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Preface


IN 1978, I OPENED A PRACTICE OF OPTOMETRY AT THE “HOLISTIC HEALing Arts” clinic in Solana Beach, California. The idea of holistic (or “wholistic”) healing was a New Age concept that included considering the body, mind and spirit in the healing process. This clinic housed a whole array of practitioners, including acupuncturists, chiropractors, nutrition-ists, physical therapists, masseuses, homeopaths and colon therapists just to name a few. Each one of these practitioners included nutrition as a part of their protocol. No one had ever heard of a “holistic” optometrist before. And the only thing I ever heard regarding “ocular nutrition” was that carrots were good for your eyes.




My idea of holistic optometry was grounded in the fact that I was offering vision therapy, which not only included helping kids with reading and learning problems, but soon involved basic vision improvement, which we now call “myopia control”. I learned about the Bates Method, Syntonic therapy, Acupressure, Homeopathy and a whole new concept of visual improvement techniques. It was a great learning and growing experience. However, I had to learn about ocular nutrition myself since there were no optometric courses offering nutrition education and the whole area seemed foreign to the profession. So, if something was good to improve blood flow to an organ, it was obviously needed in the eye. If something was helpful for nerve impulse transmission, it must have been good for the eye. If something supported muscle strength or coordination, it was obviously important for the eye. And so forth…




With that influence, I learned some of the basics about nutrition and applied them to my own life. I essentially became a vegetarian, which lasted for about 20 years. I didn’t do any formal studies in nutrition but just studied on my own and listened and learned from my friends, colleagues and peers. I listened to my body to see what made me feel good and what made me feel poorly. I was my own scientific experiment.




And then came the results of the National Eye Institute study called AREDS in 2001. This was the first randomized, placebo-controlled, double-blind study of the effects of nutrition on an eye disease (AMD) and it showed a positive effect. No, it didn’t “cure” AMD, nor did it reverse it but it did show that it slowed the progression. The industry was all a-buzz with this new information and then the speakers at conferences started talking about how wonderful this formula was and why we should be recommending it. But, given my knowledge at the time, I felt that there had to be more to support eye health than just five ingredients.




A few years later, I realized that there was quite a bit of “stretching” of the truth about the role of nutrition in eyecare and much of it was targeted to product sales from vitamin manufacturers. I felt that the industry needed an independent research-based source for true science around ocular nutrition. I consulted with a few colleagues and supporters and we formed the Ocular Nutrition Society in early 2008. It has since expanded to be known as the Ocular Wellness and Nutrition Society (OWNS).




During this whole time (actually since optometry school), I was working on a book that was eventually published as, “Healthy Eyes, Better Vision”. It was a consumer-oriented book to inform patients about all the aspects about eye care and eye health, including some basic nutrition, vision development, aging issues, vision therapy, computer viewing issues and more. The book was published in 1990 by The Body Press. However, sales of the book were dismal.




Through a patient of mine, I learned of another publisher who had “alternative health” books and contacted them with my book. They reviewed it and responded with “we know why it didn’t sell”. That sounded disheartening but they also came up with another concept to make a better book. Thus, I then started working on “Smart Medicine for Your Eyes”, which was published in 1999 by Avery Publishing. As my luck would have it, the book hit the market at the same time that the company sold out to a larger publisher and the title was simply stuck in the back of a catalog with no media press to promote it. However, one of the partners at Avery started a new company called Square One Publishing. They gave me the opportunity to update my book and it was released in 2011. A second edition of this title was released in 2023.




The book was promoted to the general public but I soon realized that eyecare professionals were also interested in it. Since the book was not written for the eyecare professional, I then decided to revise the book into a handbook form and re-publish it as the Ocular Nutrition Handbook. My publisher suggested that it should be written for “interested professionals”. That included chiropractors, functional medical doctors, physical therapists, and more. However, this latest version is written specifically for optometrists. This is something that all eye doctors can use as a reference for a variety of different eye disorders and make positive recommendations to their patients who need nutritional support for their eye health.




This book won’t get “worn out” because it’s an e-book. It is designed to be a chairside companion that will assist in promoting the proper nutrition to help your patients stay healthy or heal quickly if they don’t. This concept is called Integrative Optometry whereby nutrition and lifestyle recommendations work in conjunction with medical treatments where appropriate. I truly believe that this is the future of primary eyecare. 















PART I 
NUTRITION BASICS













Introduction


BECAUSE THE EYES AND VISUAL SYSTEM ARE SUCH AN INTEGRAL PART OF the body, it makes sense that they require proper nutrition to maintain their optimal function. You might be surprised to find out that the brain and visual system, while composing only about 2 percent of your body weight, use up about 25 percent of our nutritional intake. Let’s review what nutritional support the eyes—and the body—need for optimal performance.


This chapter is designed to give you an overview of nutrition, explaining how digestion works and how it generally affects the body. While much of this is something that the eyecare professional has already learned in general physiology courses, it is reproduced here as a handy reference and background for building a working knowledge of nutrition as it applies to the visual system. In doing so, we’ll discuss the macronutrients (water, carbohydrates, protein, and fats) and some selected micronutrients (vitamins and minerals) that are especially important for the practicing optometrist.















DIGESTION, ABSORPTION, AND METABOLISM


NUTRITION INCLUDES THE PROCESS BY WHICH THE BODY DIGESTS FOOD to obtain the nutrients it needs for growth and repair purposes. Proper nutrition involves consuming foods and supplements that supply the correct nutrients in adequate amounts for optimal health. In this section, we will examine how the body processes these nutrients.


The foods eaten by humans are chemically complex and must be broken down by the body into simpler chemical forms so that they can be taken in through the intestinal walls and transported by the blood to the cells. In the cells, they provide energy and building materials to maintain human life. The processes that work together to complete these jobs are digestion, absorption, and metabolism.





■ DIGESTION


Digestion is a series of physical and chemical processes that break down food in preparation for the absorption of its nutrients from the intestinal tract into the bloodstream. These processes take place in the digestive tract, which includes the mouth, pharynx, esophagus, stomach, small intestine, and large intestine.


The active materials in the digestive juices that cause the chemical breakdown of food are enzymes. Enzymes are complex proteins that are capable of inducing chemical changes in other substances without being changed themselves. Each enzyme is capable of breaking down only a single specific substance. For example, an enzyme capable of breaking down fats cannot also break down proteins or carbohydrates.


