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1.1. Managing Healthy Behaviours


  
  “Managing Healthy Behaviours” is an adaptation of the chapter “Healthy Behaviors” from Concepts of Fitness and Wellness, 2nd Edition, by Scott Flynn, Lisa Jellum, Jonathan Howard, Althea Moser, David Mathis, Christin Collins, Sharryse Henderson, and Connie Watjen, which is licensed under a CC BY NC SA 4.0 license. New material has been incorporated that includes: Canadian exercise guidelines, behaviours that promote wellness, factors that influence behaviour change, boosting self-efficacy, and dealing with relapse. Information that is not relevant to this course has been removed.

  








1.1.1. Wellness: Nine Dimensions



  
  Why Study Wellness?

  As most college students do, you have probably set goals. Obviously, your individual goals differ from those of your fellow classmates, but everyone’s goals share one common attribute: their intention to improve individual wellbeing. However, there are as many ideas about how to do that as there are individuals. Do your goals involve making more money, achieving better health, improving your relationships? Holistic wellness involves all those aspects of life and more. This chapter explains the importance of overall wellness, which is about more than being physically and mentally healthy, free from illness and disease. In fact, the study of wellness incorporates all aspects of life. Achieving overall wellness means living actively and fully. People in this state exude confidence, optimism, and self-efficacy; they have the energy reserves to do what needs to be done today and to plan for a better tomorrow. The most effective and transformative goals are those designed to achieve the highest level of personal wellness.

  Dimensions of Wellness

  Wellness is a familiar term, but what is its true definition? Is it simply the absence of disease? This chapter will define all the components of holistic wellness and describe the factors that contribute to not only a person’s physical and mental health, but also their ability to develop, thrive, succeed, enjoy life, and meet challenges head on with confidence and resolve. To achieve this type of overall wellness, a person must be healthy in nine interconnected dimensions of wellness: physical, emotional, intellectual, spiritual, social, environmental, occupational, financial, and cultural. A description of each dimension follows.

  The Nine Dimensions of Wellness

  Physical Wellness. People who are physically well actively make healthy decisions on a daily basis. They eat a nutritionally balanced diet; they try to get an adequate amount of sleep, and they
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1.1.2. Improving Health Issues



  
  Health Problems

  What are the factors that account for these health problems that have arisen over the past 100 years?
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1.1.3. Behaviour Change Theory



  
  Transtheoretical Model: Six Stages of Change

  Stage 1: Precontemplation. In this stage, people do not intend to take action in the foreseeable future (defined as within the next 6 months). People are often unaware that their behaviour is problematic or produces negative consequences. People in this stage often underestimate the pros of changing behaviour and place too much emphasis on the cons of changing behaviour.

  Stage 2: Contemplation. In this stage, people are intending to start the healthy behaviour in the foreseeable future. People recognize that their behaviour may be problematic, and a more thoughtful and practical consideration of the pros and cons of changing the behaviour takes place, with equal emphasis placed on both. Even with this recognition, people may still feel ambivalent toward changing their behaviour.

  Stage 3: Preparation (Determination). In this stage, people are ready to take action within the next 30 days. People start to take small steps toward the behaviour change, and they believe changing their behaviour can lead to a healthier life.

  Stage 4:Action. In this stage, people have recently changed their behaviour and intend to keep moving forward with that behaviour change. People may exhibit this by modifying their problem behaviour or acquiring new healthy behaviours.

  Stage 5:Maintenance. In this stage, people have sustained their behaviour change for a while and intend to maintain the behaviour change going forward. People in this stage work to prevent relapse to earlier stages.

  Stage 6: Termination. In this stage, people have no desire to return to their unhealthy behaviours and are sure they will not relapse. Since this is rarely reached, and people tend to stay in the maintenance stage, this stage is often not considered in health promotion programs.

  
    Figure 1.1.3.1
    Transtheoretical Model: Stages of Change.
  

  
    [image: Image result for the stages of change model]
    The transtheoretical model and the six stages of behaviour change. Source: Healthy Behaviours.
  
