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1.3: Learning Outcomes 

The content, assignments, and assessments for Lifetime Fitness and Wellness are aligned to the following learning outcomes: 

• Demonstrate an understanding of the physiological benefits of movement, physical activity and wellness; 
• Define principles involved in increasing and maintaining physical fitness; 
• Evaluate and apply fitness and wellness concepts to individual lifestyle; 
• Participate in movement and wellness activities; 
• Design, implement, and evaluate personal wellness and fitness programs. 
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Licensing 

A detailed breakdown of this resource's licensing can be found in Back Matter/Detailed Licensing. 

This page titled Licensing is shared under a license and was authored, remixed, and/or curated by LibreTexts. 
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1.1: Faculty Resources Overview 

We’ve seen overwhelming demand for high quality, openly-licensed course materials, including supplemental resources to enrich 
teaching and learning and to make life easier for instructors. To support this need, we’ve developed and curated faculty resources 
to use with this course. 

Free and Open Supplemental Materials 

On the following pages, you will find supplemental resources that are freely available to use with the interactive learning materials 
for this course. Since these resources are openly licensed, you may use them as is or adapt them to your needs. 

Additional Faculty Resources 

Additional supplemental resources, learning tools, and support services are available to faculty who adopt Waymaker, OHM, or 
Candela courses with paid support from Lumen Learning. For many courses, these include some combination of summative 
assessments, answer keys, solutions manuals, or other materials shared only with authorized instructors in order to protect 
academic integrity. 

Click here to learn more about additional instructor tools and resources available to faculty who adopt Lumen-supported 
courseware. Information about pricing and payment options is available on this page. Lumen’s low-cost support fees replace the 
cost of expensive textbooks and may be paid by students or by the institution directly. 

Continuously Improving Learning Materials 

Are you interested in collaborating with us to make these course materials better? We use learning data to identify where 
content improvements are needed, and then we invite faculty and subject matter experts to work with us developing continuous 
improvements aimed at increasing learning. 

Learn more from this blog post, or sign up here to join our continuous improvement mailing list and stay up to date about 
upcoming OER hackathons and other continuous improvement activities. 
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1.2: PDF 

Lumen makes significant investments to ensure our digital courseware is accessible, allowing students to learn using superior 
interactivity, multimedia, and a variety of accommodations for individuals with varying abilities. 

PDFs offer an inferior learning experience compared to the richness and interactivity in our digital courseware. A PDF version 
of the textbook is available as a print alternative. The PDF does not include interactive content such as simulations, videos, and 
quizzes and is not vetted for accessibility. For these reasons, we do not recommend using the textbook in the PDF form. The 
offline version should be used as a print backup rather than as the primary textbook. 

You can download the PDF using the following link: 

• Lifetime Fitness and Wellness PDF (8.0 MB) 

To share these files with your students, copy and paste the text and download link above into a page or announcement in your 
learning management system (Blackboard, Canvas, etc.). 
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1.3: Assignments 

The assignments in this course are openly licensed, and are available as-is, or can be modified to suit your students’ needs. 

If you import this course into your learning management system (Blackboard, Canvas, etc.), the assignments will automatically be 
loaded into the assignment tool. 

You can view them below or throughout the course. 

Assignments and Alignment 

Assignment Chapter 

Assignment: Safety of Exercise Participation Chapter 1: Getting Started 

Assignment: Time Management Chapter 1: Getting Started 

Assignment: Wellness Quiz and Stages of Change Strategies Chapter 2: Assessing Your Wellness 

Assignment: President’s Challenge Fitness Test Pre-Test Chapter 3: Introduction to Fitness and Wellness 

Assignment: Cardiorespiratory Endurance Plan Chapter 4: Cardiorespiratory Endurance 

Assignment: Flexibility Plan Chapter 5: Flexibility 

Assignment: Re-Assessed Fitness Level Results Chapter 6: Body Composition 

Assignment: Food Tracker Chapter 7: Nutrition 

Assignment: Post-Tests & Activity Logs Chapter 9: Lifetime Fitness and Wellness 

The following discussion assignments will also be preloaded (into the discussion-board tool) in your learning management system 
if you import the course. They can be used as is, modified, or removed. You can preview them below: 

Discussions and Alignment 

Discussion Alignment 

Discussion: Getting to Know You Unit 1 

Discussion: How’s it Going? Unit 2 
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Discussions and Alignment 

Discussion: How’s It Going? Chapter 6: Body Composition 

Discussion: Grocery Shopping Chapter 7: Nutrition 

Discussion: Health Reform Chapter 9: Lifetime Fitness and Wellness 
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1.4: I Need Help 

Need more information about this course? Have questions about faculty resources? Can’t find what you’re looking for? 
Experiencing technical difficulties? 

We’re here to help! Take advantage of the following Lumen customer-support resources: 

• Check out one of Lumen’s Faculty User Guides here. 
• Submit a support ticket here and tell us what you need. 
• Talk and screen-share with a live human during Lumen’s OER office hours. See available times here. 
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1.1: Course Prerequisites 

There are no prerequisite courses for this course. However, you must have and be able to use the following: 

• Basic math skills (addition, subtraction, multiplication, division, computing averages). 
• Technology: 

◦ reliable access to school email 
◦ reliable high speed access to the Internet (with a current browser) 
◦ MS Office software 
◦ access to additional software such as Adobe Reader, RealPlayer or Windows Media Player, etc. 

• Computer skills: 
◦ create a new folder 
◦ save a file 
◦ cut, copy and paste 
◦ find a lost file on your hard drive 
◦ download a file 
◦ send and receive email (with and without an attachment) 
◦ participate in a class discussion forum 
◦ post materials and submit assignments in blackboard 
◦ use an Internet browser to search for information on the Web 
◦ set bookmarks for Web pages 
◦ save an image from the Web and create a new folder for it 
◦ view audio and video files 

If you feel you lack any of these, read through the syllabus thoroughly before you begin your coursework. You should find the assistance you 
need there. 
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1.2: Study Guides 

Many students request study guides to prepare for exams. However, when instructors prepare study guides rather than students 
making their own, students often lose valuable skills and information in the process. Therefore, in this course, you receive a list of 
terms for each exam; you can use them to make your own flash cards at http://www.studyblue.com/ or you can apply them to the 
labs and other assignments in the course. Remember, memorization of terms is only one way to prepare for exams, and it is not 
always the best way. In this class, your labs and other assignments provide helpful information that might lead to higher exam 
scores for you. Please use all of the information in the course to help you prepare adequately. 

Exam 1 Study Guide .rtf File 

Exam 2 Study Guide .rtf File 
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1.3: Health and Safety 

The information in this section is important for you to know and understand. Please read it at the beginning of the course. 

Health 

In 1996, the Surgeon General, in conjunction with the Centers for Disease Control and Prevention (CDC) and the United States 
Department of Health of Health and Human Services (USDHHS) released “Physical Activity and Health: A Report of the Surgeon 
General” which identified physical inactivity as a major risk factor for illness, and formally linked physical activity to good 
health. This course is taught in accordance with the Surgeon General’s report and seeks to promote good health by requiring 
participation in a self-designed fitness program. If you did not expect to participate in actual fitness because this is an on-line 
course, you have the option of accepting the requirements or withdrawing before your financial aid or other tuition payment is 
affected. 

Safety 

Physical activity is safe for most people under most circumstances. However, a good physical activity program should strive to 
protect participants from harm. In this course, we go the extra mile because, while you have an instructor to guide you through the 
process, you are basically participating in a fitness program without direct supervision from your instructor. Although it is unlikely 
anything could happen, we want to eliminate as many risks as possible. As such, everyone must submit the Physical Activity 
Readiness Questionnaire (PAR-Q), before the actual fitness portion of the course begins. You will see the form very early in the 
semester, and you will submit it as a part of your Safety of Exercise Participation assignment. In addition, some students will 
need to submit a physician’s approval before participating in the fitness program that begins a few weeks later. These students 
include all pregnant students, students with major heart problems, and any students who have been previously advised 
that physical activity is not safe for them. Also, you might be asked for your physician’s approval if your answers to the PAR-Q 
indicate that it would be in your best interest to have medical oversight during this course. In each case, you should tell your 
physician that PED 116 requires you to participate in cardiorespiratory activities and flexibility activities. Your physician’s note (on 
physician’s letterhead) should be scanned and emailed to your instructor and should indicate which of these activities are safe 
for you and which are not safe. If your physician determines that most or all of the activities are unsafe, you must withdraw from 
the course and take it at a time when it is safe. Therefore, it should be obvious that you will need to obtain this information very 
early in the semester (or before) so that your financial aid or other tuition payment are not adversely affected. This also means 
if you become pregnant or experience any adverse physical condition during this semester, you must stop exercising 
and get your physician’s written permission before continuing with this course. Please send a copy of the permission 
form so that it can be kept on file. Backdated notes are not accepted; you must submit the note within one week of the 
new status. 

We do as much as we can to insure that the course is safe for you, but you must also do your part. This means that your answers 
to the PAR-Q must be honest and accurate. By submitting the form, you acknowledge that you have read this statement and you 
understand your role in safely participating in a fitness program. You also acknowledge that you are participating in a program 
that does not have direct (face-to-face) supervision, and there are, therefore, limitations on what your instructor can provide. As 
such, you must take responsibility for exercising safely and following the precautions in your text. With the mutual understanding 
that these safety precautions provide, we should be able to productively move forward toward our health goals. 
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1.4: Notes from your instructor 

Beginning a wellness life can be exciting, but it can also cause a little anxiety if you do not know where you are going or how 
you are going to get there. Fortunately, I will be your guide for this semester, and there is no need to feel anxious. Even if you 
are already familiar with fitness and wellness, you can still benefit from the directions here. There are two types of information 
you need for this particular journey: fitness/wellness information, and course procedures information. All of your fitness and 
wellness information is available when you click on the Course Units button. If you have questions about how the course 
operates and the answer is not in the syllabus, look for it in the Instructor’s Notes button. Think of this as a Frequently 
Asked Questions (FAQ) section. In all likelihood, you will find your answer here. 

“Teachers open the door. You enter by yourself.” 

This Chinese proverb sums up the underlying philosophy of this course. Wellness is about learning to do for yourself, and that is 
what you are expected to do in this class. It might take a bit of trying to get it right, but eventually you will. The information in this 
section is designed to make sure you start out on the right path and continue on the right path until the end of the semester. If 
you get lost along the way, you can always come back to this information for a “refresher course.” 

Student-Centered Learning 

The quote above is also consistent with student-centered learning. What is student-centered learning? The article “Student 
Centered Learning” by Barbara Nanney defines it as “a broad teaching approach that encompasses replacing lectures with active 
learning, integrating self-paced learning programs and/or cooperative group situations, ultimately holding the student responsible 
for his own advances in education.” Again, you will find that you are responsible for your learning in this course and, as the article 
says, the idea is to make you better prepared to deal with the world beyond school. 

A Learning Community 

As I mentioned in my Welcome, if you have taken self-paced on-line courses, you will find that this course is different because 
it is limited self-paced with mandatory due dates. However, many online courses are now using this model, so it might not be 
completely unfamiliar to you. As I also mentioned in my Welcome, this is a learning community. In other words, we all share in 
the process. Learning will occur as you complete the assignments I have provided, and also as you interact with your classmates 
through a variety of structured and unstructured opportunities. In addition, you are expected to use the Open Forum if you have a 
question or need clarification on something that has not been answered in the syllabus or instructions for a particular assignment. 
Chances are, if you have a question about something, someone else in the class has the same question. Even if no one else has 
thought about your question, they might learn something from your asking. 

More About the Open Forum 

The Open Forum is a place for you to share information, ask clarifying questions, and interact with your classmates. However, 
there are certain types of questions that do not belong there such as questions about your grades. Questions about your grade 
are personal and should be asked by email. Furthermore, there is a comments section for each grade and you can find comments 
there. And before you ask a question, look at the titles on the buttons on the left side menu and decide which one will most likely 
contain the information you are seeking. If you cannot find the information, feel free to use the open forum as your classmates 
may have the same question as you. 

Textbooks 

There is no required textbook to purchase for this Open Educational Resources (OER) version of the course. The materials you 
will need (reading material and video content) are available in this book. 

Announcements 

Although many – if not most – of your questions about the course have been anticipated and answered in advance, sometimes 
I will need to give you up-to-the-minute information. Be sure to check the Announcements page regularly (at least once a week) 
during the semester for updates and “hot-off-the presses” information about the course or school happenings in general.. 

Assignments and Grades 

xix



All assignments are to be typed using current software (see “Course Prerequisites”). All assignments are to be submitted using 
standard English: slang and “text speak” are not acceptable in any written communications. There are several ways to submit 
assignments (blogs, journals, discussion boards, and assignment links). Each assignment has clear instructions regarding which 
method to use. You must use the specified method so the system can keep a record of your assignment along with your grade for 
the assignment. Discussion board assignments should be typed directly in the provided space. 

Getting Credit for Assignments/Late assignments/Exams: 

Due dates must be followed. Late Assignments can be subjected to a penalty of up to 25%. Late assignments put you at a 
disadvantage for completing all of the assigned work within the allotted timeframe and are, therefore, discouraged. If you fall too 
far behind, you might be withdrawn from the course, or you might not be able to complete the course with a passing grade. 

Cheating: 

Sadly, cheating is on the rise, and there is a need to implement stronger policies regarding it. The penalties are harsh and not 
really worth it if you are caught cheating. If you cheat on any assignment, you can lose points up to and including the maximum 
number of points for the assignment. If you submit the same assignment as someone else, both parties will be subject to the 
penalty. The policy for cheating on exams is included in the syllabus. Please read it because the penalty is very strong, and you 
risk failing the course. 

Tips for success: 

It should quickly become clear that this course requires a lot of independent action on your part. The instructions are here 
to guide you, but you must make the effort to submit your assignments and follow the path as it is laid out out for you. Past 
experience has shown that there are several pitfalls that keep students from doing their best work. If you are careful to avoid 
these traps, you can very likely improve your performance in the course: 

1. Read the articles and assignments carefully and follow all directions. This might seem obvious, but it is very important. You 
might think you are familiar with certain information, or you might believe certain things about fitness that just are not true. 
The articles are your source for reliable information. 

2. When submitting assignments, make sure you follow all directions and you answer all questions unless otherwise directed. 
Again, this might seem obvious, but something as simple and straightforward as turning the page to see if the lab has 
additional questions can make a difference in whether or not you receive full credit for an assignment. 

3. If you have read all of the information and you still have a nagging feeling about something, it is better to ask your question 
in the Open Forum than to make an incorrect assumption about what you should do. Better to be safe than sorry! 

4. If you follow the three steps above, you will probably improve your assignment scores and you will definitely reduce the 
likelihood that you will be asked to resubmit an assignment. However, if you are asked to resubmit an assignment, do not 
take it as a personal criticism. It often takes a while to get used to fitness and wellness procedures. The sooner you respond 
positively to the request, the sooner you will be on your way to demonstrating fitness and wellness behaviors! 

These simple tips can make a difference in your grade on an assignment. Remember, it is your responsibility to submit your 
assignments correctly and on time. Following these tips can help you do that. 

“I never teach my pupils; I only attempt to provide the conditions in 
which they can learn.” – Albert Einstein 
Thank you for participating in student centered learning! 
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2: Discussion- Getting to Know You 

Post an introduction of yourself to the class by answering the questions below. This activity is not scored and does not count 
toward your grade, but we want to know who you are and why you are here. 

1. Tell us something about yourself. It could be about your job, family, or what you like to do for fun. Is this your first online 
class? 

2. How do you rate your physical activity—Couch Potato, Weekend Warrior, Olympic Hopeful or something in between? 
3. What is your major and what do you expect from this course? Do you see any connection between the two? 
4. Then, say hello to someone in the class whose experiences are different from yours. Converse as you might when meeting 

someone at a party. Choose someone to whom no one else has already responded. 
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1: UNIT 1 

At the end of unit, you will be able to: 

• Determine your compatibility with distance learning 
• Identify course related policies and procedures 
• Identify health characteristics that affect exercise safety 
• Differentiate between physical activity and exercise 
• Evaluate your current dimensions of wellness 
• List behaviors that contribute to a wellness lifestyle and how your behaviors compare with them 
• Describe the stages of behavior change and determine your stage for several wellness-related behaviors 
• Identify the strategies in creating an individualized plan to change a wellness-related behavior 

As with any journey, it is easier to get started if you prepare appropriately. The assessments in Unit 1 will help you do just that. 

1: Getting Started 
1.1: Reading Links- Introduction 

1.2: Adding Physical Activity to Your Life 

1.3: Assignment- Safety of Exercise Participation 

1.4: Assignment- Time Management 

2: Assessing Your Wellness 
2.1: Reading Links- Assessing Your Wellness 

2.2: Video- Six Stages of Change 

2.3: Assignment- Wellness Quiz and Stages of Change Strategies 

Learning Objectives 
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1: GETTING STARTED 

1.1: Reading Links- Introduction 

1.2: Adding Physical Activity to Your Life 

1.3: Assignment- Safety of Exercise Participation 

1.4: Assignment- Time Management 
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1.1: Reading Links- Introduction 

Purpose 

Before you can move forward in this class, it’s important that you understand the basic definitions of physical activity and exercise. 
In addition, the article below lists some of the common barriers to physical activity and how to overcome them. 

Directions 

• Read the following article: Barriers to Physical Activity (Brinks, Jenna & Franklin, Barry “Physical Activity, Barriers to” 
Encyclopedia of Lifestyle Medicine & Health. Ed. James M. Rippe Vol. 2 Thousand Oaks: SAGE, 2012. 863-872. Gale Virtual 
Reference Library. 
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1.2: Adding Physical Activity to Your Life 

Overcoming Barriers to Physical Activity 

Given the health benefits of regular physical activity, we might have to ask why two out of three (60%) Americans are not active 
at recommended levels. 

Many technological advances and conveniences that have made our lives easier and less active, as well as many personal 
variables, including physiological, behavioral, and psychological factors, may affect our plans to become more physically active. 
In fact, the 10 most common reasons adults cite for not adopting more physically active lifestyles are (Sallis and Hovell, 1990; 
Sallis et al., 1992): 

• Do not have enough time to exercise 
• Find it inconvenient to exercise 
• Lack self-motivation 
• Do not find exercise enjoyable 
• Find exercise boring 
• Lack confidence in their ability to be physically active (low self-efficacy) 
• Fear being injured or have been injured recently 
• Lack self-management skills, such as the ability to set personal goals, monitor progress, or reward progress toward such 

goals 
• Lack encouragement, support, or companionship from family and friends, and 
• Do not have parks, sidewalks, bicycle trails, or safe and pleasant walking paths convenient to their homes or offices. 

Understanding common barriers to physical activity and creating strategies to overcome them may help you make physical 
activity part of your daily life. 

Suggestions for Overcoming Physical Activity Barriers 

Lack of time Identify available time slots. Monitor your daily activities for one week. Identify at least three 
30-minute time slots you could use for physical activity. 

Add physical activity to your daily routine. For example, walk or ride your bike to work or 
shopping, organize school activities around physical activity, walk the dog, exercise while you 
watch TV, park farther away from your destination, etc. 

Select activities requiring minimal time, such as walking, jogging, or stairclimbing. 

Social influence Explain your interest in physical activity to friends and family. Ask them to support your efforts. 

Invite friends and family members to exercise with you. Plan social activities involving exercise. 

Develop new friendships with physically active people. Join a group, such as the YMCA or a 
hiking club. 

Lack of energy Schedule physical activity for times in the day or week when you feel energetic. 

Convince yourself that if you give it a chance, physical activity will increase your energy level; 
then, try it. 

Lack of motivation Plan ahead. Make physical activity a regular part of your daily or weekly schedule and write it on 
your calendar. 

Invite a friend to exercise with you on a regular basis and write it on both your calendars. 

Join an exercise group or class. 

Fear of injury Learn how to warm up and cool down to prevent injury. 
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Learn how to exercise appropriately considering your age, fitness level, skill level, and health 
status. 

Choose activities involving minimum risk. 

Lack of skill Select activities requiring no new skills, such as walking, climbing stairs, or jogging. 

Take a class to develop new skills. 

Lack of resources Select activities that require minimal facilities or equipment, such as walking, jogging, jumping 
rope, or calisthenics. 

Identify inexpensive, convenient resources available in your community (community education 
programs, park and recreation programs, worksite programs, etc.). 

Weather conditions Develop a set of regular activities that are always available regardless of weather (indoor cycling, 
aerobic dance, indoor swimming, calisthenics, stair climbing, rope skipping, mall walking, 
dancing, gymnasium games, etc.) 

Travel Put a jump rope in your suitcase and jump rope. 

Walk the halls and climb the stairs in hotels. 

Stay in places with swimming pools or exercise facilities. 

Join the YMCA or YWCA (ask about reciprocal membership agreement). 

Visit the local shopping mall and walk for half an hour or more. 

Bring your mp3 player your favorite aerobic exercise music. 

Family obligations Trade babysitting time with a friend, neighbor, or family member who also has small children. 

Exercise with the kids-go for a walk together, play tag or other running games, get an aerobic 
dance or exercise tape for kids (there are several on the market) and exercise together. You can 
spend time together and still get your exercise. 

Jump rope, do calisthenics, ride a stationary bicycle, or use other home gymnasium equipment 
while the kids are busy playing or sleeping. 

Try to exercise when the kids are not around (e.g., during school hours or their nap time). 

Retirement years Look upon your retirement as an opportunity to become more active instead of less. Spend more 
time gardening, walking the dog, and playing with your grandchildren. Children with short legs 
and grandparents with slower gaits are often great walking partners. 

Learn a new skill you’ve always been interested in, such as ballroom dancing, square dancing, or 
swimming. 

Now that you have the time, make regular physical activity a part of every day. Go for a walk 
every morning or every evening before dinner. Treat yourself to an exercycle and ride every day 
while reading a favorite book or magazine. 

Content in the “Personal Barriers” section was taken from Promoting Physical Activity: A Guide for Community Action(USDHHS, 
1999). 
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1.3: Assignment- Safety of Exercise Participation 

Directions 

To complete this assignment, 

1. Go to the Alameda County Exercise Safety Guidelines webpage below and read the Physical Activity Readiness Questionnaire 
(PAR-Q). 

2. Summarize the information from the PAR-Q (for example, I answered “yes” to __ questions and “no” to __ questions). If you 
answer “Yes” to one or more questions, you may need to consult with your healthcare provider prior to beginning the exercise 
phase. Therefore, you must explain any “Yes” answers and if you have already been cleared by your healthcare 
provider to exercise. 

3. Save the your answers using a word processing program and upload your saved document to the course. 

Note: You must complete the PAR-Q before you engage in any physical activity related to this course. Failure to submit this 
assignment will prevent the release of your assignment grades and your grade for the course. Submission of this assignment 
indicates that you have read and understand the Health & Safety information. 

Rubric 

Criteria Answer absent Answer present 

Question #1 0 Points 0.8 Points: If your answer is “yes” you must further explain the answer and if you have 
been cleared by a health care provider to exercise. Otherwise you will not receive credit 
for the answer. 

Question #2 0 Points 0.7 Points: If your answer is “yes” you must further explain the answer and if you have 
been cleared by a health care provider to exercise. Otherwise you will not receive credit 
for the answer. 

Question #3 0 Points 0.7 Points: If your answer is “yes” you must further explain the answer and if you have 
been cleared by a health care provider to exercise. Otherwise you will not receive credit 
for the answer. 

Question #4 0 Points 0.7 Points: If your answer is “yes” you must further explain the answer and if you have 
been cleared by a health care provider to exercise. Otherwise you will not receive credit 
for the answer. 

Question #5 0 Points 0.7 Points: If your answer is “yes” you must further explain the answer and if you have 
been cleared by a health care provider to exercise. Otherwise you will not receive credit 
for the answer. 

Question #6 0 Points 0.7 Points: If your answer is “yes” you must further explain the answer and if you have 
been cleared by a health care provider to exercise. Otherwise you will not receive credit 
for the answer. 

Question #7 0 Points 0.7 Points: If your answer is “yes” you must further explain the answer and if you have 
been cleared by a health care provider to exercise. Otherwise you will not receive credit 
for the answer. 
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1.4: Assignment- Time Management 

Students’ lives can be very stressful and being able to manage your time effectively is essential. Watch the video below and 
complete the time management assignment below. 

A YouTube element has been excluded from this version of the text. You can view it online here: pb.libretexts.org/lfaw/?p=62 

Directions 

For this assignment, keep track of your activities for one typical weekday and one typical weekend day. Then, provide the following 
information for each day (note: you do not have to submit the actual tracking record that you kept): 

• Amount of time per day spent sleeping: 
• Amount of time per day spent on personal care and family responsibilities; 
• Amount of time per day spent working: 
• Amount of time per day spent on school assignments: 
• Amount of time per day spent on social activities, including social media: 
• Are you overscheduled or do you need to prioritize your time differently? If yes, where can you make changes? 

It is okay to just provide categories (Sleeping, Personal, Work, School, Social) and the amount of time before answering the final 
question. 
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2.1: Reading Links- Assessing Your Wellness 

Purpose 

This section focuses on important information about health and wellness. Topics include dimensions of health/wellness, behavior 
change theories, strategies to promote lifelong wellness, and how to create SMART goals among others. 

Directions 

The rest of this chapter contains your reading for this section. 

Additionally, information on these external sources will be useful to deepen your understanding: 

• American Council on Fitness’s “Fit Goals: Reaching Your Goals the SMART way” 
• American Council on Fitness’s “Part V: Program Design and Implementation” (read pgs. 270-272) 
• American Council on Fitness’s Podcast “Episode 4: Know Where You’re Going” 
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2.2: Video- Six Stages of Change 

A YouTube element has been excluded from this version of the text. You can view it online here: pb.libretexts.org/lfaw/?p=68 
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2: ASSESSING YOUR WELLNESS 

2.1: Reading Links- Assessing Your Wellness 

2.2: Video- Six Stages of Change 

2.3: Assignment- Wellness Quiz and Stages of Change Strategies 
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2.3: Assignment- Wellness Quiz and Stages of Change 
Strategies 

Purpose 

This assignment aims to evaluate your wellness in a number of areas and help you design strategies to improve your overall 
wellness. Take the wellness quiz and reflect on your results. Then use your results from the wellness assessment and the 
information about the stages of change theory from the readings to formulate behavior change strategies. 

Directions 

• Take Simon Fraser University’s wellness quiz and reflect on your results 
• Open the Wellness Quiz and Stages of Change Strategies document attached and type in the following information: 

◦ Brief reflection about your wellness quiz answers; 
◦ List three of your current behaviors you would like to modify; 
◦ State the stage of change that currently applies to each behavior; 
◦ List a specific strategy you will use to modify each behavior (keep in mind the strategy must be appropriate to the stage 

of change you listed on item “b”). 
◦ You may use Simon Fraser University’s health and wellness guide for students to help you create specific behavior 

modification strategies 
• Save the document and upload to the course. 
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2: UNIT 2 

At the end of unit, you will be able to: 

• Articulate the current physical activity recommendations for optimal health and fitness 
• Discuss chronic health problems that are affected by sedentary behaviors and nutrition choices 
• Describe the health-related components of fitness and how they differ from each other 
• Explain the principles of physical adaptation to training including specificity, progressive overload, reversibility, and 

individual differences. 
• List the steps to maintain safety when designing a well-rounded and effective exercise program 
• Explain the four dimensions represented by the acronym FITT Describe the basic anatomy and physiology of the 

cardiorespiratory system and how it is affected by exercise 
• Define energy production and the energy systems Outline the benefits you obtain from cardiorespiratory endurance 

exercise 
• Assess your cardiorespiratory endurance level and set appropriate goals 
• Apply the FITT dimensions (frequency, intensity, time [duration], and type) to the development of a cardiorespiratory 

endurance program 
• List basic exercise-related first aid principles and steps to prevent exercise injuries 
• Outline the benefits of flexibility exercises 
• Identify the factors that influence joint flexibility 
• Explain how the different types of stretching exercises work 
• Assess your flexibility level and set appropriate goals 
• Apply the FITT dimensions to the development of a flexibility program and select safe stretching exercises for major 

joints 
• Describe strategies to prevent and manage low-back pain 

Now that you know have taken the first steps, you can chart your path and map out your journey. In fitness and wellness, we begin 
with baseline assessments (pre-tests) that will tell you where you are now, and will allow you to monitor your progress as you move 
toward your goal. 

3: Introduction to Fitness and Wellness 
3.1: Video- Hypertension Overview 

3.2: Assignment- President’s Challenge Fitness Test Pre-Test 

3.3: Introduction to Fitness and Wellness Readings 

3.4: Introducing the 2008 Physical Activity Guidelines for Americans 

3.5: Physical Activity Has Many Health Benefits 

3.6: Active Adults 

3.7: Safe and Active 

3.8: Additional Considerations for Some Adults 

3.9: Video- Cholesterol Overview 

3.10: Video- Stroke Overview 

3.11: Video- Diabetes Overview 

4: Cardiorespiratory Endurance 
4.1: Cardio Respiratory Endurance Readings 

4.2: Borg Rating of Perceived Exertion (RPE) Scale 

Learning Objectives 
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4.3: Target Heart Rate and Estimated Maximum Heart Rate 

4.4: Video- Target Heart Rate 

4.5: Assignment- Cardiorespiratory Endurance Plan 

5: Flexibility 
5.1: Flexibility Readings 

5.2: Sample Flexibility Plan for Beginners 

5.3: Help Prevent Back Pain 

5.4: Reminder About Activity Tracker 

5.5: Assignment- Flexibility Plan 
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3: INTRODUCTION TO FITNESS AND WELLNESS 

3.1: Video- Hypertension Overview 

3.2: Assignment- President’s Challenge Fitness Test Pre-Test 

3.3: Introduction to Fitness and Wellness Readings 
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3.1: Video- Hypertension Overview 

A YouTube element has been excluded from this version of the text. You can view it online here: pb.libretexts.org/lfaw/?p=96 

CC licensed content, Shared previously 

• Lifetime Fitness and Wellness. Provided by: Extended Learning Institute of Northern Virginia Community College. Located 
at: https://eli.nvcc.edu/. License: CC BY: Attribution 

All rights reserved content 

• Hypertension Overview. Authored by: AnswersTV. Located at: https://youtu.be/gS-xdLL7i1I. License: All Rights Reserved. 
License Terms: Standard YouTube License 

This page titled 3.1: Video- Hypertension Overview is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated by 
LibreTexts. 
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3.2: Assignment- President’s Challenge Fitness Test Pre-Test 

Directions 

Access the site by clicking this link to the President’s Challenge Fitness Test also found here: http://www.washburn.edu/campus-
life/recreation-wellness/employee-wellness/documents/EW-2011-President-Fitness.pdf. 

Then, proceed according to the instructions. Carefully read all the important material provided on the pages of the site. 

• Step 1: Click on the “Take the Adult Fitness Test” box. Complete all of the fitness tests. Enter your body composition 
information. 

• Step 2: Click on the “Enter Your Data Online Here” box and enter your fitness test results in the online form to receive an 
evaluation. **Be honest! Make sure that the information you provide is correct and accurate. Click on the “Calculate Your 
Results” button to see your results. Save a copy of the results by highlighting and copying the text of the evaluation and 
pasting the copied text into a blank Word document. Do not copy the whole page: copy only the date and the chart. 
(Remember, you will take the tests three times during the course). 

For your own records, you can repeat this fitness test as often as you like. Look at the “Interpret & Improve” pages for each of 
the tests to see what you can do to improve. 

Rubric 

Your work will be assessed using the following rubric: 

Criteria Absent Present 

Aerobic Fitness 0 points 1 Point: Must include time, heart rate, VO2 max, and score (percentile) 

Muscular fitness 0 points 1 Point: Must include half sit-ups, push-ups,and scores (percentile) for each 

Flexibility 0 points 1 Points: Must include sit-and-reach result and score (percentile) 

BMI 0 points 1 Point 

Waist circumference 0 points 1 Point 

CC licensed content, Shared previously 

• Lifetime Fitness and Wellness. Provided by: Extended Learning Institute of Northern Virginia Community College. Located 
at: https://eli.nvcc.edu/. License: CC BY: Attribution 

This page titled 3.2: Assignment- President’s Challenge Fitness Test Pre-Test is shared under a CC BY-NC-SA 4.0 license and was authored, 
remixed, and/or curated by LibreTexts. 
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3.3: Introduction to Fitness and Wellness Readings 

Purpose 

The readings will help you understand the key terms used in this unit and give you a basic introduction to the topics covered. 

Directions 

• Read Module key terms, sections one and two of this document: Health-Related Fitness Overview 
This overview document was created by Mr. Travis M. Erickson, MS, CSCS*D, Lecturer for the Appalachian State University 
department of Health, Leisure, and Exercise Science (ericksontm@appstate.edu). 

• Read all the information under the blue heading “Chronic disease prevention” in this article: Chronic Disease Prevention – 
Encyclopedia of Fitness (Avritt, Julie Jordan. “Chronic Disease Prevention.” The Gale Encyclopedia of Fitness. Ed. Jacqueline 
L. Longe. Vol. 1. Detroit: Gale, 2012. 172-176. Gale Virtual Reference Library. Retrieved from http://go.galegroup.com/ps/
i.do?id=G...acb5f8d8a28a4d) 

• Read Warm Up and Cool Down (Alic, Margaret. “Warm-Up and Cool Down.” The Gale Encyclopedia of Fitness. Ed. Jacqueline 
L. Longe. Vol. 2. Detroit: Gale, 2012. 900-903. Gale Virtual Reference Library. Retrieved fromgo.galegroup.com/ps/
i.do?...05a9ef11a3b848) 

◦ Before you start planning your exercise program, it is important to have a better understanding of the acute physiological 
changes that occur during exercise and how the warm up ad cool down periods can help you transition from rest to 
exercise and vice versa. All the information contained in this article is important, however, pay special attention to 
any information that is new to you. For instance, notice how static stretching is not recommended during the warm-up 
period, but dynamic stretching is a good option (you will learn more about the different types of stretching next week). In 
addition, note how any type of stretching should only be performed after the muscles have been properly warmed, thus 
stretching cold muscles is not safe practice. This is usually new information for most students and contrary to popular 
belief, but it is based on scientific evidence and I encourage you to incorporate this information in your own warm up 
and cool down plans. 

Alternate Reading Links 

https://www.ncbi.nlm.nih.gov/books/NBK11795/ 

https://extension.psu.edu/warm-up-and-cool-down 

Important Information 

Since we utilize various open sources for this class, and some of these sources are aimed at the general public, you may notice 
some inconsistencies in how the terminology is used. For this reason, I want you to keep in mind the following definitions as you 
read the various materials this week. 

• Health-related components of fitness: components of fitness that are necessary for good health. We will go over each 
one of these components in detail in the upcoming weeks. They are cardiorespiratory (CR) endurance (also called aerobic 
endurance), flexibility, muscular strength, muscular endurance, and body composition. 
1. CR endurance (aerobic endurance): The ability of the heart, blood vessels, and lungs to work together to accomplish 

three goals: 1) deliver oxygen to body tissues; 2) deliver nutrients; 3) remove waste products. CR endurance exercises 
involve large muscle groups in prolonged, dynamic movement (ex. running, swimming, etc) 

2. Flexibility: The ability of moving a joint through the range of motion. 
3. Muscular strength: The ability of muscles to exert maximal effort. 
4. Muscular endurance: The ability of muscles to exert submaximal effort repetitively (contract over and over again or hold 

a contraction for a long time). 
5. Body composition: The percentage of the body composed of lean tissue (muscle, bone, fluids, etc.) and fat tissue. 
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There are also other components of fitness related to sports performance rather than just health. They are called skill-related 
components of fitness or motor fitness and include power, speed, agility, balance, and coordination. For the purpose of this class 
we will focus mainly on the health-related components of fitness. 

CC licensed content, Shared previously 

• Lifetime Fitness and Wellness. Provided by: Extended Learning Institute of Northern Virginia Community College. Located 
at: https://eli.nvcc.edu/. License: CC BY: Attribution 

This page titled 3.3: Introduction to Fitness and Wellness Readings is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, 
and/or curated by LibreTexts. 
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3.4: Introducing the 2008 Physical Activity Guidelines for 
Americans 

Being physically active is one of the most important steps that Americans of all ages can take to improve their health. This 

inaugural Physical Activity Guidelines for America ns provides science-
based guidance to help Americans aged 6 and older improve their health through appropriate physical activity. The U.S. 
Department of Health and Human Services (HHS) issues the Physical Activity Guidelines for Americans. The content of the 
Physical Activity Guidelines complements the Dietary Guidelines for Americans, a joint effort of HHS and the U.S. Department 
of Agriculture (USDA). Together, the two documents provide guidance on the importance of being physically active and eating 
a healthy diet to promote good health and reduce the risk of chronic diseases. This chapter provides background information 
about the rationale and process for developing the Guidelines. It then discusses several issues that provide the framework 
for understanding the Guidelines. The chapter also explains how these Guidelines fit in with other published physical activity 
recommendations and how they should be used in practice. 

Why and How the Guidelines Were Developed 

The Rationale for Physical Activity Guidelines 

We clearly know enough now to recommend that all Americans should engage in regular physical activity to improve overall health 
and to reduce risk of many health problems. Physical activity is a leading example of how lifestyle choices have a profound effect 
on health. The choices we make about other lifestyle factors, such as diet, smoking, and alcohol use, also have important and 
independent effects on our health. 

The primary audiences for the Physical Activity Guidelines for Americans are policymakers and health professionals. The 
Guidelines are designed to provide information and guidance on the types and amounts of physical activity that provide 
substantial health benefits. This information may also be useful to interested members of the public. The main idea behind the 
Guidelines is that regular physical activity over months and years can produce long-term health benefits. Realizing these benefits 
requires physical activity each week. 

These Guidelines are necessary because of the importance of physical activity to the health of Americans, whose current inactivity 
puts them at unnecessary risk. Healthy People 2010 set objectives for increasing the level of physical activity in Americans over 
the decade from 2000 to 2010. Unfortunately, the latest information shows that inactivity among American adults and youth 
remains relatively high and that little progress has been made in meeting these objectives. 

The Development of the Physical Activity Guidelines for Americans 

Since 1995 the Dietary Guidelines for Americans has included advice on physical activity. However, with the development 
of a firm science base on the health benefits of physical activity, HHS began to consider whether separate physical activity 
guidelines were appropriate. With the help of the Institute of Medicine, HHS convened a workshop in October 2006 to address 
this question. The workshop’s report, Adequacy of Evidence for Physical Activity Guidelines Development (http://www.nap.edu/
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catalog.php?record_id=11819), affirmed that advances in the science of physical activity and health justified the creation of 
separate physical activity guidelines. 

The steps used to develop the Physical Activity Guidelines for Americans were similar to those used for the Dietary Guidelines 
for Americans. In 2007 HHS Secretary Mike Leavitt appointed an external scientific advisory committee called the Physical 
Activity Guidelines Advisory Committee. The Advisory Committee conducted an extensive analysis of the scientific information 
on physical activity and health. The Physical Activity Guidelines Advisory Committee Report, 2008 and meeting summaries are 
available at http://www.health.gov/PAGuidelines/. 

HHS primarily used the Advisory Committee’s report but also considered comments from the public and Government agencies 
when writing the Guidelines. The Guidelines will be widely promoted through various communications strategies, such as 
materials for the public, Web sites, and partnerships with organizations that promote physical activity. 

The Framework for the Physical Activity Guidelines for Americans 

The Advisory Committee report provided the content and conceptual underpinning for the Guidelines. The main elements of this 
framework are described in the following sections. 

Baseline Activity Versus Health-Enhancing Physical Activity 

Physical activity has been defined as any bodily movement produced by the contraction of skeletal muscle that increases energy 
expenditure above a basal level. However, in this document, the term “physical activity” will generally refer to bodily movement 
that enhances health. Bodily movement can be divided into two categories: 

• Baseline activity refers to the light-intensity activities of daily life, such as standing, walking slowly, and lifting lightweight 
objects. People vary in how much baseline activity they do. People who do only baseline activity are considered to be inactive. 
They may do very short episodes of moderate- or vigorous-intensity activity, such as climbing a few flights of stairs, but these 
episodes aren’t long enough to count toward meeting the Guidelines. The Guidelines don’t comment on how variations in 
types and amounts of baseline physical activity might affect health, as this was not addressed by the Advisory Committee 
report. 

• Health-enhancing physical activity is activity that, when added to baseline activity, produces health benefits. In this 
document, the term “physical activity” generally refers to health-enhancing physical activity. Brisk walking, jumping rope, 
dancing, lifting weights, climbing on playground equipment at recess, and doing yoga are all examples of physical activity. 
Some people (such as postal carriers or carpenters on construction sites) may get enough physical activity on the job to 
meet the Guidelines. 

We don’t understand enough about whether doing more baseline activity results in health benefits. Even so, efforts to promote 
baseline activities are justifiable. After all, baseline activities are normal lifestyle activities. Encouraging Americans to increase 
their baseline activity is sensible for several reasons: 

• Increasing baseline activity burns calories, which can help in maintaining a healthy body weight. 
• Some baseline activities are weight-bearing and may improve bone health. 
• There are reasons other than health to encourage more baseline activity. For example, walking short distances instead of 

driving can help reduce traffic congestion and the resulting air pollution. 
• Encouraging baseline activities helps build a culture where physical activity in general is the social norm. 
• Short episodes of activity are appropriate for people who were inactive and have started to gradually increase their level of 

activity, and for older adults whose activity may be limited by chronic conditions. 