Digestion actually begins in the mouth, where the large pieces of food are broken down into smaller pieces via chewing. The salivary glands in the mouth produce saliva that moistens the food for swallowing and contains the enzyme ptyalin, which is necessary for carbohydrate breakdown. This speaks to the importance of breaking down carbohydrates quickly and thoroughly to prepare them for the digestive activity. Active chemical digestion begins in the middle portion of the stomach, where the food is mixed with gastric juices containing hydrochloric acid, water, and enzymes that break up protein and other substances. After one to four hours, muscle action pushes the food, now in a liquid form, out of the stomach and into the small intestine.


When the liquid food enters the small intestine, the pancreas secretes digestive juices that are added to the mixture. If fats are present in the food, bile from the liver and stored in the gallbladder, is secreted. The pancreas also secretes a substance that neutralizes the digestive acids in the food, as well as additional enzymes that continue the breakdown of the proteins and carbohydrates. Finally, the undigested portions of the food enter the large intestine for eventual excretion. No digestive enzymes are secreted in the large intestine, and little occurs there aside from the absorption of water.








■ ABSORPTION


Absorption is the process by which nutrients—in the form of glucose from carbohydrates, amino acids from protein, and fatty acids and glycerol from fats—are taken up by the intestines and passed into the bloodstream to function in cell metabolism. Absorption takes place primarily in the small intestine. The lining of the small intestine is covered with microvilli. These microvilli contain lymph channels called lacteals and capillaries, which are the principal channels of absorption. About 60 to 70 percent of fats and fat-soluble vitamins are absorbed by the lacteals into the lymphatic system and transported to the liver. The remaining nutrients are absorbed by the capillaries into the bloodstream and transported to the liver.


In the liver, many different enzymes help to change the nutrient molecules into new forms for specific purposes. Unlike the earlier changes, which prepared the nutrients for absorption and transport, the reactions in the liver produce the actual products needed by the cells. Some of these products are used by the liver itself, but the rest are held in storage by the liver, to be released as needed into the bloodstream. From the blood, they are picked up by the individual cells and put to work.








■ METABOLISM


Metabolism is the final stage of food handling. It includes all the chemical changes that nutrients undergo from the time they are absorbed until they either become a part of the body or are excreted from the body. Metabolism is the conversion of digested nutrients into building materials for living tissues or energy to meet the body’s needs.


Metabolism occurs in two general phases, anabolism and catabolism, which take place simultaneously. Anabolism involves all the chemical reactions that nutrients undergo in the construction or building up of body chemicals and tissues such as blood, enzymes, hormones, and glycogen. Catabolism involves all the reactions that break down various compounds and tissues to supply energy. Energy for the cells is derived primarily from the metabolism of glucose, which combines with oxygen in a series of chemical reactions to form carbon dioxide, water, and cellular energy. The carbon dioxide and water are waste products, carried away from the cells by the bloodstream. Energy is also derived from the metabolism of essential fatty acids and amino acids, although the major purpose of amino acid metabolism is to provide material for the growth, maintenance, and repair of tissues. The waste products of essential fatty acid and amino acid metabolism are also carried away from the cells by the bloodstream.


The process of metabolism requires that the body maintain extensive systems of enzymes to facilitate the thousands of different chemical reactions that take place and to regulate the rate at which these reactions occur. These enzymes often require the presence of specific vitamins and minerals to perform their functions. For proper growth, the body needs the four basic nutrients of water, carbohydrates, protein, and fat—called macronutrients—as well as vitamins and minerals—called micronutrients. In the remainder of this chapter, we will describe these various nutrients and how they interact to supply the body and eyes with the materials they need to perform the amazing function of vision.




















THE MACRONUTRIENTS


THE MACRONUTRIENTS ARE THE ESSENTIAL INGREDIENTS AMONG THE building blocks of nutrition. They are water, carbohydrates, protein, and fat, all of which are required for the process of metabolism. Although the macronutrients are critical for life itself, there are no Federal guidelines regarding their intake, such as there are for the vitamins and minerals. All of the macronutrients are required to some degree, and are available from the foods we eat. Let’s review the macronutrients, and see how they interact with our bodies to supply the fuel for life.





■ WATER



Water is an essential nutrient, involved in every function of the body. It helps to transport other nutrients and waste products in and out of the cells. It is necessary for all of the digestive, absorptive, circulatory, and excretory functions of the body, as well as for the body’s utilization of the water-soluble vitamins. It is also needed for the maintenance of proper body temperature. The human body is two-thirds water.


Replenishing your body’s supply of water, which is continually drained through sweating and elimination, is very important. To keep your body functioning properly, it has been widely circulated that you need to drink at least eight 8-ounce glasses of quality water each day. To my knowledge, there are no actual studies that confirm that 64 ounces of water a day is a required amount but adequate hydration is always a good idea. While the body can survive without food for about five weeks, it cannot survive without water for more than five days.










■ CARBOHYDRATES



Carbohydrates supply the body with the energy it needs to function. They are found almost exclusively in plant foods, such as fruits, vegetables, and legumes. Milk and milk products are the only animal foods that contain a significant amount of carbohydrates.


Carbohydrates are divided into two groups—simple and complex. The simple carbohydrates, sometimes called simple sugars, include fructose (fruit sugar), sucrose (table sugar), and lactose (milk sugar). Fruits are among the richest natural sources of simple carbohydrates. Complex carbohydrates are also made of sugars, but the sugar molecules are strung together into longer, more complex chains. The complex carbohydrates include fiber and starches. Foods rich in complex carbohydrates are vegetables, whole grains, and legumes.


Carbohydrates are the main source of blood glucose, which is a major fuel for all of the body’s cells and an important source of energy for the brain and red blood cells. Except for fiber, which cannot be digested, both simple and complex carbohydrates are converted into glucose. The glucose is then either used directly to provide energy for the body or stored in the liver for future use. When a person consumes more calories than the body needs, a portion of the carbohydrates consumed may also be stored in the body as fat. Thus, when too many carbohydrates are consumed or not processed properly, excess fatty tissue accumulates and stresses the body. We’ll discuss this process in more detail in the section on A Healthy Diet for Diabetes in the last chapter.