  To progress through the stages of change, people apply cognitive, affective, and evaluative processes. Ten processes of change have been identified, with some processes being more relevant to a specific stage of change than other processes. These processes result in strategies that help people make and maintain change. Source: Wellness

  Ten Processes of Change

  
    	consciousness raising: Increasing awareness about the healthy behaviour.

    	dramatic relief: Emotional arousal about the health behaviour, whether positive or negative arousal.

    	self-reevaluation: Self-reappraisal to realize the healthy behaviour is part of who they want to be.

    	environmental reevaluation: Social reappraisal to realize how their unhealthy behaviour affects others.

    	social liberation: Environmental opportunities that exist to show society is supportive of the healthy behaviour.

    	self-liberation: Commitment to change behaviour based on the belief that achievement of the healthy behaviour is possible.

    	helping relationships:
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1.1.4. Ongoing Behavioural Self-Management



  
  Fostering Wellness in Your Life

  You are once again feeling motivated to eat better, exercise more, drink less caffeine or make any number of the positive lifestyle changes you have been telling yourself you want to make. You have tried before—probably declaring another attempt as a New Year’s resolution—but without experiencing much success. Making a lifestyle change is challenging, especially when you want to transform many things at once. This time, think of those changes not as a resolution but as an evolution.

  Lifestyle changes are a process that take time and require support. Once you are ready to make a change, the difficult part is committing and following through. So do your research and make a plan that will prepare you for success. Careful planning means setting small goals and taking things one step at a time.

  
    
      
        Here are five tips from the American Psychological Association (APA) that will assist you in making lasting, positive lifestyle and behaviour changes.

        Make a Plan That Will Stick.
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1.1.5. Test Your Knowledge
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1.2. Nutrition: Making Healthy Choices


  
  “Nutrition: Making Healthy Choices” is an adaptation of the chapters “Nutrition Applications” and “Basic Concepts in Nutrition” from Human Nutrition, by the University of Hawai‘i at Mānoa Food Science and Human Nutrition Program, which is licensed under a CC BY 4.0 license. New material has been incorporated that includes Canadian food label guides, Canadian specific links, and the new Canadian Food Guide. Information that is not relevant to this course has been removed.
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1.2.1. Learning From Food Labels



  
  Understanding Daily Reference Intakes

  Dietary Reference Intakes (DRI) are the recommendation levels for specific nutrients and consist of a number of different types of recommendations. This DRI system is used in both the United States and Canada.

  Daily Reference Intakes: A Brief Overview

  “Dietary Reference Intakes” (DRI) is an umbrella term for four reference values:

  
    	estimated average requirements (EAR)

    	recommended dietary allowances (RDA)

    	adequate intakes (AI)

    	tolerable upper intake levels (UL)

  

  The DRIs are not minimum or maximum nutritional requirements and are not intended to fit everybody. They are to be used as guides only for the majority of the healthy population.[1]
 DRIs are important not only to help the average person determine whether their intake of a particular nutrient is adequate, they are also used by health-care professionals and policy makers to determine nutritional recommendations for special groups of people who may need help reaching nutritional goals. This includes people who are participating in programs such as the Special Supplemental Food Program for Women, Infants, and Children. The DRI is not appropriate for people who are ill or malnourished, even if they were healthy previously.

  Determining Dietary Reference Intakes

  Each DRI value is derived in a different way. See below for an explanation of how each is determined.

  Estimated Average Requirements.

  The EAR for a nutrient is determined by a committee of nutrition experts who review the scientific literature to determine a value that meets the requirements of 50 percent of people in their target group within a given life stage and for a particular sex. The requirements of half of the group will fall below the EAR and the other half will be above it. It is important to note that, for each nutrient, a specific bodily function is chosen as the criterion on which to base the EAR. For example, the EAR for calcium is set using a criterion of maximizing bone health. Thus, the EAR for calcium is set at a point that will meet the needs, with respect to bone health, of half of the population. EAR values become the scientific foundation upon which RDA values are set.

  Recommended Daily Allowances.

  Once the EAR of a nutrient has been established, the RDA can be mathematically determined. While the EAR is set at a point that meets the needs of half the population, RDA values are set to meet the needs of the vast majority (97 to 98 percent) of the target healthy population. It is important to note that RDAs are not the same thing as individual nutritional requirements. The actual nutrient needs of a given individual will be different than the RDA. However, since we know that 97 to 98 percent of the population’s needs are met by the RDA, we can assume that if a person is consuming the RDA of a given nutrient, they are most likely meeting their nutritional need for that nutrient. The important thing to remember is that the RDA is meant as a recommendation and meeting the RDA means it is very likely that you are meeting your actual requirement for that nutrient.

  Understanding the Difference

  There is a distinct difference between a requirement and a recommendation. For instance, the DRI for vitamin D is a recommended 600 international units each day. However, in order to find out your true personal requirements for vitamin D, a blood test is necessary. The blood test will provide an accurate reading from which a medical professional can gauge your required daily vitamin D amounts. This may be considerably more or less than the DRI, depending on what your level actually is.