The availability of infrastructure to support short episodes of activity is therefore important. For example, people should have the 
option of using sidewalks and paths to walk between buildings at a worksite, rather than having to drive. People should also have 
the option of taking the stairs instead of using an elevator. 
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Health Benefits Versus Other Reasons To Be Physically Active 

Although the Guidelines focus on the health benefits of physical activity, 
these benefits are not the only reason why people are active. Physical activity gives people a chance to have fun, be with friends 
and family, enjoy the outdoors, improve their personal appearance, and improve their fitness so that they can participate in more 
intensive physical activity or sporting events. Some people are active because they feel it gives them certain health benefits (such 
as feeling more energetic) that aren’t yet conclusively proven for the general population. 

The Guidelines encourage people to be physically active for any and all reasons that are meaningful for them. Nothing in the 
Guidelines is intended to mean that health benefits are the only reason to do physical activity. 

Focus on Disease Prevention 

The Guidelines focus on preventive effects of physical activity, which include lowering the risk of developing chronic diseases 
such as heart disease and type 2 diabetes. 

Physical activity also has beneficial therapeutic effects and is commonly recommended as part of the treatment for medical 
conditions. The Advisory Committee report did not review the therapeutic effects of activity, and the Guidelines do not discuss 
the use of physical activity as medical treatment. 

Health-Related Versus Performance-Related Fitness 

The Guidelines focus on reducing the risk of chronic disease and promoting health-related fitness, particularly cardiovascular and 
muscular fitness. People can gain this kind of fitness by doing the amount and types of activities recommended in the Guidelines. 

The Guidelines do not address the types and amounts of activity necessary to improve performance-related fitness. Athletes 
need this kind of fitness when they compete. Medical screening issues for competitive athletes also are outside the scope of the 
Guidelines. 

People who are interested in training programs to increase performance-related fitness should seek advice from other sources. 
Generally, these people do much more activity than required to meet the Guidelines. 

Lifespan Approach 

The best way to be physically active is to be active for life. Therefore, the Guidelines take a lifespan approach and provide 
recommendations for three age groups: Children and Adolescents, Adults, and Older Adults. 

The Physical Activity Guidelines are for Americans aged 6 and older. The Advisory Committee report did not review evidence 
for children younger than age 6. Physical activity in infants and young children is, of course, necessary for healthy growth and 
development. Children younger than 6 should be physically active in ways appropriate for their age and stage of development. 

Individualized Health Goals 

The Guidelines generally explain the amounts and types of physical activity needed for health benefits. 
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Within these overall parameters, individuals have many choices about appropriate types and amounts of activity. 

To make these choices, American adults need to set personal goals for physical activity. Setting these goals involves questions 
like, “How physically fit do I want to be?” “How important is it to me to reduce my risk of heart disease and diabetes?” “How 
important is it to me to reduce my risk of falls and hip fracture?” “How much weight do I want to lose and keep off?” 

People can meet the Guidelines and their own personal goals through different amounts and types of activity. Written materials, 
health-care providers, and fitness professionals can provide useful information and help people set and carry out specific goals. 

Four Levels of Physical Activity 

The Advisory Committee report provides the basis for dividing the amount of aerobic physical activity an adult gets every week 
into four categories: inactive, low, medium, and high (see table below). This classification is useful because these categories 
provide a rule of thumb of how total amount of physical activity is related to health benefits. Low amounts of activity provide some 
benefits; medium amounts provide substantial benefits; and high amounts provide even greater benefits. 

Classification of Total Weekly Amounts of Aerobic Physical Activity Into Four Categories 

Levels of 
Physical 
Activity 

Range of Moderate-
Intensity Minutes a Week 

Summary of 
Overall Health 
Benefits 

Comment 

Inactive No activity beyond baseline None Being inactive is unhealthy. 

Low Activity beyond baseline 
but fewer than 150 minutes 
a week 

Some Low levels of activity are clearly preferable to an inactive 
lifestyle. 

Medium 150 minutes to 300 
minutes a week 

Substantial Activity at the high end of this range has additional and more 
extensive health benefits than activity at the low end. 

High More than 300 minutes a 
week 

Additional Current science does not allow researchers to identify an 
upper limit of activity above which there are no additional 
health benefits. 

• Inactive is no activity beyond baseline activities of daily living. 
• Low activity is activity beyond baseline but fewer than 150 minutes (2 hours and 30 minutes) of moderate-intensity physical 

activity a week or the equivalent amount (75 minutes, or 1 hour and 15 minutes) of vigorous-intensity activity. 
• Medium activity is 150 minutes to 300 (5 hours) minutes of moderate-intensity activity a week (or 75 to 150 minutes 

of vigorous-intensity physical activity a week). In scientific terms, this range is approximately equivalent to 500 to 1,000 
metabolic equivalent (MET) minutes a week. 

• High activity is more than the equivalent of 300 minutes of moderate-intensity physical activity a week. 

For More Information Appendix 1 provides a detailed explanation of MET-minutes, a unit useful for describing the energy 
expenditure of a specific physical activity. 

Relationship to Previous Public Health Recommendations 

In 1995 the Centers for Disease Control and Prevention (CDC) and the American College of Sports Medicine (ACSM) published 
physical activity recommendations for public health. The report stated that adults should accumulate at least 30 minutes a day of 
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moderate-intensity  physical activity on most, preferably all, days per week. 
In 1996 Physical Activity and Health: A Report of the Surgeon General supported this same recommendation. 

In order to track the percentage of adults who meet this guideline, CDC specified that “most” days per week was 5 days. Since 
1995 the common recommendation has been that adults obtain at least 30 minutes of moderate-intensity physical activity on 5 
or more days a week, for a total of at least 150 minutes a week. 

The Physical Activity Guidelines for Americans affirms that it is acceptable to follow the CDC/ACSM recommendation and similar 
recommendations. However, according to the Advisory Committee report, the CDC/ACSM guideline was too specific. In other 
words, existing scientific evidence does not allow researchers to say, for example, whether the health benefits of 30 minutes on 
5 days a week are any different from the health benefits of 50 minutes on 3 days a week. As a result, the new Guidelines allow a 
person to accumulate 150 minutes a week in various ways. 

Putting the Guidelines Into Practice 

Although the Advisory Committee did not review strategies to promote physical activity, action is needed at the individual, 
community, and societal levels to help Americans become physically active. Publications such as the Guide to Community 
Preventive Services (www.thecommunityguide.org/pa/) and the recommendations of the U.S. Preventive Services Task Force 
(http://www.ahrq.gov/clinic/cps3dix.htm) summarize evidence-based strategies for promoting physical activity on the community 
level and through primary health care. Accordingly, the final chapter of the Physical Activity Guidelines for Americans provides 
only a brief discussion on promoting physical activity, and indicates how to link the Guidelines to action strategies. 

Assessing Whether Physical Activity Programs Are Consistent With the Guidelines 

Programs that provide opportunities for physical activity, such as classes or community activities, can help people meet the 
Guidelines. These programs do not have to provide all, or even most, of the recommended weekly activity. For example, a mall 
walking program for older adults may meet only once a week yet provide useful amounts of activity, as long as people get the rest 
of their weekly recommended activity on other days. 

Programs that are consistent with the Guidelines: 

• Provide advice and education consistent with the Guidelines; 
• Add episodes of activity that count toward meeting the Guidelines; and 
• May also include activities, such as stretching or warming up and cooling down, whose health benefits are not yet proven but 

that are often used in effective physical activity programs. 

The Importance of Understandable Guidelines 

HHS has tried to keep the Physical Activity Guidelines straightforward and clear, while remaining consistent with complex 
scientific information. In each chapter the key Guidelines are set apart from the text, in order to identify the most important 
information to communicate to the public. The messages contained in these Guidelines should be disseminated to the general 
public and to anyone involved in promoting physical activity. 
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3.5: Physical Activity Has Many Health Benefits 

All Americans should be regularly physically active to improve overall health and fitness and to prevent many adverse health 
outcomes. The benefits of physical activity occur in generally healthy people, in people at risk of developing chronic diseases, 
and in people with current chronic conditions or disabilities. Table 1 provides a summary of these benefits 

Figure 1. Swimming is a good example of physical exercise 

This chapter gives an overview of research findings on physical activity and health. Physical activity affects many health 
conditions, and the specific amounts and types of activity that benefit each condition vary. In developing public health guidelines, 
the challenge is to integrate scientific information across all health benefits and identify a critical range of physical activity that 
appears to have an effect across the health benefits. 

One consistent finding from research studies is that once the health benefits from physical activity begin to accrue, additional 
amounts of activity provide additional benefits. Although some health benefits seem to begin with as little as 60 minutes (1 
hour) a week, research shows that a total amount of 150 minutes (2 hours and 30 minutes) a week of moderate-intensity aerobic 
activity, such as brisk walking, consistently reduces the risk of many chronic diseases and other adverse health outcomes. 

Examining the Relationship Between Physical Activity and Health 

In many studies covering a wide range of issues, researchers have focused on exercise, as well as on the more broadly defined 
concept of physical activity. Exercise is a form of physical activity that is planned, structured, repetitive, and performed with the 
goal of improving health or fitness. So, although all exercise is physical activity, not all physical activity is exercise. 

Studies have examined the role of physical activity in many groups—men and women, children, teens, adults, older adults, people 
with disabilities, and women during pregnancy and the postpartum period. These studies have focused on the role that physical 
activity plays in many health outcomes, including: 

• Premature (early) death; 
• Diseases such as coronary heart disease, stroke, some cancers, type 2 diabetes, osteoporosis, and depression; 
• Risk factors for disease, such as high blood pressure and high blood cholesterol; 
• Physical fitness, such as aerobic capacity, and muscle strength and endurance; 
• Functional capacity (the ability to engage in activities needed for daily living); 
• Mental health, such as depression and cognitive function; and 
• Injuries or sudden heart attacks. 

These studies have also prompted questions as to what type and how much physical activity is needed for various health benefits. 
To answer this question, investigators have studied three main kinds of physical activity: aerobic, muscle-strengthening, and 
bone-strengthening. Investigators have also studied balance and flexibility activities. These latter two activities are addressed in 
Chapters 4, 5, and 6. 

The Health Benefits of Physical Activity—Major Research Findings 

• Regular physical activity reduces the risk of many adverse health outcomes. 
• Some physical activity is better than none. 
• For most health outcomes, additional benefits occur as the amount of physical activity increases through higher intensity, 
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greater frequency, and/or longer duration. 
• Most health benefits occur with at least 150 minutes a week of moderate-intensity physical activity, such as brisk walking. 

Additional benefits occur with more physical activity. 
• Both aerobic (endurance) and muscle-strengthening (resistance) physical activity are beneficial. 
• Health benefits occur for children and adolescents, young and middle-aged adults, older adults, and those in every studied 

racial and ethnic group. 
• The health benefits of physical activity occur for people with disabilities. 
• The benefits of physical activity far outweigh the possibility of adverse outcomes. 

Aerobic Activity 

In this kind of physical activity (also called an endurance activity or cardio activity), the body’s large muscles move in a rhythmic 
manner for a sustained period of time. Brisk walking, running, bicycling, jumping rope, and swimming are all examples. Aerobic 
activity causes a person’s heart to beat faster than usual. 

Aerobic physical activity has three components: 

• Intensity, or how hard a person works to do the activity. The intensities most often examined are moderate intensity 
(equivalent in effort to brisk walking) and vigorous intensity (equivalent in effort to running or jogging); 

• Frequency, or how often a person does aerobic activity; and 
• Duration, or how long a person does an activity in any one session. 

Although these components make up a physical activity profile, research has shown that the total amount of physical activity 
(minutes of moderate-intensity physical activity, for example) is more important for achieving health benefits than is any one 
component (frequency, intensity, or duration). 

Muscle-Strengthening Activity 

This kind of activity, which includes resistance training and lifting weights, causes the body’s muscles to work or hold against an 
applied force or weight. These activities often involve relatively heavy objects, such as weights, which are lifted multiple times to 
train various muscle groups. Muscle-strengthening activity can also be done by using elastic bands or body weight for resistance 
(climbing a tree or doing push-ups, for example). 

Muscle-strengthening activity also has three components: 

• Intensity, or how much weight or force is used relative to how much a person is able to lift; 
• Frequency, or how often a person does muscle-strengthening activity; and 
• Repetitions, or how many times a person lifts a weight (analogous to duration for aerobic activity). 

The effects of muscle-strengthening activity are limited to the muscles doing the work. It’s important to work all the major muscle 
groups of the body: the legs, hips, back, abdomen, chest, shoulders, and arms. 

Bone-Strengthening Activity 

This kind of activity (sometimes called weight-bearing or weight-loading activity) produces a force on the bones that promotes 
bone growth and strength. This force is commonly produced by impact with the ground. Examples of bone-strengthening activity 
include jumping jacks, running, brisk walking, and weight-lifting exercises. As these examples illustrate, bone-strengthening 
activities can also be aerobic and muscle strengthening. 

The Health Benefits of Physical Activity 

Studies clearly demonstrate that participating in regular physical activity provides many health benefits. These benefits are 
summarized in the accompanying table. Many conditions affected by physical activity occur with increasing age, such as heart 
disease and cancer. Reducing risk of these conditions may require years of participation in regular physical activity. However, 
other benefits, such as increased cardiorespiratory fitness, increased muscular strength, and decreased depressive symptoms 
and blood pressure, require only a few weeks or months of participation in physical activity. 
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Table 1. Health Benefits Associated With Regular Physical Activity 

Children and Adolescents Adults and Older Adults 

Strong evidence 
• Improved cardiorespiratory and muscular fitness 
• Improved bone health 
• Improved cardiovascular and metabolic health 
biomarkers 
• Favorable body composition 

Strong evidence 
• Lower risk of early death 
• Lower risk of coronary heart disease 
• Lower risk of stroke 
• Lower risk of high blood pressure 
• Lower risk of adverse blood lipid profile 
• Lower risk of type 2 diabetes 
• Lower risk of metabolic syndrome 
• Lower risk of colon cancer 
• Lower risk of breast cancer 
• Prevention of weight gain 
• Weight loss, particularly when combined with reduced calorie 
intake 
• Improved cardiorespiratory and muscular fitness 
• Prevention of falls 
• Reduced depression 
• Better cognitive function (for older adults) 

Moderate to strong evidence 
N/A 

Moderate to strong evidence 
• Better functional health (for older adults) 
• Reduced abdominal obesity 

Moderate evidence 
• Reduced symptoms of depression 

Moderate evidence 
• Lower risk of hip fracture 
• Lower risk of lung cancer 
• Lower risk of endometrial cancer 
• Weight maintenance after weight loss 
• Increased bone density 
• Improved sleep quality 

Note: The Advisory Committee rated the evidence of health benefits of physical activity as strong, moderate, or weak. To do so, the 
Committee considered the type, number, and quality of studies available, as well as consistency of findings across studies that 
addressed each outcome. The Committee also considered evidence for causality and dose response in assigning the strength-
of-evidence rating. 

The Beneficial Effects of Increasing Physical Activity 

It’s About Overload, Progression, and Specificity 

Overload is the physical stress placed on the body when physical activity is greater in amount or intensity than usual. The body’s 
structures and functions respond and adapt to these stresses. For example, aerobic physical activity places a stress on the 
cardiorespiratory system and muscles, requiring the lungs to move more air and the heart to pump more blood and deliver it 
to the working muscles. This increase in demand increases the efficiency and capacity of the lungs, heart, circulatory system, 
and exercising muscles. In the same way, muscle-strengthening and bone-strengthening activities overload muscles and bones, 
making them stronger. 

Progression is closely tied to overload. Once a person reaches a certain fitness level, he or she progresses to higher levels 
of physical activity by continued overload and adaptation. Small, progressive changes in overload help the body adapt to the 
additional stresses while minimizing the risk of injury. 

Specificity means that the benefits of physical activity are specific to the body systems that are doing the work. For example, 
aerobic physical activity largely benefits the body’s cardiovascular system. 

The health benefits of physical activity are seen in children and adolescents, young and middle-aged adults, older adults, women 
and men, people of different races and ethnicities, and people with disabilities and chronic conditions. The health benefits of 
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physical activity are generally independent of body weight. Adults of all sizes and shapes gain health and fitness benefits by 
being habitually physically active. The benefits of physical activity also outweigh the risk of injury and sudden heart attacks, two 
concerns that prevent many people from becoming physically active. The following sections provide more detail on what is known 
from research studies about the specific health benefits of physical activity and how much physical activity is needed to get the 
health benefits. 

The following sections provide more detail on what is known from research studies about the specific health benefits of physical 
activity and how much physical activity is needed to get the health benefits. 

Premature Death 

Strong scientific evidence shows that physical activity reduces the risk of premature death (dying earlier than the average age of 
death for a specific population group) from the leading causes of death, such as heart disease and some cancers, as well as from 
other causes of death. This effect is remarkable in two ways: 

• First, only a few lifestyle choices have as large an effect on mortality as physical activity. It has been estimated that people 
who are physically active for approximately 7 hours a week have a 40 percent lower risk of dying early than those who are 
active for less than 30 minutes a week. 

• Second, it is not necessary to do high amounts of activity or vigorous-intensity activity to reduce the risk of premature death. 
Studies show substantially lower risk when people do 150 minutes of at least moderate-intensity aerobic physical activity a 
week. 

Figure 2. The Risk of Dying Prematurely Declines as People Become Physically 
Active 

Research clearly demonstrates the importance of avoiding inactivity. Even low amounts of physical activity reduce the risk of 
dying prematurely. As Figure 2 shows, the most dramatic difference in risk is seen between those who are inactive (30 minutes a 
week) and those with low levels of activity (90 minutes or 1 hour and 30 minutes a week). The relative risk of dying prematurely 
continues to be lower with higher levels of reported moderate- or vigorous-intensity leisure-time physical activity. All adults can 
gain this health benefit of physical activity. Age, race, and ethnicity do not matter. Men and women younger than 65 years as 
well as older adults have lower rates of early death when they are physically active than when they are inactive. Physically active 
people of all body weights (normal weight, overweight, obese) also have lower rates of early death than do inactive people. 

Cardiorespiratory Health 

The benefits of physical activity on cardiorespiratory health are some of the most extensively documented of all the health 
benefits. Cardiorespiratory health involves the health of the heart, lungs, and blood vessels. 

Heart diseases and stroke are two of the leading causes of death in the United States. Risk factors that increase the likelihood 
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of cardiovascular diseases include smoking, high blood pressure (called hypertension), type 2 diabetes, and high levels of certain 
blood lipids (such as low-density lipoprotein, or LDL, cholesterol). Low cardiorespiratory fitness also is a risk factor for heart 
disease. 

Figure 3. Dancing is fun way to stay active. 

People who do moderate-or vigorous-intensity aerobic physical activity have a significantly lower risk of cardiovascular disease 
than do inactive people. Regularly active adults have lower rates of heart disease and stroke, and have lower blood pressure, 
better blood lipid profiles, and fitness. Significant reductions in risk of cardiovascular disease occur at activity levels equivalent 
to 150 minutes a week of moderate-intensity physical activity. Even greater benefits are seen with 200 minutes (3 hours and 20 
minutes) a week. The evidence is strong that greater amounts of physical activity result in even further reductions in the risk of 
cardiovascular disease. 

Everyone can gain the cardiovascular health benefits of physical activity. The amount of physical activity that provides favorable 
cardiorespiratory health and fitness outcomes is similar for adults of various ages, including older people, as well as for adults 
of various races and ethnicities. Aerobic exercise also improves cardiorespiratory fitness in individuals with some disabilities, 
including people who have lost the use of one or both legs and those with multiple sclerosis, stroke, spinal cord injury, and 
cognitive disabilities. 

Moderate-intensity physical activity is safe for generally healthy women during pregnancy. It increases cardiorespiratory fitness 
without increasing the risk of early pregnancy loss, preterm delivery, or low birth weight. Physical activity during the postpartum 
period also improves cardiorespiratory fitness. 

Metabolic Health 

Regular physical activity strongly reduces the risk of developing type 2 diabetes as well as the metabolic syndrome. The metabolic 
syndrome is defined as a condition in which people have some combination of high blood pressure, a large waistline (abdominal 
obesity), an adverse blood lipid profile (low levels of high-density lipoprotein [HDL] cholesterol, raised triglycerides), and impaired 
glucose tolerance. 

People who regularly engage in at least moderate-intensity aerobic activity have a significantly lower risk of developing type 
2 diabetes than do inactive people. Although some experts debate the usefulness of defining the metabolic syndrome, good 
evidence exists that physical activity reduces the risk of having this condition, as defined in various ways. Lower rates of these 
conditions are seen with 120 to 150 minutes (2 hours to 2 hours and 30 minutes) a week of at least moderate-intensity aerobic 
activity. As with cardiovascular health, additional levels of physical activity seem to lower risk even further. In addition, physical 
activity helps control blood glucose levels in persons who already have type 2 diabetes. 

Physical activity also improves metabolic health in youth. Studies find this effect when young people participate in at least 3 days 
of vigorous aerobic activity a week. More physical activity is associated with improved metabolic health, but research has yet to 
determine the exact amount of improvement. 

Obesity and Energy Balance 

Overweight and obesity occur when fewer calories are expended, including calories burned through physical activity, than are 
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taken in through food and beverages. Physical activity and caloric intake both must be considered when trying to control body 
weight. Because of this role in energy balance, physical activity is a critical factor in determining whether a person can maintain a 
healthy body weight, lose excess body weight, or maintain successful weight loss. People vary a great deal in how much physical 
activity they need to achieve and maintain a healthy weight. Some need more physical activity than others to maintain a healthy 
body weight, to lose weight, or to keep weight off once it has been lost. 

Strong scientific evidence shows that physical activity helps people maintain a stable weight over time. However, the optimal 
amount of physical activity needed to maintain weight is unclear. People vary greatly in how much physical activity results in 
weight stability. Many people need more than the equivalent of 150 minutes of moderate-intensity activity a week to maintain 
their weight. 

Over short periods of time, such as a year, research shows that it is possible to achieve weight stability by doing the equivalent 
of 150 to 300 minutes (5 hours) a week of moderate-intensity walking at about a 4 mile-an-hour pace. Muscle-strengthening 
activities may help promote weight maintenance, although not to the same degree as aerobic activity. 

People who want to lose a substantial (more than 5 percent of body weight) amount of weight and people who are trying to keep a 
significant amount of weight off once it has been lost need a high amount of physical activity unless they also reduce their caloric 
intake. Many people need to do more than 300 minutes of moderate-intensity activity a week to meet weight-control goals. 

Regular physical activity also helps control the percentage of body fat in children and adolescents. Exercise training studies with 
overweight and obese youth have shown that they can reduce their body fatness by participating in physical activity that is at 
least moderate intensity on 3 to 5 days a week, for 30 to 60 minutes each time. 

Musculoskeletal Health 

Bones, muscles, and joints support the body and help it move. Healthy bones, joints, and muscles are critical to the ability to do 
daily activities without physical limitations. 

Figure 4. Playing rugby requires healthy muscles 

Preserving bone, joint, and muscle health is essential with increasing age. Studies show that the frequent decline in bone density 
that happens during aging can be slowed with regular physical activity. These effects are seen in people who participate in 
aerobic, muscle-strengthening, and bone-strengthening physical activity programs of moderate or vigorous intensity. The range 
of total physical activity for these benefits varies widely. Important changes seem to begin at 90 minutes a week and continue 
up to 300 minutes a week. 

Hip fracture is a serious health condition that can have life-changing negative effects for many older people. Physically active 
people, especially women, appear to have a lower risk of hip fracture than do inactive people. Research studies on physical activity 
to prevent hip fracture show that participating in 120 to 300 minutes a week of physical activity that is of at least moderate 
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intensity is associated with a reduced risk. It is unclear, however, whether activity also lowers risk of fractures of the spine or other 
important areas of the skeleton. 

Building strong, healthy bones is also important for children and adolescents. Along with having a healthy diet that includes 
adequate calcium and vitamin D, physical activity is critical for bone development in children and adolescents. Bone-
strengthening physical activity done 3 or more days a week increases bone-mineral content and bone density in youth. 

Regular physical activity also helps people with arthritis or other rheumatic conditions affecting the joints. Participation in 130 
to 150 minutes (2 hours and 10 minutes to 2 hours and 30 minutes) a week of moderate-intensity, low-impact physical activity 
improves pain management, function, and quality of life. Researchers don’t yet know whether participation in physical activity, 
particularly at low to moderate intensity, reduces the risk of osteoarthritis. Very high levels of physical activity, however, may have 
extra risks. People who participate in very high levels of physical activity, such as elite or professional athletes, have a higher risk 
of hip and knee osteoarthritis, mostly due to the risk of injury involved in competing in some sports. 

Progressive muscle-strengthening activities increase or preserve muscle mass, strength, and power. Higher amounts (through 
greater frequency or higher weights) improve muscle function to a greater degree. Improvements occur in younger and older 
adults. Resistance exercises also improve muscular strength in persons with such conditions as stroke, multiple sclerosis, 
cerebral palsy, spinal cord injury, and cognitive disability. Though it doesn’t increase muscle mass in the same way that muscle-
strengthening activities do, aerobic activity may also help slow the loss of muscle with aging. 

The bottom line is that the health benefits of physical activity far outweigh the risks of adverse events for almost 
everyone. 

Functional Ability and Fall Prevention 

Functional ability is the capacity of a person to perform tasks or behaviors that enable him or her to carry out everyday activities, 
such as climbing stairs or walking on a sidewalk. Functional ability is key to a person’s ability to fulfill basic life roles, such as 
personal care, grocery shopping, or playing with the grandchildren. Loss of functional ability is referred to as functional limitation. 

Middle-aged and older adults who are physically active have lower risk of functional limitations than do inactive adults. It appears 
that greater physical activity levels can further reduce risk of functional limitations. 

Older adults who already have functional limitations also benefit from regular physical activity. Typically, studies of physical 
activity in adults with functional limitations tested a combination of aerobic and muscle-strengthening activities, making it 
difficult to assess the relative importance of each type of activity. However, both types of activity appear to provide benefit. 

In older adults at risk of falls, strong evidence shows that regular physical activity is safe and reduces this risk. Reduction in falls 
is seen for participants in programs that include balance and moderate-intensity muscle-strengthening activities for 90 minutes 
a week plus moderate-intensity walking for about an hour a week. It’s not known whether different combinations of type, amount, 
or frequency of activity can reduce falls to a greater degree. Tai chi exercises also may help prevent falls. 

Cancer 

Physically active people have a significantly lower risk of colon cancer than do inactive people, and physically active women have 
a significantly lower risk of breast cancer. Research shows that a wide range of moderate-intensity physical activity—between 210 
and 420 minutes a week (3 hours and 30 minutes to 7 hours)—is needed to significantly reduce the risk of colon and breast 
cancer; currently, 150 minutes a week does not appear to provide a major benefit. It also appears that greater amounts of physical 
activity lower risks of these cancers even further, although exactly how much lower is not clear. 

Although not definitive, some research suggests that the risk of endometrial cancer in women and lung cancers in men and 
women also may be lower among those who are regularly active compared to those who are inactive. 

Finally, cancer survivors have a better quality of life and improved physical fitness if they are physically active, compared to 
survivors who are inactive. 
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Mental Health 

Physically active adults have lower risk of depression and cognitive decline (declines with aging in thinking, learning, and 
judgment skills). Physical activity also may improve the quality of sleep. Whether physical activity reduces distress or anxiety is 
currently unclear. 

Mental health benefits have been found in people who do aerobic or a combination of aerobic and muscle-strengthening activities 
3 to 5 days a week for 30 to 60 minutes at a time. Some research has shown that even lower levels of physical activity also may 
provide some benefits. 

Regular physical activity appears to reduce symptoms of anxiety and depression for children and adolescents. Whether physical 
activity improves self-esteem is not clear. 

Adverse Events 

Some people hesitate to become active or increase their level of physical activity because they fear getting injured or having a 
heart attack. Studies of generally healthy people clearly show that moderate-intensity physical activity, such as brisk walking, has 
a low risk of such adverse events. 

The risk of musculoskeletal injury increases with the total amount of physical activity. For example, a person who regularly runs 
40 miles a week has a higher risk of injury than a person who runs 10 miles each week. However, people who are physically active 
may have fewer injuries from other causes, such as motor vehicle collisions or work-related injuries. Depending on the type and 
amount of activity that physically active people do, their overall injury rate may be lower than the overall injury rate for inactive 
people. 

Participation in contact or collision sports, such as soccer or football, has a higher risk of injury than participation in non-contact 
physical activity, such as swimming or walking. However, when performing the same activity, people who are less fit are more 
likely to be injured than people who are fitter. 

Cardiac events, such as a heart attack or sudden death during physical activity, are rare. However, the risk of such cardiac events 
does increase when a person suddenly becomes much more active than usual. The greatest risk occurs when an adult who is 
usually inactive engages in vigorous-intensity activity (such as shoveling snow). People who are regularly physically active have 
the lowest risk of cardiac events both while being active and overall. 

The bottom line is that the health benefits of physical activity far outweigh the risks of adverse events for almost everyone. 
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3.6: Active Adults 

Adults who are physically active are healthier and less likely to develop many chronic diseases than adults who are inactive. They 
also have better fitness, including a healthier body size and composition. These benefits are gained by men and women and 
people of all races and ethnicities who have been studied. Adults gain most of these health benefits when they do the equivalent 
of at least 150 minutes of moderate-intensity aerobic physical activity (2 hours and 30 minutes) each week. Adults gain additional 
and more extensive health and fitness benefits with even more physical activity. Muscle-strengthening activities also provide 
health benefits and are an important part of an adult’s overall physical activity plan. This chapter provides guidance for most men 
and women aged 18 to 64 years, and focuses on physical activity beyond baseline activity (the usual light or sedentary activities 
of daily living). Physical activity guidelines for women during pregnancy and the postpartum period and for adults with disabilities 
and select chronic conditions are discussed in Chapter 7—Additional Considerations for Some Adults. 

Explaining the Guidelines 

The Guidelines for adults focus on two types of activity: aerobic and muscle-strengthening. Each type provides important health 
benefits, as explained in Chapter 2—Physical Activity Has Many Health Benefits. 

Aerobic Activity 

Aerobic activities, also called endurance activities, are physical activities in which people move their large muscles in a rhythmic 
manner for a sustained period. Running, brisk walking, bicycling, playing basketball, dancing, and swimming are all examples of 
aerobic activities. Aerobic activity makes a person’s heart beat more rapidly to meet the demands of the body’s movement. Over 
time, regular aerobic activity makes the heart and cardiovascular system stronger and fitter. 

The purpose of the aerobic activity does not affect whether it counts toward meeting the Guidelines. For example, physically active 
occupations can count toward meeting the Guidelines, as can active transportation choices (walking or bicycling). All types of 
aerobic activities can count as long as they are of sufficient intensity and duration. Time spent in muscle-strengthening activities 
does not count toward the aerobic activity guidelines. When putting the Guidelines into action, it’s important to consider the total 
amount of activity, as well as how often to be active, for how long, and at what intensity. 

Key Guidelines for Adults 

• All adults should avoid inactivity. Some physical activity is better than none, and adults who participate in any amount of 
physical activity gain some health benefits. 

• For substantial health benefits, adults should do at least 150 minutes (2 hours and 30 minutes) a week of moderate-intensity, 
or 75 minutes (1 hour and 15 minutes) a week of vigorous-intensity aerobic physical activity, or an equivalent combination of 
moderate- and vigorous-intensity aerobic activity. Aerobic activity should be performed in episodes of at least 10 minutes, 
and preferably, it should be spread throughout the week. 

• For additional and more extensive health benefits, adults should increase their aerobic physical activity to 300 minutes (5 
hours) a week of moderate-intensity, or 150 minutes a week of vigorous-intensity aerobic physical activity, or an equivalent 
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combination of moderate-and vigorous-intensity activity. Additional health benefits are gained by engaging in physical 
activity beyond this amount. 

• Adults should also do muscle-strengthening activities that are moderate or high intensity and involve all major muscle groups 
on 2 or more days a week, as these activities provide additional health benefits. 

How Much Total Activity a Week? 

When adults do the equivalent of 150 minutes of moderate-intensity aerobic activity each week, the benefits are substantial.
These benefits include lower risk of premature death, coronary heart disease, stroke, hypertension, type 2 diabetes, and 
depression. Not all health benefits of physical activity occur at 150 minutes a week. As a person moves from 150 minutes a 
week toward 300 minutes (5 hours) a week, he or she gains additional health benefits. Additional benefits include lower risk of 
colon and breast cancer and prevention of unhealthy weight gain. Also, as a person moves from 150 minutes a week toward 300 
minutes a week, the benefits that occur at 150 minutes a week become more extensive. For example, a person who does 300 
minutes a week has an even lower risk of heart disease or diabetes than a person who does 150 minutes a week. 

The benefits continue to increase when a person does more than the equivalent of 300 minutes a week of moderate-intensity 
aerobic activity. For example, a person who does 420 minutes (7 hours) a week has an even lower risk of premature death than 
a person who does 150 to 300 minutes a week. Current science does not allow identifying an upper limit of total activity above 
which there are no additional health benefits. 

How Many Days a Week and for How Long? 

Aerobic physical activity should preferably be spread throughout the 
week. Research studies consistently show that activity performed on at least 3 days a week produces health benefits. Spreading 
physical activity across at least 3 days a week may help to reduce the 

risk of injury and avoid excessive fatigue. Both moderate- and vigorous-intensity aerobic activity should be performed in episodes 
of at least 10 minutes. Episodes of this duration are known to improve cardiovascular fitness and some risk factors for heart 
disease and type 2 diabetes. 

How Intense? 

The Guidelines for adults focus on two levels of intensity: moderate-intensity activity and vigorous-intensity activity. To meet the 
Guidelines, adults can do either moderate-intensity or vigorous-intensity aerobic activities, or a combination of both. It takes less 
time to get the same benefit from vigorous-intensity activities as from moderate-intensity activities. A general rule of thumb is 
that 2 minutes of moderate-intensity activity counts the same as 1 minute of vigorous-intensity activity. For example, 30 minutes 
of moderate-intensity activity a week is roughly the same as 15 minutes of vigorous-intensity activity. 

There are two ways to track the intensity of aerobic activity: absolute intensity and relative intensity. 

• Absolute intensity is the amount of energy expended per minute of activity. The energy expenditure of light-intensity 
activity, for example, is 1.1 to 2.9 times the amount of energy expended when a person is at rest. Moderate-intensity activities 
expend 3.0 to 5.9 times the amount of energy expended at rest. The energy expenditure of vigorous-intensity activities is 6.0 
or more times the energy expended at rest. 

• Relative intensity is the level of effort required to do an activity. Less fit people generally require a higher level of effort 
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than fitter people to do the same activity. Relative intensity can be estimated using a scale of 0 to 10, where sitting is 0 and 
the highest level of effort possible is 10. Moderate-intensity activity is a 5 or 6. Vigorous-intensity activity is a 7 or 8. 

Table 1. Examples of Different Aerobic Physical Activities and Intensities 

Moderate Intensity Vigorous Intensity 

Walking briskly (3 miles per hour or faster, but not race-
walking) 

Racewalking, jogging, or running 

Water aerobics Swimming laps 

Bicycling slower than 10 miles per hour Tennis (singles) 

Tennis (doubles) Aerobic dancing 

Ballroom dancing Bicycling 10 miles per hour or faster 

General gardening Jumping rope 

Heavy gardening (continuous digging or hoeing, with heart rate 
increases) 

Hiking uphill or with a heavy backpack 

Note: This table provides several examples of activities classified as moderate-intensity or vigorous-intensity, based on absolute 
intensity. This list is not all-inclusive. Instead, the examples are meant to help people make choices. 

The Guidelines for adults refer to absolute intensity because most studies demonstrating lower risks of clinical events (for 
example, premature death, cardiovascular disease, type 2 diabetes, cancer) have focused on measuring absolute intensity. That is, 
the Guidelines are based on the absolute amount of energy expended in physical activity that is associated with health benefits. 
The table lists some examples of activities classified as moderate-intensity or vigorous-intensity based on absolute intensity. 
Either absolute or relative intensity can be used to monitor progress in meeting the Guidelines. 

When using relative intensity, people pay attention to how physical activity affects their heart rate and breathing. As a rule of 
thumb, a person doing moderate-intensity aerobic activity can talk, but not sing, during the activity. A person doing vigorous-
intensity activity cannot say more than a few words without pausing for a breath. 

Muscle-Strengthening Activity 

Muscle-strengthening activities provide additional benefits not found with aerobic activity. The benefits of muscle-strengthening 
activity include increased bone strength and muscular fitness. Muscle-strengthening activities can also help maintain muscle 
mass during a program of weight loss. 

Muscle-strengthening activities make muscles do more work than they are accustomed to doing. That is, they overload the 
muscles. Resistance training, including weight training, is a familiar example of muscle-strengthening activity. Other examples 
include working with resistance bands, doing calisthenics that use body weight for resistance (such as push-ups, pull-ups, and 
sit-ups), carrying heavy loads, and heavy gardening (such as digging or hoeing). 

Muscle-strengthening activities count if they involve a moderate to high level of intensity or effort and work the major muscle 
groups of the body: the legs, hips, back, chest, abdomen, shoulders, and arms. Muscle-strengthening activities for all the major 
muscle groups should be done at least 2 days a week. 

No specific amount of time is recommended for muscle strengthening, but muscle-strengthening exercises should be performed 
to the point at which it would be difficult to do another repetition without help. When resistance training is used to enhance 
muscle strength, one set of 8 to 12 repetitions of each exercise is effective, although two or three sets may be more effective. 
Development of muscle strength and endurance is progressive over time. Increases in the amount of weight or the days a week 
of exercising will result in stronger muscles. 

Meeting the Guidelines 

Adults have many options for becoming physically active, increasing their physical activity, and staying active throughout their 
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lives. In deciding how to meet the Guidelines, adults should think about how much physical activity they’re already doing and how 
physically fit they are. Personal health and fitness goals are also important to consider. Examples provided later in the chapter 
illustrate how to include these goals in decisions to be active. 

In general, healthy men and women who plan prudent increases in their weekly amounts of physical activity do not need to consult 
a health-care provider before becoming active. 

Inactive Adults 

Inactive adults or those who don’t yet do 150 minutes of physical activity a week should work gradually toward this goal. The 
initial amount of activity should be at a light or moderate intensity, for short periods of time, with the sessions spread throughout 
the week. The good news is that “some is better than none.” 

People gain some health benefits even when they do as little as 60 minutes a week of moderate-intensity aerobic physical activity. 

To reduce risk of injury, it is important to increase the amount of physical activity gradually over a period of weeks to months. For 
example, an inactive person could start with a walking program consisting of 5 minutes of slow walking several times each day, 5 
to 6 days a week. The length of time could then gradually be increased to 10 minutes per session, 3 times a day, and the walking 
speed could be increased slowly. 

Muscle-strengthening activities should also be gradually increased over time. Initially, these activities can be done just 1 day a 
week starting at a light or moderate level of effort. Over time, the number of days a week can be increased to 2, and then possibly 
to more than 2. Each week, the level of effort (intensity) can be increased slightly until it becomes moderate to high. 

Active Adults 

Adults who are already active and meet the minimum Guidelines (the 
equivalent of 150 minutes of moderate-intensity aerobic activity every week) can gain additional and more extensive health and 
fitness benefits by increasing physical activity above this amount. Most American adults should increase their aerobic activity to 
exceed the minimum level and move toward 300 minutes a week. Adults should also do muscle-strengthening activities on at 
least 2 days each week. 

One time-efficient way to achieve greater fitness and health goals is to substitute vigorous-intensity aerobic activity for some 
moderate-intensity activity. Using the 2-to-1 rule of thumb, doing 150 minutes of vigorous-intensity aerobic activity a week 
provides about the same benefits as 300 minutes of moderate-intensity activity. 

Adults are encouraged to do a variety of activities, as variety probably reduces risk of injury caused by doing too much of one 
kind of activity (this is called an overuse injury). 
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Highly Active Adults 

Adults who are highly active should maintain their activity level. These adults are also encouraged to do a variety of activities. 

Special Considerations 

Flexibility Activities 

Flexibility is an important part of physical fitness. Some types of physical activity, such as dancing, require more flexibility than 
others. Stretching exercises are effective in increasing flexibility, and thereby can allow people to more easily do activities that 
require greater flexibility. For this reason, flexibility activities are an appropriate part of a physical activity program, even though 
they have no known health benefits and it is unclear whether they reduce risk of injury. Time spent doing flexibility activities by 
themselves does not count toward meeting the aerobic or muscle-strengthening Guidelines. 