■ PROTEIN



Protein is essential for growth and development. It provides the body with energy, and is needed for the manufacture of hormones, antibodies, enzymes, and tissues. It also helps to maintain the proper acid-alkaline balance in the body. When protein is consumed, it is broken down in the body into amino acids, which are the building blocks of protein. Some amino acids are considered nonessential. This does not mean that they are unnecessary, but rather that they do not have to come from the diet because they are manufactured by the body from other amino acids. The remaining amino acids are considered essential, meaning that they are not synthesized by the body and must be obtained from the diet.


Because of the importance of consuming proteins that provide all of the essential amino acids, dietary proteins are divided into two groups according to the amino acids they contain. Complete proteins, which constitute the first group, contain ample amounts of all of the essential amino acids. These proteins are found in meat, fish, poultry, cheese, eggs, and milk. Incomplete proteins, which constitute the second group, contain only some of the essential amino acids. These proteins are found in foods such as grains, legumes, and leafy green vegetables.


Although it is important to consume the full range of amino acids, both essential and nonessential, it is not necessary to get them from meat, fish, poultry, and the other complete-protein foods. In fact, because of their fat content, most of those foods should be eaten in moderation. It is possible to create complete proteins by combining various incomplete-protein foods. This is called food combining. For instance, although beans and rice are both quite rich in protein, each lack one or more of the essential amino acids. However, when you combine beans and rice with each other, or when you combine either one with any of a number of other protein-rich foods, you form a complete protein that is a high-quality substitute for meat. This is a critical concept for someone who chooses a vegetarian diet. It’s not wise to simply “give up” eating meat without paying attention to the food combining to attain the proper amount of protein.








■ FATS AND FATTY ACIDS



Although much attention has been focused on the need to reduce the amount of fat in the diet, the body does need some fat. During infancy and childhood, fat is necessary for normal brain development. Throughout life, it provides energy and supports growth. Fat is, in fact, the most concentrated source of energy available to the body. However, after the age of two, the body requires only small amounts of fat—much less than what is provided by the average American diet.


Fats are composed of building blocks called fatty acids. There are three major categories of fatty acids—saturated, polyunsaturated, and monounsaturated. Saturated fatty acids are found primarily in animal products, including dairy items such as whole milk, cream, and cheese, and fatty meats such as beef, veal, lamb, pork, and ham. The fat marbling that you see in beef and pork is composed of saturated fat. Some vegetable products—including coconut oil, palm kernel, oil, and vegetable shortening—are also high in saturates. The liver uses saturated fats to manufacture cholesterol. Therefore, excessive dietary intake of saturated fats can significantly raise the blood-cholesterol level, especially the level of low-density, or “bad” lipoproteins (LDLs). However, we don’t get “fat” (gain excess weight) by eating fats!


Polyunsaturated fatty acids are found in the greatest abundance in corn, soybean, safflower, and sunflower oils. Certain fish oils are also high in the polyunsaturates. Unlike the saturated fats, the polyunsaturates may actually lower your total blood-cholesterol level. In doing so, however, they also have a tendency, when present in large amounts, to reduce your high-density, or “good” lipoproteins (HDLs). For this reason, the guidelines state that the intake of polyunsaturated fats should not exceed 10 percent of the total caloric intake. These oils also contain large amounts of pro-inflammatory Omega-6 fatty acids. We will review more details of the role of fatty acids in several sections below.


Monounsaturated fatty acids are found mostly in vegetable and nut oils such as olive, peanut, and canola. These fats appear to reduce the LDL blood level without affecting the HDL level in any way. However, this positive impact upon LDL cholesterol is relatively modest. The guidelines recommend that the intake of monounsaturated fats be kept between 10 and 15 percent of the total caloric intake.


Although most foods contain a combination of all three types of fatty acids, one of the types is usually predominant. Thus, a fat or oil is considered saturated or high in saturates when it is composed primarily of saturated fatty acids. Saturated fats are usually solid at room temperature, however when ingested into a body at 98.6 degrees, they will liquify. A fat or oil composed mostly of polyunsaturated fatty acids is called polyunsaturated, while a fat or oil composed mostly of monounsaturated fatty acids is called monounsaturated.


We have recently begun to increase our awareness of trans fats. A trans-fat is produced when manufacturers add hydrogen to vegetable oil—a process called hydrogenation. Hydrogenation increases the shelf life and flavor stability of foods containing these fats. Partial hydrogenation is a similar process where the action of hydrogenation is halted partially through the process so that all of the fat is not converted.


Trans fat can be found in vegetable shortenings, some margarines, crackers, cookies, snack foods, and other foods made with or fried in partially hydrogenated oils. Unlike other fats, the majority of trans fat is formed when food manufacturers turn liquid oils into solid fats like shortening and hard margarine. A small amount of trans fat is found naturally, primarily in dairy products, some meat, and other animal-based foods. Trans-fat, like saturated fat and dietary cholesterol, raises the LDL cholesterol that increases your risk for coronary heart disease. Americans consume on average 4 to 5 times as much saturated fat as trans-fat in their diets. Although saturated fat is the main dietary culprit that raises LDL, trans-fat and dietary cholesterol also contribute significantly. Fortunately, the FDA banned artificial trans fats in the US effective as of 2020. However, trans fat levels of less than 0.5 grams per service can be listed as “0” grams trans-fat on the food label. If the ingredients of a product list “partially hydrogenated oil”, then it contains trans fats!


Essential fatty acids have been shown to be effective in managing dry eyes, so this information will be repeated in the section on Dry Eye Disease.


There has been much information in the press about the Essential Fatty Acids (EFAs). However, much of it is misguided in regard to the effects on the eyes. The most widely discussed EFAs are the Omega-3 (listed as “good”) and the Omega-6 (listed as “bad”) essential fatty acids. Omega-6 fatty acids are the most plentiful in our “Standard American” diet (often referred to as SAD). They are in most everything we eat that contains fat, including meat, most seed oil, dairy products and eggs. Omega-3 fatty acids are available in many seed oils and most all cold-water fatty fish. A proper balance of these fatty acids is essential to good health. The daily intake recommendation of the Institute of Medicine is 4:1 - four times as many Omega-6 fatty acids as Omega-3 fatty acids. The SAD diet has been quoted as a ratio of about 25 or 30:1.