  Adequate intakes (AIs) are created for nutrients when there is insufficient consistent scientific evidence to set an EAR for the entire population. As with RDAs, AIs can be used as nutrient-intake goals for a given nutrient. For example, there has not been sufficient scientific research into the particular nutritional requirements for infants. Consequently, all of the DRI values for infants are AIs derived from nutrient values in human breast milk. For older babies and children, AI values are derived from human milk coupled with data on adults. The AI is meant for a healthy target group and is not meant to be sufficient for certain at-risk groups, such as premature infants.

  The concept of a tolerable upper intake level (UL) was established to help distinguish healthful and harmful nutrient intakes. Developed in part as a response to the growing usage of dietary supplements, ULs indicate the highest level of continuous intake of a particular nutrient that may be taken without causing health problems. When a nutrient does not have any known issue if taken in excessive doses, it is not assigned a UL. However, even when a nutrient does not have a UL it is not necessarily safe to consume in large amounts.

  
    Figure 1.2.1.1
    Dietary Reference Intakes Graph.
  

  [image: ] Dietary intakes range from inadequacy to risk of excess. EAR: estimated average requirements, RDA: recommended daily allowance, UL: upper limit. Source: Dietary Reference Intakes Tables and Application. The National Academies of Science, Engineering, and Medicine.
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1.2.2. Evaluating Food Information



  
  Claims on Labels

  In addition to mandating nutrients and ingredients that must appear on food labels, any nutrient content claims must meet certain requirements. For example, a manufacturer cannot claim that a food is fat-free or low-fat if it is not, in reality, fat-free or low-fat. Low-fat indicates that the product has three or fewer grams of fat; low salt indicates there are fewer than 140 milligrams of sodium per reference amount, low-cholesterol indicates there are fewer than 20 milligrams of cholesterol per reference amount and low saturated fat indicates there are fewer than two grams of saturated fat per reference amount. See Table 1.2.2.1 “Common Label Terms Defined” for some examples.

  
    
      Table 1.2.2.1
      Common Label Terms Defined 
    

    	Term 	Explanation 
 	Lean 	Fewer than a set amount of grams of fat for that particular cut of meat 
 	High 	Contains more than 20% of the nutrient’s DV 
 	Good source 	Contains 10 to 19% of nutrient’s DV 
 	Light/lite 	Contains ⅓ fewer calories or 50% less fat; if more than half of calories come from fat, then fat content must be reduced by 50% or more 
 	Organic 	Contains 95% organic ingredients 
  

    
      Note: When foods contain a certain
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1.2.3. Healthy Eating Patterns



  
  Helping People Make Healthy Choices

  It is not just ourselves, the food industry, and federal government that shape our choices of food and physical activity, but also our sex, genetics, disabilities, income, religion, culture, education, lifestyle, age, and environment. All of these factors must be addressed by organizations and individuals that seek to make changes in dietary habits. The socioeconomic model incorporates all of these factors and is used by health-promoting organizations, to determine multiple avenues through which to promote healthy eating patterns, to increase levels of physical activity, and to reduce the risk of chronic disease for all individuals. Lower economic prosperity influences diet specifically by lowering food quality, decreasing food choices, and decreasing access to enough food. Between 2011-2012, 8.3% of Canadian households experienced food insecurity.[1]

  
    Figure 1.2.3.1
    Social-Ecological Model.
  

  [image: Diagram of the rings of the social ecological model] There are five levels to the social-ecological model. These levels range from the individual to public policy. Source: Building Healthy Eating Patterns.
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1.2.4. The New Canadian Food Guide



  
  Canada’s Food Guide

  The new Canada’s Food Guide promotes healthy eating and overall nutritional well-being, and supports improvements to the Canadian food environment.

  Healthy Eating Recommendations

  
    Healthy eating is more than the foods you eat. It is also about where, when, why and how you eat.
  

  
    
      Be mindful of your eating habits
    
  

  
    	
      take time to eat
    

    	
      notice when you are hungry and when you are full
    

  

  
    
      Cook more often
    
  

  
    	
      plan what you eat
    

    	
      involve others in planning and preparing meals
    

  

  
    
      Enjoy your food
    
  

  
    	
      culture and food traditions can be a part of healthy eating
    

  

  
    
      Eat meals with others
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1.2.5. Healthy Eating: Outcomes



  
  