Warm-up and Cool-down 

Warm-up and cool-down activities are an acceptable part of a person’s physical activity plan. Commonly, the warm-up and cool-
down involve doing an activity at a slower speed or lower intensity. A warm-up before moderate-or vigorous-intensity aerobic 
activity allows a gradual increase in heart rate and breathing at the start of the episode of activity. A cool-down after activity 
allows a gradual decrease at the end of the episode. Time spent doing warm-up and cool-down may count toward meeting the 
aerobic activity Guidelines if the activity is at least moderate intensity (for example, walking briskly as a warm-up before jogging). 
A warm-up for muscle-strengthening activity commonly involves doing exercises with lighter weight. 

Physical Activity in a Weight-Control Plan 

The health benefits of physical activity are generally independent of body weight. The good news for people needing to lose 
weight is that regular physical activity provides major health benefits, no matter how their weight changes over time. 

Along with appropriate dietary intake, physical activity is an important part of maintaining healthy weight, losing weight, and 
keeping extra weight off once it has been lost. 

Physical activity also helps reduce abdominal fat and preserve muscle during weight loss. Adults should aim for a healthy, stable 
body weight. The amount of physical activity necessary to achieve this weight varies greatly from person to person. 

For More Information 

See Dietary Guidelines for additional information on weight management and how to determine a healthy weight. 

The first step in achieving or maintaining a healthy weight is to meet the minimum level of physical activity in the Guidelines. For 
some people this will result in a stable and healthy body weight, but for many it may not. 

People who are at a healthy body weight but slowly gaining weight can either gradually increase the level of physical activity 
(toward the equivalent of 300 minutes a week of moderate-intensity aerobic activity), or reduce caloric intake, or both, until their 
weight is stable. By regularly checking body weight, people can find the amount of physical activity that works for them. 

Many adults will need to do more than the 150 minutes a week of moderate-intensity aerobic physical activity as part of a program 
to lose weight or keep it off. These adults should do more physical activity and/or further reduce their caloric intake. Some people 
will need to do the equivalent of 300 or more minutes of moderate-intensity physical activity a week to meet their weight-control 
goals. Combined with restricting caloric intake, these adults should gradually increase minutes or the intensity of aerobic physical 
activity per week, to the point at which the physical activity is effective in achieving a healthy weight. 

Adults should strongly consider walking as one good way to get aerobic physical activity. Many studies show that walking has 
health benefits and a low risk of injury. It can be done year-round and in many settings. 

It is important to remember that all activities—both baseline and physical activity—“count” for energy balance. Active choices, 
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such as taking the stairs rather than the elevator or adding short episodes of walking to the day, are examples of activities that 
can be helpful in weight control. 

For weight control, vigorous-intensity activity is far more time-efficient than moderate-intensity activity. For example, an adult 
who weighs 165 pounds (75 kg) will burn 560 calories from 150 minutes of brisk walking at 4 miles an hour (these calories are 
in addition to the calories normally burned by a body at rest). That person can burn the same number of additional calories in 50 
minutes by running 5 miles at a 10 minutes-per-mile pace. 

Getting and Staying Active: Real-Life Examples 

Adults can meet the Physical Activity Guidelines in all sorts of ways and with many types of physical activity. The choices of types 
and amounts of physical activity depend on personal health and fitness goals. Here are three examples. 

Jean: An Inactive Middle-Aged Woman 

Her goals: Jean sets a goal of doing 1 hour a day of moderate-intensity aerobic activity on 5 days a week (a total of 300 minutes 
a week). Weighing 220 pounds, Jean is obese and wants to lose about 1 pound of weight each week. 

Starting out: Jean cuts back on her caloric intake and starts walking 5 minutes in the morning and 5 minutes in the evening most 
days of the week. She walks at a 2.5 mile-an-hour pace. Although physical activity tables show this to be light-intensity activity, 
for her level of fitness and fatness, it is appropriate moderate-intensity activity. 

Making good progress: Two months later, Jean is comfortably walking 30 to 40 minutes at moderate intensity to and from her 
bus stop every day. She then adds variety to her activity by alternating among walking, riding a stationary cycle, and low-impact 
aerobics. She also begins muscle-strengthening activities, using elastic bands twice each week. 

Reaching her goal: Eventually, Jean works up to 300 minutes a week of moderate-intensity aerobic activity, including her brisk 
walks to and from the bus stop. She has lost 40 pounds of weight in 1 year, with most of the weight loss occurring the previous 6 
months when she mastered her diet and was able to do greater amounts of physical activity. 

Douglas: An Active Middle-Aged Man 

His goal and current activity pattern: Douglas was a soccer player in his youth. His goal is to get back into shape by becoming 
a regular recreational runner. In addition to his job operating heavy equipment, he walks 30 to 40 minutes a day on 5 days each 
week. He also lifts weights 2 days a week. 

Starting out: Douglas starts a walk/jog program with a co-worker and plans to gradually replace walking with jogging and then 
running. The first week he goes out on 5 days, walking for 25 minutes and jogging for 5 minutes. 

Making good progress: Each week, Douglas gradually increases the time spent jogging (vigorous-intensity activity) and reduces 
the time spent walking (moderateintensity activity). He also continues his weight-lifting program. 

Reaching his goal: Eventually, Douglas is running 30 to 45 minutes 4 days a week and lifting weights 2 days a week. He goes 
for a 1-hour bicycle ride on most weekends. 

Anita: A Very Active College-Aged Adult 

Her goals and current activity pattern: Anita plays league basketball (vigorous-intensity activity) 4 days each week for 90 
minutes each day. She wants to reduce her risk of injury from doing too much of one kind of activity (this is called an overuse 
injury). 

Starting out: Anita starts out by cutting back her basketball playing to 3 days each week. She begins to bicycle to and from 
campus (30 minutes each way) instead of driving her car. She also joins a yoga class that meets twice each week. 

Reaching her goal: Eventually, Anita is bicycling 3 days each week to and from campus in addition to playing basketball. Her 
yoga class helps her to build and maintain strength and flexibility. 
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Achieving Target Levels of Physical Activity: The Possibilities Are Endless 

These examples show how it’s possible to meet the Guidelines by doing moderate-intensity or vigorous-intensity activity or a 
combination of both. Physical activity at this level provides substantial health benefits. 

Ways to get the equivalent of 150 minutes (2 hours and 30 minutes) of moderate-intensity aerobic physical activity a week plus 
muscle-strengthening activities: 

• Thirty minutes of brisk walking (moderate intensity) on 5 days, exercising with resistance bands (muscle strengthening) on 2 
days; 

• Twenty-five minutes of running (vigorous intensity) on 3 days, lifting weights on 2 days (muscle strengthening); 
• Thirty minutes of brisk walking on 2 days, 60 minutes (1 hour) of social dancing (moderate intensity) on 1 evening, 30 minutes 

of mowing the lawn (moderate intensity) on 1 afternoon, heavy gardening (muscle strengthening) on 2 days; 
• Thirty minutes of an aerobic dance class on 1 morning (vigorous intensity), 30 minutes of running on 1 day (vigorous intensity), 

30 minutes of brisk walking on 1 day (moderate intensity), calisthenics (such as sit-ups, push-ups) on 3 days (muscle 
strengthening); 

• Thirty minutes of biking to and from work on 3 days (moderate intensity), playing softball for 60 minutes on 1 day (moderate 
intensity), using weight machines on 2 days (muscle-strengthening on 2 days); and 

• Forty-five minutes of doubles tennis on 2 days (moderate intensity), lifting weights after work on 1 day (muscle strengthening), 
hiking vigorously for 30 minutes and rock climbing (muscle strengthening) on 1 day. 

Ways to Be Even More Active 

For adults who are already doing at least 150 minutes of moderate-intensity physical activity, here are a few ways to do even 
more. Physical activity at this level has even greater health benefits. 

• Forty-five minutes of brisk walking every day, exercising with resistance bands on 2 or 3 days; 
• Forty-five minutes of running on 3 or 4 days, circuit weight training in a gym on 2 or 3 days; 
• Thirty minutes of running on 2 days, 45 minutes of brisk walking on 1 day, 45 minutes of an aerobics and weights class on 

1 day, 90 minutes (1 hour and 30 minutes) of social dancing on 1 evening, 30 minutes of mowing the lawn, plus some heavy 
garden work on 1 day; 

• Ninety minutes of playing soccer on 1 day, brisk walking for 15 minutes on 3 days, lifting weights on 2 days; and 
• Forty-five minutes of stationary bicycling on 2 days, 60 minutes of basketball on 2 days, calisthenics on 3 days. 
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3.7: Safe and Active 

Although physical activity has many health benefits, injuries and other adverse events do sometimes happen. The most common 
injuries affect the musculoskeletal system (the bones, joints, muscles, ligaments, and tendons). Other adverse events can also 
occur during activity, such as overheating and dehydration. On rare occasions, people have heart attacks during activity. The good 
news is that scientific evidence strongly shows that physical activity is safe for almost everyone. Moreover, the health benefits of 
physical activity far outweigh the risks. Still, people may hesitate to become physically active because of concern they’ll get hurt. 
For these people, there is even more good news: They can take steps that are proven to reduce their risk of injury and adverse 
events. The Guidelines in this chapter provide advice to help people do physical activity safely. Most advice applies to people of 
all ages. Specific guidance for particular age groups and people with certain conditions is also provided. 

Explaining the Guidelines 

Physical Activity Is Safe for Almost Everyone 

Most people are not likely to be injured when doing moderate-intensity activities in amounts that meet the Physical Activity 
Guidelines. However, injuries and other adverse events do sometimes happen. The most common problems are musculoskeletal 
injuries. Even so, studies show that only one such injury occurs for every 1,000 hours of walking for exercise, and fewer than four 
injuries occur for every 1,000 hours of running. 

Both physical fitness and total amount of physical activity affect risk of musculoskeletal injuries. People who are physically fit 
have a lower risk of injury than people who are not. People who do more activity generally have a higher risk of injury than people 
who do less activity. So what should people do if they want to be active and safe? The best strategies are to: 

• Be regularly physically active to increase physical fitness; and 
• Follow the other guidance in this chapter (especially increasing physical activity gradually over time) to minimize the injury 

risk from doing medium to high amounts of activity. 

Following these strategies may reduce overall injury risk. Active people are more likely to have an activity-related injury than 
inactive people. But they appear less likely to have non-activity-related injuries, such as work-related injuries or injuries that occur 
around the home or from motor vehicle crashes. 

Key Guidelines for Safe Physical Activity 

To do physical activity safely and reduce risk of injuries and other adverse events, people should: 

• Understand the risks and yet be confident that physical activity is safe for almost everyone. 
• Choose to do types of physical activity that are appropriate for their current fitness level and health goals, because some 

activities are safer than others. 
• Increase physical activity gradually over time whenever more activity is necessary to meet guidelines or health goals. Inactive 

people should “start low and go slow” by gradually increasing how often and how long activities are done. 
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• Protect themselves by using appropriate gear and sports equipment, looking for safe environments, following rules and 
policies, and making sensible choices about when, where, and how to be active. 

• Be under the care of a health-care provider if they have chronic conditions or symptoms. People with chronic conditions and 
symptoms should consult their health-care provider about the types and amounts of activity appropriate for them. 

Choose Appropriate Types and Amounts of Activity 

People can reduce their risk of injury by choosing appropriate types of activity. As the table shows, the safest activities are 
moderate intensity and low impact, and don’t involve purposeful collision or contact. 

Walking for exercise, gardening or yard work, bicycling or exercise cycling, dancing, swimming, and golf are activities with the 
lowest injury rates. In the amounts commonly done by adults, walking (a moderate-intensity and low-impact activity) has a third 
or less of the injury risk of running (a vigorous-intensity and higher impact activity). The risk of injury for a type of physical activity 
can also differ according to the purpose of the activity. For example, recreational bicycling or bicycling for transportation leads to 
fewer injuries than training for and competing in bicycle races. 

Injury Risk Level Activity Level Examples 

Lower Risk Commuting Walking, bicycling 

Lifestyle Home repair, gardening/ yard work 

Recreation/Sports 
(No Contact) 

Walking for exercise, golf, dancing, swimming, running, tennis 

Recreation/Sports 
(Limited Contact) 

Bicycling, aerobics, skiing, volleyball, baseball, softball 

Higher Risk Recreation/Sports 
(Collision/Contact) 

Football, hockey, soccer, basketball 

Note: The same activity done for different purposes and with different frequency, intensity, and duration leads to different injury 
rates. Competitive activities tend to have higher injury rates than non-competitive activities, likely due to different degrees of 
intensity of participation. 

People who have had a past injury are at risk of injuring that body part again. The risk of injury can be reduced by performing 
appropriate amounts of activity and setting appropriate personal goals. Performing a variety of different physical activities may 
also reduce the risk of overuse injury. 

Increase Physical Activity Gradually Over Time 

The risk of injury to bones, muscles, and joints is directly related to the gap between a person’s usual level of activity and a new 
level of activity. 

Scientific studies indicate that the risk of injury to bones, muscles, and joints is directly related to the gap between a person’s 
usual level of activity and a new level of activity. The size of this gap is called the amount of overload. Creating a small overload 
and waiting for the body to adapt and recover reduces the risk of injury. When amounts of physical activity need to be increased 
to meet the Guidelines or personal goals, physical activity should be increased gradually over time, no matter what the person’s 
current level of physical activity. 

Scientists have not established a standard for how to gradually increase physical activity over time. The following 
recommendations give general guidance for inactive people and those with low levels of physical activity on how to increase 
physical activity: 

• Use relative intensity (intensity of the activity relative to a person’s fitness) to guide the level of effort for aerobic activity. 
• Generally start with relatively moderate-intensity aerobic activity. Avoid relatively vigorous-intensity activity, such as shoveling 

snow or running. Adults with a low level of fitness may need to start with light activity, or a mix of light- to moderate-intensity 
activity. 

• First, increase the number of minutes per session (duration), and the number of days per week (frequency) of moderate-
intensity activity. Later, if desired, increase the intensity. 
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• Pay attention to the relative size of the increase in physical activity each week, as this is related to injury risk. For example, 
a 20-minute increase each week is safer for a person who does 200 minutes a week of walking (a 10 percent increase), than 
for a person who does 40 minutes a week (a 50 percent increase). 

The available scientific evidence suggests that adding a small and comfortable amount of light- to moderate-intensity activity, 
such as 5 to15 minutes of walking per session, 2 to 3 times a week, to one’s usual activities has a low risk of musculoskeletal 
injury and no known risk of severe cardiac events. Because this range is rather wide, people should consider three factors in 
individualizing their rate of increase: age, level of fitness, and prior experience. 

Age 

The amount of time required to adapt to a new level of activity probably depends on age. Youth and young adults probably can 
safely increase activity by small amounts every week or 2. Older adults appear to require more time to adapt to a new level of 
activity, in the range of 2 to 4 weeks. 

Level of Fitness 

Less fit adults are at higher risk of injury when doing a given amount of 
activity, compared to fitter adults. Slower rates of increase over time may reduce injury risk. This guidance applies to overweight 
and obese adults, as they are commonly less physically fit. 

Prior Experience 

People can use their experience to learn to increase physical activity over time in ways that minimize the risk of overuse injury. 
Generally, if an overuse injury occurred in the past with a certain rate of progression, a person should increase activity more slowly 
the next time. 

Take Appropriate Precautions 

Taking appropriate precautions means using the right gear and equipment, choosing safe environments in which to be active, 
following rules and policies, and making sensible choices about how, when, and where to be active. 

Use Protective Gear and Appropriate Equipment 

Using personal protective gear can reduce the frequency of injury. Personal protective gear is something worn by a person to 
protect a specific body part. Examples include helmets, eyewear and goggles, shin guards, elbow and knee pads, and mouth 
guards. 

Using appropriate sports equipment can also reduce risk of injury. Sports equipment refers to sport or activity-specific tools, such 
as balls, bats, sticks, and shoes. 

For the most benefit, protective equipment and gear should be: 
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• The right equipment for the activity; 
• Appropriately fitted; 
• Appropriately maintained; and 
• Used consistently and correctly. 

Be Active in Safe Environments 

People can reduce their injury risks by paying attention to the places they choose to be active. To help themselves stay safe, 
people can look for: 

• Physical separation from motor vehicles, such as sidewalks, walking paths, or bike lanes; 
• Neighborhoods with traffic-calming measures that slow down traffic; 
• Places to be active that are well-lighted, where other people are present, and that are well-maintained (no litter, broken 

windows); 
• Shock-absorbing surfaces on playgrounds; 
• Well-maintained playing fields and courts without holes or obstacles; 
• Breakaway bases at baseball and softball fields; and 
• Padded and anchored goals and goal posts at soccer and football fields. 

Follow Rules and Policies That Promote Safety 

Rules, policies, legislation, and laws are potentially the most effective and wide-reaching way to reduce activity-related injuries. 
To get the benefit, individuals should look for and follow these rules, policies, and laws. For example, policies that promote the 
use of bicycle helmets reduce the risk of head injury among cyclists. Rules against diving into shallow water at swimming pools 
prevent head and neck injuries. 

Make Sensible Choices About How, When, and Where To Be Active 

A person’s choices can obviously influence the risk of adverse events. By making sensible choices, injuries and adverse events can 
be prevented. Consider weather conditions, such as extremes of heat and cold. For example, during very hot and humid weather, 
people lessen the chances of dehydration and heat stress by: 

• Exercising in the cool of early morning as opposed to mid-day heat; 
• Switching to indoor activities (playing basketball in the gym rather than on the playground); 
• Changing the type of activity (swimming rather than playing soccer); 
• Lowering the intensity of activity (walking rather than running); and 
• Paying close attention to rest, shade, drinking enough fluids, and other ways to minimize effects of heat. 

Exposure to air pollution is associated with several adverse health outcomes, including asthma attacks and abnormal heart 
rhythms. People who can modify the location or time of exercise may wish to reduce these risks by exercising away from heavy 
traffic and industrial sites, especially during rush hour or times when pollution is known to be high. However, current evidence 
indicates that the benefits of being active, even in polluted air, outweigh the risk of being inactive. 

Inactive people who gradually progress over time to relatively moderate-intensity activity have no known risk of sudden cardiac 
events, and very low risk of bone, muscle, or joint injuries. 

Advice From Health-Care Providers 

The protective value of a medical consultation for persons with or without chronic diseases who are interested in increasing 
their physical activity level is not established. People without diagnosed chronic conditions (such as diabetes, heart disease, or 
osteoarthritis) and who do not have symptoms (such as chest pain or pressure, dizziness, or joint pain) do not need to consult a 
health-care provider about physical activity. 

Inactive people who gradually progress over time to relatively moderate-intensity activity have no known risk of sudden cardiac 
events, and very low risk of bone, muscle, or joint injuries. A person who is habitually active with moderate-intensity activity can 
gradually increase to vigorous intensity without needing to consult a health-care provider. People who develop new symptoms 
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when increasing their levels of activity should consult a health-care provider. 

Health-care providers can provide useful personalized advice on how to reduce risk of injuries. For people who wish to seek the 
advice of a health-care provider, it is particularly appropriate to do so when contemplating vigorous-intensity activity, because 
the risks of this activity are higher than the risks of moderate-intensity activity. 

The choice of appropriate types and amounts of physical activity can be 
affected by chronic conditions. People with symptoms or known chronic conditions should be under the regular care of a health-
care provider. In consultation with their provider, they can develop a physical activity plan that is appropriate for them. People with 
chronic conditions typically find that moderate-intensity activity is safe and beneficial. However, they may need to take special 
precautions. For example, people with diabetes need to pay special attention to blood sugar control and proper footwear during 
activity. 

Women who are pregnant and those who’ve recently had a baby should be under the regular care of a health-care provider. 
Moderate-intensity physical activity is generally safe for women with uncomplicated pregnancies, but women should talk with their 
provider about how to adjust the amounts and types of activity while they are pregnant and right after the baby’s birth. 

During pregnancy, women should avoid: 

• Doing activities that involve lying on their back after the first trimester of pregnancy 
• Doing activities with high risk of falling or abdominal trauma, including contact or collision sports, such as horseback riding, 

soccer, basketball, and downhill skiing 

Gradually Increasing Physical Activity Over Time: Real-Life Examples 

Here are two examples that show how people at different ages, levels of fitness, and levels of experience can safely become more 
active over time. 

Bill: A Man Who Has Been Inactive for Many Years 

Bill wants to work his way up to the equivalent of 180 to 210 minutes (3 hours to 3 hours and 30 minutes) of walking a week. On 
weekdays he has time for up to 45 minutes of walking, and he plans to do something physically active each weekend. He decides 
to start with walking because it is moderate intensity and has a low risk of injury. 

• The first week, Bill starts at a low level. He walks 10 minutes a day 3 days a week. Sometimes he divides the 10 minutes a 
day into two sessions. He prefers to alternate rest days and active days. (Total = 30 minutes a week.) 

• Between weeks 3 and 8, Bill increases duration by adding 5 minutes a day and continues walking on 3 non-consecutive days 
each week. The weekly increase is 15 minutes. (Week 3 total = 45 minutes. Week 8 total = 120 minutes or 2 hours.) 

• In week 9, Bill adds another day of moderate-intensity activity on the weekend, and starts doing a variety of activities, 
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including biking, hiking, and an aerobics class. Gradually increasing the minutes of activity, by week 12 he is doing 60 minutes 
or more of moderate-intensity activity on the weekend. 

Reaching his goal: Over 3 months, Bill has increased to a total of 180 moderate-intensity minutes a week. 

Kim: An Active Woman 

Kim currently does 150 minutes (2 hours and 30 minutes) a week of moderate-intensity activity. She wants to work up to at least 
the equivalent of 300 minutes (5 hours) of moderate-intensity activity a week. She also wants to shift some of that moderate-
intensity activity to vigorous-intensity activity. Her current 150 minutes a week includes: 

• Thirty minutes of mowing the grass 1 day a week; 
• Thirty minutes of brisk walking 4 days a week; and 
• Fifteen minutes of muscle-strengthening exercises 2 days a week. 

Increasing frequency and duration: Over a month, Kim adds walking on another weekday, and she gradually adds 15 minutes 
of moderate-intensity activity on each of the 5 walking days each week. This provides an additional 105 minutes (1 hour and 45 
minutes) of moderate-intensity activity. 

Increasing intensity: Over the next month, Kim decides to replace some walking with jogging. Instead of walking 45 minutes, 
she walks for 30 minutes and jogs for 15 minutes on each weekday, providing the equivalent of 300 minutes a week of moderate-
intensity physical activity from her walking and jogging. 

Reaching her goal: After these increases, Kim is doing a total of 180 minutes of moderate-intensity activity each week (walking 
and mowing) and also doing 75 minutes (1 hour and 15 minutes) of vigorous-intensity jogging. One minute of vigorous-intensity 
activity is about the same as 2 minutes of moderate-intensity activity, so she is now doing the equivalent of 330 moderate-
intensity minutes (5 hours and 30 minutes) a week. She has more than met her goal. 
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3.8: Additional Considerations for Some Adults 

All Americans should be physically active to improve overall health and 
fitness and to prevent many adverse health outcomes. Most Americans should follow the Guidelines of the child and adolescent, 
adult, or older adult chapters, depending upon their age. However, some people have conditions that raise special issues about 
recommended types and amounts of physical activity. This chapter provides guidance on physical activity for healthy women who 
are pregnant and for people with disabilities. This chapter also affirms and illustrates how physical activity is generally appropriate 
for adults with chronic conditions by considering three groups of adults: 

• Adults with osteoarthritis; 
• Adults with type 2 diabetes; and 
• Adults who are cancer survivors. 

Physical Activity for Women During Pregnancy and the Postpartum Period 

Physical activity during pregnancy benefits a woman’s overall health. For example, moderate-intensity physical activity by healthy 
women during pregnancy maintains or increases cardiorespiratory fitness. 

Strong scientific evidence shows that the risks of moderate-intensity activity done by healthy women during pregnancy are very 
low, and do not increase risk of low birth weight, preterm delivery, or early pregnancy loss. Some evidence suggests that physical 
activity reduces the risk of pregnancy complications, such as preeclampsia and gestational diabetes, and reduces the length of 
labor, but this evidence is not conclusive. 

During a normal postpartum period, regular physical activity continues to benefit a woman’s overall health. Studies show that 
moderate-intensity physical activity during the period following the birth of a child increases a woman’s cardiorespiratory fitness 
and improves her mood. Such activity does not appear to have adverse effects on breast milk volume, breast milk composition, 
or infant growth. 

Physical activity also helps women achieve and maintain a healthy weight during the postpartum period, and when combined with 
caloric restriction, helps promote weight loss. 

Explaining the Guidelines 

Women who are pregnant should be under the care of a health-care provider with whom they can discuss how to adjust amounts 
of physical activity during pregnancy and the postpartum period. Unless a woman has medical reasons to avoid physical activity 
during pregnancy, she can begin or continue moderate-intensity aerobic physical activity during her pregnancy and after the baby 
is born. 
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When beginning physical activity during pregnancy, women should 
increase the amount gradually over time. The effects of vigorous-intensity aerobic activity during pregnancy have not been studied 
carefully, so there is no basis for recommending that women should begin vigorous-intensity activity during pregnancy. 

Women who habitually do vigorous-intensity activity or high amounts of activity or strength training should continue to be 
physically active during pregnancy and after giving birth. They generally do not need to drastically reduce their activity levels, 
provided that they remain healthy and discuss with their health-care provider how to adjust activity levels during this time. 

During pregnancy, women should avoid doing exercises involving lying on their back after the first trimester of pregnancy. They 
should also avoid doing activities that increase the risk of falling or abdominal trauma, including contact or collision sports, such 
as horseback riding, downhill skiing, soccer, and basketball. 

Key Guidelines for Women During Pregnancy and the Postpartum Period 

• Healthy women who are not already highly active or doing vigorous-intensity activity should get at least 150 minutes (2 hours 
and 30 minutes) of moderate-intensity aerobic activity per week during pregnancy and the postpartum period. Preferably, 
this activity should be spread throughout the week. 

• Pregnant women who habitually engage in vigorous-intensity aerobic activity or are highly active can continue physical 
activity during pregnancy and the postpartum period, provided that they remain healthy and discuss with their health-care 
provider how and when activity should be adjusted over time. 

Physical Activity for People With Disabilities 

The benefits of physical activity for people with disabilities have been studied in diverse groups. These groups include stroke 
victims, people with spinal cord injury, multiple sclerosis, Parkinson’s disease, muscular dystrophy, cerebral palsy, traumatic brain 
injury, limb amputations, mental illness, intellectual disability, and dementia. 

Overall, the evidence shows that regular physical activity provides important health benefits for people with disabilities. The 
benefits include improved cardiovascular and muscle fitness, improved mental health, and better ability to do tasks of daily life. 
Sufficient evidence now exists to recommend that adults with disabilities should get regular physical activity. 

Explaining the Guidelines 

In consultation with their health-care providers, people with disabilities should understand how their disabilities affect their ability 
to do physical activity. Some may be capable of doing medium to high amounts of physical activity, and they should essentially 
follow the Guidelines for adults. 
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Some people with disabilities are not able to follow the Guidelines for 
adults. These people should adapt their physical activity program to match their abilities, in consultation with their health-care 
providers. Studies show that physical activity can be done safely when the program is matched to an individual’s abilities. 

Meeting the Guidelines 

People with disabilities are encouraged to get advice from professionals with experience in physical activity and disability 
because matching activity to abilities can require modifying physical activity in many different ways. Some people with disabilities 
also need help with their exercise program. For example, some people may need supervision when performing muscle-
strengthening activities, such as lifting weights. 

Key Guidelines for Adults With Disabilities 

• Adults with disabilities, who are able to, should get at least 150 minutes per week (2 hours and 30 minutes) of moderate-
intensity, or 75 minutes (1 hour and 15 minutes) per week of vigorous-intensity aerobic activity, or an equivalent combination 
of moderate-and vigorous-intensity aerobic activity. Aerobic activity should be performed in episodes of at least 10 minutes, 
and preferably, it should be spread throughout the week. 

• Adults with disabilities, who are able to, should also do muscle-strengthening activities of moderate or high intensity that 
involve all major muscle groups on 2 or more days per week, as these activities provide additional health benefits. 

• When adults with disabilities are not able to meet the above Guidelines, they should engage in regular physical activity 
according to their abilities and should avoid inactivity. 

• Adults with disabilities should consult their health-care providers about the amounts and types of physical activity that are 
appropriate for their abilities. 

Physical Activity for People With Chronic Medical Conditions 

Adults with chronic conditions should engage in regular physical activity because it can help promote their quality of life and 
reduce the risk of developing new conditions. The type and amount of physical activity should be determined by a person’s 
abilities and the severity of the chronic condition. Three examples are provided below to illustrate the benefits of physical activity 
for persons with chronic conditions. 

For many chronic conditions, physical activity provides therapeutic benefits and is part of recommended treatment for the 
condition. However, this chapter does not discuss therapeutic exercise or rehabilitation. 

Physical Activity for Adults With Osteoarthritis 

Osteoarthritis is a common condition in older adults, and people can live many years with osteoarthritis. People with osteoarthritis 
are commonly concerned that physical activity can make their condition worse. 

Osteoarthritis can be painful and cause fatigue, making it hard to begin or maintain regular physical activity. Yet people with this 
condition should get regular physical activity to lower their risk of getting other chronic diseases, such as heart disease or type 2 
diabetes, and to help maintain a healthy body weight. 

Strong scientific evidence indicates that both aerobic activity and muscle-strengthening activity provide therapeutic benefits for 
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persons with osteoarthritis. When done safely, physical activity does not 
make the disease or the pain worse. Studies show that adults with osteoarthritis can expect improvements in pain, physical 
function, quality of life, and mental health with regular physical activity. 

People with osteoarthritis should match the type and amount of physical activity to their abilities and the severity of their 
condition. Most people can usually do moderate-intensity activity for 150 minutes (2 hours and 30 minutes) a week or more, and 
may choose to be active 3 to 5 days a week for 30 to 60 minutes per episode. Some people with arthritis can safely do more 
than 150 minutes of moderate-intensity activity each week and may be able to tolerate equivalent amounts of vigorous-intensity 
activity. Health-care providers typically counsel people with osteoarthritis to do activities that are low impact, not painful, and 
have low risk of joint injury. Swimming, walking, and strength-training are good examples of this type of activity. 

Physical Activity for Adults With Type 2 Diabetes 

Physical activity in adults with type 2 diabetes shows how important it can be for people with a chronic disease to be active. 
Physical activity has important therapeutic effects in people with diabetes, but it is also routinely recommended to reduce risk of 
other diseases and help promote a healthy body weight. 

For example, strong scientific evidence shows that physical activity protects against heart disease in people with diabetes. 
Moderate-intensity activity for about 150 minutes a week helps to substantially lower the risk of heart disease. A person who 
moves toward 300 minutes (5 hours) or more of moderate-intensity activity a week gets even greater benefit. 

Adults with chronic conditions should work with their health-care providers to adapt physical activity so that it is appropriate for 
their condition. For example, people with diabetes must be careful to monitor their blood glucose and avoid injury to their feet. 

Physical Activity for Cancer Survivors 

With modern treatments, many people with cancer can either be cured or survive for many years, living long enough to be at risk 
of other chronic conditions, such as high blood pressure or type 2 diabetes. Some cancer survivors are at risk of recurrence of 
the original cancer. Some have experienced side effects of the cancer treatment. 

Like other adults, cancer survivors should engage in regular physical activity for its preventive benefits. Physical activity in cancer 
survivors can reduce risk of new chronic diseases. Further, studies suggest physically active adults with breast or colon cancer are 
less like to die prematurely or have a recurrence of the cancer. Physical activity may also play a role in reducing adverse effects 
of cancer treatment. 

Cancer survivors, like other adults with chronic conditions, should consult their health-care providers to match their physical 
activity plan to their abilities and health status. 

Key Messages for People With Chronic Medical Conditions 

• Adults with chronic conditions obtain important health benefits from regular physical activity. 
• When adults with chronic conditions do activity according to their abilities, physical activity is safe. 
• Adults with chronic conditions should be under the care of health-care providers. People with chronic conditions and 

symptoms should consult their health-care providers about the types and amounts of activity appropriate for them. 
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CC licensed content, Shared previously 

• Image of water aerobics class. Authored by: Judy Baxter. Located at: https://flic.kr/p/biGrfe. License: CC BY-NC-SA: 
Attribution-NonCommercial-ShareAlike 

• Image of Pregnant Woman Stretching. Authored by: il-young ko. Located at: https://flic.kr/p/apG91W. License: CC BY-NC-
ND: Attribution-NonCommercial-NoDerivatives 

• Image of wheelchair basketball. Authored by: TORCH MAGAZINE. Located at: https://flic.kr/p/jWMZBF. License: CC BY-NC: 
Attribution-NonCommercial 

• Image of dumbbell. Authored by: meg. Located at: https://flic.kr/p/7vjkx6. License: CC BY-NC-ND: Attribution-
NonCommercial-NoDerivatives 

• Lifetime Fitness and Wellness. Provided by: Extended Learning Institute of Northern Virginia Community College. Located 
at: https://eli.nvcc.edu/. License: CC BY: Attribution 

Public domain content 

• Chapter 7 2008 Physical Activity Guidelines for Americans. Provided by: U.S. Department of Health and Human Services. 
Located at: http://health.gov/paguidelines/guidelines/. License: Public Domain: No Known Copyright 

This page titled 3.8: Additional Considerations for Some Adults is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or 
curated by LibreTexts. 
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3.9: Video- Cholesterol Overview 

A YouTube element has been excluded from this version of the text. You can view it online here: pb.libretexts.org/lfaw/?p=90 

CC licensed content, Shared previously 

• Lifetime Fitness and Wellness. Provided by: Extended Learning Institute of Northern Virginia Community College. Located 
at: https://eli.nvcc.edu/. License: CC BY: Attribution 

All rights reserved content 

• Cholesterol Overview. Authored by: AnswersTV. Located at: https://youtu.be/-WhADd1GKtA. License: All Rights Reserved. 
License Terms: Standard YouTube License 

This page titled 3.9: Video- Cholesterol Overview is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated by 
LibreTexts. 
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3.10: Video- Stroke Overview 

A YouTube element has been excluded from this version of the text. You can view it online here: pb.libretexts.org/lfaw/?p=92 

CC licensed content, Shared previously 

• Lifetime Fitness and Wellness. Provided by: Extended Learning Institute of Northern Virginia Community College. Located 
at: https://eli.nvcc.edu/. License: CC BY: Attribution 

All rights reserved content 

• Stroke Overview. Authored by: AnswersTV. Located at: https://youtu.be/yH6WqBNBOZQ. License: All Rights Reserved. 
License Terms: Standard YouTube License 

This page titled 3.10: Video- Stroke Overview is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated by 
LibreTexts. 
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3.11: Video- Diabetes Overview 

A YouTube element has been excluded from this version of the text. You can view it online here: pb.libretexts.org/lfaw/?p=94 

CC licensed content, Shared previously 

• Lifetime Fitness and Wellness. Provided by: Extended Learning Institute of Northern Virginia Community College. Located 
at: https://eli.nvcc.edu/. License: CC BY: Attribution 

All rights reserved content 

• Diabetes Overview. Authored by: AnswersTV. Located at: https://youtu.be/sTgBvJsHcCk. License: All Rights Reserved. 
License Terms: Standard YouTube License 

This page titled 3.11: Video- Diabetes Overview is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated by 
LibreTexts. 
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4.1: Cardio Respiratory Endurance Readings 

Purpose 

The readings will help you better understand the one of the health-related components of fitness: CR endurance, also called 
aerobic endurance. 

Directions 

The rest of this chapter contains your reading for this section. 

Additionally, information on these external sources will be useful to deepen your understanding: 

• Read Summary of ACSM Guidelines 

This is the news release regarding the 2011 ACSM exercise position stand paper and it summarizes the guidelines contained in 
the document. It is crucial that you learn the information in the bulletpoints and that you apply it to your own exercise plan you 
will be creating for this class. At this point you can focus on the CR exercise recommendations only. 

• Read American College of Sports Medicine Guidelines 

This is the complete ACSM position stand paper. It is more complex reading than most of the reading assignments up to this 
point; however, it contains great evidence-based information about exercise and cites all the scientific papers that support the 
current guidelines. I highly recommend you read from the introduction to article page 1342 (on the PDF version of the article, 
which can be downloaded on the side of the webpage). 

• “Heart Rate Training Methods and Monitoring” by Lance C. Dalleck and Jessica L. Mayer 

When reading this article pay special attention to the differences between the HR maximum and the HR reserve methods. Notice 
how the HR reserve method is more individualized because it takes in consideration the person’s own resting HR. Furthermore, 
read the section on the misconceptions and compare it with any previous knowledge you had on these topics. 

• “Bioenergetics of Exercise and Training” by John K. Su 

This article explains how our bodies utilize three energy systems to produce work during exercise: creatine phosphate system, 
non-oxidative system, and oxidative system. Although these systems can active at the same time, different exercises and sports 
may rely on one system more than the others based on the intensity and duration of the activity. 

• Read chapters four and five and review module key terms and sections one and two of this document: Health-Related Fitness 
Overview 

You are not required to read the information on muscular fitness/resistance training and flexibility at this point. 

This overview document was created by Mr. Travis M. Erickson, MS, CSCS*D, Lecturer for the Appalachian State University 
department of Health, Leisure, and Exercise Science (ericksontm@appstate.edu). 

CC licensed content, Shared previously 

• Lifetime Fitness and Wellness. Provided by: Extended Learning Institute of Northern Virginia Community College. Located 
at: https://eli.nvcc.edu/. License: CC BY: Attribution 

This page titled 4.1: Cardio Respiratory Endurance Readings is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or 
curated by LibreTexts. 
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4.2: Borg Rating of Perceived Exertion (RPE) Scale 

Borg scale 

In sports and particularly exercise testing, the Borg Rating of Perceived Exertion (RPE) Scale measures perceived exertion. 

In medicine this is used to document the patient’s exertion during a test, and sports coaches 
use the scale to assess the intensity of training and competition. The original scale introduced by Gunnar Borg rated exertion 
on a scale of 6-20. Borg then constructed a category (C) ratio (R) scale, the Borg CR10 Scale. This is especially used in clinical 
diagnosis of breathlessness and dyspnea, chest pain, angina and musculo-skeletal pain. The CR-10 scale is best suited when 
there is an overriding sensation arising either from a specific area of the body, for example, muscle pain, ache or fatigue in the 
quadriceps or from pulmonary responses. 

The Borg scale can be compared to other linear scales such as the Likert scale or a visual analogue scale. The sensitivity and 

reproducibility of the results are broadly very similar, although the Borg may outperform the Likert scale in some cases.[1] 

The seemingly odd range of 6-20 is to follow the general heart rate of a healthy adult by multiplying by 10. For instance, a 
perceived exertion of 12 would be expected to coincide with a heart rate of roughly 120 beats per minute. 

Set points on scale 

It ranges from 6 to 20,[2] where 6 means “no exertion at all” and 20 means “maximal exertion.” Choose the number from below 
that best describes your level of exertion. This will give you a good idea of the intensity level of your activity, and you can use this 
information to speed up or slow down your movements to reach your desired range. 

Try to appraise your feeling of exertion as honestly as possible, without thinking about what the actual physical load is. Your own 
feeling of effort and exertion is important, not how it compares to other people’s. Look at the scales and the expressions and then 
give a number. 

6 No exertion at all 

7 Extremely light (7.5) 

8 

9 Very light 
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10 

11 Light 

12 

13 Somewhat hard 

14 

15 Hard 

16 

17 Very hard 

18 

19 Extremely hard 

20 Maximal exertion 

9 corresponds to “very light” exercise. For a healthy person, it is like walking slowly at his or her own pace for some minutes. 

13 on the scale is “somewhat hard” exercise, but it still feels OK to continue. 

17, or “very hard,” is very strenuous. A healthy person can still go on, but he or she really has to push him- or herself. It feels very 
heavy, and the person is very tired. 

19 on the scale is an extremely strenuous exercise level. For most people this is the most strenuous exercise they have ever 
experienced. 

1. Grant, S.; Aitchison, T.; Henderson, E.; Christie, J.; Zare, S.; McMurray, J.; Dargie, H. (1999). “A Comparison of the 
Reproducibility and the Sensitivity to Change of Visual Analogue Scales, Borg Scales, and Likert Scales in Normal Subjects 
During Submaximal Exercise”. Chest 116 (5): 1208–1217. doi:10.1378/chest.116.5.1208. PMID 10559077. 

2. CDC http://www.cdc.gov/physicalactivity/everyone/measuring/exertion.html. 
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4.3: Target Heart Rate and Estimated Maximum Heart Rate 

One way of monitoring physical activity intensity is to determine whether a person’s pulse or heart rate is within the target zone 
during physical activity. 

For moderate-intensity physical activity, a person’s target heart rate should be 50 to 70% of his or her maximum heart rate. 
This maximum rate is based on the person’s age. An estimate of a person’s maximum age-related heart rate can be obtained 
by subtracting the person’s age from 220. For example, for a 50-year-old person, the estimated maximum age-related heart rate 
would be calculated as 220 – 50 years = 170 beats per minute (bpm). The 50% and 70% levels would be: 

• 50% level: 170 x 0.50 = 85 bpm, and 
• 70% level: 170 x 0.70 = 119 bpm 

Thus, moderate-intensity physical activity for a 50-year-old person will require that the heart rate remains between 85 and 119 
bpm during physical activity. 