Fatty acids are stored in every cell membrane of our body. They have two primary functions. Firstly, they ensure cellular fluidity, acting as sentinel gatekeepers for every cell—allowing vital nutrients to enter the cell and forcing destructive free radical debris out of the cells. Secondly, both Omega-6 and Omega-3 fatty acids can be converted into three different types of active molecules called prostaglandins (PGEs). Without going into too much detail, prostaglandins achieve three basic processes: reduce inflammation and inhibit blood clotting (PGE1); constrict blood vessels, increase body temperature, and encourage blood clotting (PGE2); and play an important anti-inflammatory role (PGE3). All three of these prostaglandins are important for the body to maintain its health and balance.


Two nutritional fatty acids are docosahexaenoic acid (DHA) and arachidonic acid (ARA). DHA, a long-chain omega-3 fatty acid, is found in tissues throughout the body. DHA is a major structural and functional element of all membranes in the gray matter of the brain and the retina. It is also a key component of heart tissue. DHA is important for optimal brain and eye development in infants and has been shown to support brain, eye and cardiovascular health in adults. ARA, also a long-chain omega-6 fatty acid, is the principal omega-6 in the brain, and it is abundant in other cells throughout the body. ARA is equally important for proper brain development in infants and is a precursor to a group of hormone-like substances called eicosanoids. Eicosanoids are important in immunity, blood clotting and other vital functions in the body. Humans obtain ARA by eating foods such as meat, eggs and milk, whereas DHA is found in a limited selection of foods such as fatty fish and organ meats. The body can also synthesize DHA from its precursor alpha-linolenic acid (ALA) but this process is inefficient. Both fatty acids occur naturally in breast milk and support the mental and visual development of infants. The health benefits of DHA extend from prenatal development through adult life.


Another fatty acid, eicosapentaenoic acid (EPA) is the precursor of DHA. A slightly shorter chain fatty acid, it is important in promoting an anti-inflammatory reaction. We will discuss EPA and DHA in more detail when we review the nutritional approach to dry eyes. See the chart in the Dry Eye Disease section of the next chapter.


So, what is a good dietary balance of the macronutrients? Most experts agree that a good diet consists of about 2000 calories a day. A proper balance consists of about 30% (600 calories) from fat–mostly monounsaturated oils and only 7% of which should be saturated fat, 50-60% carbohydrates (1000-1200 calories)—mostly low-glycemic index complex carbohydrates (see the section on Diets for the glycemic index discussion) and about 10-20% (200-400 calories) from protein. These amounts could certainly vary from one individual to another but are generally considered a good starting point for a healthy diet. However, if someone is already overweight or obese, then a caloric reduction (under 2000 calories a day) is warranted. (refer to the DIETS section later in this book)




















THE MICRONUTRIENTS


JUST LIKE THE MACRONUTRIENTS, VITAMINS AND MINERALS ARE ESSENtial to life. While they are also considered nutrients, they are needed in such small amounts compared to the macronutrients that they are called micronutrients.


Because vitamins and minerals are so necessary for health, the U.S. Food and Nutrition Board of the National Research Council (NRC) has formulated recommended consumption levels, called the Recommended Daily Allowances (RDAs). But the amounts cited in these recommendations usually are adequate for maintaining a minimal level of health—that is, freedom from disease—rather than optimal health. Therefore, any adult not suffering from a specific disorder should obtain more than the RDAs of the vitamins and minerals from food and/or supplement sources. People who are active or exercise, are under great stress, are on restricted diets, are mentally or physically ill, take medication, are recovering from surgery, or smoke or consume alcoholic beverages all need higher than the normal amounts. Women who take oral contraceptives also need increased amounts.





■ VITAMINS



Vitamins are essential to life. They contribute to good health by regulating the metabolism and assisting the biochemical processes that release energy from digested food. They are classified either as water-soluble or fat-soluble. The water-soluble vitamins must be taken into the body daily, as they cannot be stored and are excreted within one to four days (some sooner). These include the B vitamins and vitamin C. The fat-soluble vitamins can be stored for longer periods of time in the body, in fatty tissues and the liver. These include vitamins A, D, E, and K. The body needs both the water-soluble and fat-soluble vitamins for proper functioning.







VITAMIN A


Of all the micronutrients that are important to visual function, vitamin A is probably the most well-known. Vitamin A is a fat-soluble vitamin that occurs in nature in a variety of chemical forms. It is found as retinol in animal tissues. It is found as beta-carotene in plants, with the highest amounts present in fruits such as apricots and cantaloupes, and in vegetables such as carrots, pumpkins, sweet potatoes, spinach, squash, and broccoli. While retinol is readily absorbed as-is by the body, beta-carotene must be broken down before it can function as a vitamin. See “beta-carotene” in the section on carotenoids.


Vitamin A is the molecule in the retina that is responsible for the transformation of light energy into nerve impulses. It is therefore critical in the function of the eye. A lack of vitamin A can cause some forms of nyctalopia. Since vitamin A is also necessary for the maintenance of the mucous lining of epithelial cells in various tissues including the eye, it is important for the support of a proper tear level and prevention of dry eye disease.


Vitamin A additionally enhances immunity, may heal gastrointestinal ulcers, protects against pollution and cancer formation, and assists in the maintenance and repair of mucous tissue. It is important in the formation of bones and teeth, aids in fat storage, and protects against colds, influenza, and infections of the kidneys, bladder, lungs, and mucous membranes. Vitamin A also acts as an antioxidant.


The upper intestinal tract is the primary area of absorption of vitamin A, since it is here that fat-splitting enzymes and bile salts convert carotene into a usable nutrient. This conversion is stimulated by thyroxine, an amino acid obtained from the thyroid gland.


Approximately 90 percent of the body’s vitamin A is stored in the liver, with small amounts deposited in the fat tissues, lungs, kidneys, and retinas of the eyes. Under stressful conditions, the body uses this reserve supply if it doesn’t receive enough vitamin A from the diet. Gastrointestinal and liver disorders, infections of any kind, or any condition in which the bile duct is obstructed can limit the body’s capacity to retain and use vitamin A. Factors affecting the absorption of vitamin A include the amount of the nutrient consumed, the influence of other substances present in the intestines, and the amount of the vitamin stored in the body. For these reasons, the recommended dietary amounts vary for each individual.