    The Whole Nutrient Package Versus Disease
 A healthy diet incorporating seven or more servings of fruits and vegetables has been shown in many scientific studies to reduce cardiovascular disease and overall deaths attributable to cancer. The World Health Organization (WHO) states that insufficient fruit and vegetable intake is linked to approximately 14 percent of gastrointestinal cancer deaths, about 11 percent of heart attack deaths, and 9 percent of stroke deaths globally [1].
 The WHO estimates that, overall, 2.7 million deaths could be avoided annually by increasing fruit and vegetable intake. These preventable deaths place an economic, social, and mental burden on society. This is why, in 2003, the WHO and the Food and Agricultural Organization of the United Nations launched a campaign to promote fruit and vegetable intake worldwide.
 Antioxidant Variety in Food Provides Health Benefits
 Not only has the several-billion-dollar supplement industry inundated us with FDA-unapproved health claims, but science is continuously advancing and providing us with a multitude of promising health benefits from particular fruits, vegetables, teas, herbs, and spices. For instance, blueberries protect against cardiovascular disease, an apple or pear a day reduces stroke risk by over 52 percent, eating more carrots significantly reduces the risk of bladder cancer, drinking tea reduces cholesterol and helps glucose homeostasis, and cinnamon blocks infection and reduces the risk of some cancers. However, recall that science also tells us that no one nutrient alone is shown to provide these effects.
 What micronutrient and phytochemical sources are best at protecting against chronic disease? All of them, together. Just as there is no wonder supplement or drug, there is no superior fruit, vegetable, spice, herb, or tea that protects against all diseases. A review in the July–August 2010 issue of Oxidative Medicine and Cellular Longevity concludes that the plant-food benefits to health are attributed to two main factors—that nutrients and phytochemicals are present at low concentrations in general, and that the complex mixtures of nutrients and phytochemicals provides additive and synergistic effects. [2] In short, don’t overdo it with supplements and make sure you incorporate a wide variety of nutrients in your diet.
 Eating a variety of fruits and vegetables rich in antioxidants and phytochemicals promotes health. Consider these diets:
 	mediterranean diet: Fresh fruit and vegetables are abundant in this diet, and the cultural identity of the diet involves multiple herbs and spices. Moreover, olive oil is the main source of fat. Fish and poultry are consumed in low amounts and red meat is consumed in very low amounts. An analysis of twelve studies involving over one million subjects published in the September 2008 issue of the British Medical Journal reports that people who followed the Mediterranean diet had a 9 percent decrease in overall deaths, a 9 percent decrease in cardiovascular death, a 6 percent decrease in cancer deaths, and a 13 percent reduced incidence of Parkinson’s disease and Alzheimer’s disease. [3] The authors of this study concluded that the Mediterranean diet is useful as a primary prevention against some major chronic diseases.
	dietary approaches to stop hypertension (DASH diet): The DASH diet is an eating plan that is low in saturated fat, cholesterol, and total fat. Fruits, vegetables, low-fat dairy foods, whole-grain foods, fish, poultry, and nuts are emphasized while red meats, sweets, and sugar-containing beverages are mostly avoided. Results from a follow-up study published in the December 2009 issue of the Journal of Human Hypertension suggest the low-sodium DASH diet reduces oxidative stress, which may have contributed to the improved blood vessel function observed in salt-sensitive people (between 10 to 20 percent of the population). [4]
	diets high in fruits and vegetables:
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1.2.6. Nutrient Basics



  
  What Are Nutrients?

  The foods we eat contain nutrients. Nutrients are substances required by the body to perform its basic functions. Nutrients must be obtained from our diet, since the human body does not synthesize or produce them.

  Nutrients have one or more of three basic functions: they provide energy, contribute to body structure, and/or regulate chemical processes in the body. These basic functions allow us to detect and respond to environmental surroundings, move, excrete wastes, respire (breathe), grow, and reproduce.

  There are six classes of nutrients required for the body to function and maintain overall health. These are carbohydrates, lipids, proteins, water, vitamins, and minerals.

  Foods also contain non-nutrients that may be harmful (such as natural toxins common in plant foods and additives like some dyes and preservatives) or beneficial (such as antioxidants).

  Macronutrients

  Nutrients that are needed in large amounts are called macronutrients. There are three classes of macronutrients: carbohydrates, lipids, and proteins. These can be metabolically processed into cellular energy,
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1.2.7. Units of Measure



  
  The Metric and U.S. Customary Systems

  In nutrition, there are two systems of commonly used measurements: metric and U.S. customary. We need both because the U.S. won’t adopt the metric system completely.