For vigorous-intensity physical activity, a person’s target heart rate should be 70 to 85% of his or her maximum heart rate. 
To calculate this range, follow the same formula as used above, except change “50 and 70%” to “70 and 85%”. For example, 
for a 35-year-old person, the estimated maximum age-related heart rate would be calculated as 220 – 35 years = 185 beats per 
minute (bpm). The 70% and 85% levels would be: 

• 70% level: 185 x 0.70 = 130 bpm, and 
• 85% level: 185 x 0.85 = 157 bpm 

Thus, vigorous-intensity physical activity for a 35-year-old person will require that the heart rate remains between 130 and 157 
bpm during physical activity. 

Taking Your Heart Rate 

Generally, to determine whether you are exercising within the heart rate target zone, you must stop exercising briefly to take your 
pulse. You can take the pulse at the neck, the wrist, or the chest. We recommend the wrist. You can feel the radial pulse on the 
artery of the wrist in line with the thumb. Place the tips of the index and middle fingers over the artery and press lightly. Do not 
use the thumb. Take a full 60-second count of the heartbeats, or take for 30 seconds and multiply by 2. Start the count on a beat, 
which is counted as “zero.” If this number falls between 85 and 119 bpm in the case of the 50-year-old person, he or she is active 
within the target range for moderate-intensity activity. 

CC licensed content, Shared previously 

• Lifetime Fitness and Wellness. Provided by: Extended Learning Institute of Northern Virginia Community College. Located 
at: https://eli.nvcc.edu/. License: CC BY: Attribution 

Public domain content 

• Target Heart Rate and Estimated Maximum Heart Rate. Provided by: Centers for Disease Control and Prevention. Located 
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This page titled 4.3: Target Heart Rate and Estimated Maximum Heart Rate is shared under a CC BY-NC-SA 4.0 license and was authored, 
remixed, and/or curated by LibreTexts. 
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4.4: Video- Target Heart Rate 

A YouTube element has been excluded from this version of the text. You can view it online here: pb.libretexts.org/lfaw/?p=108 

CC licensed content, Shared previously 

• Lifetime Fitness and Wellness. Provided by: Extended Learning Institute of Northern Virginia Community College. Located 
at: https://eli.nvcc.edu/. License: CC BY: Attribution 

All rights reserved content 

• Target Heart Rate. Authored by: DOCTORS WELLNESS WORKS. Located at: https://youtu.be/emBa3HDVZ9Y. License: All 
Rights Reserved. License Terms: Standard YouTube License 

This page titled 4.4: Video- Target Heart Rate is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated by 
LibreTexts. 
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4.5: Assignment- Cardiorespiratory Endurance Plan 

Purpose 

This assignment will help you complete your cardiorespiratory endurance plan. 

Directions 

• Read how to calculate heart rate zone and practice the calculations 
• Open this template: CR Endurance Plan 
• Complete all the sections in the template. Do not submit the assignment in an essay format. 

◦ For section 1, make sure your SMART goals are related to cardiorespiratory endurance. In other words, what was your 
score on the walk or run test? And what do you want it to be the next time you measure it? Goals for the other 
assessments (ex. flexibility, BMI) do not belong here and should not be included here. Note: drinking water and other 
nutrition goals do not belong here either; this is strictly a CR endurance plan. 

◦ On section 3, item 2 (intensity), you must show every step in the calculations, starting with your predicted HRMax 
calculation. 

• Save your document and submit it to the course. 

Rubric 

Your work will be assessed using the following Rubric: 

Criteria Absent Incomplete Complete 

Short and Long 
Term Goals 

0 Points 1 point: Up to 1 point if incomplete or 
some goals inappropriate to the 
topic of this assignment (CR 
endurance) 

2 points: Complete and appropriate 
to the topic of this assignment (CR 
endurance) 

Warm up and 
cool down 

0 Points 0.5 Points: Up to 0.5 point if missing 
parts 

1 Points: Complete with type and 
time and and appropriate activities 
based on the readings 

Frequency 0 Points 0 Points 1 Points: Complete and correct based 
on the ACSM guidelines. If you 
cannot follow the ACSM guidelines 
due to health condition or other 
extenuating circumstances, please 
explain it in your assignment. 
Otherwise, I will think you selected 
an incorrect frequency because you 
did not read the guidelines. 

Intensity 0: Missing, incomplete, or with 
major calculation mistake. 
Always make sure your 
calculation results make sense 
based on the information 
learned. If your final target 
heart rate range is not safe or 
effective you will not be 
eligible for grade in this 
section. 

1.5 points: Up to 1.5 points if 
complete but with minor calculation 
mistake. A minor mistake is one that 
does not affect the safety or 
effectiveness of the final target heart 
rate result. 

3 Points: Every calculation step is 
complete and correct 

61 (4.5.1)

https://s3-us-west-2.amazonaws.com/oerfiles/Physical+Fitness/CR_Endurance_Plan.doc


Criteria Absent Incomplete Complete 

Type 0 Points 0.5 Points: Up to 0.5 point if some of 
the listed activities are inappropriate 
to the topic of this assignment (CR 
endurance) 

1 Points: Complete and appropriate 
to the topic of this assignment (CR 
endurance) 

Time/Duration 0 Points 0 Points 1 Points: Complete and correct based 
on the ACSM guidelines. If you 
cannot follow the ACSM guidelines 
due to health condition or other 
extenuating circumstances, please 
explain it in your assignment. 
Otherwise I will think you selected an 
incorrect duration because you did 
not read the guidelines. 

Summary 0 Points 0.2 Points: Up to 0.2 if missing parts 
or if the information listed in the 
summary does not reflect the 
information listed in previous 
sections of this assignment 

0.5 Points: Complete and the 
information listed in the summary 
reflects the information listed in 
previous sections of this assignment 

Organization 0 Points 0 Points 0.5 Points 

CC licensed content, Shared previously 
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5.1: Flexibility Readings 

Purpose 

The readings here will help you to learn the definition for flexibility, and the guidelines that apply to flexibility training. 

Directions 

The rest of this chapter contains your reading for this section. 

Additionally, information on these external sources will be useful to deepen your understanding: 

• Read the Summary of ACSM Guidelines 
◦ This is the same summary you read last week. This time, pay special attention to the flexibility exercise 

recommendations. 
• Read American College of Sports Medicine Guidelines 

◦ And here is the full length position stand again. Read pages 1344 – 1346 of the PDF version (you are not required to 
read the information on neuromotor training). 

• Review Health-Related Fitness Overview 
◦ Read Sections one, two, four, and five, focusing on the flexibility/stretching portions. You are not required to read the 

information on muscular fitness and resistance training at this point. 
• “Stretching” by Margaret Alic in The Gale Encyclopedia of Fitness 

◦ This article contains great information on the best time to perform static and dynamic stretches. This is important 
information, especially because many people believe they should perform static stretches prior to other exercises or 
worse yet, stretch cold muscles. Read all the information under the blue heading “stretching.” 

• “Flexibility and Flexibility Training” by Sarah Boslaugh from the Encyclopedia of Lifestyle Medicine & Health 
◦ Read all the information under the heading “flexibility and flexibility training.” 

CC licensed content, Shared previously 

• Lifetime Fitness and Wellness. Provided by: Extended Learning Institute of Northern Virginia Community College. Located 
at: https://eli.nvcc.edu/. License: CC BY: Attribution 
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5.2: Sample Flexibility Plan for Beginners 

Stretching the body’s muscles provides freedom of movement to do the things you need to do and the things you like to do. 
Stretching can improve your flexibility, although it will not improve your endurance or strength. 

How Much, How Often 

• Stretch after you do your regularly scheduled strength and aerobic activities. You should be stretching every day. 
• If you can’t do endurance or strength exercises, and stretching exercises are the only kind you are able to do, do them at 

least 3 times a week, for at least 20 minutes each session. 
• Do each stretching exercise at least 4 times each session. Slowly stretch into the desired position, as far as possible without 

pain, and hold the stretch for 15–60 seconds. Relax, then repeat, trying to stretch a little farther. Always remember to breathe 
while stretching. Counting out loud can help ensure that you are breathing. 

Safety 

• If you have had a hip or knee replacement, check with your surgeon before doing lower body exercises. 
• Always warm up before doing stretching exercises. For example, do them after endurance or strength exercises or, if you are 

doing only stretching exercises on a particular day, do a little bit of easy walking and arm-pumping first. 
• Stretching should never cause pain, especially joint pain. If it does, you are stretching too far and you need to reduce the 

stretch so that it doesn’t hurt. Mild discomfort or a mild pulling sensation is normal. Never “bounce” into a stretch; make 
slow, steady movements instead. Jerking into position can cause muscles to tighten, possibly resulting in injury. 

• Avoid “locking” your joints into place when you straighten them during stretches. Your arms and legs should be straight when 
you stretch them, but you should always have a very small amount of bend in your joints while stretching. 

• Some of the exercises require you to lie on the floor. If you are afraid to lie on the floor because you think you won’t be able 
to get back up, consider exercising with a buddy, in a chair, or in the pool. Alternatively, keep a chair nearby to use as support 
in getting up. All stretches can be modified. 

Getting Started 

Stretching exercises are generally performed at a low intensity. You can progress in your stretching exercises; the way to know 
how to limit yourself is that stretching should never hurt. It may feel slightly uncomfortable, but not painful. Push yourself to 
stretch farther, but not so far that it hurts. Perform the following exercises, in order, as described below. 

64 (5.2.1)



Detailed instructions for each exercise are provided at the end of this handout and are taken from Exercise: A Guide from the 
National Institute on Aging. 

Table 1. Stretch Repetitions, Sets, and Sessions 

Flexibility Exercise/Stretch # of repetitions per set # of sets per session # of sessions per week 

Hamstrings 4 per side 1 After every aerobic or strength session 

Alternative Hamstrings 4 per side 1 After every aerobic or strength session 

Calves 4 per side 1 After every aerobic or strength session 

Ankles 4 per side 1 After every aerobic or strength session 

Triceps 4 per side 1 After every aerobic or strength session 

Wrists 4 per side 1 After every aerobic or strength session 

Quadriceps 4 per side 1 After every aerobic or strength session 

Double Hip Rotation 4 per side 1 After every aerobic or strength session 

Single Hip Rotation 4 per side 1 After every aerobic or strength session 

Shoulder Rotation 4 per side 1 After every aerobic or strength session 

Neck Rotation 4 per side 1 After every aerobic or strength session 

Side Leg Raise 4 per side 1 After every aerobic or strength session 

If you are not currently doing aerobic or strength activities, do flexibility and stretching at least 3 times per week for at least 20 
minutes per session. 

Exercises 

Hamstrings 

Stretches muscles in the back of the thigh 

• Sit sideways on bench or other hard surface (such as two chairs placed side by side). 
• Keep one leg stretched out on bench, straight, toes pointing up. 
• Keep other leg off of bench, with foot flat on floor. 
• Straighten back. 
• If you feel a stretch at this point, hold the position for 15–60 seconds. 
• If you don’t feel a stretch, lean forward from hips (not waist) until you feel stretching in leg on bench, keeping back and 

shoulders straight. Omit this step if you have had a hip replacement, unless surgeon/therapist approves. 
• Hold position for 15–60 seconds. 
• Repeat with other leg. 
• Repeat at least 4 times on each side. 

Alternative Hamstrings Stretch 

Stretches muscles in the back of the thigh 

• Stand behind chair, holding on with both hands. 
• Bend forward from the hips (not waist), keeping back and shoulders straight at all times. 
• When upper body is parallel to floor, hold position for 15–60 seconds. You should feel a stretch in the backs of your thighs. 
• Repeat at least 4 times. 
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Calves 

Stretches lower leg muscles in two ways: with knee straight and knee bent 

• Stand with hands against wall, arms outstretched and elbows straight. 
• Keeping your left knee slightly bent, toes of right foot slightly turned inward, step back 1–2 feet with right leg, heel, and foot 

flat on floor. You should feel a stretch in your calf muscle, but you shouldn’t feel uncomfortable. If you don’t feel a stretch, 
move your foot farther back until you do. 

• Hold position for 15–60 seconds. 
• Bend knee of right leg, keep heel and foot flat on floor. 
• Hold position for another 15–60 seconds. 
• Repeat with left leg. 
• Repeat at least 4 times for each leg. 

Ankles 

Stretches front ankle muscles 

• Remove your shoes. Sit toward the front edge of a chair and lean back, using pillows to support your back. 
• Stretch legs out in front of you. 
• With your heels still on the floor, bend ankles to point feet toward you. 
• Next, bend ankles to point feet away from you. 
• If you don’t feel the stretch, repeat with your feet slightly off the floor. 
• Hold the position for 15–60 seconds. 
• Repeat at least 4 times. 

Triceps 

Stretches muscles in back of upper arm 

• Hold one end of a towel in right hand. 
• Raise and bend right arm to drape towel down back. Keep your right arm in this position, and continue holding onto the towel. 
• Reach behind your lower back and grasp bottom end of towel with left hand. 
• Climb left hand progressively higher up towel, which also pulls your right arm down. Continue until your hands touch, or as 

close to that as you can comfortably go. Hold for 15–60 seconds. 
• Reverse positions. 
• Repeat each position at least 4 times. 

Wrists 

Stretches wrist muscles 

• Place hands together, in praying position. 
• Slowly raise elbows so arms are parallel to floor, keeping hands flat against each other. 
• Hold position for 15–60 seconds. 
• Repeat at least 4 times. 

FLOOR EXERCISES 

To get into a lying position: 

• Stand next to a very sturdy chair that won’t tip over (put chair against wall for support if you need to). 
• Put your hands on the seat of the chair. 
• Lower yourself down on one knee. 
• Bring the other knee down. 
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• Put your left hand on the floor and lean on it as you bring your left hip to the floor. 
• Your weight is now on your left hip. 
• Straighten your legs out. 
• Lie on your left side. 
• Roll onto your back. 

Note: You don’t have to use your left side. You can use your right side, if you prefer. 

To get up from a lying position: 

• Roll onto your left side. 
• Use your right hand, placed on the floor at about the level of your ribs, to push your shoulders off the floor. 
• Your weight is on your left hip. 
• Roll forward, onto your knees, leaning on your hands for support. Lean your hands on the seat of the chair you used to lie 

down. 
• Lift one of your knees so that one leg is bent, foot flat on the floor. 
• Leaning your hands on the seat of the chair for support, rise from this position. 

Note: You don’t have to use your left side. You can reverse positions, if you prefer. 

Quadriceps 

Stretches muscles in front of thighs 

• Lie on side on the floor. Your hips should be lined up so that one is directly above the other one. 
• Rest head on pillow or hand. 
• Bend knee that is on top. 
• Reach back and grab heel of that leg. If you can’t reach your heel with your hand, loop a belt over your foot and hold belt 

ends. 
• Gently pull that leg until front of thigh stretches. 
• Hold position for 15–60 seconds. 
• Reverse position and repeat. 
• Repeat at least 4 times on each side. If the back of your thigh cramps during this exercise, stretch your leg and try again, 

more slowly. 

Shoulder Rotation 

Stretches shoulder muscles 

• Lie flat on floor, pillow under head, legs straight. If your back bothers you, place a rolled towel under your knees. 
• Stretch arms straight out to side. Your shoulders and upper arms will remain flat on the floor throughout this exercise. 
• Bend elbows so that your hands are pointing toward the ceiling. 
• Let your arms slowly roll backwards from the elbow. Stop when you feel a stretch or slight discomfort, and stop immediately 

if you feel a pinching sensation or a sharp pain. 
• Hold position for 15–60 seconds. 
• Slowly raise your arms, still bent at the elbow, to point toward the ceiling again. Then let your arms slowly roll forward, 

remaining bent at the elbow, to point toward your hips. Stop when you feel a stretch or slight discomfort. 
• Hold position for 15–60 seconds. 
• Alternate pointing above head, then toward ceiling, then toward hips. Begin and end with pointing-above-head position. 
• Repeat 4 times. 

Double Hip Rotation 

Stretches outer muscles of hips and thighs. Unless your surgeon approves, don’t do this exercise if you have had a hip 
replacement 
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• Lie on floor on your back, knees bent and feet flat on the floor. 
• Keep shoulders on floor at all times. 
• Keeping knees bent and together, gently lower legs to one side as far as possible without forcing them. 
• Hold position for 15–60 seconds. 
• Return legs to upright position. 
• Repeat toward other side. 
• Repeat at least 4 times on each side. 

Single Hip Rotation 

Stretches muscles of pelvis and inner thigh. Unless your surgeon approves, don’t do this exercise if you have had a hip 
replacement 

• Lie on your back on floor, knees bent and feet flat on the floor. 
• Keep shoulders on floor throughout exercise. 
• Lower one knee slowly to side, keeping the other leg and your pelvis in place. 
• Hold position for 15–60 seconds. 
• Bring knee back up slowly. 
• Repeat with other knee. 
• Repeat at least 4 times on each side. 

Neck Rotation 

Stretches neck muscles 

• Lie on the floor with a phone book or other thick book under your head. 
• Slowly turn head from side-to-side, holding position each time for 15–60 seconds on each side. Your head should not be 

tipped forward or backward, but should be in a comfortable position. You can keep your knees bent to keep your back 
comfortable during this exercise. 

• Repeat at least 4 times. 

CC licensed content, Shared previously 

• Image of person stretching. Authored by: Pam Link. Located at: https://flic.kr/p/jwmdkS. License: CC BY-NC: Attribution-
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5.3: Help Prevent Back Pain 

The Basics 

One of the best ways to prevent back pain is to keep your back muscles strong. Follow these 
steps to help protect your back and prevent back pain: 

• Do back-strengthening and stretching exercises at least 2 or 3 times a week. 
• Stand and sit up straight. 
• Avoid heavy lifting. If you do lift something heavy, bend your knees and keep your back straight. This way, your leg muscles 

will do most of the work. 
• Stay active and eat a balanced diet. 
• If you are overweight, lose weight to help lower the strain on your back. 

Learn more about back pain and how to prevent it. 

There are different kinds of back pain. 

Back pain can feel like a dull, constant ache or a sudden, sharp pain. Back pain often gets better on its own. Find out when to call 
a doctor or nurse. 

What is the difference between acute and chronic back pain? 

Acute back pain is pain that lasts from a few days to a few weeks. It’s often caused by an accident, a fall, or lifting something too 
heavy. Acute back pain usually gets better without any treatment. 

Back pain that lasts for more than 3 months is called chronic back pain. It is much less common than acute back pain. Most 
chronic back pain can be treated without surgery. 

Find out about ways to treat back pain. 

Who gets back pain? 

Most people have back pain at some point in their lives. It’s one of the most common reasons people visit the doctor or nurse. 
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People are more likely to experience back pain as they get older. 

Many people hurt their backs at work when they lift, push, or pull something that’s too heavy. People may also be at risk for back 
pain if they: 

• Have poor posture (don’t stand and sit up straight) 
• Aren’t physically active 
• Are overweight 
• Fall or have an accident 
• Have a health problem that causes back pain (like arthritis or cancer) 
• Smoke 

Take Action! 

Take care of your back to avoid back pain. Preventing back pain is easier than treating it. 

Strengthen your back. 

There are things you can do to make your back stronger and lower your risk of back pain. 

• Do back-strengthening and stretching exercises at least 2 or 3 times a week. 
• Try a yoga class. It can help stretch and strengthen muscles and improve your posture. 
• Stay active. Regular physical activity can help keep your back muscles strong. Aim for 2 hours and 30 minutes of moderate 

activity a week. 

If you have a health condition, your doctor can help you choose the best activities for you. Get tips on staying active with a 
disability. 

Focus on good posture. 

Good posture can help prevent back pain. 

• Try not to slouch when standing and sitting. 
• Sit up straight with your back against the back of your chair and your feet flat on the floor. Keep your knees slightly higher 

than your hips. 
• Stand tall with your head up and shoulders back. 

Find out how to have good posture while sitting at a computer. 

Lift correctly. 

Lift things with your legs, not your back. Keep your back straight and bend at the knees or at the hips. Get help if the load is too 
heavy for you to lift alone. Get more tips on safe lifting. 

Watch your weight. 

If you are overweight, watching your weight can help reduce the strain on your back. 

Get enough calcium and vitamin D. 

Getting enough calcium and vitamin D can help keep your bones strong and prevent osteoporosis (“os-tee-oh-puh-ROH-sis”). If 
you have osteoporosis, your bones are weak and more likely to fracture (break). Spine fractures from osteoporosis are a leading 
cause of back pain. 
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Prevent back injuries at work. 

Protecting your back on the job can help prevent injuries. Back injuries are the most common type of workplace injury. 

CC licensed content, Shared previously 
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5.4: Reminder About Activity Tracker 

Track your exercise program 

Begin your cardiorespiratory (CR) endurance program now (based on the CR plan you created). Use the Physical Activity Tracker 
to record your weekly activities so that you can submit them at the end of the course. Bookmark this link if you need. 

You are required to record your activities on the activity tracker website every week but you are not required to submit it for 
grading now. You will be required to submit a summary report from the activity tracker website later in the term. Therefore, record 
your weekly activities diligently or you will not be able to create a summary report. 
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5.5: Assignment- Flexibility Plan 

Purpose 

This assignment will help you complete your flexibility plan. 

Directions 

• Open this template of the Flexibility Plan and answer the questions in it 

For this assignment, you must start with SMART Goals. All goals should be flexibility or low back health goals, and at least one 
goal must be linked to your pretest score. Do not include any pretest score other than your flexibility score. 

A good way to determine whether or not you have written a SMART goal is to ask yourself a few questions. For each goal you 
write, ask yourself: is it Specific? Is it Measurable? Is it Attainable? Is it Realistic? Is it Timeframe specific? 

The last question (T) is easy to answer because your current SMART Goals must describe what you hope to accomplish in this 
course. Once you have developed your goals, move on to your FITT plan. You must include a minimum of two upper body stretches 
and two lower body stretches: you can add more if you like. 

Save the document with your answers and upload it to the course. 

Rubric 

The following rubric will be used to assess your work: 

Criteria Absent Incomplete Complete 

Short- and long-
term goals 

0 points 1 point: Up to 1 point if incomplete or 
some goals inappropriate to the 
topic of this assignment (flexibility) 

2 Points: Complete and appropriate to the topic of 
this assignment (flexibility) 

Warm up and 
cool down 

0 points 0.2 points: Up to 0.2 points if 
missing parts 

0.5 Points: Complete with activity and time 

Frequency 0 points 0 points 2 Points: Complete and correct based on the 
ACSM guidelines. If you cannot follow the ACSM 
guidelines due to health condition or other 
extenuating circumstances, please explain it in 
your assignment. Otherwise, I will think you 
selected an incorrect frequency because you did 
not read the guidelines. 

Intensity 0 points 0 points 1 Points: Complete and correct based on the 
ACSM guidelines. 

Type 0 points 0.5 Points 2 Points: Complete and correct based on the 
ACSM guidelines. 

Time/Duration 0 points 0 Points 2 Points: Complete and correct based on the 
ACSM guidelines. If you cannot follow the ACSM 
guidelines due to health condition or other 
extenuating circumstances, please explain it in 
your assignment. Otherwise I will think you 
selected an incorrect duration because you did 
not read the guidelines. 
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Criteria Absent Incomplete Complete 

Organization 0 points 0 Points 0.5 Points 
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3: UNIT 3 

At the end of unit, you will be able to: 

• Discuss how body composition influences wellness 
• Identify current body composition recommendations 
• Re-assess fitness level, body mass index (BMI), and waist circumference 
• Evaluate the progress of your fitness program and make the necessary adjustments 
• Define body composition terminology such as overweight, obese, underweight, fat-free mass, essential fat, and 

nonessential fat 
• Determine recommended energy requirements and own current energy intake 
• Explain the physiological function of essential nutrients 
• Outline current nutrition guidelines for healthy adults and for individuals with special dietary needs, and how to maintain 

a lifetime healthy diet 
• Articulate the importance of portion size and food labels on a well-balanced diet 
• Compare the nutritional characteristics and affordability of various foods and how you can use this information to 

implement a personal nutrition plan to promote wellness 
• Describe the basic anatomy and physiology of the musculoskeletal system and how it is affected by exercise 
• Define muscular strength and muscular endurance and describe the benefits of each 
• Apply the FITT dimensions to the development of a muscular fitness program and select safe and effective muscular 

strength/endurance exercises for major muscle groups to accomplish your goals 

Now that you have passed “Go!” and have been traveling along your journey, in this unit you will make some changes and then 
“Keep Going!” 

6: Discussion- How’s it Going? 

7: Body Composition 
7.1: Body Composition Reading 

7.2: About BMI for Adults 

7.3: Assignment- Re-Assessed Fitness Level Results 

8: Nutrition 
8.1: Dietary Guidelines- Young and Middle Adulthood 

8.2: Dietary Guidelines- Foods and Food Components to Reduce 

8.3: Dietary Guidelines- Foods and Nutrients to Increase 

8.4: Dietary Guidelines- Building Healthy Eating Patterns 

8.5: Dietary Guidelines- Using the Food Label 

8.6: Dietary Guidelines- Glossary 

8.7: Assignment- Tracking Nutrition 

8.8: Discussion- Grocery Shopping 

8.9: Nutrition and Diet 

8.10: Nutrition For Everyone 

8.11: Water- Meeting Your Daily Fluid Needs 

8.12: Dietary Fat 

Learning Objectives 
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8.13: Carbohydrates 

8.14: Protein 

8.15: Vitamins and Minerals 

8.16: Dietary Guidelines- Introduction 

8.17: Dietary Guidelines- Balancing Calories to Manage Weight 

9: Muscle Strength and Endurance 
9.1: Exercise and Muscle Performance 

9.2: Interactions of Skeletal Muscles 

9.3: Naming Skeletal Muscles 

9.4: Overview of Muscle Tissue Types 

9.5: Overview of Muscle Functions 

9.6: Types of Skeletal Muscle Fibers 

9.7: Types of Muscle Contractions- Isotonic and Isometric 

9.8: Effect of Exercise on Muscles 

9.9: Muscular Atrophy and Hypertrophy 

9.10: Exercise-Induced Muscle Damage 

9.11: Reassess Fitness Level 

9.12: Aerobic Training versus Strength Training 

9.13: Videos- Muscle Groups and Strength Training 

9.14: Muscle Strength and Endurance Reading 

9.15: Introduction to Muscle Tissue 

9.16: Types of Muscle Tissues 

9.17: Skeletal Muscle 

9.18: Muscle Fiber Contraction and Relaxation 

9.19: Nervous System Control of Muscle Tension 

9.20: Introduction to the Muscular System 

9.21: Types of Muscle Fibers 
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6: Discussion- How’s it Going? 

Tell us what’s happening with your fitness plans. Address each of the following questions. 

• Any positives or negatives? 
• What results, if any, are you seeing in your fitness activities? 
• How have you used the principle of progressive overload up to this point? 
• Has your resting heart rate changed? And what does it mean? 
• Have you had to make any modifications in frequency, intensity, type or time (FITT)? And Why/why not? 
• What modifications are you planning to make to your exercise program? 
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7.1: Body Composition Reading 

Purpose 

The readings will help you understand the topics covered in this week. 

Directions 

The rest of this chapter contains your reading for this section. 

Additionally, information on these external sources will be useful to deepen your understanding: 

• Read Health-Related Fitness Overview 
Review the Module key terms and sections one and three. Focus on the body composition information.This overview 
document was created by Mr. Travis M. Erickson, MS, CSCS*D, Lecturer for the Appalachian State University department of 
Health, Leisure, and Exercise Science (ericksontm@appstate.edu). 

• Read ACSM_Body composition 
Notice how both this article and the previous one (#1) emphasize that Body Mass Index (BMI) is not an assessment of body 
composition. However, since it is a widely used screening tool it is important to know what the numbers mean in terms of 
classification (ex. BMI ≥ 30 = obese). 

• “Body Composition: Measurement Techniques.” by Nobuko Hongu, Lee R. Vinson, and Scott Going from the Encyclopedia of 
Lifestyle Medicine & Health 

◦ This article will help you understand how to estimate body fat and will give you better insight into the screening tools we 
are using for this class: BMI and waist measurement. 

• Read Body Fat Distribution 
◦ This very short article introduces a new screening tool for obesity-related problems: waist-to-hip ratio. I recommend you 

calculate your own waist-to-hip ratio as explained in the article. This will help you understand if you are at an increased 
risk of health problems due to the distribution of your body fat. 

• “Female Athlete Triad” by Kathryn E. Ackerman from the Encyclopedia of Sports Medicine 
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7.2: About BMI for Adults 

What is BMI? 

Body Mass Index (BMI) is a number calculated from a person’s weight 
and height. BMI is a fairly reliable indicator of body fatness for most people. BMI does not measure body fat directly, but research 
has shown that BMI correlates to direct measures of body fat, such as underwater weighing and dual energy x-ray absorptiometry 

(DXA).[1],[2] BMI can be considered an alternative for direct measures of body fat. Additionally, BMI is an inexpensive and easy-
to-perform method of screening for weight categories that may lead to health problems. 

How is BMI used? 

BMI is used as a screening tool to identify possible weight problems for adults. However, BMI is not a diagnostic tool. For 
example, a person may have a high BMI. However, to determine if excess weight is a health risk, a healthcare provider would need 
to perform further assessments. These assessments might include skinfold thickness measurements, evaluations of diet, physical 
activity, family history, and other appropriate health screenings. 

Why does CDC use BMI to measure overweight and obesity? 

Calculating BMI is one of the best methods for population assessment of overweight and obesity. Because calculation requires 
only height and weight, it is inexpensive and easy to use for clinicians and for the general public. The use of BMI allows people to 
compare their own weight status to that of the general population. 

To see the formula based on either kilograms and meters or pounds and inches, visit How is BMI calculated and interpreted? 

What are some of the other ways to measure obesity? Why doesn’t CDC 
use those to determine overweight and obesity among the general 
public? 

Other methods to measure body fatness include skinfold thickness measurements (with calipers), underwater weighing, 
bioelectrical impedance, dual-energy x-ray absorptiometry (DXA), and isotope dilution. However, these methods are not always 
readily available, and they are either expensive or need highly trained personnel. Furthermore, many of these methods can be 
difficult to standardize across observers or machines, complicating comparisons across studies and time periods. 
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How is BMI calculated and interpreted? 

Calculation of BMI 

BMI is calculated the same way for both adults and children. The calculation is based on the following formulas: 

Measurement 
Units 

Formula and Calculation 

Kilograms and 
meters (or 
centimeters) 

Formula: weight (kg) / [height (m)]2 

With the metric system, the formula for BMI is weight in kilograms divided by height in meters squared. 
Since height is commonly measured in centimeters, divide height in centimeters by 100 to obtain height 
in meters. 

Example: Weight = 68 kg, Height = 165 cm (1.65 m) 

Calculation: 68 ÷ (1.65)2 = 24.98 

Pounds and 
inches 

Formula: weight (lb) / [height (in)]2 x 703 

Calculate BMI by dividing weight in pounds (lbs) by height in inches (in) squared and multiplying by a 
conversion factor of 703. 

Example: Weight = 150 lbs, Height = 5’5″ (65″) 
Calculation: [150 ÷ (65)2] x 703 = 24.96 

Interpretation of BMI for Adults 

For adults 20 years old and older, BMI is interpreted using standard weight status categories that are the same for all ages and 
for both men and women. For children and teens, on the other hand, the interpretation of BMI is both age- and sex-specific. 

The standard weight status categories associated with BMI ranges for adults are shown in the following table. 

BMI Weight Status 

Below 18.5 Underweight 

18.5 – 24.9 Normal 

25.0 – 29.9 Overweight 

30.0 and Above Obese 

For example, here are the weight ranges, the corresponding BMI ranges, and the weight status categories for a sample height. 

Height Weight Range BMI Weight Status 

5′ 9″ 124 lbs or less Below 18.5 Underweight 

125 lbs to 168 lbs 18.5 to 24.9 Normal 

169 lbs to 202 lbs 25.0 to 29.9 Overweight 

203 lbs or more 30 or higher Obese 

For more information about interpretation for children and teens, visit Child and Teen BMI Calculator. 
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How reliable is BMI as an indicator of body fatness? 

The correlation between the BMI number and body fatness is fairly strong; however the correlation varies by sex, race, and age. 

These variations include the following examples:[3], [4] 

• At the same BMI, women tend to have more body fat than men. 
• At the same BMI, older people, on average, tend to have more body fat than younger adults. 
• Highly trained athletes may have a high BMI because of increased muscularity rather than increased body fatness. 

It is also important to remember that BMI is only one factor related to risk for disease. For assessing someone’s likelihood of 
developing overweight- or obesity-related diseases, the National Heart, Lung, and Blood Institute guidelines recommend looking 
at two other predictors: 

• The individual’s waist circumference (because abdominal fat is a predictor of risk for obesity-related diseases). 
• Other risk factors the individual has for diseases and conditions associated with obesity (for example, high blood pressure or 

physical inactivity). 

For more information about the assessment of health risk for developing overweight- and obesity-related diseases, visit the 
following Web pages from the National Heart, Lung, and Blood Institute: 

• Assessing Your Risk 
• Body Mass Index Table 
• Clinical Guidelines on the Identification, Evaluation, and Treatment of Overweight and Obesity in Adults 

If an athlete or other person with a lot of muscle has a BMI over 25, is 
that person still considered to be overweight? 

According to the BMI weight status categories, anyone with a BMI over 25 would be classified as overweight and anyone with a 
BMI over 30 would be classified as obese. 

It is important to remember, however, that BMI is not a direct measure of body fatness and that BMI is calculated from an 
individual’s weight which includes both muscle and fat. As a result, some individuals may have a high BMI but not have a high 
percentage of body fat. For example, highly trained athletes may have a high BMI because of increased muscularity rather than 
increased body fatness. Although some people with a BMI in the overweight range (from 25.0 to 29.9) may not have excess body 
fatness, most people with a BMI in the obese range (equal to or greater than 30) will have increased levels of body fatness. 

It is also important to remember that weight is only one factor related to risk for disease. If you have questions or concerns about 
the appropriateness of your weight, you should discuss them with your healthcare provider. 

What are the health consequences of overweight and obesity for adults? 

The BMI ranges are based on the relationship between body weight and disease and death.[5] Overweight and obese individuals 

are at increased risk for many diseases and health conditions, including the following:[6] 

• Hypertension 
• Dyslipidemia (for example, high LDL cholesterol, low HDL cholesterol, or high levels of triglycerides) 
• Type 2 diabetes 
• Coronary heart disease 
• Stroke 
• Gallbladder disease 
• Osteoarthritis 
• Sleep apnea and respiratory problems 
• Some cancers (endometrial, breast, and colon) 

For more information about these and other health problems associated with overweight and obesity, visit Clinical Guidelines on 
the Identification, Evaluation, and Treatment of Overweight and Obesity in Adults. 
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Is BMI interpreted the same way for children and teens as it is for 
adults? 

Although the BMI number is calculated the same way for children and adults, the criteria used to interpret the meaning of the 
BMI number for children and teens are different from those used for adults. For children and teens, BMI age- and sex-specific 
percentiles are used for two reasons: 

• The amount of body fat changes with age. 
• The amount of body fat differs between girls and boys. 

Because of these factors, the interpretation of BMI is both age- and sex-specific for children and teens. The CDC BMI-for-age 
growth charts take into account these differences and allow translation of a BMI number into a percentile for a child’s sex and 
age. 

For adults, on the other hand, BMI is interpreted through categories that are not dependent on sex or age. 

1. Mei Z, Grummer-Strawn LM, Pietrobelli A, Goulding A, Goran MI, Dietz WH. Validity of body mass index compared with other 
body-composition screening indexes for the assessment of body fatness in children and adolescents. American Journal of 
Clinical Nutrition 2002;7597–985. ↵ 

2. Garrow JS and Webster J. Quetelet's index (W/H2) as a measure of fatness. International Journal of Obesity 1985;9:147–153. 
↵ 

3. Prentice AM and Jebb SA. Beyond Body Mass Index. Obesity Reviews. 2001 August; 2(3): 141–7. ↵ 
4. Gallagher D, et al. How useful is BMI for comparison of body fatness across age, sex and ethnic groups? American Journal 

of Epidemiology 1996;143:228–239. ↵ 
5. World Health Organization. Physical status: The use and interpretation of anthropometry. Geneva, Switzerland: World Health 

Organization 1995. WHO Technical Report Series. ↵ 
6. Clinical Guidelines on the Identification, Evaluation, and Treatment of Overweight and Obesity in Adults ↵ 
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7.3: Assignment- Re-Assessed Fitness Level Results 

Purpose 

It is time to reassess your fitness level. You will re-take the fitness pre-test to determine your fitness level. 

Directions 

• Go to the President’s Challenge Website (or here: http://www.washburn.edu/campus-life/recreation-wellness/employee-
wellness/documents/EW-2011-President-Fitness.pdf) to take the test. 

◦ For the Aerobic test, you must select the same test (1 mile test or the 1.5 mile run test) you used in Unit Two 
• Submit your test results in the course. 

Rubric 

Grading will be based on the following rubric: 

Criteria Absent Present 

Aerobic Fitness 0 points 1 point: Must include time, heart rate, VO2 max, and score (percentile) 

Muscular fitness 0 points 1 point: Must include half sit-ups, push-ups,and scores (percentile) for each 

Flexibility 0 points 1 point: Must include sit-and-reach result and score (percentile) 

BMI 0 points 1 point 

Waist 
circumference 

0 points 1 point 
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8.1: Dietary Guidelines- Young and Middle Adulthood 

Avoiding obesity aids in preventative nutrition immensely. Figure 1 from the CDC’s report on American teens shows that just over 
ten years ago the obesity rate for adolescents 6-19 years of age was 16%. That number today is larger, over 20%. As more and 
more youth ages into adulthood already overweight and unhealthy, nutrition guidelines for adults become increasingly important.

The USDA separates their dietary recommendations between men and women in adulthood. The fact is, men and women have 
similar yet diverging needs as they age. When you’re young, you tend to not need to examine your eating habits nearly as 
rigorously as when you are older. Men and women share equally in this progression. To prevent conditions like cancer or diabetes 
later in life, critical thinking applied to your diet during young adulthood is crucial. 

Below are the USDA dietary guidelines provided for adult men and women. 

Guidelines for Women 

• Use a smaller plate at meals to help control the amount of food and calories you eat. Take time to enjoy smaller amounts of 
food. 

• Choose foods like fat-free and low-fat milk, cheese, yogurt, and fortified soymilk to help strengthen bones. Be sure your 
morning coffee includes fat-free or low-fat milk. 

• Add fruit to meals as part of main or side dishes. Choose red, orange, or dark-green vegetables like tomatoes, sweet potatoes, 
and broccoli, along with other vegetables for meals. 

• Sip water or other drinks with few or no calories to help maintain a healthy weight. Keep a water bottle in your bag or at your 
desk to satisfy your thirst throughout the day. 

• Eat whole grains more often. Choose whole grains like brown rice and whole-grain pastas and breads more often. Foods with 
a high-fiber content can help give you a feeling of fullness and also provide key nutrients. 

• Cut calories by cutting out foods high in solid fats and added sugar. Limit fatty meats like ribs, bacon, and hot dogs. Choose 
cakes, cookies, candies, and ice cream as just occasional treats. 

• Try out healthier recipes that use less solid fat, salt, and sugar. Eat at home more often so you can control what you are 
eating. If you eat out, check and compare nutrition information. Choose healthier options such as baked chicken instead of 
fried chicken. 

• Set a goal to fit in at least 2½ hours of moderate physical activity in your week. Being active 10 minutes at a time also adds 
to your weekly total. Ask your friends or family to keep you company as you bike, jog, walk, or dance. Don’t forget to do some 
muscle strengthening activities twice a week. 

85 (8.1.1)



Guidelines for Men 

• There’s no magic food or way to eat. There are some foods men need to eat such as vegetables; fruits; whole grains; protein 
foods like beans, eggs, or lean meats; and dairy like 1% milk. You’ll get nutrients you need for good health―including 
magnesium, potassium, calcium, vitamin D, fiber, and protein. 

• Keep healthy foods in your kitchen that need little preparation. Keep your fridge filled with carrots, apples, oranges, low-fat 
yogurt, and eggs. Stock up on fresh, canned, or frozen vegetables and fruits, lean meats, canned beans, and tuna or salmon. 
Find healthier heat-andeat options to replace heating up a frozen pizza. 

• Make sure half your grains are whole grains. Whole grains can help give a feeling of fullness and key nutrients. Choose whole-
wheat breads, pasta, and crackers; brown rice; and oatmeal instead of white bread, rice, or other refined-grain products. 

• Cut calories by skipping foods high in solid fats and added sugar. Limit fatty meats like ribs, bacon, and hot dogs. Cakes, 
cookies, candies, and ice cream should be just occasional treats. Use smaller plates to adjust the amount of food you eat. 

• Water is your friend. Water is a better choice than many routine drink choices. Beverages can add about 400 calories a day 
to men’s diets. So limit high-calorie beverages, including those with alcohol. Skip soda, fruit drinks, energy drinks, sports 
drinks, and other sugary drinks. 

• Start cooking more often. Try steaming vegetables, roasting a chicken, and making a tasty veggie sauce for spaghetti from 
scratch. Eating your own home-cooked meals allows you to control what and how much you eat. 