The most common clinical sign of vitamin A deficiency is xerophthalmia, which develops after plasma retinol has been low and the eye’s vitamin A reserves have become depleted. The first sign is nyctalopia, or night blindness, as a result of low rhodopsin levels in the retina. Vitamin A deficiency is one of the top causes of preventable blindness in children, especially in third world countries. A deficiency of vitamin A may be apparent if there is dry eyes, hair or skin, is present Poor growth is another symptom. Other possible results of a vitamin A deficiency are abscesses in the ears; insomnia; fatigue; reproductive difficulties; sinusitis; pneumonia, frequent colds, and other respiratory infections; skin disorders including acne; and weight loss.


The issue of vitamin A is a controversial topic in the eyecare industry. Taking large amounts of vitamin A over long periods of time can be toxic to the body, mainly the liver. The RDAs for vitamin A are 1,500 international units (IU) for infants and children up to four years old, 3,000 IU for children from four to twelve years old, and 5,000 IU for children over twelve years old and adults. These suggested amounts increase during disease, trauma, pregnancy, and lactation. The requirements vary for people who smoke, who live in highly polluted areas, who easily absorb vitamin A, and who have pneumonia or nephritis (kidney inflammation). Increased intakes of vitamins C and E will help to prevent excessive oxidation of stored vitamin A.


Research indicates that no more than 50,000 IU per day of vitamin A can be utilized by the body except in therapeutic cases, where up to 100,000 IU is recommended. It has been suggested that the best level is somewhere between 25,000 and 50,000 IU per day. However, do not take an excess of vitamin A without first consulting a patient’s physician. Toxic levels of vitamin A are associated with abdominal pain, amenorrhea, enlargement of the liver and/or spleen, gastrointestinal disturbances, hair loss, itching, joint pain, nausea and vomiting, water on the brain, and small cracks and scales on the lips. Vitamin C can help prevent the harmful effects of vitamin A toxicity. Overdose is unlikely with beta-carotene, although if one takes too much, their skin may turn slightly yellow-orange in color. It is important to take only natural beta-carotene or a natural carotenoid complex. This rarely happens with over-ingestion of carrots but can be a side effect of taking a vitamin supplement with beta-carotene being listed as the source of vitamin A.


Unfortunately, many misinformed people associate vitamin A retinol with the outdated ATBC and CARET studies and now refuse to take or recommend multiples that contain efficacious amounts of either pre-formed retinol, or pro-formed beta-carotene. This decision can quickly lead to a dramatic decrease in night vision and a host of wound healing and other immune system maladies in vitamin A deficient older people.


In spite of the more recently published science, a few ophthalmic vita-min manufacturers continue to bring “smokers” macular degeneration formulations to market, which include no, or miniscule, amounts of vitamin A retinol, and no beta-carotene. Some of these companies even go so far as to suggest that the substitution of lutein for beta-carotene to be appropriate. This can be compared to substituting apples for oranges. Lutein is, in fact, a very important player in the outer edges of the macula pigment and should be included in eye specific multiples for that reason. The xanthophyll carotenoids (lutein and zeaxanthin) have virtually no ability to convert to vitamin A, nor do they perform the same antioxidant functions as the hydrocarbon carotenoid, beta-carotene. Therefore, to suggest that the inclusion of lutein in a multiple is a good substitution for a vitamin as important to the eye and body as Vitamin A is not scientifically sound.  However, the bottom line for eye health in general is to get your patients to stop smoking!


Vitamin A has been successfully used in treating several eye disorders, including Bitot’s spots, blurred vision, true night blindness, and cataracts. Therapeutic dosages of vitamin A are necessary for the treatment of cataracts, dry eye syndrome and some forms of conjunctivitis.







VITAMIN-B COMPLEX


All the B vitamins are water-soluble substances that can be cultivated from bacteria, yeasts, fungi, or molds. The known B-complex vitamins are B1 (thiamine), B2 (riboflavin), B3 (niacin), B5 (pantothenic acid), B6 (pyridoxine), B12 (cyanocobalamin), biotin, choline, folic acid, inositol, and para-aminobenzoic acid (PABA). The grouping of these water-soluble compounds under the term “B-complex” is based upon their common sources, their close relationship in vegetable and animal tissues, and their functional relationships.


The B-complex vitamins are active in providing the body with energy, basically by converting carbohydrates into glucose, which the body burns to produce energy. They are vital in the metabolism of fats and protein. In addition, the B vitamins are necessary for the normal functioning of the nervous system, and may be the single most important factor in the health of the nerves. They are essential for the maintenance of muscle tone in the gastrointestinal tract, and for the health of the skin, hair, eyes, mouth, and liver.


All of the B vitamins are natural constituents of brewer’s yeast, liver, and whole-grain cereals. Brewer’s yeast is the richest natural source of the B-complex group. Another important source of the B vitamins is intestinal bacteria. These bacteria grow best on milk sugar and small amounts of fat in the diet.


Because of the water-solubility of the B-complex vitamins, any excess vitamin is excreted rather than stored. Therefore, the B vitamins must be continually replaced. All of the B vitamins, when mixed with saliva, are readily absorbed. Sulfa drugs, barbiturates, insecticides, and estrogen can create a condition in the digestive tract that can destroy the B vitamins. Certain B vitamins are lost through perspiration.


The most important thing to remember is that all of the B vitamins should be taken together. They are so interrelated in function that a large dose of any one of them may be therapeutically valueless or may cause a deficiency of other B vitamins. In nature, we find the B-complex vitamins in yeast and green vegetables, but nowhere do we find a single B vitamin isolated from the rest. The need for the B-complex vitamins increases during infection and stress. Alcoholics and individuals who consume excessive amounts of carbohydrates require higher intakes of the B vita-mins for proper metabolism. Coffee uses up the B vitamins. Children and pregnant women need extra B vitamins for normal growth.


The B vitamins are so meagerly supplied in the Standard American diet that it might be that every person in this country lacks some of them. If your patients are tired, irritable, nervous, depressed, or even suicidal, suspect a vitamin B deficiency. Gray hair (prematurely), baldness, acne and other skin problems, poor appetite, insomnia, neuritis, anemia, constipation, and a high cholesterol level also are indicators of a vitamin B deficiency. One reason there is such a great vitamin B deficiency in the American population is that we eat so much processed food from which the B vitamins have been removed. Another reason for the widespread deficiency is the high amount of sugar we consume. Sugar and alcohol destroy the B-complex vitamins.