  These are commonly used prefixes for the metric system:

  
    	Micro- (μ) 	1/1,000,000th (one millionth) 
 	Milli- (m) 	1/1000th (one thousandth) 
 	Centi- (c) 	1/100th (one hundredth) 
 	Deci- (d) 	1/10th (one tenth) 
 	Kilo- (k) 	1000x (one thousand times) 
  

  

  Mass

  
    	Metric system 	U.S. customary system 	Conversions 
 	Microgram (μg) 	Ounce (oz) 	1 oz = 28.35 g 
 	Milligram (mg) 	Pound (lb) 	1 lb = 16 oz 
 	Gram (g) 	 	1 lb = 454 g 
 	Kilogram (kg) 	 	1 kg = 2.2 lbs 
  

    Volume

  

  
    	Metric system 	U.S. customary system 	Conversions 
 	Milliliter (mL) 	Teaspoon (tsp) 	1 tsp = 5 mL 
 	Deciliter (dL) 	Tablespoon (tbsp) 	1 tbsp = 3 tsp = 15 mL 
 	Liter (L) 	Fluid ounce (fl oz) 	1 fl oz = 2 tbsp = 30 mL 
 	 	Cup (c) 	1 c = 8 fl oz = 237 mL 
 	 	Pint (pt) 	1 pt = 2 c = 16 fl oz 
 	 	Quart (qt) 	1 qt = 4 c = 32 fl oz = 0.95 L 
 	 	Gallon (gal) = 4 qt 	1 gal = 4 qt 
  

  

  Length

  
    	Metric system 	U.S. customary system 	Conversions 
 	Millimeter (mm) 	Inch (in) 	1 in = 25.4 mm 
 	Centimeter (cm) 	Foot (ft) 	1 ft= 30.5 cm 
 	Meter (m) 	Yard (yd) 	1 yd = 0.9 m 
 	Kilometer (km) 	Mile (mi) 	1 mi = 1.6 km 
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1.2.8. Test Your Knowledge
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1.3. Nutrition: More About Nutrients


  
  “Nutrition: More About Nutrients” is an adaptation of the chapters “Carbohydrates”, “Lipids”, “Protein”, “Vitamins”, “Major Minerals”, and “Trace Minerals” from Human Nutrition, by the University of Hawai‘i at Mānoa Food Science and Human Nutrition Program, which is licensed under a CC BY 4.0 license. New material has been incorporated that includes Canadian values, Canadian updates on nutrient information, and additional information on phytochemicals, sulphur, sodium, potassium, and chloride. Additionally, information that is not relevant to this course has been removed.
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1.3.1. Choosing Healthy Carbohydrates and Whole Grains



  
  Glycemic Index

  The glycemic responses of various foods have been measured and then ranked in comparison to a reference food, usually a slice of white bread or just straight glucose, to create a numeric value called the glycemic index (GI). Foods that have a low GI do not raise blood-glucose levels neither as much nor as fast as foods that have a higher GI. A diet of low-GI foods has been shown in epidemiological and clinical trial studies to increase weight loss and reduce the risk of obesity, Type 2 diabetes, and cardiovascular disease.[1]

  
    
      Table 1.3.1.1.
      The Glycemic Index: Foods in Comparison To Glucose 
    

    	Foods 	GI Value 
 	Low GI Foods (< 55) 
 	Apple, raw 	36 
 	Orange, raw 	43 
 	Banana, raw 	51 
 	Mango, raw 	51 
 	Carrots, boiled 	39 
 	Taro, boiled 	53 
 	Corn tortilla 	46 
 	Spaghetti (whole wheat) 	37 
 	Baked beans 	48 
 	Soy milk 	34 
 	Skim milk 	37 
 	Whole milk 	39 
 	Yogurt, fruit 	41 
 	Yogurt, plain 	14 
 	Icecream 	51 
 	Medium GI Foods (56–69) 
 	Pineapple, raw 	59 
 	Cantaloupe 	65 
 	Mashed potatoes 	70 
 	Whole-wheat bread 	69 
 	Brown rice 	55 
 	Cheese pizza 	60 
 	Sweet potato, boiled 	63 
 	Macaroni and cheese 	64 
 	Popcorn 	65 
 	High GI Foods (70 and higher) 
 	Banana (over-ripe) 	82 
 	Corn chips 	72 
 	Pretzels 	83 
 	White bread 	70 
 	White rice 	72 
 	Bagel 	72 
 	Rice milk 	86 
 	Cheerios 	74 
 	Raisin Bran 	73 
 	Fruit roll-up 	99 
 	Gatorade 	78 
  

    
      Note: Foods can be examined in terms of the glycemic index to determine what their glucose content is. Foods high on the glycemic index are high in glucose whereas foods low on the glycemic index are low in glucose.
    

