential hazards for worsening risk for progression of atherosclerosis override the short-term benefits. Individuals derive the greatest health benefits from diets low in saturated fat and high in carbohydrates and fiber; these increase sensitivity to insulin and lower risk for CHD.”
 

It seems clear then that there is no real scientific support for claims that diets too high in carbohydrate including those with generous amounts of high GI foods that have a low to moderate ED (e.g., carrots, potatoes, parsnips) necessarily promote obesity and type 2 diabetes. However, high-carbohydrate diets consisting largely of refined grains and sugars are unlikely to be beneficial for promoting weight control or preventing type-2 DM.

Conclusions:

It seems clear that the claim that high GI foods will lead to excessive insulin output that leads to overeating and obesity is not correct. Data on SI, GI, IS and ED clearly conflict with this popular but unsubstantiated theory. Therefore, claims that all high GI foods invariably lead to excessive insulin output and excessive insulin levels, which then prevent fat burning and promote fat storage and obesity, are of little scientific merit. In fact, insulin output in response to a meal correlates far better with the total calories in the meal than it does with the relative GI of the various foods making up that meal. This is because protein as well as carbohydrate triggers insulin release. Also, while dietary fat does not directly trigger insulin release, it does magnify the insulin response to carbohydrate and protein. Indeed, dietary fat promotes increased insulin output not only at the meal in which it is consumed but in the following meal as well. There is little reason to believe that the ratio of fat to protein to carbohydrate in the diet plays a major role in determining either ad libitum energy intake or satiety.

Increased activity and a diet composed largely of foods with a low ED and a high-fiber content are most likely to reduce hunger and provide more satiety. Low-fat diets with more fiber and a lower energy density lead to increased satiety.
 
  Increased satiety leads to a negative energy balance without hunger. Creating a negative energy balance without chronic hunger is probably the best way to lose excess body fat stores. More importantly, consuming foods with a higher satiety value enables people to keep the excess pounds off without chronic hunger. This should make it less likely to trigger eating disorders and/or result in rapid regain of weight loss.
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