• Use both Nutrition Facts and ingredient labels to discover what nutrients foods and beverages contain. Cut back on foods 
that have sugar or fat as the first ingredient. 

• Be active whenever you can. Have friends or family join you when you go for a long walk, bike, or jog. Vary activities to stay 
motivated. Set a goal of 2½ hours or more of moderate physical activity a week. Include strengthening your arms, legs, and 
core muscles at least 2 days a week. Being active just 10 minutes at a time makes a difference. 

Healthy eating in middle age does not have to mean 
eliminating all tasty foods. 

As the guidelines state, there is not a magic solution to an unhealthy lifestyle. Only you can choose to make good choices in the 
way you eat. Later in life the choices you make become increasingly important as a method of eliminating the negative health 
effects of a bad diet. A good rule of thumb to follow is to significantly cut down on saturated fat combined with sugar as you get 
older. It may seem hard, and habits built in youth are hard to break, but think about all the healthy foods you know are delicious! 
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8.2: Dietary Guidelines- Foods and Food Components to 
Reduce 

The Dietary Guidelines for Americans provides science-based advice to promote health and reduce the risk of major chronic 
diseases through diet and physical activity. Currently, very few Americans consume diets that meet Dietary Guideline 
recommendations. This chapter focuses on certain foods and food components that are consumed in excessive amounts and may 
increase the risk of certain chronic diseases. These include sodium, solid fats (major sources of saturated and trans fatty acids), 
added sugars, and refined grains. These food components are consumed in excess by children, adolescents, adults, and older 
adults. In addition, the diets of most men exceed the recommendation for cholesterol. Some people also consume too much 
alcohol. 

This excessive intake replaces nutrient-dense forms of foods in the diet, making it difficult for people to achieve recommended 
nutrient intake and control calorie intake. Many Americans are overweight or obese, and are at higher risk of chronic diseases, 
such as cardiovascular disease, diabetes, and certain types of cancer. Even in the absence of overweight or obesity, consuming 
too much sodium, solid fats, saturated and trans fatty acids, cholesterol, added sugars, and alcohol increases the risk of some of 
the most common chronic diseases in the United States. Discussing solid fats in addition to saturated and trans fatty acids is 
important because, apart from the effects of saturated and trans fatty acids on cardiovascular disease risk, solid fats are abundant 
in the diets of Americans and contribute significantly to excess calorie intake. The recommendations in this chapter are based on 
evidence that eating less of these foods and food components can help Americans meet their nutritional needs within appropriate 
calorie levels, as well as help reduce chronic disease risk. 

Key Recommendations 

• Reduce daily sodium intake to less than 2,300 milligrams (mg) and further reduce intake 
to 1,500 mg among persons who are 51 and older and those of any age who are African American or have hypertension, 
diabetes, or chronic kidney disease. The 1,500 mg recommendation applies to about half of the U.S. population, including 
children, and the majority of adults. 

• Consume less than 10 percent of calories from saturated fatty acids by replacing them with monounsaturated and 
polyunsaturated fatty acids. 

• Consume less than 300 mg per day of dietary cholesterol. 
• Keep trans fatty acid consumption as low as possible, especially by limiting foods that contain synthetic sources of trans fats, 

such as partially hydrogenated oils, and by limiting other solid fats. 
• Reduce the intake of calories from solid fats and added sugars. 
• Limit the consumption of foods that contain refined grains, especially refined grain foods that contain solid fats, added 

sugars, and sodium. 
• If alcohol is consumed, it should be consumed in moderation—up to one drink per day for women and two drinks per day for 

men—and only by adults of legal drinking age. 

Supporting the Recommendations 

The following sections expand on the recommendations and review the evidence supporting the health risks associated with 
greater intake of foods that are high in sodium, solid fats, added sugars, and refined grains, and excessive alcohol consumption. 
An important underlying principle is the need to control calorie intake to manage body weight and limit the intake of food 
components that increase the risk of certain chronic diseases. This goal can be achieved by consuming fewer foods that are high 
in sodium, solid fats, added sugars, and refined grains and, for those who drink, consuming alcohol in moderation. 

How is an alcoholic drink defined? One drink is defined as 12 fluid ounces of regular beer (5% alcohol), 5 fluid ounces of wine 
(12% alcohol), or 1.5 fluid ounces of 80 proof (40% alcohol) distilled spirits. One drink contains 0.6 fluid ounces of alcohol. 

Sodium 

Sodium is an essential nutrient and is needed by the body in relatively small quantities, provided that substantial sweating does 
not occur. On average, the higher an individual’s sodium intake, the higher the individual’s blood pressure. A strong body of 

88 (8.2.1)



evidence in adults documents that as sodium intake decreases, so does blood pressure. Moderate evidence in children also has 
documented that as sodium intake decreases, so does blood pressure. Keeping blood pressure in the normal range reduces an 
individual’s risk of cardiovascular disease, congestive heart failure, and kidney disease. Therefore, adults and children should limit 
their intake of sodium. 

Virtually all Americans consume more sodium than they need. The estimated average intake of sodium for all Americans ages 2 
years and older is approximately 3,400 mg per day (Figure 1). 

Sodium is primarily consumed as salt (sodium chloride). As a food ingredient, salt has multiple uses, such as in curing meat, 
baking, masking off- flavors, retaining moisture, and enhancing flavor (including the flavor of other ingredients). Salt added at the 
table and in cooking provides only a small proportion of the total sodium that Americans consume. Most sodium comes from salt 
added during food processing. Many types of processed foods contribute to the high intake of sodium (Figure 2). 

Some sodium-containing foods are high in sodium, but the problem of excess sodium intake also is due to frequent consumption 
of foods that contain lower amounts of sodium, such as yeast breads41 (which contribute 7% of the sodium in the U.S. diet). Other 
sources of sodium include chicken and chicken mixed dishes42 (7% of sodium intake), pizza (6%), and pasta and pasta dishes43 
(5%). Some of the sources discussed here and in the following sections contain larger varieties of foods than others (e.g., chicken 
and chicken mixed dishes). Therefore, some of these sources include foods that can be purchased or prepared to be lower in 
sodium, as well as lower in other food components recommended to be reduced. For example, chicken naturally contains little 
sodium. Chicken and chicken mixed dishes can be prepared by purchasing chicken that has not had sodium added to it and by 
not adding salt or ingredients containing sodium. 

figure 1. estimated Mean daily sodium intake, by age–gender group, NHANES 2005–2006 

a. 2,300 mg/day is the Tolerable Upper Intake Level (UL) for sodium intake in adults set by the Institute of Medicine (IOM). For 
children younger than age 14 years, the UL is less than 2,300 mg/day. 

b. 1,500 mg/day is the Adequate Intake (AI) for individuals ages 9 years and older. 

Source: U.S. Department of Agriculture, Agricultural Research Service and U.S. Department of Health and Human Services, 
Centers for Disease Control and Prevention. What We Eat In America, NHANES 2005–2006. http://www.ars.usda.gov/Services/
docs.htm?docid=13793. Accessed August 11, 2010. 
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figure 2. sources of sodium in the diets of the u.s. Population ages 2 years and older, 
NHANES 2005–2006 

a. Data are drawn from analyses of usual dietary intake conducted by the National Cancer 
Institute. Foods and beverages consumed were divided into 97 categories and ranked 
according to sodium contribution to the diet. “All other food categories” represents food 
categories that each contributes less than 2% of the total intake of sodium from foods. 

b. Also includes nachos, quesadillas, and other Mexican mixed dishes. 

Source: National Cancer Institute. Sources of Sodium in the Diets of the U.S. Population 
Ages 2 Years and Older, NHANES 2005–2006. Risk Factor Monitoring and Methods, 
Cancer Control and Population Sciences. riskfactor.cancer.gov/diet/fo...m/table1a.html. 
Accessed August 11, 2010. 

Americans can reduce their consumption of sodium in a variety of ways: 

• Read the Nutrition Facts label for information on the sodium content of foods and purchase foods that are low in sodium. 
• Consume more fresh foods and fewer processed foods that are high in sodium. 
• Eat more home-prepared foods, where you have more control over sodium, and use little or no salt or salt-containing 

seasonings when cooking or eating foods. 
• When eating at restaurants, ask that salt not be added to your food or order lower sodium options, if available. 

Sodium is found in a wide variety of foods, and calorie intake is associated with sodium intake (i.e., the more foods and beverages 
people consume, the more sodium they tend to consume). Therefore, reducing calorie intake can help reduce sodium intake, 
thereby contributing to the health benefits that occur with lowering sodium intake. 

Because a Recommended Dietary Allowance for sodium could not be determined, the Institute of Medicine (IOM)44 set Adequate 
Intake (AI) levels for this nutrient. The AI is the recommended daily average intake level of a nutrient, and usual intakes at or 
above the AI have a low probability of inadequacy. The sodium AI is based on the amount that is needed to meet the sodium 
needs of healthy and moderately active individuals.45 It covers sodium sweat losses in unacclimatized individuals who are 
exposed to high temperatures or who become physically active, and ensures that recommended intake levels for other nutrients 
can be met. The sodium AI for individuals ages 9 to 50 years is 1,500 mg per day. Lower sodium AIs were established for children 
and older adults (ages 1 to 3 years: 1,000 mg/day; ages 4 to 8 years: 1,200 mg/day; ages 51 to 70 years: 1,300 mg/ day; ages 71 
years and older: 1,200 mg/day) because their calorie requirements are lower. 

90 (8.2.3)



For adolescents and adults of all ages (14 years and older), the IOM set 
the Tolerable Upper Intake Level (UL) at 2,300 mg per day. The UL is the highest daily nutrient intake level that is likely to pose 
no risk of adverse health effects (e.g., for sodium, increased blood pressure) to almost all individuals in the general population. 
The IOM recognized that the association between sodium intake and blood pressure was continuous and without a threshold 
(i.e., a level below which the association no longer exists). The UL was based on several trials, including data from the Dietary 
Approaches to Stop Hypertension (DASH)-Sodium trial. The IOM noted that in the DASH-Sodium trial, blood pressure was lowered 
when target sodium intake was reduced to 2,300 mg per day, and lowered even further when sodium was targeted to the level of 
1,200 mg per day.46 An intake level of 2,300 mg per day was commonly the next level above the AI of 1,500 mg per day that was 
tested in the sodium trials evaluated by the IOM. 

The DASH studies demonstrated that the total eating pattern, including sodium and a number of other nutrients and foods, affects 
blood pressure. In the original DASH trial, the DASH diet47 resulted in a significant reduction in blood pressure compared to the 
control diet, which was typical of what many Americans consume. In the DASH-Sodium trial, blood pressure levels declined with 
reduced sodium intake for those who consumed either the DASH or control diet. However, blood pressure declined most for those 
who both consumed the DASH diet and reduced their sodium intake. 

Americans should reduce their sodium intake to less than 2,300 mg or 1,500 mg per day depending on age and other individual 
characteristics. African Americans, individuals with hypertension, diabetes, or chronic kidney disease and individuals ages 51 and 
older, comprise about half of the U.S. population ages 2 and older. While nearly everyone benefits from reducing their sodium 
intake, the blood pressure of these individuals tends to be even more responsive to the blood pressure-raising effects of sodium 
than others; therefore, they should reduce their intake to 1,500 mg per day. Additional dietary modifications may be needed 
for people of all ages with hypertension, diabetes, or chronic kidney disease, and they are advised to consult a health care 
professional. Given the current U.S. marketplace and the resulting excessive high sodium intake, it is challenging to meet even 
the less than 2,300 mg recommendation—fewer than 15 percent of Americans do so currently. An immediate, deliberate reduction 
in the sodium content of foods in the marketplace is necessary to allow consumers to reduce sodium intake to less than 2,300 
mg or 1,500 mg per day now. 

Fats 

Dietary fats are found in both plant and animal foods. Fats supply calories and essential fatty acids, and help in the absorption of 
the fat-soluble vitamins A, D, E, and K. The IOM established acceptable ranges for total fat intake for children and adults (children 
ages 1 to 3 years: 30–40% of calories; children and adolescents ages 4 to 18 years: 25–35%; adults ages 19 years and older: 
20–35%) (see Table 2-4). These ranges are associated with reduced risk of chronic diseases, such as cardiovascular disease, 
while providing for adequate intake of essential nutrients. Total fat intake should fall within these ranges. 

Fatty acids are categorized as being saturated, monounsaturated, or polyunsaturated. Fats contain a mixture of these different 
kinds of fatty acids. Trans fatty acids are unsaturated fatty acids. However, they are structurally different from the predominant 
unsaturated fatty acids that occur naturally in plant foods and have dissimilar health effects. 

The types of fatty acids consumed are more important in influencing the risk of cardiovascular disease than is the total amount 
of fat in the diet. Animal fats tend to have a higher proportion of saturated fatty acids (seafood being the major exception), and 
plant foods tend to have a higher proportion of monounsaturated and/or polyunsaturated fatty acids (coconut oil, palm kernel oil, 
and palm oil being the exceptions) (Figure 3). 

Most fats with a high percentage of saturated or trans fatty acids are solid at room temperature and are referred to as “solid fats,” 
while those with more unsaturated fatty acids are usually liquid at room temperature and are referred to as “oils.” Solid fats are 
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found in most animal foods but also can be made from vegetable oils through the process of hydrogenation, as described below. 

Despite longstanding recommendations on total fat, saturated fatty acids, and cholesterol, intakes of these fats have changed 
little from 1990 through 2005– 2006, the latest time period for which estimates are available. Total fat intake contributes an 
average of 34 percent of calories. The following sections provide details on types of fat to limit in the diet. 

figure 3. fatty acid Profiles of common fats and oils 

a. Coconut oil, palm kernel oil, and palm oil are called oils because they come from plants. However, they are semi-solid 
at room temperature due to their high content of short-chain saturated fatty acids. They are considered solid fats for 
nutritional purposes. 

b. Partially hydrogenated vegetable oil shortening, which contains trans fats. c. Most stick margarines contain partially 
hydrogenated vegetable oil, a source of trans fats. 

d. The primary ingredient in soft margarine with no trans fats is liquid vegetable oil. 

Source: U.S. Department of Agriculture, Agricultural Research Service, Nutrient Data Laboratory. USDA National 
Nutrient Database for Standard Reference, Release 22, 2009. Available at www.ars.usda.gov/ba/ bhnrc/ndl. Accessed 
July 19, 2010. 

Saturated fatty acids 

The body uses some saturated fatty acids for physiological and structural functions, but it makes more than enough to meet those 
needs. People therefore have no dietary requirement for saturated fatty acids. A strong body of evidence indicates that higher 
intake of most dietary saturated fatty acids is associated with higher levels of blood total cholesterol and low-density lipoprotein 
(LDL) cholesterol. Higher total and LDL cholesterol levels are risk factors for cardiovascular disease. 

Consuming less than 10 percent of calories from saturated fatty acids and replacing them with monounsaturated and/or 
polyunsaturated fatty acids is associated with low blood cholesterol levels, and therefore a lower risk of cardiovascular disease. 
Lowering the percentage of calories from dietary saturated fatty acids even more, to 7 percent of calories, can further reduce the 
risk of cardiovascular disease. Saturated fatty acids contribute an average of 11 percent of calories to the diet, which is higher than 
recommended. Major sources of saturated fatty acids in the American diet include regular (full-fat) cheese (9% of total saturated 
fat intake); pizza (6%); grain-based desserts48 (6%); dairy-based desserts49 (6%); chicken and chicken mixed dishes (6%); and 
sausage, franks, bacon, and ribs (5%) (Figure 3). 
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To reduce the intake of saturated fatty acids, many Americans should limit 
their consumption of the major sources that are high in saturated fatty acids and replace them with foods that are rich in mono-
unsaturated and polyunsaturated fatty acids. For example, when preparing foods at home, solid fats (e.g., butter and lard) can 
be replaced with vegetable oils that are rich in monounsaturated and polyunsaturated fatty acids (Figure 3). In addition, many 
of the major food sources of saturated fatty acids can be purchased or prepared in ways that help reduce the consumption of 
saturated fatty acids (e.g., purchasing fat-free or low-fat milk, trimming fat from meat). Oils that are rich in monounsaturated fatty 
acids include canola, olive, and safflower oils. Oils that are good sources of polyunsaturated fatty acids include soybean, corn, and 
cottonseed oils. 

Trans fatty acids 

Trans fatty acids are found naturally in some foods and are formed during food processing; they are not essential in the diet. A 
number of studies have observed an association between increased trans fatty acid intake and increased risk of cardiovascular 
disease. This increased risk is due, in part, to its LDL cholesterol-raising effect. Therefore, Americans should keep their intake of 
trans fatty acids as low as possible. 

Some trans fatty acids that Americans consume are produced by a process referred to as hydrogenation. Hydrogenation is used 
by food manufacturers to make products containing unsaturated fatty acids solid at room temperature (i.e., more saturated) 
and therefore more resistant to becoming spoiled or rancid. Partial hydrogenation means that some, but not all, unsaturated fatty 
acids are converted to saturated fatty acids; some of the unsaturated fatty acids are changed from a cis to trans configuration. 
Trans fatty acids produced this way are referred to as “synthetic” or “industrial” trans fatty acids. Synthetic trans fatty acids are 
found in the partially hydrogenated oils used in some margarines, snack foods, and prepared desserts as a replacement for 
saturated fatty acids. Trans fatty acids also are produced by grazing animals, and small quantities are therefore found in meat 
and milk products.50 These are called “natural” or “ruminant” trans fatty acids. There is limited evidence to conclude whether 
synthetic and natural trans fatty acids differ in their metabolic effects and health outcomes. Overall, synthetic trans fatty acid 
levels in the U.S. food supply have decreased dramatically since 2006 when the declaration of the amount of trans fatty acids on 
the Nutrition Facts label became mandatory. Consuming fat-free or low-fat milk and milk products and lean meats and poultry will 
reduce the intake of natural trans fatty acids. Because natural trans fatty acids are present in meat, milk, and milk products,50 
their elimination is not recommended because this could have potential implications for nutrient adequacy. 

Cholesterol 

The body uses cholesterol for physiological and structural functions, but it makes more than enough for these purposes. Therefore, 
people do not need to eat sources of dietary cholesterol. Cholesterol is found only in animal foods. The major sources of 
cholesterol in the American diet include eggs and egg mixed dishes (25% of total cholesterol intake),51 chicken and chicken 
mixed dishes (12%), beef and beef mixed dishes (6%), and all types of beef burgers (5%).52 Cholesterol intake can be reduced 
by limiting the consumption of the specific foods that are high in cholesterol. Many of these major sources include foods that 
can be purchased or prepared in ways that limit the intake of cholesterol (e.g., using egg substitutes). Cholesterol intake by men 
averages about 350 mg per day, which exceeds the recommended level of less than 300 mg per day. Average cholesterol intake 
by women is 240 mg per day. 

Dietary cholesterol has been shown to raise blood LDL cholesterol levels in some individuals. However, this effect is reduced when 
saturated fatty acid intake is low, and the potential negative effects of dietary cholesterol are relatively small compared to those 
of saturated and trans fatty acids. Moderate evidence shows a relationship between higher intake of cholesterol and higher risk 
of cardiovascular disease. Independent of other dietary factors, evidence suggests that one egg (i.e., egg yolk) per day does not 
result in increased blood cholesterol levels, nor does it increase the risk of cardiovascular disease in healthy people. Consuming 
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less than 300 mg per day of cholesterol can help maintain normal blood cholesterol levels. Consuming less than 200 mg per day 
can further help individuals at high risk of cardiovascular disease. 

Figure 4. sources of saturated fat in the diets of the u.s. Population ages 2 years and older, NHANES 
2005–2006 

a. Data are drawn from analyses of usual dietary intake conducted by the National Cancer Institute. Foods 
and beverages consumed were divided into 97 categories and ranked according to the saturated fat 
contribution to the diet. “All other food categories” represents food categories that each contributes less 
than 2% of the total saturated fat intake. 

b. Also includes nachos, quesadillas, and other Mexican mixed dishes. 

Source: National Cancer Institute. Sources of saturated fat in the diets of the U.S. population ages 2 
years and older, NHANES 2005–2006. Risk Factor Monitoring and Methods. Cancer Control and Population 
Sciences. riskfactor.cancer.gov/diet/fo...at_fat/sf.html. Accessed August 11, 2010. 

Calories from Solid Fats and Added Sugars 

Solid fats 

As noted previously, fats contain a mixture of different fatty acids, and much research has been conducted on the association 
between the intake 
of saturated and trans fatty acids and the risk of chronic disease, especially cardiovascular disease. Most fats with a high 
percentage of saturated and/ or trans fatty acids are solid at room temperature and are referred to as “solid fats” (Figure 4). 
Common solid fats include butter, beef fat (tallow, suet), chicken fat, pork fat (lard), stick margarine, and shortening. The fat in 
fluid milk also is considered to be solid fat; milk fat (butter) is solid at room temperature but is suspended in fluid milk by the 
process of homogenization. 

Although saturated and trans fatty acids are components of many foods, solid fats are foods themselves or ingredients (e.g., 
shortening in a cake or hydrogenated oils in fried foods). The purpose for discussing solid fats in addition to saturated and trans 
fatty acids is that, apart from the effects of saturated and trans fatty acids on cardiovascular disease risk, solid fats are abundant 
in the diets of Americans and contribute significantly to excess calorie intake. 

Solid fats contribute an average of 19 percent of the total calories in American diets, but few essential nutrients and no dietary 
fiber. Some major food sources of solid fats in the American diet are grain-based desserts (11% of all solid fat intake); pizza (9%); 
regular (full-fat) cheese (8%); sausage, franks, bacon, and ribs (7%); and fried white potatoes (5%) (Figure 5). 

In addition to being a major contributor of solid fats, moderate evidence suggests an association between the increased intake 
of processed meats (e.g., franks, sausage, and bacon) and increased risk of colorectal cancer and cardiovascular disease.53 To 
reduce the intake of solid fats, most Americans should limit their intake of those sources that are high in solid fats and/ or replace 
them with alternatives that are low in solid fats (e.g., fat-free milk). Reducing these sources of excess solid fats in the diet will 
result in reduced intake of saturated fatty acids, trans fatty acids, and calories. 
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figure 5. sources of solid fats in the diets of the u.s. Population ages 2 years and older, NHANES 2003–2004 

a. Data are drawn from analyses of usual dietary intake conducted by the National Cancer Institute. Foods 
and beverages consumed were divided into 97 categories and ranked according to solid fat contribution to 
the diet. “All other food categories” represents food categories that each contributes less than 2% of the total 
solid fat intake. 

b. Also includes nachos, quesadillas, and other Mexican mixed dishes. 

Source: National Cancer Institute. Sources of solid fats in the diets of U.S. population ages 2 years and 
older, NHANES 2003-2004. Risk Factor Monitoring and Methods. Cancer Control and Population Sciences. 
riskfactor.cancer.gov/diet/fo...ps/table3.html. Accessed August 11, 2010. 

Added sugars 

Sugars are found naturally in fruits (fructose) and fluid milk and milk products (lactose). The majority of sugars in typical American 
diets are sugars added to foods during processing, preparation, or at the table. These “added sugars” sweeten the flavor of foods 
and beverages and improve their palatability. They also are added to foods for preservation purposes and to provide functional 
attributes, such as viscosity, texture, body, and browning capacity. 

Although the body’s response to sugars does not depend on whether they are naturally present in food or added to foods, sugars 
found naturally in foods are part of the food’s total package of nutrients and other healthful components. In contrast, many foods 
that contain added sugars often supply calories, but few or no essential nutrients and no dietary fiber. Both naturally occurring 
sugars and added sugars increase the risk of dental caries. 

Added sugars contribute an average of 16 percent of the total calories in American diets. Added sugars include high fructose 
corn syrup, white sugar, brown sugar, corn syrup, corn syrup solids, raw sugar, malt syrup, maple syrup, pancake syrup, fructose 
sweetener, liquid fructose, honey, molasses, anhydrous dextrose, and crystal dextrose. 

As a percent of calories from total added sugars, the major sources of added sugars in the diets of Americans are soda, energy 
drinks, and sports drinks (36% of added sugar intake), grain-based desserts (13%), sugar-sweetened fruit drinks54 (10%), dairy-
based desserts (6%), and candy (6%) (Figure 6). 

Reducing the consumption of these sources of added sugars will lower the calorie content of the diet, without compromising 
its nutrient adequacy. Sweetened foods and beverages can be replaced with those that have no or are low in added sugars. For 
example, sweetened beverages can be replaced with water and unsweetened beverages. 
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Why calories from solid fats and added sugars are a particular concern 

Solid fats and added sugars are consumed in excessive amounts, and their intake should be limited. Together, they contribute 
a substantial portion of the calories consumed by Americans—35 percent on average, or nearly 800 calories per day—without 
contributing importantly to overall nutrient adequacy of the diet. Moreover, they have implications for weight management. Foods 
containing solid fats and added sugars are no more likely to contribute to weight gain than any other source of calories in an 
eating pattern that is within calorie limits. However, as the amount of solid fats and/or added sugars increases in the diet, it 
becomes more difficult to also eat foods with sufficient dietary fiber and essential vitamins and minerals, and still stay within 
calorie limits. For most people, no more than about 5 to 15 percent of calories from solid fats and added sugars can be reasonably 
accommodated in the USDA Food Patterns, which are designed to meet nutrient needs within calorie limits. 

Reducing the consumption of solid fats and added sugars allows for increased intake of nutrient-dense foods without exceeding 
overall calorie needs. Because solid fats and added sugars are added to foods and beverages by manufacturers and by consumers 
at home, Americans can reduce their consumption of these food components in a variety of ways: 

• Focus on eating the most nutrient-dense forms of foods from all food groups. 
• Limit the amount of solid fats and added sugars when cooking or eating (e.g., trimming fat from meat, using less butter and 

stick margarine, and using less table sugar). 
• Consume fewer and smaller portions of foods and beverages that contain solid fats and/or added sugars, such as grain-

based desserts, sodas, and other sugar-sweetened beverages. 

figure 6. sources of added sugars in the diets of the u.s. Population ages 2 years and older, NHANES 
2005–2006 

a. Data are drawn from analyses of usual dietary intake conducted by the National Cancer Institute. Foods and 
beverages consumed were divided into 97 categories and ranked according to added sugars contribution to 
the diet. “All other food categories” represents food categories that each contributes less than 2% of the total 
added sugar intake. 

Source: National Cancer Institute. Sources of added sugars in the diets 

of the U.S. population ages 2 years and older, NHANES 2005–2006. Risk Factor Monitoring and Methods. 
Cancer Control and Population Sciences. riskfactor.cancer.gov/diet/fo...sugars/table5a. html. Accessed August 
11, 2010. 
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refined grains 

The Food Label: A Useful Tool 

The Nutrition Facts label provides information on the amount of calories; beneficial nutrients, such as dietary fiber and calcium; 
as well as the amount of certain food components that should be limited in the diet, including saturated fat, trans fat, cholesterol, 
and sodium. 

The ingredients list can be used to find out whether a food or beverage contains solid fats, added sugars, whole grains, and 
refined grains. 

The refining of whole grains involves a process that results in the loss of vitamins, minerals, and dietary fiber. Most refined grains 
are enriched with iron, thiamin, riboflavin, niacin, and folic acid before being further used as ingredients in foods. This returns 
some, but not all, of the vitamins and minerals that were removed during the refining process.55 Dietary fiber and some vitamins 
and minerals that are present in whole grains are not routinely added back to refined grains. Unlike solid fats and added sugars, 
enriched refined grain products have a positive role in providing some vitamins and minerals. However, when consumed beyond 
recommended levels, they commonly provide excess calories, especially because many refined grain products also are high in 
solid fats and added sugars (e.g., cookies and cakes). 

On average, Americans consume 6.3 ounce-equivalents of refined grains per day.56 At the 2,000-calorie level of the USDA Food 
Patterns, the recommended amount of refined grains is no more than 3 ounce- equivalents per day. Refined grains should be 
replaced with whole grains, such that at least half of all grains eaten are whole grains. Consumption of refined grain products 
that also are high in solid fats and/or added sugars, such as cakes, cookies, donuts, and other desserts, should be reduced. Major 
sources of refined grains in the diets of Americans are yeast breads (26% of total refined grain intake); pizza (11%); grain-based 
desserts (10%); and tortillas, burritos, and tacos (8%) (Figure 7). 

figure 7. sources of refined grains in the diets of the u.s. Population ages 2 years and older, NHANES 
2003–2004 a. Data are drawn from analyses of usual dietary intake conducted by the National Cancer 
Institute. Foods and beverages consumed were divided into 97 categories and ranked according to refined 
grain contribution to the diet. “All other food categories” represents food categories that each contributes 
less than 2% of the total intake of refined grains. b. Also includes nachos, quesadillas, and other Mexican 
mixed dishes. Source: National Cancer Institute. Sources of refined grains in the diets of the U.S. population 
ages 2 years and older, NHANES 2003–2004. Risk Factor Monitoring and Methods. Cancer Control and 
Population Sciences. riskfactor.cancer.gov/diet/fo...ps/table3.html. Accessed August 11, 2010. 

Alcohol 

In the United States, approximately 50 percent of adults are current regular drinkers and 14 percent are current infrequent 
drinkers. An estimated 
9 percent of men consume an average of more than two drinks per day and 4 percent of women consume an average of more 
than one drink per day. Of those who drink, about 29 percent of U.S. adult drinkers report binge drinking within the past month, 
usually on multiple occasions. This results in about 1.5 billion episodes of binge drinking in the United States each year. 

The consumption of alcohol can have beneficial or harmful effects, depending on the amount consumed, age, and other 
characteristics of the person consuming the alcohol. Alcohol consumption may have beneficial effects when consumed in 
moderation. Strong evidence from observational studies has shown that moderate alcohol consumption is associated with a lower 
risk of cardiovascular disease. Moderate alcohol consumption also is associated with reduced risk of all-cause mortality among 
middle-aged and older adults and may help to keep cognitive function intact with age. However, it is not recommended that 
anyone begin drinking or drink more frequently on the basis of potential health benefits because moderate alcohol intake also is 
associated with increased risk of breast cancer, violence, drowning, and injuries from falls and motor vehicle crashes. 

Because of the substantial evidence clearly demonstrating the health benefits of breastfeeding, occasionally consuming an 
alcoholic drink does not warrant stopping breastfeeding. However, breastfeeding women should be very cautious about drinking 
alcohol, if they choose to drink at all. If the infant’s breastfeeding behavior is well established, consistent, and predictable (no 
earlier than at 3 months of age), a mother may consume a single alcoholic drink if she then waits at least 4 hours before 
breastfeeding. Alternatively, she may express breast milk before consuming the drink and feed the expressed milk to her infant 
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later. 

Excessive (i.e., heavy, high-risk, or binge) drinking has no benefits, and the hazards of heavy alcohol intake are well known. 
Excessive drinking increases the risk of cirrhosis of the liver, hypertension, stroke, type 2 diabetes, cancer of the upper 
gastrointestinal tract and colon, injury, and violence. Excessive drinking over time is associated with increased body weight and 
can impair short- and long-term cognitive function. For the growing percentage of the population with elevated blood pressure, 
reducing alcohol intake can effectively lower blood pressure, although this is most effective when paired with changes in diet and 
physical activity patterns. Excessive alcohol consumption is responsible for an average of 79,000 deaths in the United States 
each year. More than half of these deaths are due to binge drinking. Binge drinking also is associated with a wide range of other 
health and social problems, including sexually transmitted diseases, unintended pregnancy, and violent crime. 

Key Definitions for Alcohol 

What is moderate alcohol consumption? 

Moderate alcohol consumption is defined as up to 1 drink per day for women and up to 2 drinks per day for men. 

What is heavy or high-risk drinking? 

Heavy or high-risk drinking is the consumption of more than 3 drinks on any day or more than 7 per week for women and more 
than 4 drinks on any day or more than 14 per week for men. 

What is binge drinking? 

Binge drinking is the consumption within 2 hours of 4 or more drinks for women and 5 or more drinks for men. 

There are many circumstances in which people should not drink alcohol: 

• Individuals who cannot restrict their drinking to moderate levels. 
• Anyone younger than the legal drinking age. Besides being illegal, alcohol consumption increases the risk of drowning, car 

accidents, and traumatic injury, which are common causes of death in children and adolescents. 
• Women who are pregnant or who may be pregnant. Drinking during pregnancy, especially in the first few months of pregnancy, 

may result in negative behavioral or neurological consequences in the offspring. No safe level of alcohol consumption during 
pregnancy has been established. 

• Individuals taking prescription or over-the-counter medications that can interact with alcohol. 
• Individuals with certain specific medical conditions (e.g., liver disease, hypertriglyceridemia, pancreatitis). 
• Individuals who plan to drive, operate machinery, or take part in other activities that require attention, skill, or coordination 

or in situations where impaired judgment could cause injury or death (e.g., swimming). 

Chapter Summary 

On average, American men, women, and children consume too much sodium, solid fats (the major source of saturated and trans 
fatty acids), added sugars, and refined grains. Men consume too much cholesterol, which also is found in some solid fats. In 
addition, some people consume too much alcohol. 

Americans should follow the recommendations provided in this chapter to help achieve a dietary pattern that will meet their 
nutrient needs, control calorie intake, and help reduce the risk of certain chronic diseases. This goal can be achieved by 
consuming fewer foods high in sodium, solid fats, added sugars, and refined grains. For people who drink, alcohol should be 
consumed in moderation. It is not recommended that anyone begin drinking alcohol or drink more frequently on the basis of 
potential health benefits. The dietary patterns outlined in Chapter 5 can help Americans reduce their consumption of these foods, 
thereby meeting their nutrient needs within appropriate calorie levels. Appendix 4 discusses how food labels can help consumers 
evaluate and compare the nutritional content and/or ingredients of products, and assist them in purchasing foods that contain 
relatively lower amounts of certain undesirable nutrients and ingredients, such as sodium, saturated and trans fats, and added 
sugars. 

[reveal-answer q=”891017″]Show References[/reveal-answer] 
[hidden-answer a=”891017″] 
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41. Includes white bread or rolls, mixed-grain bread, flavored bread, whole-wheat bread or rolls, bagels, flat breads, croissants, 
and English muffins. 

42. Includes fried or baked chicken parts and chicken strips/patties, chicken stir-fries, chicken casseroles, chicken sandwiches, 
chicken salads, stewed chicken, and other chicken mixed dishes. 

43. Includes macaroni and cheese, spaghetti and other pasta with or without sauces, filled pastas (e.g., lasagna and ravioli), and 
noodles. 

44. Institute of Medicine. Dietary Reference Intakes for Water, Potassium, Sodium, Chloride, and Sulfate. Washington (DC): The 
National Academies Press; 2005. 

45. Because of increased loss of sodium from sweat, the AI does not apply to highly active individuals and workers exposed to 
extreme heat stress. 

46. The average achieved levels of sodium intake, as reflected by urinary sodium excretion, was 2,500 and 1,500 mg/day. 

47. The DASH diet emphasized fruits, vegetables, and low-fat milk and milk products; included whole grains, poultry, fish, and 
nuts; and contained only small amounts of red meat, sweets, sugar-containing beverages, and decreased amounts of total and 
saturated fat and cholesterol. 

48. Includes cakes, cookies, pies, cobblers, sweet rolls, pastries, and donuts. 

49. Includes ice cream, frozen yogurt, sherbet, milk shakes, and pudding. 

50. Milk and milk products also can be referred to as dairy products. 

51. Includes scrambled eggs, omelets, fried eggs, egg breakfast sandwiches/biscuits, boiled and poached eggs, egg salad, deviled 
eggs, quiche, and egg substitutes. 

52. Beef and beef mixed dishes and all types of beef burgers would collectively contribute 11% of total cholesterol intake. 

53. The DGAC did not evaluate the components of processed meats that are associated with increased risk of colorectal cancer 
and cardiovascular disease. 

54. Includes fruit-flavored drinks, fruit juice drinks, and fruit punch. 

55. Folic acid is added to enriched refined grains to a level that doubles the amount lost during the refining process. 

56. One ounce-equivalent of grain is 1 one-ounce slice bread; 1 ounce uncooked pasta or rice; 1⁄2 cup cooked rice, pasta, or 
cereal; 1 tortilla (6″ diameter); 1 pancake (5″ diameter); 1 ounce ready-to-eat cereal (about 1 cup cereal flakes). 

[/hidden-answer] 
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8.3: Dietary Guidelines- Foods and Nutrients to Increase 

A wide variety of nutritious foods are available in the United States. However, many Americans do not eat the array of foods that 
will provide all needed nutrients while staying within calorie needs. In the United States, intakes of vegetables, fruits, whole grains, 
milk and milk products,57 and oils are lower than recommended. As a result, dietary intakes of several nutrients—potassium, 
dietary fiber, calcium, and vitamin D—are low enough to be of public health concern for both adults and children. Several other 
nutrients also are of concern for specific population groups, such as folic acid for women who are capable of becoming pregnant.

This chapter describes food choices that should be emphasized to help Americans close nutrient gaps and move toward healthful 
eating patterns. 

Recommendations are based on evidence that consuming these foods within the context of an overall healthy eating pattern 
is associated with a health benefit or meeting nutrient needs. Guidance on food choices for a healthy eating pattern generally 
groups foods based on commonalities in nutrients provided and how the foods are viewed and used by consumers. The following 
recommendations provide advice about making choices from all food groups while balancing calorie needs. 

Key Recommendations 

• Individuals should meet the following recommendations as part of a healthy eating pattern and while staying within their 
calorie needs. 

• Increase vegetable and fruit intake. 
• Eat a variety of vegetables, especially dark-green and red and orange vegetables and beans and peas. 
• Consume at least half of all grains as whole grains. Increase whole-grain intake by replacing refined grains with whole grains. 
• Increase intake of fat-free or low-fat milk and milk products, such as milk, yogurt, cheese, or fortified soy beverages.58 
• Choose a variety of protein foods, which include seafood, lean meat and poultry, eggs, beans and peas, soy products, and 

unsalted nuts and seeds. 
• Increase the amount and variety of seafood consumed by choosing seafood in place of some meat and poultry. 
• Replace protein foods that are higher in solid fats with choices that are lower in solid fats and calories and/or are sources of 

oils. 
• Use oils to replace solid fats where possible. 
• Choose foods that provide more potassium, dietary fiber, calcium, and vitamin D, which are nutrients of concern in American 

diets. These foods include vegetables, fruits, whole grains, and milk and milk products. 

Recommendations for Specific Population Groups 

Women capable of becoming pregnant 

• Choose foods that supply heme iron, which is more readily absorbed by the body, additional iron sources, and enhancers 
of iron absorption such as vitamin C-rich foods. 

• Consume 400 micrograms (mcg) per day of synthetic folic acid (from fortified foods and/or supplements) in addition to food 
forms of folate from a varied diet.60 
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Women who are pregnant or breastfeeding 

• Consume 8 to 12 ounces of seafood per week from a variety of seafood types. 
• Due to their methyl mercury content, limit white (albacore) tuna to 6 ounces per week and do not eat the following four types of fish: 

tilefish, shark, swordfish, and king mackerel. 
• If pregnant, take an iron supplement as recommended by an obstetrician or other health care provider. 

Individuals ages 50 years and older 

• Consume foods fortified with vitamin B12, such as fortified cereals, or dietary supplements. 

Supporting the Recommendations 

The following sections expand on the recommendations and review the evidence supporting the health benefits associated with 
increased emphasis on vegetables, fruits, whole grains, fat-free or low-fat milk and milk products, seafood, and oils. An important 
underlying principle is the need to control calories to manage body weight while making choices to support these food and 
nutrient recommendations. The best way to do this is to consume foods in nutrient-dense forms. 

Nutrient-dense foods provide vitamins, minerals, and other substances that may have positive health effects, with relatively few 
calories. They are lean or low in solid fats, and minimize or exclude added solid fats, added sugars, and added refined starches, 
as these add calories but few essential nutrients or dietary fiber. Nutrient-dense foods also minimize or exclude added salt or 
other compounds high in sodium. Ideally, they are in forms that retain naturally occurring components such as dietary fiber. All 
vegetables, fruits, whole grains, fat-free or low-fat milk and milk products, seafood, lean meats and poultry, eggs, beans and peas 
(legumes), and nuts and seeds that are prepared without added solid fats, sugars, starches, and sodium are nutrient-dense. 

Beans and Peas Are Unique Foods 

Beans and peas are the mature forms of legumes. They include kidney beans, pinto beans, black beans, garbanzo beans 
(chickpeas), lima beans, black-eyed peas, split peas, and lentils. 

Beans and peas are excellent sources of protein. They also provide other nutrients, such as iron and zinc, similar to seafood, meat, 
and poultry. They are excellent sources of dietary fiber and nutrients such as potassium and folate, which also are found in other 
vegetables. 

Because of their high nutrient content, beans and peas may be considered both as a vegetable and as a protein food. Individuals 
can count beans and peas as either a vegetable or a protein food. 

Green peas and green (string) beans are not considered to be “Beans and Peas.” Green peas are similar to other starchy 
vegetables and are grouped with them. Green beans are grouped with other vegetables such as onions, lettuce, celery, and 
cabbage because their nutrient content is similar to those foods. 