  

  For the Glycemic Index on different foods, visit http://www.mendosa.com/gilists.htm.

  The type of carbohydrate within a food affects the GI along with its fat and fiber content. Increased fat and fiber in foods increases the time required for digestion and delays the rate of gastric emptying into the small intestine which, ultimately reduces the GI. Processing and cooking also affects a food’s GI by increasing their digestibility. Advancements in the technologies of food processing and the high consumer demand for convenient, precooked foods in the United States has created foods that are digested and absorbed more rapidly, independent of the fiber content. Modern breakfast cereals, breads, pastas, and many prepared foods have a high GI. In contrast, most raw foods have a lower GI. (However, the more ripened a fruit or vegetable is, the higher its GI.)

  The GI can be used as a guide for choosing healthier carbohydrate choices but has some limitations:

  
    	GI does not take into account the amount of carbohydrates in a portion of food, only the type of carbohydrate.

    	Combining low- and high-GI foods changes the GI for the meal.

    	Some nutrient-dense foods have higher GIs than less nutritious food. (For instance, oatmeal has a higher GI than chocolate because the fat content of chocolate is higher.)

    	Meats and fats do not have a GI since they do not contain carbohydrates.

  

  
    More Resources

    Visit this online database to discover the glycemic indices of foods. Foods are listed by category and also by low, medium, or high glycemic index.
http://www.gilisting.com/

  

  The Functions of Carbohydrates in the Body

  There are five primary functions of carbohydrates in the human body:

  
    	energy production

    	energy storage

    	sparing protein

    	assisting in lipid metabolism

  

  Energy Production

  The primary role of carbohydrates is to supply energy to all cells in the body. Many cells prefer glucose as a source of energy versus other compounds like fatty acids. Some cells, such as red blood cells, are only able to produce cellular energy from glucose. The brain is also highly sensitive to low blood-glucose levels because it uses only glucose to produce energy and function (unless under extreme starvation conditions). About 70 percent of the glucose entering the body from digestion is redistributed (by the liver) back into the blood for use by other tissues. Cells that require energy remove the glucose from the blood with a transport protein in their membranes. 

  Energy Storage

  If the body already has enough energy to support its functions, the excess glucose is stored as glycogen (the majority of which is stored in the muscles and liver). A molecule of glycogen may contain in excess of fifty thousand single glucose units and is highly branched, allowing for the rapid dissemination of glucose when it is needed to make cellular energy.

  Prolonged muscle use (such as exercise for longer than a few hours) can deplete the glycogen energy reserve. Remember that this is referred to as “hitting the wall” or “bonking” and is characterized by fatigue and a decrease in exercise performance. The weakening of muscles sets in because it takes longer to transform the chemical energy in fatty acids and proteins to usable energy than glucose. After prolonged exercise, glycogen is gone and muscles must rely more on lipids and proteins as an energy source. Athletes can increase their glycogen reserve modestly by reducing training intensity and increasing their carbohydrate intake to between 60 and 70 percent of total calories three to five days prior to an event. People who are not hardcore training and choose to run a 5-kilometer race for fun do not need to consume a big plate of pasta prior to a race since without long-term intense training the adaptation of increased muscle glycogen will not happen.

  The liver, like muscle, can store glucose energy as a glycogen, but in contrast to muscle tissue it will sacrifice its stored glucose energy to other tissues in the body when blood glucose is low. Approximately one-quarter of total body glycogen content is in the liver (which is equivalent to about a four-hour supply of glucose) but this is highly dependent on activity level. The liver uses this glycogen reserve as a way to keep blood-glucose levels within a narrow range between meal times. When the liver’s glycogen supply is exhausted, glucose is made from amino acids obtained from the destruction of proteins in order to maintain metabolic homeostasis.

  Sparing Protein

  In a situation where there is not enough glucose to meet the body’s needs, glucose is synthesized from amino acids. Because there is no storage molecule of amino acids, this process requires the destruction of proteins, primarily from muscle tissue. The presence of adequate glucose basically spares the breakdown of proteins from being used to make glucose needed by the body.

  Lipid Metabolism

  As blood-glucose levels rise, the use of lipids as an energy source is inhibited. Thus, glucose additionally has a “fat-sparing” effect. This is because an increase in blood glucose stimulates release of the hormone insulin, which tells cells to use glucose (instead of lipids) to make energy. Adequate glucose levels in the blood also prevent the development of ketosis. Ketosis is a metabolic condition resulting from an elevation of ketone bodies in the blood. Ketone bodies are an alternative energy source that cells can use when glucose supply is insufficient, such as during fasting.