The B vitamins have been used in the treatment of barbiturate overdose, alcoholic psychosis, and drug-induced delirium. An adequate dose has been found to control migraine headaches and attacks of Meniere’s syndrome. Some heart abnormalities have responded to the use of the B-complex because the nerves affecting the heart need the B-complex vitamins for proper functioning. Massive doses of the B-complex vitamins have been used to treat polio, to improve the condition of hypersensitive children who fail to respond favorably to medications such as Ritalin, and to improve cases of shingles. Nervous individuals and persons working under tension can greatly benefit from taking larger than normal doses of the B vitamins. They may also help beriberi (caused by a vitamin B1 deficiency), pellagra (caused by a deficiency of vitamin B3, specifically nicotinic acid), constipation, burning feet, tender gums, eyelid twitching, diplopia, fatigue, lack of appetite, skin disorders, cracks at the corners of the mouth, anemia, and dry, burning eyes.




Vitamin B1 (Thiamine)


Vitamin B1, also known as thiamine, is a water-soluble vitamin that combines with pyruvic acid to form a coenzyme necessary for the breakdown of carbohydrates into glucose, which is then oxidized by the body to produce energy. Thiamine is vulnerable to heat, air, and water in cooking. It is a component of the germ and bran of wheat, the husk of rice, and that portion of all grains which is commercially milled away to give the grain a lighter color and finer texture.


Thiamine enhances circulation, assists in the formation of blood, and aids in the production of hydrochloric acid, which is important for proper digestion. Thiamine also optimizes cognitive activity and brain function. It has a positive effect on energy, growth, appetite, and learning capacity, and is needed for muscle tone in the intestines, stomach, and heart. It also acts as an antioxidant, protecting the body from the degenerative effects of aging, alcohol consumption, and smoking.


Thiamine deficiency can lead to optic neuritis, as well as to impairment of the central nervous system. The first signs of thiamine deficiency include easy fatigue, loss of appetite, irritability, and emotional instability. If the deficiency is not addressed, confusion and loss of memory appear, followed closely by gastric distress, abdominal pain, and constipation.


The RDA for thiamine is 1.1 to 1.4 milligrams per day. A thiamine intake of 1.4 milligrams daily is recommended during pregnancy and lactation. The need for thiamine increases during severe diarrhea, fever, stress, and surgery. Thiamine has no known toxic side effects.


The richest food sources of thiamine include brown rice, egg yolks, fish, legumes, liver, pork, poultry, rice bran, wheat germ, and whole grains. Other sources are asparagus, brewer’s yeast, broccoli, Brussels sprouts, dulse, kelp, most nuts, oatmeal, plums, dried prunes, raisins, spirulina, and watercress. Herbs that contain thiamine include alfalfa, bladderwrack, burdock, catnip, cayenne, chamomile, chickweed, eyebright, fennel, fenugreek, hops, nettle, oat straw, parsley, peppermint, raspberry, red clover, rose hips, sage, yarrow, and yellow dock.







Vitamin B2 (Riboflavin)


Vitamin B2, also known as riboflavin, is a water-soluble vitamin that occurs naturally in the same foods containing the other B vitamins. Riboflavin is stable to heat, oxidation, and acid, but disintegrates in the presence of alkalis or light, especially UV light.


Riboflavin functions as part of a group of enzymes involved in the breakdown and utilization of carbohydrates, fats, and protein. It is necessary for cell respiration because it works with enzymes in the utilization of cell oxygen. Riboflavin supports mitochondrial energy production by stimulating metabolism of fats, carbohydrates, and proteins. It is required for red blood cell formation and respiration, antibody production, growth and reproduction. It’s also solely responsible for the fluorescent-yellow color in urine of people who supplement with high dose B-complex vitamins.


It also helps in the prevention of many types of eye disorders, including conjunctival injection, itching or burning eyes, cataracts and photophobia. A riboflavin deficiency is linked to the formation of neovascularization of the cornea. Age-related cataract has proven to increase in those who are vitamin B2 deficient. One Australian study of both men and women suggested the incident of age-related cataract was 50% less likely to have cataracts in those in the highest riboflavin intake than those in the lowest riboflavin intake.


Riboflavin drops and ultraviolet light exposure are now being used in the process of corneal crosslinking (CCR) to treat patients with progressive keratoconus.


Riboflavin has also been used in a number of studies to address the impaired mitochondrial oxygen metabolism in the brain linked to chronic migraine headaches. Although the findings are preliminary, data suggests that riboflavin supplementation might be a useful therapy in migraine prevention. It is also necessary for the maintenance of good vision, skin, nails, and hair. Under-nourished women at the end of pregnancy often suffer from conditions such as visual hallucinations, burning eyes, excessive tearing, and fluctuating vision.


Ariboflavinosis is the clinical name for vitamin B2 deficiency. It is rarely found in isolation and occurs frequently in combination with deficiencies of other water-soluble vitamins. Riboflavin deficiency is the most common vitamin deficiency in the United States. Symptoms can include, sore throat, redness and swelling of the lining of the mouth and throat, cracks or sores on the outside of the lips and corners of the mouth, inflammation and redness of the tongue, and moist scaly skin particularly affecting the scrotum or labia majora and the nasolabial folds. This deficiency can result from long-established faulty dietary habits, food idiosyncrasies, alcoholism, arbitrarily selected diets used for the relief of digestive problems, and/or prolonged dietary restriction.


The RDA for riboflavin is 1.6 milligrams for adult males and 1.2 milligrams for adult females. During pregnancy and lactation, the requirement goes up to 1.5 milligrams and 1.7 milligrams, respectively. According to the Food … Nutrition Board at the Institute of Medicine, no toxic or adverse effects of high supplemental riboflavin intake in humans are known. However, excessive amounts of B2 makes the retina extremely sensitive to light and prolonged ingestion of large doses of any one of the B-complex vitamins, including riboflavin, may result in high urinary losses of the other B vitamins. Therefore, it is important to take a complete B-complex along with any single B vitamin.


Fortified cereals, milk, cheese, eggs, almonds, salmon, chicken, beef, broccoli, asparagus, spinach and fortified breads are the main dietary sources of riboflavin. 