Deciphering the Juice in Juice 

The percent of juice in a beverage may be found on the package label, such as “contains 25% juice” or “100% fruit juice.” Some 
labels may say they provide 100% of a nutrient, such as “provides 100% Daily Value for vitamin C.” Unless the package also states 
it is “100% juice,” it is not 100% juice. Sweetened juice products with minimal juice content, such as juice drinks, are considered 
sugar-sweetened beverages rather than fruit juice. 

Vegetables and Fruits 

Three reasons support the recommendation for Americans to eat more vegetables and fruits. First, most vegetables and fruits are 
major contributors of a number of nutrients that are underconsumed in the United States, including folate, magnesium, potassium, 
dietary fiber, and vitamins A, C, and K.61 Several of these are of public health concern for the general public (e.g., dietary fiber 
and potassium) or for a specific group (e.g., folic acid for women who are capable of becoming pregnant). 
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Second, consumption of vegetables and fruits is associated with reduced 
risk of many chronic diseases. Specifically, moderate evidence indicates that intake of at least 2 1/2 cups of vegetables and fruits 
per day is associated with a reduced risk of cardiovascular disease, including heart attack and stroke. Some vegetables and fruits 
may be protective against certain types of cancer. 

Third, most vegetables and fruits, when prepared without added fats or sugars, are relatively low in calories. Eating them instead 
of higher calorie foods can help adults and children achieve and maintain a healthy weight. 

Very few Americans consume the amounts of vegetables recommended as part of healthy eating patterns. (See Chapter 5 for 
specific information and recommendations.) For almost all Americans ages 2 years and older, usual intake falls below amounts 
recommended. 

Similarly, although most Americans 2 to 3 years of age consume recommended amounts of total fruits, Americans ages 4 years 
and older do not. (See Chapter 5 for specific information and recommendations.) Children ages 2 to 18 years and adults ages 19 
to 30 years consume more than half of their fruit intake as juice. Although 100% fruit juice can be part of a healthful diet, it lacks 
dietary fiber and when consumed in excess can contribute extra calories. The majority of the fruit recommended should come 
from whole fruits, including fresh, canned, frozen, and dried forms, rather than from juice. When juices are consumed, 100% juice 
should be encouraged. To limit intake of added sugars, fruit canned in 100% fruit juice is encouraged over fruit canned in syrup. 

Grains 

In the U.S. marketplace, consumers have a wide variety of grain-based food options. Although Americans generally eat enough 
total grains, most of the grains consumed are refined grains rather than whole grains. Some refined grain foods also are high in 
solid fats and added sugars. 

Whole, Refined, and Enriched Grains: What’s the Difference? 

Whole grains include the entire grain seed, usually called the kernel. The kernel consists of three components—the bran, germ, 
and endosperm. If the kernel has been cracked, crushed, or flaked, then, to be called a “whole grain” a food must retain the same 
relative proportions of these components as they exist in the intact grain. Whole grains are consumed either as a single food 
(e.g., wild rice or popcorn) or as an ingredient in foods (e.g., in cereals, breads, and crackers). Some examples of whole-grain 
ingredients include buckwheat, bulgur, millet, oatmeal, quinoa, rolled oats, brown or wild rice, whole-grain barley, whole rye, and 
whole wheat. 

Refined grains have been milled to remove the bran and germ from the grain. This is done to give grains a finer texture and 
improve their shelf life, but it also removes dietary fiber, iron, and many B vitamins. 

Enriched grains are grain products with B vitamins (thiamin, riboflavin, niacin, folic acid) and iron added. Most refined-grain 
products are enriched. 

Whole grains 

Whole grains are a source of nutrients such as iron, magnesium, selenium, B vitamins, and dietary fiber. Whole grains vary in their 
dietary fiber content. Moderate evidence indicates that whole-grain intake may reduce the risk of cardiovascular disease and is 
associated with a lower body weight. Limited evidence also shows that consuming whole grains is associated with a reduced 
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incidence of type 2 diabetes. Consuming enough whole grains helps meet nutrient needs. Choosing whole grains that are higher 
in dietary fiber has additional health benefits. 

At least half of recommended total grain intake should be whole grains. (See Chapter 5 for specific information and 
recommendations.) Less than 5 percent of Americans consume the minimum recommended amount of whole grains, which for 
many is about 3 ounce-equivalents62 per day. On average, Americans eat less than 1 ounce-equivalent of whole grains per day. 

Americans should aim to replace many refined-grain foods with whole-grain foods that are in their nutrient-dense forms to keep 
total calorie intake within limits. When refined grains are eaten, they should be enriched. Individuals may choose to consume more 
than half of their grains as whole grains. To ensure nutrient adequacy, individuals who consume all of their grains as whole grains 
should include some that have been fortified with folic acid, such as some ready-to-eat whole-grain cereals. This is particularly 
important for women who are capable of becoming pregnant. 

figure 1. three ways to Make at least half of total grains whole grains 

a. Each one-ounce slice of bread represents a 1 ounce-equivalent of grains: 1 one-ounce slice bread; 
1 ounce uncooked pasta or rice; 1/2 

cup cooked rice, pasta, or cereal; 1 tortilla (6″ diameter); 1 pancake (5″ diameter); 1 ounce ready-
to-eat cereal (about 1 cup cereal flakes). The figure uses an example for a person whose 
recommendation is 6 ounces 

of total grains with at least 3 ounces from whole grains per day. 

b. Partly whole-grain products depicted are those that contribute substantially to whole-grain intake. 
For example, products that contain at least 51% of total weight as whole grains or those that provide 
at least 8 grams of whole grains per ounce-equivalent. 

The recommendation to consume at least half of total grains as whole grains can be met in a number of ways (Figure 1). The most 
direct way to meet the whole grain recommendation is to eat at least half of one’s grain-based foods as 100% whole-grain foods. 
If the only grains in the ingredients list are whole grains, the food is a 100% whole-grain food. The relative amount of grain in 
the food can be inferred by the placement of the grain in the ingredients list. The whole grain should be the first ingredient or 
the second ingredient, after water. For foods with multiple whole-grain ingredients, they should appear near the beginning of the 
ingredients list. 

Many grain foods contain both whole grains and refined grains. These foods also can help people meet the whole grain 
recommendation, especially if a considerable proportion of the grain ingredients is whole grains. For example, foods with at least 
51 percent of the total weight as whole-grain ingredients contain a substantial amount of whole grains. Another example is foods 
with at least 8 grams of whole grains per ounce-equivalent.63 Some product labels show the whole grains health claim64 or the 
grams of whole grain in the product. This information may help people identify food choices that have a substantial amount of 
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whole grains. 

Milk and Milk Products 

Milk and milk products contribute many nutrients, such as calcium, vitamin D (for products fortified with vitamin D), and 
potassium, to the diet. Moderate evidence shows that intake of milk and milk products is linked to improved bone health, 
especially in children and adolescents. Moderate evidence also indicates that intake of milk and milk products is associated with 
a reduced risk of cardiovascular disease and type 2 diabetes and with lower blood pressure in adults. 

Intake of milk and milk products, including fortified soy beverages, is less than recommended amounts for most adults, children 
and adolescents ages 4 to 18 years, and many children ages 2 to 3 years. Recommended amounts are 3 cups per day of fat-free 
or low-fat milk and milk products for adults and children and adolescents ages 9 to 18 years, 21/2 cups per day for children ages 
4 to 8 years, and 2 cups for children ages 2 to 3 years. In general, intake is lower for females than for males and declines with 
age. 

The majority of current fluid milk intake comes from reduced fat (2%) or 
whole (full-fat) milk, with smaller amounts consumed as fat-free (skim) or low-fat (1%) milk. Almost half of the milk and milk 
product intake in the United States comes from cheese, little of which is consumed in a lower-fat form. Choosing fat-free or low-
fat milk and milk products provides the same nutrients with less solid fat and thus fewer calories. In addition, selecting more of 
milk group intake as fat-free or low-fat fluid milk or yogurt rather than as cheese can increase intake of potassium, vitamin A, and 
vitamin D and decrease intake of sodium, cholesterol, and saturated fatty acids. 

It is especially important to establish the habit of drinking milk in young children, as those who consume milk at an early age are 
more likely to do so as adults. For individuals who are lactose-intolerant, low-lactose and lactose-free milk products are available. 
Those who do not consume milk or milk products should consume foods that provide the range of nutrients generally obtained 
from the milk group, including protein, calcium, potassium, magnesium, vitamin D, and vitamin A. Soy beverages fortified with 
calcium and vitamins A and D are considered part of the milk and milk products group because they are similar to milk both 
nutritionally66 and in their use in meals. 

Protein foods 

Protein foods include seafood, meat, poultry, eggs, beans and peas, soy products, nuts, and seeds. In addition to protein, these 
foods contribute B vitamins (e.g., niacin, thiamin, riboflavin, and B6), vitamin E, iron, zinc, and magnesium to the diet. However, 
protein also is found in some foods that are classified in other food groups (e.g., milk and milk products). The fats in meat, poultry, 
and eggs are considered solid fats, while the fats in seafood, nuts, and seeds are considered oils. Meat and poultry should be 
consumed in lean forms to decrease intake of solid fats. 

Are Seafood and Fish the Same? 

Seafood is a large category of marine animals that live in the sea and in freshwater lakes and rivers. Seafood includes fish, such 
as salmon, tuna, trout, and tilapia, and shellfish, such as shrimp, crab, and oyster 

Some Americans need to increase their total intake of protein foods, while others are eating more than is recommended. 

106 (8.3.5)



Americans should consume protein foods in amounts recommended for their nutrient and calorie needs. (See Chapter 5 for 
specific information and recommendations.) Meat, poultry, and eggs are the most commonly consumed protein foods, while 
seafood, beans and peas, soy products, nuts, and seeds are consumed in proportionally smaller amounts. 

Consumption of a balanced variety of protein foods can contribute to improved nutrient intake and health benefits. For example, 
moderate evidence indicates that eating peanuts and certain tree nuts (i.e., walnuts, almonds, and pistachios) reduces risk factors 
for cardiovascular disease when consumed as part of a diet that is nutritionally adequate and within calorie needs. Because nuts 
and seeds are high in calories, they should be eaten in small portions and used to replace other protein foods, like some meat or 
poultry, rather than being added to the diet. In addition, individuals should choose unsalted nuts and seeds to help reduce sodium 
intake. Beans and peas, as discussed previously under Vegetables and Fruits, confer health benefits as sources of important 
nutrients such as dietary fiber. 

In recent years, moderate evidence has emerged about the health benefits of consuming seafood. Therefore, the Dietary 
Guidelines for Americans, 2010 includes a new quantitative recommendation for seafood intake. An intake of 8 or more 
ounces per week (less for young children), about 20% of total recommended intake of protein foods of a variety of seafood is 
recommended.67 Additional information about seafood and the recommendations follows. 

Seafood 

Mean intake of seafood in the United States is approximately 3 1/2 ounces per week, and increased intake is recommended. 
Seafood contributes a range of nutrients, notably the omega-3 fatty acids, eicosapentaenoic acid (EPA) and docosahexaenoic 
acid (DHA). Moderate evidence shows that consumption of about 8 ounces68 per week of a variety of seafood, which provide 
an average consumption of 250 mg per day of EPA and DHA, is associated with reduced cardiac deaths among individuals 
with and without pre-existing cardiovascular disease. Thus, this recommendation contributes to the prevention of heart disease. 
The recommendation is to consume seafood for the total package of benefits that seafood provides, including its EPA and DHA 
content. 

Seafood choices can include those with higher and lower amounts of EPA and DHA, but, 
some choices with higher amounts should be included. Smaller amounts of seafood are recommended for children. 

Moderate, consistent evidence shows that the health benefits from consuming a variety of seafood in the amounts recommended 
outweigh the health risks associated with methyl mercury, a heavy metal found in seafood in varying levels.69 Benefits are 
maximized with seafood higher in EPA and DHA but lower in methyl mercury. In addition, eating a variety of seafood, as opposed 
to just a few choices, is likely to reduce the amount of methyl mercury consumed from any one seafood type. Individuals who 
regularly consume more than the recommended amounts of seafood should choose a mix of seafood that emphasizes choices 
relatively low in methyl mercury. A total of 1,750 mg per week of EPA+DHA provides an average of 250 mg per day of these 
omega-3 fatty acids. Seafood varieties that are commonly consumed in the United States that are higher in EPA and DHA and 
lower in mercury include salmon, anchovies, herring, sardines, Pacific oysters, trout, and Atlantic and Pacific mackerel (not king 
mackerel, which is high in mercury). 
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In addition to the health benefits for the general public, the nutritional value of seafood is of particular importance during fetal 
growth and development, as well as in early infancy and childhood. Moderate evidence indicates that intake of omega-3 fatty 
acids, in particular DHA, from at least 8 ounces of seafood per week for women who are pregnant or breastfeeding is associated 
with improved infant health outcomes, such as visual and cognitive development. Therefore, it is recommended that women who 
are pregnant or breast-feeding consume at least 8 and up to 12 ounces68 of a variety of seafood per week, from choices that are 
lower in methyl mercury. Obstetricians and pediatricians should provide guidance to women who are pregnant or breastfeeding 
to help them make healthy food choices that include seafood. 

Women who are pregnant or breastfeeding should not eat four types of fish because they are high in methyl mercury. These are 
tilefish, shark, swordfish, and king mackerel (Appendix 11). Women who are pregnant or breastfeeding can eat all types of tuna, 
including white (albacore) and light canned tuna, but should limit white tuna to 6 ounces per week because it is higher in methyl 
mercury. 

Oils 

Fats with a high percentage of monounsaturated and polyunsaturated fatty acids are usually liquid at room temperature and are 
referred to as “oils.” Oils are not a food group, but are emphasized because they contribute essential fatty acids and vitamin E 
to the diet. Replacing some saturated fatty acids with unsaturated fatty acids lowers both total and low-density lipoprotein (LDL) 
blood cholesterol levels. 

Oils are naturally present in foods such as olives, nuts, avocados, and seafood. Many common oils are extracted from plants, such 
as canola, corn, olive, peanut, safflower, soybean, and sunflower oils. Foods that are mainly oil include mayonnaise, oil-based salad 
dressings, and soft (tub or squeeze) margarine with no trans fatty acids. Coconut oil, palm kernel oil, and palm oil are high in 
saturated fatty acids and partially hydrogenated oils contain trans fatty acids. For nutritional purposes, they should be considered 
solid fats. 

Americans consume more solid fats but less oil than is desirable. Because oils are a concentrated source of calories, Americans 
should replace solid fats with oils, rather than add oil to the diet, and should use oils in small amounts. For example, individuals 
can use soft margarine instead of stick margarine, replace some meats and poultry with seafood or unsalted nuts, and use 
vegetable oils instead of solid fats, such as butter, in cooking. 

Nutrients of Concern 

Because consumption of vegetables, fruits, whole grains, milk and milk products, and seafood is lower than recommended, intake 
by Americans of some nutrients is low enough to be of public health concern. These are potassium, dietary fiber, calcium, and 
vitamin D. In addition, as discussed below, intake of iron, folate, and vitamin B12 is of concern for specific population groups. 

Potassium 

As described in Foods and Food Components to Reduce, high intake of 
sodium is related to the high prevalence of high blood pressure in the United States. Dietary potassium can lower blood pressure 
by blunting the adverse effects of sodium on blood pressure. Other possible benefits of an eating pattern rich in potassium 
include a reduced risk of developing kidney stones and decreased bone loss. The Adequate Intake (AI) for potassium for adults is 
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4,700 mg per day. AIs are amounts of a nutrient that are adequate for almost everyone in the population; therefore, intake below 
an AI may be adequate for some people. Available evidence suggests that African Americans and individuals with hypertension 
especially benefit from increasing intake of potassium. 

Few Americans, including all age-gender groups, consume potassium in amounts equal to or greater than the AI. In view of the 
health benefits of adequate potassium intake and its relatively low current intake by the general population, increased intake of 
dietary potassium from food sources is warranted. Individuals with kidney disease and those who take certain medications, such 
as ACE inhibitors, should consult with their health care provider for specific guidance on potassium intake. 

Dietary sources of potassium are found in all food groups, notably in vegetables, fruits, and milk and milk products. Appendix 12 
lists food sources of potassium. Americans should select a variety of food sources of potassium to meet recommended intake 
rather than relying on supplements. 

Dietary fiber 

Dietary fiber is the non-digestible form of carbohydrates and lignin. Dietary fiber naturally occurs in plants, helps provide a feeling 
of fullness, and is important in promoting healthy laxation. Some of the best sources of dietary fiber are beans and peas, such as 
navy beans, split peas, lentils, pinto beans, and black beans. Additional sources of dietary fiber include other vegetables, fruits, 
whole grains, and nuts. All of these foods are consumed below recommended levels in the typical American diet. Bran, although 
not a whole grain, is an excellent source of dietary fiber. Appendix 13 lists food sources of dietary fiber. 

Dietary fiber that occurs naturally in foods may help reduce the risk of cardiovascular disease, obesity, and type 2 diabetes. 
Children and adults should consume foods naturally high in dietary fiber in order to increase nutrient density, promote healthy 
lipid profiles and glucose tolerance, and ensure normal gastrointestinal function. Fiber is sometimes added to foods and it is 
unclear if added fiber provides the same health benefits as naturally occurring sources. 

The AI for fiber is 14 g per 1,000 calories, or 25 g per day for women and 38 g per day for men. Most Americans greatly 
underconsume dietary fiber, and usual intake averages only 15 g per day. Breads, rolls, buns, and pizza crust made with 
refined flour are not among the best sources of dietary fiber, but currently contribute substantially to dietary fiber consumption 
because they are ubiquitous in typical American diets. To meet the recommendation for fiber, Americans should increase their 
consumption of beans and peas, other vegetables, fruits, whole grains, and other foods with naturally occurring fiber. Whole grains 
vary in fiber content. The Nutrition Facts label can be used to compare whole-grain products and find choices that are higher in 
dietary fiber. 

Calcium 

Adequate calcium status is important for optimal bone health. In addition, calcium serves vital roles in nerve transmission, 
constriction and dilation of blood vessels, and muscle contraction. A significant number of Americans have low bone mass, a risk 
factor for osteoporosis, which places them at risk of bone fractures. Age groups of particular concern due to low calcium intake 
from food include children ages 9 years and older, adolescent girls, adult women, as well as adults ages 51 years and older. All 
ages are encouraged to meet their Recommended Dietary Allowance (RDA) for calcium. 

Milk and milk products contribute substantially to calcium intake by Americans. Calcium recommendations may be achieved 
by consuming recommended levels of fat-free or low-fat milk and milk products and/or consuming alternative calcium sources 
(Appendix 14). Removing milk and milk products from the diet requires careful replacement with other food sources of calcium, 
including fortified foods. Calcium in some plant foods is well absorbed, but consuming enough plant foods to achieve the RDA 
may be unrealistic for many. 

Vitamin D 

Adequate vitamin D status is important for health. Extreme lack of vitamin D (i.e., vitamin D deficiency) results in rickets in children 
and osteomalacia (softening of bones) in adults. Adequate vitamin D also can help reduce the risk of bone fractures. Although 
dietary intakes of vitamin D are below recommendations, recent data from the National Health and Nutrition Examination Survey 
(NHANES) indicate that more than 80 percent of Americans have adequate vitamin D blood levels. Vitamin D is unique in that 
sunlight on the skin enables the body to make vitamin D. 

In the United States, most dietary vitamin D is obtained from fortified foods, especially fluid milk and some yogurts. Some other 
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foods and beverages, such as breakfast cereals, margarine, orange juice, and soy beverages, also are commonly fortified with this 
nutrient. Natural sources of vitamin D include some kinds of fish (e.g., salmon, herring, mackerel, and tuna) and egg yolks, which 
have smaller amounts. It also is available in the form of dietary supplements. 

The RDAs for vitamin D, which assume minimal sun exposure, are 600 IU (15 mcg) per day for children and most adults and 800 
IU (20 mcg) for adults older than 70 years. As intake increases above 4,000 IU (100 mcg) per day, the potential risk of adverse 
effects increases. 

Additional nutrients of concern for specific groups 

• iron: Substantial numbers of women who are capable of becoming pregnant, including adolescent girls, are deficient in iron. 
They can improve their iron status by choosing foods that supply heme iron, which is more readily absorbed by the body, as 
well as additional iron sources and enhancers of iron absorption such as vitamin C-rich foods. Sources of heme iron include 
lean meat and poultry and seafood. Additional iron sources are non-heme iron in plant foods, such as white beans, lentils, 
and spinach, as well as foods enriched with iron, such as most breads and cereals. However, non-heme iron is not as readily 
absorbed by the body. Women who are pregnant are advised to take an iron supplement as recommended by an obstetrician 
or other health care provider. 

• folate: Folic acid fortification in the United States has been successful in reducing the incidence of neural tube defects. 
However, many women capable of becoming pregnant still do not meet the recommended intake for folic acid. All women 
capable of becoming pregnant are advised to consume 400 mcg of synthetic folic acid daily (from fortified foods and/or 
supplements) in addition to food forms of folate from a varied diet. Women who are pregnant are advised to consume 600 
mcg of dietary folate equivalents70 daily from all sources. Sources of food folate include beans and peas, oranges and orange 
juice, and dark-green leafy vegetables such as spinach and mustard greens. Folic acid is the form added to foods such as 
fortified grain products. 

• vitamin B12: On average, Americans ages 50 years and older consume adequate vitamin B12. Nonetheless, a substantial 
proportion of individuals ages 50 years and older may have reduced ability to absorb naturally occurring vitamin B12. 
However, the crystalline form of the vitamin is well absorbed. Therefore, individuals ages 50 years and older are encouraged 
to include foods fortified with vitamin B12, such as fortified cereals, or take dietary supplements. 

Summary 

Many Americans do not eat the variety and amounts of foods that will provide needed nutrients while avoiding excess calorie 
intake. They should increase their intake of vegetables, fruits, whole grains, fat-free or low-fat milk and milk products, seafood, 
and oils. These food choices can help promote nutrient adequacy, keep calories in control, and reduce risks of chronic diseases. 
Consuming these foods is associated with a health benefit and/or with meeting nutrient needs. They should be emphasized to 
help Americans close nutrient gaps and move toward healthful eating patterns. They provide an array of nutrients, including those 
of public health concern: potassium, dietary fiber, calcium, and vitamin D. It is important that while increasing intake of these 
foods, Americans make choices that minimize intake of calories from solid fats and added sugars, which provide few essential 
nutrients. 

[reveal-answer q=”498363″]Show References[/reveal-answer] 
[hidden-answer a=”498363″] 

57. Milk and milk products also can be referred to as dairy products. 

58. Fortified soy beverages have been marketed as “soymilk,” a product name consumers could see in supermarkets and 
consumer materials. However, FDA’s regulations do not contain provisions for the use of the term soymilk. Therefore, in this 
document, the term “fortified soy beverage” includes products that may be marketed as soymilk. 

59. Includes adolescent girls. 

60. “Folic acid” is the synthetic form of the nutrient, whereas “folate” is the form found naturally in foods. 

61. Food sources of shortfall nutrients that are not of major concern for public health (e.g., magnesium, vitamin A, vitamin C) can 
be found in Chapter D.2 of the Report of the Dietary Guidelines Advisory Committee on the Dietary Guidelines for Americans, 
2010, found at www.dietaryguidelines.gov. 

62. 1 ounce-equivalent of grain is: 1 one-ounce slice bread; 1 ounce uncooked pasta or rice; 1/2 cup cooked rice, pasta, or cereal; 
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1 tortilla (6″ diameter); 1 pancake (5″ diameter); 1 ounce ready-to-eat cereal (about 1 cup cereal flakes). 

63. Adapted from the Food Safety and Inspection Service (FSIS) guidance on whole-grain claims. Available at www.fsis.usda.gov/
OPPDE/larc/ Claims/Food_Guide_MyPyramid_Policy.pdf. 

64. Products that bear the FDA health claim for whole grains have at least 51% or more of the total ingredients by weight as 
whole-grain ingredients, as well as meet other criteria. 

65. Milk and milk products also can be referred to as dairy products. 

66. Nutrition assistance programs may have additional nutrient specifications for soy beverages based on Federal requirements 
or the nutrient needs of target populations. 

67. Protein foods recommendations for people who consume a vegetarian diet are described in Chapter 5. 

68. Cooked, edible portion. 

69. State and local advisories provide information to guide consumers who eat fish caught from local waters. This information 
can be found at www.epa. gov/fishadvisories. Accessed July 11, 2010. 

70. Dietary Folate Equivalents (DFE) adjust for the difference in bioavailability of food folate compared with synthetic folic acid. 1 
DFE = 1 mcg food folate = 0.6 mcg folic acid from supplements and fortified foods taken with meals. 

[/hidden-answer] 
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8.4: Dietary Guidelines- Building Healthy Eating Patterns 

Individuals and families can incorporate the recommendations presented 
in each of the previous chapters into an overall healthy way to eat—a healthy eating pattern.71 A growing body of evidence from 
research on eating patterns supports these recommendations. A healthy eating pattern is not a rigid prescription, but rather 
an array of options that can accommodate cultural, ethnic, traditional, and personal preferences and food cost and availability. 
Americans have flexibility in making choices to create a healthy eating pattern that meets nutrient needs and stays within calorie 
limits. This chapter describes research findings from clinical trials of eating patterns and from observational studies of traditional 
eating patterns. The chapter also explains the principles for selecting a healthy eating pattern. Several templates—adaptable 
guides for healthy eating—have been developed that show how Americans can put these principles into action: the USDA Food 
Patterns, lacto-ovo vegetarian or vegan adaptations of the USDA Food Patterns, and the DASH72 Eating Plan. These templates 
translate and integrate dietary recommendations into an overall healthy way to eat. They identify average daily amounts of foods, 
in nutrient-dense forms, to eat from all food groups and include limits for some dietary components. Consumers, professionals, 
and organizations can make use of these templates to plan healthy eating patterns or assess food and beverage choices. 

Key Recommendations 

• Select an eating pattern that meets nutrient needs over time at an appropriate calorie level. 
• Account for all foods and beverages consumed and assess how they fit within a total healthy eating pattern. 
• Follow food safety recommendations when preparing and eating foods to reduce the risk of foodborne illnesses. 

Research Informs Us About Healthy Eating Patterns 

Around the world and within the United States, people make strikingly different food choices and have different diet-related 
health outcomes. Although the study of eating patterns is complex, evidence from international scientific research has identified 
various eating patterns that may provide short- and long-term health benefits, including a reduced risk of chronic disease. Many 
traditional eating patterns can provide health benefits, and their variety demonstrates that people can eat healthfully in a number 
of ways. 

Several types of research studies have been conducted on these eating patterns, including clinical trials and prospective studies 
that measure specific health outcomes or health-related risk factors, and observational studies of traditional eating patterns. 
Considerable research exists on health outcomes as well as information on nutrient and food group composition of some eating 
patterns constructed 
for clinical trials (e.g., DASH and its variations) and traditional eating patterns (e.g., Mediterranean-style patterns). Some evidence 
for beneficial health outcomes for adults also exists for vegetarian eating patterns. In addition, investigators have studied 
traditional Japanese and Okinawan dietary patterns and have found associations with a low risk of coronary heart disease. 
However, detailed information on the composition of these Asian diets, and evidence on health benefits similar to that available 
for the other types of diets, is very limited. 
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Research on dietary approaches to stop hypertension (dash) 

The DASH eating pattern and its variations have been tested in clinical trials. In these studies, specific foods are provided and 
health impacts monitored over time. Prospective studies also have been conducted in groups of people who make their own food 
choices, to identify and evaluate eating patterns that are similar to DASH. 

DASH emphasizes vegetables, fruits, and low-fat milk and milk products;73 includes whole grains, poultry, seafood, and nuts; and 
is lower in sodium, red and processed meats, sweets, and sugar-containing beverages than typical intakes in the United States. 
One of the original DASH study diets also was lower in total fat (27% of calories) than typical American intakes. 

However, modifications containing higher levels of either unsaturated fatty acids or protein have been tested. In research studies, 
each of these DASH-style patterns lowered blood pressure, improved blood lipids, and reduced cardiovascular disease risk 
compared to diets that were designed to resemble a typical American diet. The DASH-Sodium study of hypertensives and pre-
hypertensives also reduced sodium, and resulted in lower blood pressure in comparison to the same eating pattern, but with a 
higher sodium intake. Eating patterns that are similar to DASH also have been associated with a reduced risk of cardiovascular 
disease and lowered mortality. 

Research on Mediterranean-style eating patterns 

A large number of cultures and agricultural patterns exist in countries that border the 
Mediterranean Sea, so the “Mediterranean diet” is not one eating pattern. No single set of criteria exists for what constitutes a 
traditional Mediterranean eating pattern. However, in general terms, it can be described as an eating pattern that emphasizes 
vegetables, fruits and nuts, olive oil, and grains (often whole grains). Only small amounts of meats and full-fat milk and milk 
products are usually included. It has a high mono-unsaturated to saturated fatty acid intake ratio and often includes wine with 
meals. 

Traditional eating patterns found throughout the Mediterranean region, especially in Crete during the 1960s, are associated with 
a low risk of cardiovascular disease. Over time, the diet of Crete has changed remarkably and is now characterized by higher 
intake of saturated fatty acids and cholesterol, and reduced intake of monounsaturated fatty acids, while total fat consumption 
has fallen. Over this same period of time, the population of Crete has experienced a steady rise in risk of heart disease. 

A number of studies with varying designs have examined the effects of Mediterranean-style eating patterns on cardiovascular 
disease and total mortality. Most of these studies apply a score that compares an individual’s food group or nutrient intake to 
median intake of the study population: a higher “Mediterranean diet score” is above the median intake for the study population in 
vegetables, fruits, nuts, legumes, whole grains/cereals, and fish; below the median intake for red and processed meats; moderate 
in alcohol intake; with a high monounsaturated fatty acid to saturated fatty acid ratio; and in many cases, below the median intake 
for milk and milk products. In most studies, individuals with a higher Mediterranean diet score have reduced cardiovascular 
disease risk factors, reduced incidence of cardiovascular disease, and a lower rate of total mortality. 
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Research on vegetarian eating patterns 

The types of vegetarian diets consumed in the United States vary widely. Vegans do not consume any animal products, while 
lacto-ovo vegetarians consume milk and eggs. Some individuals eat diets that are primarily vegetarian but may include small 
amounts of meat, poultry, or seafood. 

In prospective studies of adults, compared to non-vegetarian eating patterns, vegetarian-style eating patterns have been 
associated with improved health outcomes—lower levels of obesity, a reduced risk of cardiovascular disease, and lower total 
mortality. Several clinical trials have documented that vegetarian eating patterns lower blood pressure. 

On average, vegetarians consume a lower proportion of calories from fat (particularly saturated fatty acids); fewer overall calories; 
and more fiber, potassium, and vitamin C than do non-vegetarians. Vegetarians generally have a lower body mass index. These 
characteristics and other lifestyle factors associated with a vegetarian diet may contribute to the positive health outcomes that 
have been identified among vegetarians. 

Common elements of the healthy eating patterns examined 

Although healthy eating patterns around the world are diverse, some common threads exist. They are abundant in vegetables and 
fruits. Many emphasize whole grains. They include moderate amounts and a variety of foods high in protein (seafood, beans and 
peas, nuts, seeds, soy products, meat, poultry, and eggs). They include only limited amounts of foods high in added sugars and 
may include more oils than solid fats. Most are low in full-fat milk and milk products. However, some include substantial amounts 
of low-fat milk and milk products. In some patterns, wine is included with meals. Compared to typical American diets, these 
patterns tend to have a high unsaturated to saturated fatty acid ratio and a high dietary fiber and potassium content. In addition, 
some are relatively low in sodium compared to current American intake. 

These elements of healthy traditional and constructed (e.g., DASH) eating patterns are generally consistent with the 
recommendations from Chapters 2, 3, and 4 about what Americans should eat. The recommendations in these chapters, 
summarized below, are based on studies of specific dietary components: 

• Limit calorie intake to the amount needed to attain or maintain a healthy weight for adults, and for appropriate weight gain 
in children and adolescents. 

• Consume foods from all food groups in nutrient-dense forms and in recommended amounts. 
• Reduce intake of solid fats (major sources of saturated and trans fatty acids). 
• Replace solid fats with oils (major sources of polyunsaturated and monounsaturated fatty acids) when possible. 
• Reduce intake of added sugars. 
• Reduce intake of refined grains and replace some refined grains with whole grains. 
• Reduce intake of sodium (major component of salt). 
• If consumed, limit alcohol intake to moderate levels. 
• Increase intake of vegetables and fruits. 
• Increase intake of whole grains. 
• Increase intake of milk and milk products and replace whole milk and full-fat milk products with fat-free or low-fat choices to 

reduce solid fat intake. 
• Increase seafood intake by replacing some meat or poultry with seafood. 

Although there is no single “American” or “Western” eating pattern, average American eating patterns currently bear little 
resemblance to these dietary recommendations. Americans eat too many calories and too much solid fat, added sugars, refined 
grains, and sodium. Americans also consume too little potassium; dietary fiber; calcium; vitamin D; unsaturated fatty acids from 
oils, nuts, and seafood; and other important nutrients. These nutrients are mostly found in vegetables, fruits, whole grains, and 
low-fat milk and milk products. Figure 1 graphically shows how the typical American diet compares to recommended intakes or 
limits. 
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Figure 1. how do typical american diets compare to recommended intake levels or limits? 

*SoFAS = solid fats and added sugars. 

Note: Bars show average intakes for all individuals (ages 1 or 2 years or older, depending on the data source) as a percent of the recomm
intake level or limit. Recommended intakes for food groups and limits for refined grains and solid fats and added sugars are based on am
in the USDA 2000-calorie food pattern. Recommended intakes for fiber, potassium, vitamin D, and calcium are based on the high
for ages 14 to 70 years. Limits for sodium are based on the UL and for 

saturated fat on 10% of calories. The protein foods group is not shown here because, on average, intake is close to recommended levels. 

Based on data from: U.S. Department of Agriculture, Agricultural Research Service and U.S. Department of Health and Human Ser
for Disease Control and Prevention. What We Eat in America, NHANES 2001–2004 or 2005–2006. 

Principles for Achieving a Healthy Eating Pattern 

Focus on nutrient-dense foods 

A healthy eating pattern focuses on nutrient-dense foods—vegetables, fruits, whole grains, fat-free 
or low-fat milk and milk products, lean meats and poultry, seafood, eggs, beans and peas, and nuts and seeds that are prepared 
without added solid fats, sugars, starches, and sodium. Combined into an eating pattern, these foods can provide the full range of 
essential nutrients and fiber, without excessive calories. The oils contained in seafood, nuts and seeds, and vegetable oils added 
to foods also contribute essential nutrients. 

Most people’s eating patterns can accommodate only a limited number of calories from solid fats and added sugars. These 
calories are best used to increase the palatability of nutrient-dense foods rather than to consume foods or beverages that are 
primarily solid fats, added sugars, or both. A few examples of nutrient-dense foods containing some solid fats or added sugars 
include whole-grain breakfast cereals that contain small amounts of added sugars, cuts of meat that are marbled with fat, poultry 
baked with skin on, vegetables topped with butter or stick margarine, fruit sprinkled with sugar, and fat-free chocolate milk. In 
addition, for those who consume alcohol, the calories in these beverages need to be considered as part of total calorie intake; 
they reduce the allowance for calories from solid fats and added sugars that can be accommodated in an eating pattern. 

Too often, however, Americans choose foods that are not in nutrient-dense forms. Figure 5-2 shows examples of typical food 
choices from each food group, and the number of additional calories in these foods compared to a nutrient-dense version of the 
same food. In these examples, the extra calories from added fats and sugars, or refined grains (breading) are from about one-
quarter to more than half of the total calories in the food product. 
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Remember that beverages count 

Beverages contribute substantially to overall dietary and calorie intake for most Americans. Although they provide needed water, 
many beverages add calories to the diet without providing essential nutrients. Their consumption should be planned in the 
context of total calorie intake and how they can fit into the eating pattern of each individual. Currently, American adults ages 
19 years and older consume an average of about 400 calories per day as beverages. The major types of beverages consumed 
by adults, in descending order by average calorie intake, are: regular soda, energy, and sports drinks; alcoholic beverages; milk 
(including whole, 2%, 1%, and fat-free); 100% fruit juice; and fruit drinks. Children ages 2 to 18 years also consume an average 
of 400 calories per day as beverages. The major beverages for children are somewhat different and, in order by average calorie 
intake, are: milk (including whole, 2%, 1%, and fat-free); regular soda, energy, and sports drinks; fruit drinks; and 100% fruit juice. 
Among children and adolescents, milk and 100% fruit juice intake is higher for younger children, and soda intake is higher for 
adolescents. 

The calorie content of beverages varies widely, and some of the beverages with the highest intake, including regular sodas, fruit 
drinks, and alcoholic beverages, contain calories but provide few or no essential nutrients. Other beverages, however, such as fat-
free or low-fat milk and 100% fruit juice, provide a substantial amount of nutrients along with the calories they contain. Water and 
unsweetened beverages, such as coffee and tea, contribute to total water intake without adding calories. To limit excess calories 
and maintain healthy weight, individuals are encouraged to drink water and other beverages with few or no calories, in addition 
to recommended amounts of low-fat or fat-free milk and 100% fruit juices. 

Figure 2. examples of the calories in food choices that are not in nutrient-dense forms and the calories in nutrient-dense forms of th

Based on data from the U.S. Department of Agriculture, Agricultural Research Service, Food and Nutrient Database for Dietary Studies 4.1. h
www.ars.usda.gov/Services/docs.htm?docid=20511 and USDA National Nutrient Database for Standard Reference, Release 23. www.nal
gov/fnic/foodcomp/search/. 

Follow food safety principles 

Ensuring food safety is an important principle for building healthy eating patterns. Foodborne illness affects more than 76 
million individuals in the United States every year and leads to 325,000 hospitalizations and 5,000 deaths.74 The proportion 
of outbreaks that can be attributed to unsafe food safety practices in the home is unknown, but is assumed to be substantial. 
Washing hands, rinsing vegetables and fruits, preventing cross-contamination, cooking foods to safe internal temperatures, and 
storing foods safely in the home kitchen are the behaviors most likely to prevent food safety problems. These behaviors are 
highlighted in the four basic food safety principles that work together to reduce the risk of foodborne illnesses. These principles 
are: 

• clean hands, food contact surfaces, and vegetables and fruits. 
• separate raw, cooked, and ready-to-eat foods while shopping, storing, and preparing foods. 
• cook foods to a safe temperature. 
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• chill (refrigerate) perishable foods promptly. 

In addition, some foods pose high risk of foodborne illness. These include raw (unpasteurized) milk, cheeses, and juices; raw or 
undercooked animal foods, such as seafood, meat, poultry, and eggs; and raw sprouts. These foods should be avoided. 

A Special Note about Water Intake 

Total water intake includes water from fluids (drinking water and other beverages) and the water that is contained in foods. Healthy 
individuals, in general, have an adequate total water intake to meet their needs when they have regular access to drinking water 
and other beverages. The combination of thirst and typical behaviors, such as drinking beverages with meals, provides sufficient 
total water intake. 

Individual water intake needs vary widely, based in part on level of physical activity and exposure to heat stress. Heat waves have 
the potential to result in an increased risk of dehydration, especially in older adults. 

Although the IOM set an Adequate Intake (AI) for total water, it was based on median total water intake estimated from U.S. 
dietary surveys. Therefore, the AI should not be considered as a specific requirement level. 

Fluoride and Hygiene Are Keys to Oral Health 

Drinking fluoridated water and/or using fluoride-containing dental products helps reduce the risk of dental caries. Most bottled 
water is not fluoridated. With the increase in consumption of bottled water, Americans may not be getting enough fluoride to 
maintain oral health. 

During the time that sugars and starches are in contact with teeth, they also contribute to dental caries. A combined approach of 
reducing the amount of time sugars and starches are in the mouth, drinking fluoridated water, and brushing and flossing teeth, is 
the most effective way to reduce dental caries. 

Consider the role of supplements and fortified foods 

A fundamental premise of the Dietary Guidelines is that nutrients should come primarily from foods. Foods in nutrient-dense, 
mostly intact forms contain not only the essential vitamins and minerals that are often contained in nutrient supplements, but 
also dietary fiber and other naturally occurring substances that may have positive health effects. 

Americans should aim to meet their nutrient requirements through a 
healthy eating pattern that includes nutrient-dense forms of foods, while balancing calorie intake with energy expenditure. 

Dietary supplements or fortification of certain foods may be advantageous in specific situations to increase intake of a specific 
vitamin or mineral. In some cases, fortification can provide a food-based means for increasing intake of particular nutrients or 
providing nutrients in highly bioavailable forms. For example: 

◦ vitamin d. For many years, most fluid milk has been fortified with vitamin D to increase calcium absorption and prevent 
rickets. Vitamin D-fortified milk is now the major dietary source of vitamin D for many Americans. Other beverages and 
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foods that often are fortified with vitamin D include orange juice, soy beverages,75 and yogurt. Vitamin D also is available 
as a dietary supplement. As intake increases above 4,000 IU (100 mcg) per day, the potential risk of adverse effects 
increases. 