  Carbohydrates are critical to support life’s most basic function—the production of energy. Without energy none of the other life processes are performed. Although our bodies can synthesize glucose it comes at the cost of protein destruction. As with all nutrients though, carbohydrates are to be consumed in moderation as having too much or too little in the diet may lead to health problems.

  

	1.3.2. More About Carbohydrates -- Fundamentals of Health and Physical Activity
	
	

		





1.3.2. More About Carbohydrates



  
  Carbohydrates are the perfect nutrient to meet your body’s nutritional needs. They nourish your brain and nervous system, provide energy to all of your cells when within proper caloric limits, and help keep your body fit and lean. Specifically, digestible carbohydrates provide bulk in foods, vitamins, and minerals, while indigestible carbohydrates provide a good amount of fiber with a host of other health benefits. Plants synthesize the fast-releasing carbohydrate, glucose, from carbon dioxide in the air and water, and by harnessing the sun’s energy. Recall that plants convert the energy in sunlight to chemical energy in the molecule, glucose. Plants use glucose to make other larger, more slow-releasing carbohydrates. When we eat plants we harvest the energy of glucose to support life’s processes.

  
    Figure 1.3.2.1
    Carbohydrate Classification Scheme.
  

  [image: ] Carbohydrates are broken down into two subgroups: simple and complex carbohydrates. These subgroups are further categorized as mono-, di-, or polysaccharides. Source: Carbohydrates
  The simplest unit of a carbohydrate is a monosaccharide. Carbohydrates are broadly classified into two subgroups, simple (“fast-releasing”) and complex (“slow-releasing”). Simple carbohydrates are further grouped into the monosaccharides and disaccharides. Complex carbohydrates are long chains of monosaccharides.

  Simple/Fast-Releasing Carbohydrates

  Simple carbohydrates are also known more simply as “sugars” and are grouped as either monosaccharides or disaccharides. Monosaccharides include glucose, fructose, and galactose, and the disaccharides include lactose, maltose, and sucrose.

  Simple carbohydrates stimulate the sweetness taste sensation, which is the most sensitive of all taste sensations. Even extremely low concentrations of sugars in foods will stimulate the sweetness taste sensation. Sweetness varies between the different carbohydrate types—some are much sweeter than others. Fructose is the top naturally-occurring sugar in sweetness value.

  Monosaccharides

  For all organisms from bacteria to plants to animals, glucose is the preferred fuel source. The brain is completely dependent on glucose as its energy source (except during extreme starvation conditions).

  Most absorbed galactose is utilized for energy production in cells after its conversion to glucose. (Galactose is one of two simple sugars that are bound together to make up the sugar found in milk. It is later freed during the digestion process.)

  Mostly found in fruits, honey, and sugarcane, fructose is one of the most common monosaccharides in nature. It is also found in soft drinks, cereals, and other products sweetened with high fructose corn syrup.

  Lastly, there are the sugar alcohols, which are industrially synthesized derivatives of monosaccharides. Some examples of sugar alcohols are sorbitol, xylitol, and glycerol. (Xylitol is similar in sweetness as table sugar). Sugar alcohols are often used in place of table sugar to sweeten foods as they are incompletely digested and absorbed, and therefore less caloric. The bacteria in your mouth opposes them, hence sugar alcohols do not cause tooth decay. Interestingly, the sensation of “coolness” that occurs when chewing gum that contains sugar alcohols comes from them dissolving in the mouth, a chemical reaction that requires heat from the inside of the mouth.

  Disaccharides

  Sucrose, which contains both glucose and fructose molecules, is otherwise known as table sugar. Sucrose is also found in many fruits and vegetables, and at high concentrations in sugar beets and sugarcane, which are used to make table sugar.

  Lactose, which is commonly known as milk sugar, is composed of one glucose unit and one galactose unit. Lactose is prevalent in dairy products such as milk, yogurt, and cheese.

  Maltose consists of two glucose molecules bonded together. It is a common breakdown product of plant starches and is rarely found in foods as a disaccharide.

  Complex/Slow-Releasing Carbohydrates

  Complex carbohydrates are polysaccharides, long chains of monosaccharides that may be branched or not branched. There are two main groups of polysaccharides: starches and fibers.

  Starches

  Starch molecules are found in abundance in grains, legumes, and root vegetables, such as potatoes.