Vitamin B3 (Niacin)


Niacin (nicotinic acid) is another member of the B-complex family of vitamins, and is also water-soluble. It is more stable than either thiamine or riboflavin, and is remarkably resistant to heat, light, air, acids, and alkalis. As a coenzyme, niacin assists enzymes in the breakdown and utilization of protein, fats, and carbohydrates. Niacin is effective at improving circulation and increasing the HDL cholesterol level. It is vital to the proper function of the nervous system, and for the formation and maintenance of healthy tongue and digestive system tissues, and skin.


Relatively small amounts of pure niacin are present in most foods. The niacin “equivalent” listed in dietary tables refers either to pure niacin or to tryptophan, an amino acid that can be converted into niacin by the body. Lean meats, poultry, fish, and peanuts are rich sources of both niacin and tryptophan, as are such dietary supplements as brewer’s yeast, wheat germ, and desiccated liver. Niacin is difficult to obtain except from these foods.


Nicotinamide riboside (NR) is an alternative form of vitamin B3. Like other forms of vitamin B3, NR is converted by your body into nicotinamide adenine dinucleotide (NAD+), a coenzyme or helper molecule. NAD+ acts as fuel for many key biological processes, such as: converting food into energy, repairing damaged DNA, fortifying cells’ defense systems, and setting your body’s circadian rhythm. Unfortunately, the amount of NAD+ in your body naturally falls with age. Low NAD+ levels have been linked to health concerns like aging and chronic illnesses, such as diabetes, heart disease, Alzheimer’s disease and macular degeneration.


NR supplements have quickly become popular because they appear to be especially effective at raising NAD+ levels. NR is also found in trace amounts in cows’ milk, yeast and beer. The RDAs suggest that the daily allowance of niacin be based on caloric intake, with 6.6 milligrams of niacin recommended for every 1,000 calories. There have been no toxic side effects reported for niacin, but taking extremely large doses can cause tingling and itching sensations, intense flushing of the skin, and throbbing in the head. There is also a possibility of developing cystoid maculopathy. This condition is reversible when the overdose is stopped. The maximum suggested dose for treatment of cholesterol is 1000 mg/day. If used for this, have the patient start with a 500 mg dose at bedtime (with some food in the stomach) for about a month. Gradually add another 500 mg pill for another month and then re-check HDL levels. Most times, this amount will be adequate for cholesterol control. Most people will sleep through the skin flush. The “no-flush” form of niacin (niacinamide) will not work for HDL modification.


Excessive consumption of sugar and starches depletes the body’s supply of niacin, as does taking certain antibiotics. The symptoms of niacin deficiency are many. In the early stages, they include muscular weakness, general fatigue, loss of appetite, indigestion, and various skin eruptions. Niacin deficiency may also cause bad breath, small ulcers, canker sores, insomnia, irritability, nausea, vomiting, recurring headaches, tender gums, strain, tension, and deep depression.







Vitamin B5 (Pantothenic Acid)


Pantothenic acid, also known as vitamin B5 is required for the conversion of carbohydrates, fats, and protein into usable energy for the body. It is necessary for the synthesis of red blood cells, steroid metabolism, and is vital in the synthesis of fatty acids, cholesterol, and other biological compounds. It is the precursor of coenzyme A (CoA), which is necessary for mitochondrial ATP energy production. 


Pantothenic acid deficiency results in diminished adrenal gland function. A variety of metabolic problems will also manifest themselves. Fatigue is common along with depression, and problems associated with the digestive system. There will also be loss of nerve function, and problems with blood sugar metabolism, with hypoglycemia being the most common. Pantothenic acid deficiency can reduce immune system responses, increasing the risk of infection. Other symptoms include skin problems, insomnia, lack of coordination, muscle cramps and worsening of allergy symptoms.


Small quantities of pantothenic acid are found in most foods. The major food source of pantothenic acid is in meats, although the concentration found in food animals’ muscles is only about half that in humans’ muscles. Whole grains are another good source of the vitamin, but milling often removes much of the pantothenic acid, as it is found in the outer layers of whole grains. Vegetables, such as broccoli and avocados, also have an abundance of the acid. In animal feeds, the most important sources of the vitamin are rice, wheat bran, alfalfa, peanut meal, molasses, yeasts, and condensed fish solutions. The most significant sources of pantothenic acid in nature are cold water fish ovaries and royal jelly.


The derivative of pantothenic acid, pantothenol, is a more stable form of the vitamin and is often used as a source of the vitamin in multivitamin supplements. Another common supplemental form of the vitamin is calcium pantothenate. Calcium pantothenate is often used in dietary supplements because, as a salt, it is more stable than pantothenic acid in the digestive tract, allowing for better absorption.


Possible benefits of supplementation with doses of 2 g/day of calcium pantothenate have been found to reduce the duration of morning stiffness as well as the degree of disability and pain severity in rheumatoid arthritis patients. Although the results are inconsistent, supplementation may improve oxygen utilization efficiency and reduce lactic acid accumulation in athletes.







Vitamin B6 (Pyridoxine)


Vitamin B6 is a water-soluble vitamin consisting of three related compounds—pyridoxine, pyridoxal, and pyridoxamine. It is required for the proper absorption of vitamin B12, and for the production of hydro-chloric acid and magnesium. Pyridoxine plays an important role as a coenzyme in the breakdown and utilization of carbohydrates, fats, and protein. It is required for the production of antibodies and red blood cells. In addition, it facilitates the release of glycogen for energy from the liver and muscles. Vitamin B6 is converted to pryridoxal-5 phosphate, which is directly involved in mitochondrial biosynthesis


Vitamin B6 helps to maintain the balance between sodium and potassium, which regulate the body fluids and promote the normal functioning of the nervous and musculoskeletal systems. The best sources of vitamin B6 are meats and whole grains, specifically desiccated liver and brewer’s yeast.


According to the RDAs, the daily allowance of vitamin B6 is based on protein intake. Adults need 2.0 milligrams of pyridoxine for every 100 grams of protein they consume per day. Children need 0.6 to 1.2 milli-grams for every 100 grams of protein they consume. The need for vitamin B6 doubles during pregnancy, lactation, exposure to radiation, cardiac failure, aging, and use of oral contraceptives.


Approximately 10% of the US population consumes less than half of the RDA for vitamin B6. Epidemiological studies have indicated an association between B6 deficiency and increased cancer. In cases of vitamin B6 deficiency, there is low blood sugar and low glucose tolerance and insulin sensitivity. Deficiency may also cause loss of hair, water retention during pregnancy, cracks around the mouth and eyes, numbness and cramps in the arms and legs, slow learning, visual disturbances, neuritis, arthritis, heart disorders, and increased urination.