◦ folic acid. More recently, folic acid fortification of enriched grains was mandated to reduce the incidence of neural tube 
defects, which are serious birth defects of the brain and spine. Subsequently, folate intake has increased substantially. 
It is recommended that all women who are capable of becoming pregnant consume 400 mcg per day of folic acid from 
these fortified foods or from dietary supplements, in addition to eating food sources of folate. 

◦ vitamin B12. Foods fortified with the crystalline form of vitamin B12, such as fortified cereals, or vitamin B12 
supplements, are encouraged for individuals older than age 50 years. A substantial proportion of these individuals may 
have reduced ability to absorb naturally occurring vitamin B12, but their ability to absorb the crystalline form is not 
affected. In addition, vegans should ensure adequate intake of vitamin B12 through fortified foods or supplements. 

◦ iron supplements for pregnant women. Iron supplementation during pregnancy is routinely recommended for all 
pregnant women to help meet their iron requirements. Obstetricians often monitor the need for iron supplementation 
during pregnancy and provide individualized recommendations to pregnant women. 

Sufficient evidence is not available to support a recommendation for or against the use of multivitamin/ mineral supplements in 
the primary prevention of chronic disease for the healthy American population. Supplements containing combinations of certain 
nutrients may be beneficial in reducing the risks of some chronic diseases when used by special populations. For example, 
calcium and vitamin D supplements may be useful in postmenopausal women who have low levels of these nutrients in their 
diets, to reduce their risk of osteoporosis. In contrast, high levels of certain nutrient supplements may be harmful, if a nutrient’s 
Tolerable Upper Intake Level is exceeded. Supplement use may be discussed with a health care provider to establish need and 
correct dosage. 

Coping with Food Allergies or Intolerances 

Some individuals may have an allergy or intolerance to one or more foods that are part of a healthy eating pattern. Common food 
allergies include those to milk, eggs, fish, crustacean shellfish, tree nuts, wheat, peanuts, and soybeans. Proteins in these foods 
trigger an abnormal immune response in persons allergic to the food. In comparison, food intolerances are due to the inability 
of the body to digest or metabolize a food component. For example, lactose intolerance is caused by a deficiency of the enzyme 
lactase that breaks down the sugar lactose in milk and milk products. 

Because food allergies and food intolerances can cause some of the same symptoms (e.g., stomach cramps, vomiting, and 
diarrhea), they are often mistaken for one another. Those who think they may have a food allergy or a food intolerance should be 
medically evaluated to avoid unnecessarily eliminating foods from their diet. Most persons who have a food allergy need to totally 
eliminate the offending food and ingredients that contain the food’s protein from their diet. However, for some food intolerances, 
like lactose intolerance, smaller portions (e.g., 4 ounces of milk) or a modified version of the offending food (e.g., lactose- reduced 
or lactose-free milk, yogurt, or cheese) may be well tolerated. More information on food allergies and food intolerances can be 
found at http://www.niaid.nih.gov/topics/foodallergy/Pages/default.aspx. 

Putting the Principles For a Healthy Eating Pattern Into Action 

The principles of a healthy eating pattern can be applied by following one of several templates for healthy eating. The USDA 
Food Patterns, their lacto-ovo vegetarian or vegan adaptations, and the DASH Eating Plan are illustrations of varied approaches 
to healthy eating patterns. The USDA Food Patterns and their vegetarian variations were developed to help individuals carry 
out Dietary Guidelines recommendations. The DASH Eating Plan, based on the DASH research studies, was developed to help 
individuals prevent high blood pressure and other risk factors for heart disease. 

Compared with average consumption in the United States, these patterns feature increased amounts of vegetables, fruits, beans 
and peas, whole grains, fat-free and low-fat milk and milk products, and oils, and decreased amounts of solid fats, added sugars, 
and sodium. They also all feature less red and processed meat and more seafood76 than typical American diets. Table 1 shows 
the amounts consumed from each food group and subgroup in typical American diets, in comparison to amounts in two healthy, 
traditional Mediterranean-style eating patterns (from Greece and Spain) and the DASH diet used in research studies, all adjusted 
to a 2,000 calorie intake level, and to the 2,000 calorie USDA Food Pattern. Although the Mediterranean patterns do not specify 
amounts of whole grains, intake of minimally refined cereal grains is typical for many of these patterns. Amounts of milk and milk 
products vary in the Mediterranean patterns, but both DASH and USDA patterns contain substantially more milk and milk products 
than are currently consumed in the United States and focus on fat-free and low-fat versions. 
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Usda food Patterns 

The USDA Food Patterns identify daily amounts of foods, in nutrient-dense forms, to eat from five major food groups and their 
subgroups (Table 2). The patterns also include an allowance for oils and limits on the maximum number of calories that should 
be consumed from solid fats and added sugars. The food patterns were developed to meet nutrient needs, as identified by the 
Dietary Reference Intakes and the Dietary Guidelines , while not exceeding calorie requirements. Though they have not been 
specifically tested for health benefits, they are similar to the DASH research diet and consistent with most of the measures of 
adherence to Mediterranean-type eating patterns. 

Recommended amounts and limits in the USDA Food Patterns at 12 calorie levels, ranging from 1,000 calories to 3,200 calories, 
are shown in Appendix 7. Patterns at 1,000, 1,200, and 1,400 calorie levels meet the nutritional needs of children ages 2 to 8 
years. Patterns at 1,600 calories and above meet needs for adults and children ages 9 years and older. Individuals should follow 
a pattern that meets their estimated calorie needs (Appendix 6). 

The USDA Food Patterns emphasize selection of most foods in nutrient-dense forms—that is, with little or no solid fats and added 
sugars. A maximum limit for calories from solid fats and added sugars in each pattern allows for some foods that have a higher 
level of solid fat, or a small amount of added solid fat or added sugars. Figure 2 provides examples of both nutrient-dense and of 
more typical choices in each food group, and the resulting difference in calorie content. If choices that are not nutrient dense are 
routinely eaten, total calories will be overconsumed due to increased calories from solid fats and added sugars. If all food and 
beverage choices were in forms typically consumed rather than nutrient-dense forms, intake from the food groups and oils in the 
2,000-calorie pattern would actually be about 2,400 calories, or 400 calories above the target calorie level. 

The USDA Food Patterns recommend selecting a variety of foods within each food group. This allows for personal choice, and 
helps to ensure that the foods and beverages selected by individuals over time provide a mix of nutrients that will meet their 
needs. Recommended weekly intake amounts are specified for the five vegetable subgroups (dark-green, red and orange, beans 
and peas, starchy, and other vegetables). In the protein foods group, 8 or more ounces per week of seafood is recommended (less 
in patterns for young children), and in the grain group, selecting at least half of all grains as whole grains is recommended. In 
the fruit and dairy groups, there are no quantitative recommendations for making selections within the group. However, selecting 
more fruit rather than juice, and more fat-free or low-fat vitamin D-fortified milk or yogurt than cheese is encouraged. 

Table 1. Eating Pattern Comparison: Usual U.S. Intake, Mediterranean, DASH, and USDA food Patterns, average daily 
intake at or adjusted to a 2,000 calorie level 

Pattern usual U.S. intake 
adults a 

Mediterranean Patterns b 
greece (g) 
spain (s) 

DASH b USDA food 
Pattern 

food groups 

vegetables: total (c) 1.6 1.2 (S) – 4.1 (G) 2.1 2.5 

Dark-green (c) 0.1 ndc nd 0.2 

Beans and peas (c) 0.1 <0.1 (G) – 0.4 (S) See protein 
foods 

0.2 

Red and orange (c) 0.4 nd nd 0.8 
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Other (c) 0.5 nd nd 0.6 

Starchy (c) 0.5 nd – 0.6 (G) nd 0.7 

fruit and juices (c) 1.0 1.4 (S) – 2.5 (G) (including nuts) 2.5 2.0 

grains: total (oz) 6.4 2.0 (S) – 5.4 (G) 7.3 6.0 

Whole grains (oz) 0.6 nd 3.9 >—3.0 

Milk and milk products (dairy 
products) (c) 

1.5 1.0 (G) – 2.1 (S) 2.6 3.0 

Protein foods: 

Meat (oz) 2.5 3.5 (G) – 3.6 (S) (including 
poultry) 

1.4 1.8 

Poultry (oz) 1.2 nd 1.7 1.5 

Eggs (oz) 0.4 nd – 1.9 (S) nd 0.4 

Fish/seafood (oz) 0.5 0.8 (G) – 2.4 (S) 1.4 1.2 

Beans and peas (oz) See vegetables See vegetables 0.4 (0.1 c) See vegetables 

Nuts, seeds, and soy products (oz) 0.5 See fruits 0.9 0.6 

oils (g) 18 19 (S) – 40 (G) 25 27 

solid fats (g) 43 nd nd 16d 

added sugars (g) 79 nd – 24 (G) 12 32d 
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alcohol (g) 9.9 7.1 (S) – 7.9 (G) nd nde 

a Source: U.S. Department of Agriculture, Agricultural Research Service and U.S. Department of Health and Human Services, 
Centers for Disease Control and Prevention. What We Eat In America, NHANES 2001-2004, 1 day mean intakes for adult 
males and females, adjusted to 2,000 calories and averaged. 

b See the DGAC report for additional information and references at www.dietaryguidelines.gov. 
c nd = Not determined. 
d Amounts of solid fats and added sugars are examples only of how calories from solid fats and added sugars in the USDA 
Food Patterns could be divided. 

e In the USDA Food Patterns, some of the calories assigned to limits for solid fats and added sugars may be used for alcohol 
consumption instead. 

Vegetarian adaptations of the usda food patterns 

The USDA Food Patterns allow for additional flexibility in choices through their adaptations for vegetarians—a vegan pattern that 
contains only plant foods and a lacto-ovo vegetarian pattern that includes milk and milk products and eggs. The adaptations 
include changes in the protein foods group and, in the vegan adaptation, in the dairy group. 

The changes made in the protein foods group at the 2,000 calorie level are shown in Table 2. The vegan dairy group includes 
calcium-fortified beverages and foods commonly used as substitutes for milk and milk products. These vegetarian variations 
represent healthy eating patterns, but rely on fortified foods for some nutrients. In the vegan patterns especially, fortified foods 
provide much of the calcium and vitamin B12, and either fortified foods or supplements should be selected to provide adequate 
intake of these nutrients. 

DASH Eating Plan 

The DASH Eating Plan was developed based on findings from the DASH research studies. It limits saturated fatty acids and 
cholesterol and focuses on increasing intake of foods rich in potassium, calcium, magnesium, protein, and fiber. The DASH Eating 
Plan also is very consistent with Dietary Guidelines recommendations and with most measures of adherence to Mediterranean-
type eating patterns. It is rich in fruits, vegetables, fat-free or low-fat milk and milk products, whole grains, fish, poultry, seeds, 
and nuts. It contains less sodium, sweets, added sugars, and sugar-containing beverages, fats, and red meats than the typical 
American diet. The DASH Eating Plan food groups77 and amounts recommended at seven calorie levels are shown in Appendix 
10. Sample menus for the DASH Eating Plan at the 2,000 calorie level78 provide either 2,300 mg or 1,500 mg of sodium and 
include nutrient-rich foods to meet other nutrient recommendations. 

Table 2. USDA food Patterns—Food Groups and Subgroups 

food 
group 

subgroups and examples 

vegetables dark-green vegetables: All fresh, frozen, and canned dark-green leafy vegetables and broccoli, cooked or raw: for 
example, broccoli; spinach; romaine; collard, turnip, and mustard greens. 

red and orange vegetables: All fresh, frozen, and canned red and orange vegetables, cooked or raw: for example, 
tomatoes, red peppers, carrots, sweet potatoes, winter squash, and pumpkin. 
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Beans and peas: All cooked and canned beans and peas: for example, kidney beans, lentils, chickpeas, and pinto 
beans. Does not include green beans or green peas. (See additional com- ment under protein foods group.) 

starchy vegetables: All fresh, frozen, and canned starchy vegetables: for example, white potatoes, corn, and green 
peas. 

other vegetables: All fresh, frozen, and canned other vegetables, cooked or raw: for example, iceberg lettuce, 
green beans, and onions. 

fruits All fresh, frozen, canned, and dried fruits and fruit juices: for example, oranges and orange juice, apples and 
apple juice, bananas, grapes, melons, berries, and raisins. 

grains whole grains: All whole-grain products and whole grains used as ingredients: for example, whole-wheat bread, 
whole-grain cereals and crackers, oatmeal, and brown rice. 

enriched grains: All enriched refined-grain products and enriched refined grains used as ingredients: for example, 
white breads, enriched grain cereals and crackers, enriched pasta, and white rice. 

dairy 
products 

All milks, including lactose-free and lactose-reduced products and fortified soy beverages; yogurts; frozen 
yogurts; dairy desserts; and cheeses. Most choices should be fat-free or low-fat. Cream, sour cream, and cream 
cheese are not included due to their low calcium content. 

Protein 
foods 

All meat, poultry, seafood, eggs, nuts, seeds, and processed soy products. Meat and poultry should be lean or low-
fat. Beans and peas are considered part of this group, as well as the vegetable group, but should be counted in 
one group only. 
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Summary 

This chapter integrates the individual recommendations from each previous 
chapter of the Dietary Guidelines for Americans, 2010 into healthy eating patterns. Research on overall eating patterns, such as 
Mediterranean and DASH patterns, has documented the health benefits of following an eating pattern that applies most of these 
recommendations. The evidence shows that following such an eating pattern can meet a person’s nutrient needs within their 
calorie needs and provide substantial health benefits. The USDA Food Patterns and the DASH Eating Plan apply these Dietary 
Guidelines recommendations and provide flexible templates for making healthy choices within and among various food groups. 
They include recommended amounts from all food groups, targets for total calorie intake and limits on calories from solid fats 
and added sugars. Individuals can use or adapt these healthy eating patterns to suit their personal and cultural preferences. 

An overall healthy eating pattern also needs to account for all foods and beverages consumed, whether at home or away from 
home. Beverages are currently a major source of calories, and many do not provide essential nutrients. Therefore, water or other 
calorie-free beverages, along with fat-free or low-fat milk and 100% fruit juice, are recommended to meet total water needs. 

Because a healthy eating pattern provides for most or all nutrient needs, dietary supplements are recommended only for specific 
population subgroups or in specific situations. A healthy eating pattern needs to not only promote health and help to decrease 
the risk of chronic diseases, but it also should prevent foodborne illness, so food safety recommendations need to be followed. 

[reveal-answer q=”403267″]Show References[/reveal-answer] 
[hidden-answer a=”403267″] 

71. Dietary Guidelines for Americans, 2010 uses the term “eating pattern,” rather than the term “total diet” (the term used in the 
2010 DGAC report), to refer to the combination of foods and beverages that constitute an individual’s complete dietary intake 
over time. The term “diet” may be misconstrued as an eating pattern intended for weight loss. 

72. Dietary Approaches to Stop Hypertension. 

73. Milk and milk products also can be referred to as dairy products. 

74. Centers for Disease Control and Prevention. Food Safety Web site. http://www.cdc.gov/foodsafety/. Accessed November 12, 
2010. 

75. Fortified soy beverages have been marketed as “soymilk,” a product name consumers could see in supermarkets and 
consumer materials. However, FDA’s regulations do not contain provisions for the use of the term soymilk. Therefore, in this 
document, the term “fortified soy beverage” includes products that may be marketed as soymilk. 

76. Vegetarian patterns do not include any meat or seafood. 

77. Food groups in the DASH Eating Plan are Grains; Vegetables; Fruits; Fat-free or Low-fat Milk and Milk Products; Lean Meats, 
Poultry, and Fish; and Nuts, Seeds, and Legumes. 
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78. Sample menus and additional information on the DASH Eating Plan are available at http://www.nhlbi.nih.gov/health/publ...h/
new_dash.pdf. 

[/hidden-answer] 
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8.5: Dietary Guidelines- Using the Food Label 

The Nutrition Facts label and the ingredients list on packages of foods and beverages are useful tools that can help consumers 
learn about what is in foods and beverages (Figure A4-1). Food labeling can help consumers evaluate and compare the nutritional 
content and/or the ingredients in foods and beverages. This can help them identify the calorie and nutrient content of a food and 
select foods with higher or lower amounts of certain nutrients that fit within an overall healthy eating pattern. 

figure a4-1. the nutrition facts label and ingredients 
list of a granola Bar 

ingredients 

Granola Bar (Brown Rice Syrup, Granola [rolled oats, 
honey, canola oil], Dry Roasted Peanuts, Soy Crisps 
[soy protein isolate, rice flour, malt extract, calcium 
carbonate], Crisp Brown Rice [organic brown rice 
flour, evaporated cane juice, molasses, rice bran 
extract, sea salt], Glycerine, Peanut Butter [ground 
dry roasted peanuts], Inulin, Whey Protein Isolate, 
Gold Flax Seeds, Quinoa Flakes, Calcium 
Carbonate, Salt, Natural Flavors, Water, Soy Lecithin 
[an emulsifier]), Dark Compound Coating 
(evaporated cane juice, palm kernel oil, cocoa 
[processed with alkali], palm oil, soy lecithin [an 
emulsifier]). 

Nutrition Facts Label 

The Nutrition Facts label provides the number of calories that are in a serving of food and the number of servings that are in a 
package (e.g., can or box). This information can be used to determine how many calories are being consumed from one serving, 
or from that portion eaten if it is more or less than one serving. For example, if a package contains two servings and the entire 
package is consumed, then twice the calories and nutrients listed in the Nutrition Facts label are being consumed. 

The Nutrition Facts label also provides information on the amount (i.e., grams [g] or milligrams [mg]) per serving of dietary fiber, 
as well as the amount of certain nutrients that should be limited in the diet, including saturated fat, trans fat, cholesterol, and 
sodium. It is mandatory for this information to be provided on the Nutrition Facts label. 
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The label also provides the percent Daily Value for these nutrients (except trans fat and sugars) and several shortfall nutrients, 
including dietary fiber and calcium. The Daily Value is based on a reference intake level that should be consumed or should not be 
exceeded. The percent Daily Value can be used to determine whether a serving of a food contributes a lot or a little of a particular 
nutrient and provides information on how a serving of the food fits in the context of a total daily diet. The higher the percent Daily 
Value, the more that serving of food contributes to an individual’s intake of a specific nutrient. Foods that are “low” in a nutrient 
generally contain less than 5 percent of the Daily Value. Foods that are a “good” source of a nutrient generally contain 10 to 19 
percent of the Daily Value per serving. Foods that are “high” or “rich” in or are an “excellent” source of a nutrient generally contain 
20 percent or more of the Daily Value per serving. 

The footnote at the bottom of the Nutrition Facts label provides the Daily Values for total fat, saturated fat, cholesterol, sodium, 
total carbohydrate, and fiber, based on a 2,000 or 2,500 calorie diet. The Daily Value for these nutrients, other than cholesterol 
and sodium, would be higher or lower depending on an individual’s calorie needs (e.g., the lower one’s calorie needs, the lower 
the Daily Value for the particular nutrients). 

Solid fats are not specified on the Nutrition Facts label. However, consumers can look at the saturated fat and trans fat content 
of a food in the Nutrition Facts label for a rough estimate of the amount of solid fat in it. Foods that are low in saturated fats 
or contain zero grams of trans fats contain low amounts of solid fats. The ingredients list (see below) also can be used to help 
identify foods that contain solid fats. 

The Nutrition Facts label provides the total amount of sugars (natural and added), but does not list added sugars separately. 
Natural sugars are found mainly in fruit and milk products. Therefore, for all foods that do not contain any fruit or milk ingredients, 
the total amount of sugars listed in the Nutrition Facts label approximates the amount of added sugars. For foods that contain 
fruit or milk products, added sugars can be identified in the ingredients list. 

ingredients list 

The ingredients list can be used to find out whether a food or beverage contains synthetic trans fats, solid fats, added sugars, 
whole grains, and refined grains. Ingredients are listed in the order of weight; that is, the ingredient with the greatest contribution 
to the product weight is listed first and the ingredient contributing the least is listed last (Figure A4-1). The ingredients list is 
usually located near the name of the food’s manufacturer and often under the Nutrition Facts label. 

trans fats 

Although the amount by weight of trans fat is provided on the Nutrition Facts label, the ingredients list can help identify the type of 
trans fat in the food (i.e., synthetic vs. natural). Synthetic trans fats can be produced during the hydrogenation of oils (see Chapter 
3). If the ingredients list includes partially hydrogenated oils, then the product is likely to contain trans fatty acids. 

oils, solid fats, and added sugars 

To determine whether foods contain oils or solid fats, consumers can read the ingredients list to make sure that fats in the 
foods are oils containing primarily unsaturated fatty acids and that solid fats are not one of the first few ingredients. Examples 
of unsaturated oils that may be listed as an ingredient are provided in Chapter 3, Figure 3-3. Examples of solid fats that may be 
used in the ingredients list are provided in Table A4-1. The ingredients list can be used in the same way to identify foods that are 
high in added sugars. Added sugars that are often used as ingredients are provided in Table A4-2. 

Table A4-1. Examples of Solid Fats (a) That Can Be Listed As An Ingredient 

Beef fat (tallow, suet) 

Butter 
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Chicken fat 

Coconut oil 

Cream 

Hydrogenated oils 

Palm kernel oil 

Palm oil 

Partially hydrogenated oils 

Pork fat (lard) 

Shortening 

Stick margarine 

a. The oils listed here are high in saturated fat, and partially hydrogenated oils contain trans fat; therefore, for nutritional 
purposes, these oils are considered solid fats. 

whole grains 

The ingredients list also can be used to find out if a food contains whole grains. Whole grains are consumed either as a single 
food (e.g., wild rice or popcorn) or as a food that contains whole grains as an ingredient (e.g., cereals, breads, and crackers). If 
whole grains are the primary ingredient listed, the food could be considered a 100% whole-grain food. The relative amount of 
grain in the food is important and can be inferred by placement of the grain in the ingredients list. The whole grain should be the 
first or second ingredient, after water. For foods with multiple whole-grain ingredients, they should appear near the beginning of 
the ingredients list. Examples of whole grains that can be listed as an ingredient are provided in Table A4-3. 

Table A4-2. Examples of Added Sugars That Can Be Listed as an Ingredient 

Anhydrous dextrose Lactose 

Brown sugar Malt syrup 
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Confectioner’s powdered sugar Maltose 

Corn syrup Maple syrup 

Corn syrup solids Molasses 

Dextrin Nectars (e.g., peach nectar, pear nectar) 

Fructose Pancake syrup 

High-fructose corn syrup Raw sugar 

Honey Sucrose 

Invert sugar Sugar 

White granulated sugar 

Other added sugars may be listed as an ingredient but are not recognized by FDA as an ingredient name. These include cane 
juice, evaporated corn sweetener, fruit juice concentrate, crystal dextrose, glucose, liquid fructose, sugar cane juice, and fruit 
nectar. 

Some foods are labeled “made with whole grains.” Although some foods are labeled as being a “good source of whole grains,” 
no definition for a “good” or “excellent” source of whole grains has been established. Foods in which a substantial proportion 
of the grain ingredients are whole grains can help consumers increase their whole-grain intake (see Chapter 4). Many, but not 
all whole-grain products are good or excellent sources of dietary fiber. Use the Nutrition Facts label on whole-grain products to 
choose foods that are a good or excellent source of dietary fiber. For example, Figure A4-1 shows that the granola bar is a good 
source (12% of the Daily Value) of dietary fiber. 

Table A4-3. Examples of Whole Grains That Can Be Listed As An Ingredient 

Brown rice Whole-grain sorghum 

Buckwheat Whole-grain triticale 

Bulgur (cracked wheat) Whole-grain barley 
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Millet Whole-grain corn 

Oatmeal Whole oats/oatmeal 

Popcorn Whole rye 

Quinoa Whole wheat 

Rolled oats Wild rice 

refined grains 

When refined grains (e.g., white bread and white rice) are consumed, they should be enriched. Often the package will state that 
it is “enriched.” The ingredients list also can be used to determine whether a refined grain has been enriched with iron, thiamin, 
riboflavin, niacin, and fortified with folic acid. 
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GLOSSARY 

added sugars—Sugars, syrups, and other caloric sweeteners that are added to foods during processing, preparation, or consumed 
separately. Added sugars do not include naturally occurring sugars such as those in fruit or milk. Names for added sugars include: 
brown sugar, corn sweetener, corn syrup, dextrose, fructose, fruit juice concentrates, glucose, high-fructose corn syrup, honey, 
invert sugar, lactose, maltose, malt syrup, molasses, raw sugar, turbinado sugar, trehalose, and sucrose. 

Body mass index (BMi)—A measure of weight in kilograms (kg) relative to height in meters (m) squared. BMI is considered a 
reasonably reliable indicator of total body fat, which is related to the risk of disease and death. BMI status categories include 
underweight, healthy weight, overweight, and obese. Overweight and obese describe ranges of weight that are greater than what 
is considered healthy for a given height, while underweight describes a weight that is lower than what is considered healthy. 
Because children and adolescents are growing, their BMI is plotted on growth charts for sex and age. The percentile indicates 
the relative position of the child’s BMI among children of the same sex and age. 

calorie—Unit of (heat) energy available from the metabolism of food that is required to sustain the body’s various functions, 
including metabolic processes and physical activity. Carbohydrate, fat, protein, and alcohol provide all of the energy supplied by 
foods and beverages. 

calorie balance—The balance between calories consumed through eating and drinking and those expended through physical 
activity and metabolic processes. 

calorie density—Amount of calories provided per unit of food weight. Also known as “energy density.” Foods high in water and/or 
dietary fiber typically have fewer calories per gram and are lower in calorie density, while foods higher in fat are generally higher 
in calorie density. Calorie density is most useful when considering the eating pattern in its entirety. A healthy eating pattern with 
low calorie density can include consumption of a small amount of some calorie-dense foods (such as olive oil and nuts). An eating 
pattern low in calorie density is characterized by a relatively high intake of vegetables, fruit, and dietary fiber and a relatively low 
intake of total fat, saturated fat, and added sugars. (See “Nutrient dense.”) 

carbohydrates—One of the macronutrients. They include sugars, starches, and fibers: 

• sugars—A simple carbohydrate composed of one unit (a monosaccharide, such as glucose or fructose) or two joined units 
(a disaccharide, such as lactose or sucrose). Sugars include those occurring naturally in foods, those added to foods during 
processing and preparation, and those consumed separately. 

• starches—Many glucose units linked together into long chains. Examples of foods containing starch include grains (e.g., 
brown rice, oats, wheat, barley, corn), beans and peas (e.g., kidney beans, garbanzo beans, lentils, split peas), and tubers (e.g., 
potatoes, carrots). Refined starches are added to foods during food processing or cooking as thickeners and stabilizers. Corn 
starch is an example of a refined starch. 

• fiber—Nondigestible carbohydrates and lignin that are intrinsic and intact in plants. Fiber consists of dietary fiber (the 
fiber naturally occurring in foods) and functional fiber, which are isolated, nondigestible carbohydrates that have beneficial 
physiological effects in humans. 

cardiovascular disease—Diseases of the heart and diseases of the blood vessel system (arteries, capillaries, veins) within a 
person’s entire body. 

cholesterol—A natural sterol present in all animal tissues. Free cholesterol is a component of cell membranes and serves as a 
precursor for steroid hormones (estrogen, testosterone, aldosterone), and for bile acids. Humans are able to synthesize sufficient 
cholesterol to meet biologic requirements, and there is no evidence for a dietary requirement for cholesterol. 

• dietary cholesterol—Cholesterol found in foods of animal origin, including meat, seafood, poultry, eggs, and dairy products. 
Biologically, a liver is required to produce cholesterol, thus plant foods, such as grains, vegetables and fruits, and oils contain 
no dietary cholesterol. 

• serum cholesterol—Cholesterol that travels in the blood as part of distinct particles containing both lipids and proteins 
(lipoproteins). Three major classes of lipoproteins are found in the serum of a fasting individual: low-density lipo-protein 
(LDL), high-density lipoprotein (HDL), and very-low-density lipoprotein (VLDL). Another lipoprotein class, intermediate-
density lipoprotein (IDL), resides between VLDL and LDL; in clinical practice, IDL is included in the LDL measurement. 
Elevated lipid levels in the blood is known as hyperlipidemia. 
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cross-contamination—The spread of bacteria, viruses, or other harmful agents from one surface to another. 

cup equivalent—The amount of a food product that is considered equal to 1 cup from the vegetable, fruit, or milk food group. 
A cup equivalent for some foods may be less than a measured cup because the food has been concentrated (such as raisins or 
tomato paste), more than a cup for some foods that are airy in their raw form and do not compress well into a cup (such as salad 
greens), or measured in a different form (such as cheese). 

diabetes—A disorder of metabolism—the way the body uses digested food for growth and energy. In diabetes, the pancreas 
either produces little or no insulin (a hormone that helps glucose, the body’s main source of fuel, get into cells), or the cells do 
not respond appropriately to the insulin that is produced. The three main types of diabetes are type 1, type 2, and gestational 
diabetes. About 90 to 95 percent of people with diabetes have type 2. This form of diabetes is most often associated with older 
age, obesity, family history of diabetes, previous history of gestational diabetes, physical inactivity, and certain ethnicities. About 
80 percent of people with type 2 diabetes are overweight. Prediabetes, also called impaired fasting glucose or impaired glucose 
tolerance, is a state in which blood glucose levels are higher than normal but not high enough to be called diabetes. 

dietary reference intakes (dris)—A set of nutrient-based reference values that expand upon and replace the former 
Recommended Dietary Allowances (RDAs) in the United States and the Recommended Nutrient Intakes (RNIs) in Canada. They 
include: 

• acceptable Macronutrient distribution range (aMdr)—Range of intake for a particular energy source that is associated 
with reduced risk of chronic disease while providing intakes of essential nutrients. An intake outside of the AMDR carries the 
potential of increased risk of chronic diseases and/or insufficient intakes of essential nutrients. 

• adequate intake (ai)—A recommended average daily nutrient intake level based on observed or experimentally determined 
approximations or estimates of mean nutrient intake by a group (or groups) of apparently healthy people. This is used when 
the Recommended Dietary Allowance cannot be determined. 

• estimated average requirement (ear)—The average daily nutrient intake level estimated to meet the requirement of half 
the healthy individuals in a particular life stage and gender group. 

• recommended dietary allowance (rda)—The average dietary intake level that is sufficient to meet the nutrient requirement 
of nearly all (97 to 98%) healthy individuals in a particular life stage and gender group. 

• tolerable upper intake level (ul)—The highest average daily nutrient intake level likely to pose no risk of adverse health 
effects for nearly all individuals in a particular life stage and gender group. As intake increases above the UL, the potential 
risk of adverse health effects increases. 

eating pattern—The combination of foods and beverages that constitute an individual’s complete dietary intake over time. 
This may be a description of a customary way of eating or a description of a combination of foods recommended for 
consumption. Specific examples include USDA Food Patterns, Dietary Approaches to Stop Hypertension (DASH) Eating Plan, and 
Mediterranean, vegetarian, and vegan patterns. 

enrichment—The addition of specific nutrients (iron, thiamin, riboflavin, and niacin) to refined-grain products in order to replace 
losses of the nutrients that occur during processing. 

essential nutrient—A vitamin, mineral, fatty acid, or amino acid required for normal body functioning that either cannot be 
synthesized by the body at all, or cannot be synthesized in amounts adequate for good health, and thus must be obtained from a 
dietary source. Other food components, such as dietary fiber, while not essential, also are considered to be nutrients. 

fast food—Foods designed for ready availability, use, or consumption and sold at eating establishments for quick availability or 
take-out. Fast food restaurants also are known as quick-service restaurants. 

fats—One of the macronutrients. (See “Solid Fats” and “Oils” and Figure 3-3 in Chapter 3.) 

• Monounsaturated fatty acids—Monounsaturated fatty acids (MUFAs) have one double bond. Plant sources that are rich in 
MUFAs include nuts and vegetable oils that are liquid at room temperature (e.g., canola oil, olive oil, and high oleic safflower 
and sunflower oils). 

• Polyunsaturated fatty acids—Polyunsaturated fatty acids (PUFAs) have two or more double bonds and may be of two types, 
based on the position of the first double bond. 

◦ omega-6 Pufas—Linoleic acid, one of the n-6 fatty acids, is required but cannot be synthesized by humans and, 
therefore, is considered essential in the diet. Primary sources are liquid vegetable oils, including soybean oil, corn oil, 
and safflower oil. Also called n-6 fatty acids. 

◦ omega-3 Pufas—Alphalinolenic acid is an n-3 fatty acid that is required because it is not synthesized by humans and, 
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there- fore, is considered essential in the diet. It is obtained from plant sources, including soybean oil, canola oil, 
walnuts, and flaxseed. Eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) are long chain n-3 fatty acids that 
are contained in fish and shellfish. Also called n-3 fatty acids. 

• saturated fatty acids—Saturated fatty acids have no double bonds. Examples include the fatty acids found in animal 
products, such as meat, milk and milk products, hydrogenated shortening, and coconut or palm oils. In general, foods with 
relatively high amounts of saturated fatty acids are solid at room temperature 

• trans fatty acids—Unsaturated fatty acids that contain one or more isolated double bonds in a trans configuration produced 
by chemical hydrogenation. Sources of trans fatty acids include hydrogenated/partially hydrogenated vegetable oils that are 
used to make shortening and commercially prepared baked goods, snack foods, fried foods, and margarine. Trans fatty acids 
also are present in foods that come from ruminant animals (e.g., cattle and sheep). Such foods include dairy products, beef, 
and lamb. 

fightBac!®—A national public education campaign to promote food safety to consumers and educate them on how to handle and 
prepare food safely. In this campaign, pathogens are represented by a cartoonlike bacteria character named “BAC.” 

food security—Access by all people at all times to enough food for an active, healthy life. Food security includes, at a minimum: 
(a) the ready availability of nutritionally adequate and safe foods; and (b) an assured ability to acquire acceptable foods in socially 
acceptable ways (e.g., without resorting to emergency food supplies, scavenging, stealing, or other coping strategies). 

food insecurity—The limited or uncertain availability of nutritionally adequate and safe foods or uncertain ability to acquire 
acceptable foods in socially acceptable ways. Hunger is defined as the uneasy or painful sensation caused by a lack of food, or 
the recurrent and involuntary lack of access to food. 

foodborne disease—Disease caused by consuming foods or beverages contaminated with disease- causing bacteria or viruses. 
Many different disease-causing microbes, or pathogens, can contaminate foods, so there are many different foodborne infections. 
In addition, poisonous chemicals, or other harmful substances, can cause foodborne diseases if they are present in food. 
The most commonly recognized foodborne infections are those caused by the bacteria Campylobacter, Salmonella, and E. coli 
O157:H7, and by a group of viruses called calicivirus, also known as the Norwalk and Norwalk-like viruses. 

fortification—The addition of one or more essential nutrients to a food, whether or not it is normally contained in the food. 
Fortification may be used for the purpose of preventing or correcting a deficiency in the population or specific population groups; 
to restore naturally occurring nutrients lost during processing, storage, or handling; or to increase the nutrient level above that 
found in comparable food and to serve as a meaningful source of the specific nutrient. 

hypertension—A condition, also known as high blood pressure, in which blood pressure remains elevated over time. Hypertension 
makes the heart work too hard, and the high force of the blood flow can harm arteries and organs, such as the heart, kidneys, 
brain, and eyes. Uncontrolled hypertension can lead to heart attacks, heart failure, kidney disease, stroke, and blindness. 
Prehypertension is defined as blood pressure that is higher than normal but not high enough to be defined as hypertension. 

Macronutrient—A dietary component that provides energy. Macronutrients include protein, fats, carbohydrates, and alcohol. 

nutrient dense—Nutrient-dense foods and beverages provide vitamins, minerals, and other substances that may have positive 
health effects, with relatively few calories. The term “nutrient dense” indicates the nutrients and other beneficial substances in a 
food have not been “diluted” by the addition of calories from added solid fats, added sugars, or added refined starches, or by the 
solid 
fats naturally present in the food. Nutrient-dense foods and beverages are lean or low in solid fats, 
and minimize or exclude added solid fats, sugars, starches, and sodium. Ideally, they also are in forms that retain naturally 
occurring components, such as dietary fiber. All vegetables, fruits, whole grains, seafood, eggs, beans and peas, unsalted nuts 
and seeds, fat-free and low-fat milk and milk products, and lean meats and poultry—when prepared without solid fats or added 
sugars—are nutrient-dense foods. (See “Calorie density.”) 

oils—Fats that are liquid at room temperature. Oils come from many different plants and from seafood. Some common oils 
include canola, corn, olive, peanut, safflower, soybean, and sunflower oils. A number of foods are naturally high in oils, such as nuts, 
olives, some fish, and avocados. Foods that are mainly oil include mayonnaise, certain salad dressings, and soft (tub or squeeze) 
margarine with no trans fats. Most oils are high in monounsaturated or polyunsaturated fats, and low in saturated fats. A few plant 
oils, including coconut oil and palm kernel oil, are high in saturated fats and for nutritional purposes should be considered solid 
fats. Hydrogenated oils that contain trans fats also should be considered solid fats for nutritional purposes. 

ounce-equivalent (oz-eq)—The amount of a food product that is considered equal to 1 ounce from the grain group or the protein 
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foods group. An oz-eq for some foods may be less than a measured ounce if the food is concentrated or low in water content 
(nuts, peanut butter, dried meats, or flour), more than an ounce if the food contains a large amount of water (tofu, cooked beans, 
cooked rice, or cooked pasta). 

Portion size—The amount of a food served or consumed in one eating occasion. A portion is not a standardized amount, and the 
amount considered to be a portion is subjective and varies. (See “Serving size.”) 

Protein—One of the macronutrients. Protein is the major functional and structural component of every cell in the body. Proteins 
are composed of amino acids, nine of which cannot be synthesized to meet the body’s needs and therefore must be obtained 
from the diet. The quality of a source of dietary protein depends on its ability to provide the nitrogen and amino acid requirements 
that are necessary for the body’s growth, maintenance, and repair. 

refined grains—Grains and grain products missing the bran, germ, and/or endosperm; any grain product that is not a whole grain. 
Many refined grains are low in fiber and enriched with thiamin, riboflavin, niacin, and iron, and fortified with folic acid as required 
by U.S. regulations. 

seafood—Marine animals that live in the sea and in freshwater lakes and rivers. Seafood includes fish, such as salmon, tuna, trout, 
and tilapia, and shellfish, such as shrimp, crab, and oysters. 

serving size—A standardized amount of a food, such as a cup or an ounce, used in providing information about a food within a 
food group, such as in dietary guidance. Serving size on the Nutrition Facts label is determined based on the Reference Amounts 
Customarily Consumed (RACC) for foods that have similar dietary usage, product characteristics, and customarily consumed 
amounts for consumers to make “like product” comparisons. (See “Portion size.”) 

solid fats—Fats that are usually not liquid at room temperature. Solid fats are found in most animal foods but also can be made 
from vegetable oils through hydrogenation. Some common solid fats include: butter, beef fat (tallow, suet), chicken fat, pork fat 
(lard), stick margarine, coconut oil, palm oil, and shortening. Foods high in solid fats include: full-fat (regular) cheese, cream, 
whole milk, ice cream, well-marbled cuts of meats, regular ground beef, bacon, sausages, poultry skin, and many baked goods 
(such as cookies, crackers, donuts, pastries, and croissants). Solid fats contain more saturated fatty acids and/or trans fatty acids, 
and less monounsaturated or polyunsaturated fatty acids than do most oils, which are liquid at room temperature. (See “Fats” and 
Figure 3-3 in Chapter 3.) 

sugar-sweetened beverages—Liquids that are sweetened with various forms of sugars that add calories. These beverages 
include, but are not limited to, soda, fruit ades and fruit drinks, and sports and energy drinks. 

whole grains—Grains and grain products made from the entire grain seed, usually called the kernel, which consists of the bran, 
germ, and endosperm. If the kernel has been cracked, crushed, or flaked, it must retain nearly the same relative proportions of 
bran, germ, and endosperm as the original grain in order to be called whole grain. Many, but not all, whole grains are also a source 
of dietary fiber. 

CC licensed content, Shared previously 

• Lifetime Fitness and Wellness. Provided by: Extended Learning Institute of Northern Virginia Community College. Located 
at: https://eli.nvcc.edu/. License: CC BY: Attribution 

Public domain content 

• Dietary Guidelines for Americans 2010. Provided by: U.S. Department of Agriculture, U.S. Department of Health and Human 
Services. Located at: http://www.dietaryguidelines.gov. License: Public Domain: No Known Copyright 

This page titled 8.6: Dietary Guidelines- Glossary is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated by 
LibreTexts. 

133 (8.6.4)

https://eli.nvcc.edu/
https://creativecommons.org/licenses/by/4.0
http://www.dietaryguidelines.gov/
https://creativecommons.org/about/pdm
https://med.libretexts.org/Bookshelves/Health_and_Fitness/Lifetime_Fitness_and_Wellness_(Lumen)/03%3A_Unit_3/08%3A_Nutrition/8.06%3A_Dietary_Guidelines-_Glossary
https://creativecommons.org/licenses/by-nc-sa/4.0/


8.7: Assignment- Tracking Nutrition 

Directions 

For one weekday (select a day that reflects how you normally eat), record all food and liquid you consume. Don’t forget about 
snacks, sodas, and high calorie condiments such as mayonnaise. Then, analyze your intake: 

• Go to the Cronometer website and create a username to sign in. 
• In the diary, add in all of the food and drink you consumed in one day. 
• Then, click on “Trends” and “Nutrition report” to compile a report about the calories and nutrients you consumed in a day. 