  Eating raw foods containing starches provides very little energy as the digestive system has a hard time breaking them down. Cooking breaks down the crystal structure of starches, making them much easier to break down in the human body. The starches that remain intact throughout digestion are called resistant starches. Bacteria in the gut can break some of these down and may benefit gastrointestinal health. Isolated and modified starches are used widely in the food industry and during cooking as food thickeners.

  Humans and animals store glucose energy from starches in the form of the very large molecule, glycogen. It has many branches that allow it to break down quickly when energy is needed by cells in the body. It is predominantly found in liver and muscle tissue in animals.

  Dietary Fibers

  Humans do not produce the enzymes that can break down dietary fiber; however, bacteria in the large intestine (colon) do. Dietary fibers are very beneficial to our health. The Dietary Guidelines Advisory Committee states that there is enough scientific evidence to support that diets high in fiber reduce the risk for obesity and diabetes, which are primary risk factors for cardiovascular disease. [1]

  Dietary fiber is categorized as either water-soluble or insoluble. Some examples of soluble fibers are inulin, pectin, and guar gum and they are found in peas, beans, oats, barley, and rye. Cellulose and lignin are insoluble fibers and a few dietary sources of them are whole-grain foods, flax, cauliflower, and avocados. Cellulose is the most abundant fiber in plants, making up the cell walls and providing structure. Soluble fibers are more easily accessible to bacterial enzymes in the large intestine so they can be broken down to a greater extent than insoluble fibers, but even some breakdown of cellulose and other insoluble fibers occurs.

  The last class of fiber is functional fiber. Functional fibers have been added to foods and have been shown to provide health benefits to humans. Functional fibers may be extracted from plants and purified or synthetically made. An example of a functional fiber is psyllium-seed husk. Scientific studies show that consuming psyllium-seed husk reduces blood-cholesterol levels and this health claim has been approved by the FDA. Total dietary fiber intake is the sum of dietary fiber and functional fiber consumed.

  
    Figure 1.3.2.2
    Dietary Fiber.
  

  [image: ] Fiber comes from a variety of sources in the diet. Source: image by Allison Calabrese / CC BY 4.0
  Digestion and Absorption of Carbohydrates

  From the Mouth to the Stomach

  The mechanical and chemical digestion of carbohydrates begins in the mouth. Chewing, also known as mastication, crumbles the carbohydrate foods into smaller and smaller pieces. The salivary glands in the oral cavity secrete saliva that coats the food particles. Only about five percent of starches are broken down in the mouth. (This is a good thing as more glucose in the mouth would lead to more tooth decay.) When carbohydrates reach the stomach no further chemical breakdown occurs because the amylase enzyme in saliva does not function in the acidic conditions of the stomach. But mechanical breakdown is ongoing—the strong peristaltic contractions of the stomach mix the carbohydrates into the more uniform mixture of chyme.

  From the Stomach to the Small Intestine

  The chyme is gradually expelled into the upper part of the small intestine. Upon entry of the chyme into the small intestine, the pancreas releases pancreatic juice through a duct. Once carbohydrates are chemically broken down into single sugar units they are then transported into the inside of intestinal cells.

  When people do not have enough of the enzyme lactase, lactose is not sufficiently broken down resulting in a condition called lactose intolerance. The undigested lactose moves to the large intestine where bacteria are able to digest it. The bacterial digestion of lactose produces gases leading to symptoms of diarrhea, bloating, and abdominal cramps. Lactose intolerance usually occurs in adults and is associated with race. The National Digestive Diseases Information Clearing House states that African Americans, Hispanic Americans, American Indians, and Asian Americans have much higher incidences of lactose intolerance while those of northern European descent have the least.[2] Most people with lactose intolerance can tolerate some amount of dairy products in their diet. The severity of the symptoms depends on how much lactose is consumed and the degree of lactase deficiency.

  Absorption: Going to the Blood Stream

  The cells in the small intestine have membranes that contain many transport proteins in order to get the monosaccharides and other nutrients into the blood where they can be distributed to the rest of the body. The first organ to receive glucose, fructose, and galactose is the liver. The liver takes them up and converts galactose to glucose, breaks fructose into even smaller carbon-containing units, and either stores glucose as glycogen or exports it back to the blood. How much glucose the liver exports to the blood is under hormonal control and you will soon discover that even the glucose itself regulates its concentrations in the blood.

  Maintaining Blood Glucose Levels: The Pancreas and Liver

  Glucose levels in the blood are tightly controlled, as having either too much or too little glucose in the blood can have severe health consequences. A glucose thermostat is located within the cells of the pancreas. After eating a meal containing carbohydrates glucose levels rise in the blood.

  