Vitamin B9 (Folate)


Folate, formerly known as folacin and sometimes vitamin B9, is the generic term for naturally occurring food folates and folates in dietary supplements and fortified foods, including folic acid. Folate is a B vitamin that occurs naturally in foods, while folic acid is the synthetic version of folate that’s added to foods and supplements. The terms are often used interchangeably.


One of the most important folate-dependent reactions is the conversion of homocysteine to methionine in the synthesis of S-adenosyl-methionine (SAMe), an important methyl donor. Another folate-dependent reaction, the methylation of deoxy-uridylate to thymidylate in the formation of DNA, is required for proper cell division. An impairment of this reaction initiates a process that can lead to megaloblastic anemia, one of the hallmarks of folate deficiency.


Folate is naturally present in a wide variety of foods, including vegetables (especially dark green leafy vegetables), fruits and fruit juices, nuts, beans, peas, seafood, eggs, dairy products, meat, poultry, and grains. Spinach, liver, asparagus, and brussels sprouts are among the foods with the highest folate levels.


In January 1998, the U.S. Food and Drug Administration (FDA) began requiring manufacturers to add 140 mcg folic acid/100 g to enriched breads, cereals, flours, corn meals, pastas, rice, and other grain products to reduce the risk of neural tube defects (NTDs). Because cereals and grains are widely consumed in the United States, these products have become important contributors of folic acid to the American diet.


Folic acid is available in multivitamins and prenatal vitamins, supplements containing other B-complex vitamins, and supplements containing only folic acid. Common doses of folate range from 680 to 1,360 mcg (400 to 800 mcg folic acid) in supplements for adults and 340 to 680 mcg (200 to 400 mcg folic acid) in children’s multivitamins.


At least 85% of folic acid is estimated to be bioavailable when taken with food, whereas only about 50% of folate naturally present in food is bioavailable. When consumed without food, nearly 100% of supplemental folic acid is bioavailable.







Vitamin B12 (Cyanocobalamin)


B-complex member vitamin B12 is unique in that it is the first cobalt-containing substance found to be essential for longevity. In addition, it is the only vitamin that contains essential mineral elements. Vitamin B12 cannot be made synthetically, but must be grown, like penicillin, in bacteria or molds. One of the only foods in which B12 occurs naturally in substantial amounts is animal protein. Therefore, vegans and vegetarians frequently are low in vitamin B12. At the same time, high blood levels of folic acid, also common in vegetarians, can mask a vitamin B12 deficiency. Liver is the best source of B12 and kidney, muscle meats, fish, and dairy products are other good sources.


Vitamin B12 is necessary for the normal metabolism of nerve tissue, and is involved in protein, fat, and carbohydrate metabolism. Vitamin B12 is taken into the mitochondria and plays an important role in amino acid metabolism. The actions of B12 are closely related to those of four amino acids, vitamin B5, and vitamin C. Vitamin B12 also helps iron to function better in the body, and aids folic acid in the synthesis of choline.


A B12 deficiency has been shown to affect 10-15% of individuals over the age of 60 in the U.S. Patients with B12 deficiency exhibit megaloblastic anemia and often hyperhomocysteinemia, which has been associated with increasing the risk of dry AMD progressing to wet. The symptoms of a vitamin B12 deficiency may take five or six years to appear. Deficiency of the vitamin is usually due to a lack of the intrinsic factor, a glycoprotein necessary for the absorption of the vitamin. Deficiency begins with changes in the nervous system such as soreness and weakness in the legs and arms, diminished reflex response and sensory perception, difficulty walking and speaking, and jerking of the limbs. The condition of tobacco amblyopia has been improved with injections of vitamin B12, whether or not the patient stopped smoking. The symptoms of tobacco amblyopia are blackouts, headaches, and hyperopia. No cases of vitamin B12 toxicity have ever been reported.


Cyanocobalamin can scavenge superoxide similar to superoxide dismutase in cell free assays and in vitro and in vivo. Studies have confirmed that cyanocobalamin also has neuroprotective properties. The findings lend support to the hypothesis that vitamin B12 is an endogenous super-oxide scavenger that, if depleted or deficient, results in optic neuropathy.







Biotin


Biotin, another of the B vitamins, is used in cell growth, the production of fatty acids, metabolism of fats, and proteins. It also plays a role in the Krebs cycle. Biotin is also indicated for healthy hair and skin, healthy sweat glands, nerve tissue, and bone marrow, and assisting with muscle pain. It not only assists in various metabolic chemical conversions, but also helps with the transfer of carbon dioxide. Biotin is also helpful in maintaining a steady blood sugar level.


Although a deficiency of Biotin is very rare, it can happen and may result in dry scaly skin, fatigue, loss of appetite, nausea and vomiting, mental depression as well as tongue inflammation and high cholesterol. Biotin deficiency is suggested to deplete the amino acid glycine from the mitochondrial matrix.


The RDA dosage of Biotin for adults is 30 microgram (30 mcg) per day and pregnant and lactating women is 35 microgram (35 mcg) per day.







Choline


Choline is considered one of the B-complex vitamins. It functions with inositol, also considered a B-complex vitamin, as a basic constituent of lecithin. It is present in the bodies of all living cells, and is widely distributed in animal and plant tissues. Lecithin is the richest source of choline, but other rich dietary sources are egg yolks, liver, brewer’s yeast, and wheat germ.


Choline appears to be associated primarily with the utilization of fats and cholesterol in the body. It prevents fats from accumulating in the liver, and facilitates their movement into the cells. In the liver, choline combines with fatty acids and phosphoric acid to form lecithin. It is essential for the health of the liver and kidneys.


Choline is also essential for the health of the myelin sheaths of nerves and thus plays an important role in the transmission of the nerve impulses. Choline also helps to regulate and improve liver and gallbladder functioning, and aids in the prevention of gallstones. This might be an indication if someone exhibits signs of MS.


Humans can produce choline endogenously in the liver, mostly as phosphatidylcholine, but the amount that the body naturally synthesizes is not sufficient to meet human needs. As a result, humans must obtain some choline from the diet. The daily requirements for choline are 550 mg per day. The average American adult diet has been estimated to contain 500 to 900 milligrams of choline per day.
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