Take a screenshot or save that page as a pdf to submit your results. 
• Once you have compiled the report, in a separate document write your reflections about your information. Use the 

recommended dietary guidelines to compare your results with the recommended guidelines: https://health.gov/
dietaryguidelines/2015/guidelines/. In your reflections, answer the following questions: 

◦ What was your daily caloric intake? Did you exceed your recommended caloric intake? Did you meet your fruit and 
vegetable recommendation? Did you meet your fiber requirement? If not, what could you do to improve? How much fat 
did you consume, and of what kind? Did you exceed the recommendation? Did you consume too much sodium? Enough 
calcium? Did you consume too much cholesterol? How many empty calories did you consume? Are you happy with the 
overall results of the analysis? What do you need to change about your diet? 

• There will be two separate documents for this assignment: a pdf file (your report) and one Word document (your reflections). 
• Upload both directly via the link above in the same submission. 

Rubric 

Your work will be assessed using the following rubric: 

Criteria Absent Incomplete Complete 

Nutrition report 0 Points 0 Points 4 Points 

Reflection 0 Points 2.5 PointsUp to 2.5 if missing 
answers to some of the questions 
listed in the assignment instructions 

5 Points: Well thought out reflection addressing all 
questions listed in the instructions. If you score 
poorly in one or more sections, be specific about 
the strategies you will use to correct the problem. 
For instance: write consume more yogurt, rather 
than consume more calcium; write limit frozen 
dinners (which are high in sodium), rather than 
decrease sodium consumption. When you name 
the food you create a more specific strategy. 

Results make 
sense 

0 Points 0 Points 1 Point: Always make sure your results make 
sense. If your caloric intake for the day was 600 
kcal for example, go back and see if you forgot to 
enter one or more of your meals/snacks. If you 
were sick and did not eat much all day, this is not 
a good day to select for this assignment (see 
instructions). If your daily calorie intake really is 
abnormally low (or high), please address it in the 
reflections so that I know you are aware of it and 
that you did not simply make a mistake when 
entering the data. 
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8.8: Discussion- Grocery Shopping 

Purpose 

You will research and compare the nutritional characteristics and affordability of foods from various sources. You will discuss this 
information with your classmates. 

Directions 

You will need to complete an independent experiment and then answer these questions based on your findings: 

• Pretend I gave you ten dollars to purchase food (in this pretend world there is no such thing as taxes). 
• Go to a fast food restaurant, look at the menu, and see how much you can purchase (I am not encouraging you to buy anything 

and I hope you will not). 
• Your items should include something to eat and something to drink. Make a list of everything you could buy. 
• Then, go to a grocery store and see how much you can purchase for the same ten dollars (again, I am not encouraging you 

to buy anything and you do not need to buy anything to complete this assignment). Again, make a list of everything you could 
buy. 

• For comparative purposes, the end meals should be as similar as possible. To make your comparison easier to see (for you 
and for your classmates), it is best to make your lists either side by side or one right after the other (a chart is a very good 
idea) before you begin your discussion. 

• Your discussion and comparison should include the approximate number of meals/servings you could make from your 
purchases, and should also address any differences in calories between the two. 

• Also suggest a similar but healthier alternative to these meals. 
• Submit your original response. 
• Respond to 2 of your classmates’ discussions. 

Grading 

Your grade will be assessed based on the following rubric: 

Criteria Novice Competent Proficient 

Original entry 0 points 3.5 points: Up to 3.5 points if 
submitted late or missing parts. 

7 points: Thorough entry submitted by the 
deadline. The entry must include food/drink items 
from both locations (fast food restaurant and 
grocery store) and the comparison addressing all 
discussion points listed in the assignment 
instructions. 

Response to two 
classmates 

0 points 1 Point: Up to 1 point if late 
orresponse to one classmate only 

2 Points: Well-constructed responses to two 
classmates addressing the classmate original 
posting and submitted by the deadline. 

Grammar and 
organization 

0 points 0 points 1 Point 
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8.9: Nutrition and Diet 

Learning Objectives 

By the end of this section, you will be able to: 

• Explain how different foods can affect metabolism 
• Describe a healthy diet, as recommended by the U.S. Department of Agriculture (USDA) 
• List reasons why vitamins and minerals are critical to a healthy diet 

The carbohydrates, lipids, and proteins in the foods you eat are used for energy to power molecular, cellular, and organ system 
activities. Importantly, the energy is stored primarily as fats. The quantity and quality of food that is ingested, digested, and 
absorbed affects the amount of fat that is stored as excess calories. Diet—both what you eat and how much you eat—has a 
dramatic impact on your health. Eating too much or too little food can lead to serious medical issues, including cardiovascular 
disease, cancer, anorexia, and diabetes, among others. Combine an unhealthy diet with unhealthy environmental conditions, such 
as smoking, and the potential medical complications increase significantly. 

Food and Metabolism 

The amount of energy that is needed or ingested per day is measured in calories. The nutritional Calorie (C) is the amount of 
heat it takes to raise 1 kg (1000 g) of water by 1 °C. This is different from the calorie (c) used in the physical sciences, which is 
the amount of heat it takes to raise 1 g of water by 1 °C. When we refer to “calorie,” we are referring to the nutritional Calorie. 

On average, a person needs 1500 to 2000 calories per day to sustain (or carry out) daily activities. The total number of calories 
needed by one person is dependent on their body mass, age, height, gender, activity level, and the amount of exercise per 
day. If exercise is regular part of one’s day, more calories are required. As a rule, people underestimate the number of calories 
ingested and overestimate the amount they burn through exercise. This can lead to ingestion of too many calories per day. The 
accumulation of an extra 3500 calories adds one pound of weight. If an excess of 200 calories per day is ingested, one extra 
pound of body weight will be gained every 18 days. At that rate, an extra 20 pounds can be gained over the course of a year. Of 
course, this increase in calories could be offset by increased exercise. Running or jogging one mile burns almost 100 calories. 

The type of food ingested also affects the body’s metabolic rate. Processing of carbohydrates requires less energy than 
processing of proteins. In fact, the breakdown of carbohydrates requires the least amount of energy, whereas the processing of 
proteins demands the most energy. In general, the amount of calories ingested and the amount of calories burned determines the 
overall weight. To lose weight, the number of calories burned per day must exceed the number ingested. Calories are in almost 
everything you ingest, so when considering calorie intake, beverages must also be considered. 
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Figure 1. The U.S. Department of Agriculture developed food 
guidelines called MyPlate to help demonstrate how to maintain a 
healthy lifestyle. 

To help provide guidelines regarding the types and quantities of food that should be eaten every day, the USDA has updated 
their food guidelines from MyPyramid to MyPlate. They have put the recommended elements of a healthy meal into the context 
of a place setting of food. MyPlate categorizes food into the standard six food groups: fruits, vegetables, grains, protein foods, 
dairy, and oils. The accompanying website gives clear recommendations regarding quantity and type of each food that you 
should consume each day, as well as identifying which foods belong in each category. The accompanying graphic gives a clear 
visual with general recommendations for a healthy and balanced meal. The guidelines recommend to “Make half your plate fruits 
and vegetables.” The other half is grains and protein, with a slightly higher quantity of grains than protein. Dairy products are 
represented by a drink, but the quantity can be applied to other dairy products as well. 

ChooseMyPlate.gov provides extensive online resources for planning a healthy diet and lifestyle, including offering weight 
management tips and recommendations for physical activity. It also includes the SuperTracker, a web-based application to help 
you analyze your own diet and physical activity. 

Everyday Connections: Metabolism and Obesity 

Obesity in the United States is epidemic. The rate of obesity has been steadily rising since the 1980s. In the 1990s, most states 
reported that less than 10 percent of their populations was obese, and the state with the highest rate reported that only 15 percent 
of their population was considered obese. By 2010, the U.S. Centers for Disease Control and Prevention reported that nearly 36 
percent of adults over 20 years old were obese and an additional 33 percent were overweight, leaving only about 30 percent of 
the population at a healthy weight. These studies find the highest levels of obesity are concentrated in the southern states. They 
also find the level of childhood obesity is rising. 

Obesity is defined by the body mass index (BMI), which is a measure of an individual’s weight-to-height ratio. The normal, or 

healthy, BMI range is between 18 and 24.9 kg/m2. Overweight is defined as a BMI of 25 to 29.9 kg/m2, and obesity is considered 

to be a BMI greater than 30 kg/m2. Obesity can arise from a number of factors, including overeating, poor diet, sedentary lifestyle, 
limited sleep, genetic factors, and even diseases or drugs. Severe obesity (morbid obesity) or long-term obesity can result in 
serious medical conditions, including coronary heart disease; type 2 diabetes; endometrial, breast, or colon cancer; hypertension 
(high blood pressure); dyslipidemia (high cholesterol or elevated triglycerides); stroke; liver disease; gall bladder disease; sleep 
apnea or respiratory diseases; osteoarthritis; and infertility. Research has shown that losing weight can help reduce or reverse the 
complications associated with these conditions. 

Vitamins 

Vitamins are organic compounds found in foods and are a necessary part of the biochemical reactions in the body. They are 
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involved in a number of processes, including mineral and bone metabolism, and cell and tissue growth, and they act as cofactors 
for energy metabolism. The B vitamins play the largest role of any vitamins in metabolism (Table 1 and Table 2). 

You get most of your vitamins through your diet, although some can be formed from the precursors absorbed during digestion. 
For example, the body synthesizes vitamin A from the β-carotene in orange vegetables like carrots and sweet potatoes. Vitamins 
are either fat-soluble or water-soluble. Fat-soluble vitamins A, D, E, and K, are absorbed through the intestinal tract with lipids 
in chylomicrons. Vitamin D is also synthesized in the skin through exposure to sunlight. Because they are carried in lipids, fat-
soluble vitamins can accumulate in the lipids stored in the body. If excess vitamins are retained in the lipid stores in the body, 
hypervitaminosis can result. 

Water-soluble vitamins, including the eight B vitamins and vitamin C, are absorbed with water in the gastrointestinal tract. These 
vitamins move easily through bodily fluids, which are water based, so they are not stored in the body. Excess water-soluble 
vitamins are excreted in the urine. Therefore, hypervitaminosis of water-soluble vitamins rarely occurs, except with an excess of 
vitamin supplements. 

Table 1. Fat-soluble Vitamins 

Vitamin and 
alternative 
name 

Sources Recommended 
daily 
allowance 

Function Problems associated with deficiency 

A: retinal or β-
carotene 

Yellow and orange fruits 
and vegetables, dark green 
leafy vegetables, eggs, milk, 
liver 

700–900 µg Eye and bone 
development, 
immune 
function 

Night blindness, epithelial changes, immune 
system deficiency 

D: 
cholecalciferol 

Dairy products, egg yolks; 
also synthesized in the skin 
from exposure to sunlight 

5–15 µg Aids in calcium 
absorption, 
promoting bone 
growth 

Rickets, bone pain, muscle weakness, 
increased risk of death from cardiovascular 
disease, cognitive impairment, asthma in 
children, cancer 

E: tocopherols Seeds, nuts, vegetable oils, 
avocados, wheat germ 

15 mg Antioxidant Anemia 

K: 
phylloquinone 

Dark green leafy 
vegetables, broccoli, 
Brussels sprouts, cabbage 

90–120 µg Blood clotting, 
bone health 

Hemorrhagic disease of newborn in infants; 
uncommon in adults 

Table 2. Water-soluble Vitamins 

Vitamin and 
alternative 
name 

Sources Recommended 
daily 
allowance 

Function Problems associated with 
deficiency 

B1: thiamine Whole grains, enriched 
bread and cereals, milk, 
meat 

1.1–1.2 mg Carbohydrate 
metabolism 

Beriberi, Wernicke-Korsikoff 
syndrome 

B2: riboflavin Brewer’s yeast, almonds, 
milk, organ meats, legumes, 
enriched breads and 
cereals, broccoli, asparagus 

1.1–1.3 mg Synthesis of FAD for 
metabolism, production 
of red blood cells 

Fatigue, slowed growth, digestive 
problems, light sensitivity, 
epithelial problems like cracks in 
the corners of the mouth 

B3: niacin Meat, fish, poultry, enriched 
breads and cereals, peanuts 

14–16 mg Synthesis of NAD, nerve 
function, cholesterol 
production 

Cracked, scaly skin; dementia; 
diarrhea; also known as pellagra 

B5: pantothenic 
acid 

Meat, poultry, potatoes, oats, 
enriched breads and 
cereals, tomatoes 

5 mg Synthesis of coenzyme A 
in fatty acid metabolism 

Rare: symptoms may include 
fatigue, insomnia, depression, 
irritability 
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Table 2. Water-soluble Vitamins 

Vitamin and 
alternative 
name 

Sources Recommended 
daily 
allowance 

Function Problems associated with 
deficiency 

B6: pyridoxine Potatoes, bananas, beans, 
seeds, nuts, meat, poultry, 
fish, eggs, dark green leafy 
vegetables, soy, organ 
meats 

1.3–1.5 mg Sodium and potassium 
balance, red blood cell 
synthesis, protein 
metabolism 

Confusion, irritability, depression, 
mouth and tongue sores 

B7: biotin Liver, fruits, meats 30 µg Cell growth, metabolism 
of fatty acids, production 
of blood cells 

Rare in developed countries; 
symptoms include dermatitis, hair 
loss, loss of muscular coordination 

B9: folic acid Liver, legumes, dark green 
leafy vegetables, enriched 
breads and cereals, citrus 
fruits 

400 µg DNA/protein synthesis Poor growth, gingivitis, appetite 
loss, shortness of breath, 
gastrointestinal problems, mental 
deficits 

B12: 
cyanocobalamin 

Fish, meat, poultry, dairy 
products, eggs 

2.4 µg Fatty acid oxidation, 
nerve cell function, red 
blood cell production 

Pernicious anemia, leading to 
nerve cell damage 

C: ascorbic acid Citrus fruits, red berries, 
peppers, tomatoes, broccoli, 
dark green leafy vegetables 

75–90 mg Necessary to produce 
collagen for formation of 
connective tissue and 
teeth, and for wound 
healing 

Dry hair, gingivitis, bleeding gums, 
dry and scaly skin, slow wound 
healing, easy bruising, 
compromised immunity; can lead 
to scurvy 

Minerals 

Minerals in food are inorganic compounds that work with other nutrients to ensure the body functions properly. Minerals cannot 
be made in the body; they come from the diet. The amount of minerals in the body is small—only 4 percent of the total body 
mass—and most of that consists of the minerals that the body requires in moderate quantities: potassium, sodium, calcium, 
phosphorus, magnesium, and chloride. 

The most common minerals in the body are calcium and phosphorous, both of which are stored in the skeleton and necessary 
for the hardening of bones. Most minerals are ionized, and their ionic forms are used in physiological processes throughout the 
body. Sodium and chloride ions are electrolytes in the blood and extracellular tissues, and iron ions are critical to the formation 
of hemoglobin. There are additional trace minerals that are still important to the body’s functions, but their required quantities 
are much lower. 

Like vitamins, minerals can be consumed in toxic quantities (although it is rare). A healthy diet includes most of the minerals your 
body requires, so supplements and processed foods can add potentially toxic levels of minerals. Table 3 and Table 4 provides a 
summary of minerals and their function in the body. 

Table 3. Major Minerals 

Mineral Sources Recommended 
daily 
allowance 

Function Problems associated with 
deficiency 

Potassium Meats, some fish, fruits, 
vegetables, legumes, dairy 
products 

4700 mg Nerve and muscle 
function; acts as an 
electrolyte 

Hypokalemia: weakness, fatigue, 
muscle cramping, gastrointestinal 
problems, cardiac problems 

Sodium Table salt, milk, beets, celery, 
processed foods 

2300 mg Blood pressure, blood 
volume, muscle and 
nerve function 

Rare 
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Table 3. Major Minerals 

Mineral Sources Recommended 
daily 
allowance 

Function Problems associated with 
deficiency 

Calcium Dairy products, dark green 
leafy vegetables, blackstrap 
molasses, nuts, brewer’s 
yeast, some fish 

1000 mg Bone structure and 
health; nerve and muscle 
functions, especially 
cardiac function 

Slow growth, weak and brittle bones 

Phosphorous Meat, milk 700 mg Bone formation, 
metabolism, ATP 
production 

Rare 

Magnesium Whole grains, nuts, leafy 
green vegetables 

310–420 mg Enzyme activation, 
production of energy, 
regulation of other 
nutrients 

Agitation, anxiety, sleep problems, 
nausea and vomiting, abnormal heart 
rhythms, low blood pressure, 
muscular problems 

Chloride Most foods, salt, vegetables, 
especially seaweed, 
tomatoes, lettuce, celery, 
olives 

2300 mg Balance of body fluids, 
digestion 

Loss of appetite, muscle cramps 

Table 4. Trace Minerals 

Mineral Sources Recommended 
daily 
allowance 

Function Problems associated with 
deficiency 

Iron Meat, poultry, fish, shellfish, 
legumes, nuts, seeds, whole 
grains, dark leafy green 
vegetables 

8–18 mg Transport of oxygen in blood, 
production of ATP 

Anemia, weakness, fatigue 

Zinc Meat, fish, poultry, cheese, 
shellfish 

8–11 mg Immunity, reproduction, growth, 
blood clotting, insulin and 
thyroid function 

Loss of appetite, poor growth, 
weight loss, skin problems, hair 
loss, vision problems, lack of 
taste or smell 

Copper Seafood, organ meats, nuts, 
legumes, chocolate, 
enriched breads and 
cereals, some fruits and 
vegetables 

900 µg Red blood cell production, nerve 
and immune system function, 
collagen formation, acts as an 
antioxidant 

Anemia, low body temperature, 
bone fractures, low white blood 
cell concentration, irregular 
heartbeat, thyroid problems 

Iodine Fish, shellfish, garlic, lima 
beans, sesame seeds, 
soybeans, dark leafy green 
vegetables 

150 µg Thyroid function Hypothyroidism: fatigue, weight 
gain, dry skin, temperature 
sensitivity 

Sulfur Eggs, meat, poultry, fish, 
legumes 

None Component of amino acids Protein deficiency 

Fluoride Fluoridated water 3–4 mg Maintenance of bone and tooth 
structure 

Increased cavities, weak bones 
and teeth 

Manganese Nuts, seeds, whole grains, 
legumes 

1.8–2.3 mg Formation of connective tissue 
and bones, blood clotting, sex 
hormone development, 
metabolism, brain and nerve 
function 

Infertility, bone malformation, 
weakness, seizures 
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Table 4. Trace Minerals 

Mineral Sources Recommended 
daily 
allowance 

Function Problems associated with 
deficiency 

Cobalt Fish, nuts, leafy green 
vegetables, whole grains 

None Component of B12 None 

Selenium Brewer’s yeast, wheat germ, 
liver, butter, fish, shellfish, 
whole grains 

55 µg Antioxidant, thyroid function, 
immune system function 

Muscle pain 

Chromium Whole grains, lean meats, 
cheese, black pepper, 
thyme, brewer’s yeast 

25–35 µg Insulin function High blood sugar, triglyceride, 
and cholesterol levels 

Molybdenum Legumes, whole grains, 
nuts 

45 µg Cofactor for enzymes Rare 
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8.10: Nutrition For Everyone 

Nutrition Basics 

Do you ever feel like you can’t keep up with the changes in technology? Sometimes it seems that way with dietary advice, as 
if things are always changing. While it’s true that the fields of diet and nutrition are areas of evolving research, there are some 
basic concepts you can keep in mind. By knowing these basics, you will be better equipped to sort through nutrition research and 
dietary advice. 

Food Groups 

Are you interested in healthy eating and having a balanced diet? If so, you’ll want to learn more about food groups. 

This section helps explain the food groups based on the Dietary Guidelines for Americans, 2010 and provides information about 
food plans. There are five groups consisting of vegetables, fruits, grains, dairy and a protein group which includes meat, poultry, 
fish and nuts. MyPlate  illustrates the five food groups that are the building blocks for a healthy diet using a familiar image—a 
place setting for a meal —and display how much of each food group you need to eat for a healthy diet. 

What are the basic food groups? 

Food 
Groups 

Examples 

Vegetables The vegetables you eat may be fresh, frozen, canned or dried and may be eaten whole, 
cut-up, or mashed. You should eat a variety of dark green, red and orange vegetables, as 
well as beans and peas (which are also considered part of the protein group). Examples 
include broccoli, carrots, collard greens, split peas, green beans, black-eyed peas, kale, 
lima beans, potatoes, spinach, squash, sweet potatoes, tomatoes and kidney beans. Any 
vegetable or 100% vegetable juice counts in this group. 

Fruits The fruits you eat may be fresh, canned, frozen or dried and may be eaten whole, cut-up, 
or pureed. Examples include apples, apricots, bananas, dates, grapes, oranges, grapefruit, 
mangoes, melons, peaches, pineapples, raisins, strawberries, tangerines, and 100% fruit 
juice. 

Grains There are two types of grains – whole grains and refined grains. At least half of the grains 
you eat should be whole grains, such as whole-wheat bread, whole-grain cereals and 
crackers, oatmeal, bulgur, and brown rice. Refined grains include white bread, white rice, 
enriched pasta, flour tortillas, and most noodles. 

Dairy Most of your choices should be fat-free or low-fat milk and milk products, but all milks 
and calcium-containing milk products count in this category. Examples include milk, 
cheeses, and yogurt as well as lactose-free and lactose-reduced products and soy 
beverages. Foods that are made from milk but have little or no calcium are not included, 
such as butter, cream, sour cream, and cream cheese. 

Protein 
Foods 

Choose a variety of lean meats and poultry, seafood, beans and peas, eggs, processed 
soy products, unsalted nuts, and seeds. Make sure to eat at least 8 ounces of seafood 
each week. 
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*Oils are NOT a food group, but they provide essential nutrients such as vitamin E. 

How much of each food group should I eat? 
The amount of food you need to eat from each group depends on your age, sex, and level of physical activity. For information about 
the food groups and the recommended daily amounts visit ChooseMyPlate.gov Daily Food Plans. For easy advice on creating a 
healthy balanced plate visit –10 Tips to a great plate [PDF- 805Kb]. 

Food Plans 

A healthy eating plan will show you how much you need from each food group to stay within your calorie needs and promote good 
health. A healthy eating plan can also help you learn— 

• How many calories you need each day and how to balance your calorie needs. 
• How much of each food group you should consume. 
• How to make healthy choices in each food group. 

For more information about food plans visit: Food Plans at MyPlate.gov 

Vegetarian Plans can meet all the recommendations for nutrients. The key is to consume a variety of foods and the right amount 
of foods to meet your calorie needs. Visit MyPlate.gov for Vegetarian Tips. 
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8.11: Water- Meeting Your Daily Fluid Needs 

Ever notice how lifeless a house plant looks when you forget to water it? Just a little water and it seems to perk back up. Water is 
just as essential for our bodies because it is in every cell, tissue, and organ in your body. That’s why getting enough water every 
day is important for your health. 

Healthy people meet their fluid needs by drinking when thirsty and drinking fluids with meals. But, if you’re outside in hot weather 
for most of the day or doing vigorous physical activity, you’ll need to make an effort to drink more fluids. 

Where do I get the water I need? 

Most of your water needs are met through the water and beverages you drink. 
You can get some fluid through the foods you eat. For example, broth soups and other foods that are 85% to 95% water such as 
celery, tomatoes, oranges, and melons. 

What does water do in my body? 

Water helps your body with the following: 

• Keeps its temperature normal. 
• Lubricates and cushions your joints. 
• Protects your spinal cord and other sensitive tissues. 
• Gets rid of wastes through urination, perspiration, and bowel movements. 

Why do I need to drink enough water each day?

You need water to replace what your body loses through normal everyday functions. Of course, you lose water when you go 
to the bathroom or sweat, but you even lose small amounts of water when you exhale. You need to replace this lost water 
to prevent dehydration. 

Your body also needs more water when you are— 

• In hot climates. 
• More physically active. 
• Running a fever. 
• Having diarrhea or vomiting. 

To help you stay hydrated during prolonged physical activity or when it is hot outside: 

1. Drink fluid while doing the activity. 
2. Drink several glasses of water or other fluid after the physical activity is completed. 

Also, when you are participating in vigorous physical activity, it’s important to drink before you even feel thirsty. Thirst is a signal 
that your body is on the way to dehydration. For more information, visit Fit Facts, Healthy Hydration from the American Council on 
Fitness .*(PDF-1.4Mb) 

Some people may have fluid restrictions because of a health problem, such as kidney disease. If your healthcare provider has 
told you to restrict your fluid intake, be sure to follow that advice. 
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Tips for Increasing Your Fluid Intake by Drinking More Water 

Under normal conditions, most people can drink enough fluids to meet their water needs. If you are outside 
in hot weather for most of the day or doing vigorous activity, you may need to increase your fluid intake. 

If you think you’re not getting enough water each day, the following tips may help: 

• Carry a water bottle for easy access when you are at work or running errands. 
• Freeze some freezer-safe water bottles. Take one with you for ice-cold water all day long. 
• Choose water instead of sugar-sweetened beverages. This tip can also help with weight management. Substituting water for 

one 20-ounce sugar-sweetened soda will save you about 240 calories. 
• Choose water instead of other beverages when eating out. Generally, you will save money and reduce calories. 
• Give your water a little pizzazz by adding a wedge of lime or lemon. This may improve the taste, and you just might drink 

more water than you usually do. 

Do sugar-sweetened beverages count? 

Although beverages that are sweetened with sugars do provide water, they usually have more calories than unsweetened 
beverages. To help with weight control, you should consume beverages and foods that don’t have added sugars. 

Examples of beverages with added sugars: 

• Fruit drinks. 
• Some sports drinks. 
• Soft drinks and sodas (non-diet). 

Visit Rethink Your Drink for more information about the calories in beverages and how you can make better drink choices to 
reduce your calorie intake. 

Sources 

U.S. National Library of Medicine & NIH. MedlinePlus Medical Encyclopedia: Water in Diet. http://www.nlm.nih.gov/medlineplus/
ency/article/002471.htm 
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8.12: Dietary Fat 

What counts as fat? Are some fats better than other fats? While fats are essential for normal body function, some fats are better 
for you than others. Trans fats, saturated fats and cholesterol are less healthy than polyunsaturated and monounsaturated fats. 

How much total dietary fat do I need? 

The Dietary Guidelines for Americans 2010 recommend that Americans: 

• Consume less than 10% of calories from saturated fats. 
• Replace solid fats with oils when possible. 
• Limit foods that contain synthetic sources of trans fatty acids (such as hydrogenated oils), and keep total trans fatty acid 

consumption as low as possible. 
• Eat fewer than 300 mg of dietary cholesterol per day. 
• Reduce intake of calories from solid fats. 

Age Group Total Fat Limits 

Children ages 2 to 3 30% to 40% of total calories 

Children and adolescents ages 4 to 18 25% to 35% of total calories 

Adults, ages 19 and older 20% to 35% of total calories 

Quick Q& A 

If some fats are healthier than others, can I eat as much of these fats as I want? 

No, it’s best to keep your total fat intake between 20 and 35% of your total calories each day. 

Know your limits on fats. You can meet this recommendation by following a healthy eating plan that meets your needs. 
ChooseMyPlate.gov has personalized plans that will provide your daily allowance of oils and solid fats, based on your age, 
gender, height, weight, and physical activity level. 

Trans Fat 

Download Trans Fat: The Facts [PDF–2.1Mb] 

The Dietary Guidelines for Americans 2010 and the Institute of Medicine recommend that individuals keep trans fatty acid 

consumption as low as possible.1, 2 There are two main sources of dietary trans fatty acids (trans fat). Naturally occurring trans 
fat is found in small amounts in the fatty parts of meat and dairy products. Artificial trans fat comes from foods that contain 
partially hydrogenated oil and is formed when hydrogen is added to liquid oil turning it into solid fat. Often food manufacturers 
use artificial trans fat in food products because it is inexpensive and it increases the food’s shelf life, stability, and texture. 

Dietary Guidelines for Americans (DGA)1 

The DGA recommend that individuals keep trans fatty acid consumption as low as possible, especially by limiting foods that 
contain synthetic [artificial] sources of trans fats, such as partially hydrogenated oils, and by limiting other solid fats. 

Consuming trans fat increases low-density lipoprotein (LDL, or “bad”) cholesterol. This risk factor contributes to the leading 

cause of death in the U.S. – coronary heart disease (CHD).1 Trans fat may also have other adverse health effects like decreasing 
high-density lipoprotein (HDL, or “good”) cholesterol. Further reducing trans fat consumption by avoiding artificial trans fat could 

prevent 10,000-20,000 heart attacks and 3,000-7,000 coronary heart disease deaths each year in the U.S.3 
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Trans fat intake has significantly decreased in the US as a result of efforts to increase awareness of its health effects, Nutrition 
Facts label changes, industry efforts to voluntarily reformulate foods, and some state and local governments’ restriction of its use 
in restaurants and other food service outlets. However, on average Americans still consume 1.3 grams (0.6% of energy) of artificial 

trans fat each day.4 Major contributors to artificial trans fat intake include fried items, savory snacks (like microwave popcorn), 
frozen pizzas, cake, cookies, pie, margarines and spreads, ready-to-use frosting, and coffee creamers. The amount of trans fat can 
vary among similar food categories. 

The amount of trans fat can vary within food categories 4 

Food category Range of trans fat per serving (g) 

Margarine and spreads 0.0-3.0 g 

Cookies 0.0-3.5 g 

Frozen pies 0.0-4.5 g 

Frozen pizza 0.0-5.0 g 

Savory Snacks 0.0-7.0 g 

Trans fat are also found in restaurant and cafeteria foods that contain or are prepared with partially hydrogenated oil. Currently, 
only about 1 in 5 Americans (20 percent) lives where there are policies that limit the use or sale of foods that contain more than 

0.5 grams of artificial trans fat per serving.5 

What Can Be Done To Reduce Artificial Trans Fat 

Everyone can: 

• Read the Nutrition Facts label and ingredient list to compare foods. 

◦ Choose products with 0 grams trans fat.
◦ Check the Ingredient List to see if there is any partially hydrogenated oil in the product. 
◦ Because products containing less than 0.5 grams of trans fat per serving can be labeled as having 0 grams trans fat, 

checking the Ingredient List is important to avoid all artificial trans fat. 
• When choosing foods low in trans fat, make sure they are also low in saturated fat and cholesterol: look for foods with 5% of 

the Daily Value or less. Foods with 20% or more of the Daily Value of these two components are high. 
• Use monounsaturated fat (canola and olive oil) and polyunsaturated fat (soybean, corn, and sunflower oil) in recipes that call 

for fat. 
• A good way to avoid trans fat is to eat a balanced diet rich in fruits, vegetables, whole grains, lean sources of protein, and 

low-fat or fat-free dairy products. 
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• Ask your grocer to stock products free of “partially hydrogenated oil” and “shortening”. 
• Talk with your favorite restaurant establishment about current use of partially hydrogenated oils or changing to a menu that 

is 100% free of “partially hydrogenated oil” and “shortening”. 
• Choose restaurants that do not use partially hydrogenated oil to prepare food. 

Restaurants and Cafeterias can: 

• Change their frying and cooking oils to ones that do not contain any partially hydrogenated oil. 
• Ask suppliers to provide products that do not contain partially hydrogenated oil and are low in saturated fat. 
• Promote partially hydrogenated oil-free, and low saturated fat, items on the menu. 

Food Producers and Processors can: 

• Continue to reformulate products to remove partially hydrogenated oil by increasing the use of mono- and polyunsaturated 
fats as replacements. 

• Find innovative ways to remove partially hydrogenated oil, without increasing saturated fat, from baked goods, frosting, and 
other products that currently contain significant amounts of trans fat. 

State and Local Governments can: 

• Increase public awareness about the use of partially hydrogenated oil in foods and cardiovascular risks of consuming trans 
fat. 

• Adopt procurement guidelines regarding the sale and/or use of foods containing artificial trans fat (partially hydrogenated 
oil). 

Resources 

Dietary Guidelines for Americans 2010
The Departments of Agriculture (USDA) and Health and Human Services (HHS), jointly publish the Dietary Guidelines for 
Americans, which provides advice about how good dietary habits for people aged 2 years and older can promote health and 
reduce risk for major chronic diseases. 

Trans Fat: What you need to know
The U.S. Food and Drug Administration published a general fact sheet about trans fat. 
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Saturated Fat 

You may have heard that saturated fats are the “solid” fats in your diet. For the most part, this is true. For example, if you open a 
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container of meat stew, you will probably find some fat floating on top. This fat is saturated fat. 

The Recommendation 

Diets high in saturated fat have been linked to chronic disease, specifically, coronary heart disease. The Dietary Guidelines for 
Americans 2005 recommend consuming less than 10% of daily calories as saturated fat. 

But other saturated fats can be more difficult to see in your diet. In general, saturated fat can be found in the following foods: 

• High-fat cheeses 
• High-fat cuts of meat 
• Whole-fat milk and cream 
• Butter 
• Ice cream and ice cream products 
• Palm and coconut oils 

It’s important to note that lower-fat versions of these foods usually will contain saturated fats, but typically in smaller quantities 
than the regular versions. 

As you look at this list above, notice two things. First, animal fats are a primary source of saturated fat. Secondly, certain plant 
oils are another source of saturated fats: palm oils, coconut oils, and cocoa butter. You may think you don’t use palm or coconut 
oils, but they are often added to commercially-prepared foods, such as cookies, cakes, doughnuts, and pies. Solid vegetable 
shortening often contains palm oils and some whipped dessert toppings contain coconut oil. 

How do I control my saturated fat intake? 

In general, saturated fat can be found in the following foods: 

• High-fat cheeses 
• High-fat cuts of meat 
• Whole-fat milk and cream 
• Butter 
• Ice cream and ice cream products 
• Palm and coconut oils 

So how can you cut back on your intake of saturated fats? Try these tips: 

1. Choose leaner cuts of meat that do not have a marbled appearance (where the fat appears embedded in the meat). Leaner 
cuts include round cuts and sirloin cuts. Trim all visible fat off meats before eating. 

2. Remove the skin from chicken, turkey, and other poultry before cooking. 
3. When re-heating soups or stews, skim the solid fats from the top before heating. 
4. Drink low-fat (1%) or fat-free (skim) milk rather than whole or 2% milk. 
5. Buy low-fat or non-fat versions of your favorite cheeses and other milk or dairy products. 
6. When you want a sweet treat, reach for a low-fat or fat-free version of your favorite ice cream or frozen dessert. These versions 

usually contain less saturated fat. 
7. Use low-fat spreads instead of butter. Most margarine spreads contain less saturated fat than butter. Look for a spread that 

is low in saturated fat and doesn’t contain trans fats. 
8. Choose baked goods, breads, and desserts that are low in saturated fat. You can find this information on the Nutrition Facts 

label. 
9. Pay attention at snack time. Some convenience snacks such as sandwich crackers contain saturated fat. Choose instead to 

have non-fat or low-fat yogurt and a piece of fruit. 

To learn more about the Nutrition Facts label, visit How to Understand and Use the Nutrition Facts Label (FDA). 

Quick Q&A 

What should I choose— butter or margarine? Should I choose a stick, tub, or liquid? 
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With such a variety of products available, it can be a difficult decision. Here are some general 
rules of thumb to help you compare products: 

Look at the Nutrition Facts label to compare both the trans fat and the saturated fat content. Choose the one that has the 
fewest grams of trans fat and the fewest grams of saturated fat and dietary cholesterol. 
If possible, find one that says zero grams of trans fat. 

When looking at the Daily Value for saturated fat and cholesterol remember that 5 percent is low and 20 percent is high. 

If you are also trying to reduce calories, you may want to look for a version that says “light.” These products contain fewer 
calories and can help you stay within your calorie goals. 

If you find two products that seem comparable, try them both and choose the one that tastes better! 

Dietary Cholesterol 

Cholesterol is a fatty substance that’s found in animal-based foods such as meats, poultry, egg yolks, and whole milks. Do you 
remember the other type of fat that is found in animal-based products? That’s right — saturated fat. 

The Recommendation 

The Dietary Guidelines for Americans 2010 recommend that individuals consume less than 300 milligrams (mg) of cholesterol 
each day. 

So, when you follow the tips to reduce your saturated fat intake, in most cases, you will be reducing your dietary cholesterol intake 
at the same time. For example, if you switch to low-fat and fat-free dairy products, you will reduce your intake of both saturated 
fat and cholesterol. 

Quick Q&A 

I’ve heard that some people have high blood cholesterol because of the foods they eat but that other people have high 
cholesterol because of genetics. What’s the difference? 

Not only do you get cholesterol from the foods you eat (your diet) your body also makes cholesterol to use in normal body 
functions. 

The cholesterol made by your body is partly influenced by your genes and these genes are shared by your family members. 

Even though genetics play a role, families often also share the same eating and lifestyle habits. Some health problems that 
seem to run in families may be worsened by these unhealthful habits. If you have a genetic tendency to produce more 
cholesterol, you may still obtain additional benefits from reducing the cholesterol in your diet. 
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Cholesterol in Your Blood 

You may be reading this section about cholesterol because you have been diagnosed with high blood cholesterol, or you may 
have been told that your “good” cholesterol is too low, or that your “bad” cholesterol is too high. What does all this mean? 

Here are some quick definitions that may help you. You may also want to check out the links below for more detailed information. 

Total Cholesterol. This is the total measured cholesterol in your blood. This number includes all other types of cholesterol such 
as HDL and LDL, as defined below. High blood cholesterol can increase your risk of heart disease. 

It is important to know your numbers. You can’t tell if the cholesterol in your blood is high by how you feel. You’ll need a blood 
test from your healthcare provider to know. If you don’t know what your blood cholesterol level is, talk to your health care provider. 

HDL. HDL stands for high-density lipoprotein cholesterol. The HDL cholesterol is often called “good” cholesterol because it helps 
carry cholesterol away from your body’s organs and to your liver where it can be removed. To help you remember, that HDL is the 
“good” cholesterol, recall that the “H” stands for high and higher HDL cholesterol is good. 

LDL. LDL stands low-density lipoprotein cholesterol. The LDL cholesterol is sometimes called “bad” cholesterol because it’s the 
type of cholesterol that is linked with a higher chance of heart disease. Remember that L stands for “low” and you want to keep 
LDL lower in your blood. 

What Is High Blood Cholesterol? 

Too much cholesterol in the blood, or high blood cholesterol, can be serious. People with high blood 
cholesterol have a greater chance of getting heart disease. Cholesterol can build up on the walls of your arteries (blood vessels 
that carry blood from the heart to other parts of the body). This buildup of cholesterol is called plaque. Over time, plaque can 
cause narrowing of the arteries. 

If you’ve already been diagnosed with high blood cholesterol or want more information about how to prevent it, visit these links 
from the National Heart, Lung, and Blood Institute for more information. 

High Blood Cholesterol 
National Institute of Health (NIH), National Heart, Lung and Blood Institute (NHLBI) 
This site explains what high blood cholesterol is, its signs and symptoms, and how it is diagnosed and treated. 

High Blood Cholesterol: What You Need to Know (PDF-195k) 
NHLBI, National Cholesterol Education Program 
This document explains what your cholesterol numbers mean, how to calculate your heart disease risk, and how to treat high 
levels of cholesterol using the Therapeutic Lifestyle Changes (TLC) diet. 

Please note that these Web sites are intended for adults who have been diagnosed with high cholesterol. For information about 
cholesterol and children, please visit the American Heart Association’s Cholesterol and Atherosclerosis in Children.* 

Polyunsaturated Fats and Monounsaturated Fats 

Most of the fat that you eat should come from unsaturated sources: polyunsaturated fats and monounsaturated fats. In general, 
nuts, vegetable oils, and fish are sources of unsaturated fats. The table below provides examples of specific types of unsaturated 
fats. 
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Monounsaturated Fat Sources Omega-6 Polyunsaturated Fat Sources Omega-3 Polyunsaturated Fat Sources 

Nuts 
Vegetable oils 
Canola oil 
Olive oil 
High oleic safflower oil 
Sunflower oil 
Avocado 

Soybean oil 
Corn oil 
Safflower oil 

Soybean oil 
Canola oil 
Walnuts 
Flaxseed 
Fish: trout, herring, and salmon 

Polyunsaturated fats can also be broken down into two types: 

• Omega-6 polyunsaturated fats — these fats provide an essential fatty acid that our bodies need, but can’t make. 
• Omega-3 polyunsaturated fats — these fats also provide an essential fatty acid that our bodies need. In addition, omega-3 

fatty acids, particularly from fish sources, may have potential health benefits. 

How do I control my polyunsaturated fat and monounsaturated fat intake? 

In general, nuts, vegetable oils, and fish are sources of unsaturated fats. The table below provides examples of specific types of 
unsaturated fats. 

Monounsaturated Fat Sources Omega-6 Polyunsaturated Fat Sources Omega-3 Polyunsaturated Fat Sources 

Nuts 
Vegetable oils 
Canola oil 
Olive oil 
High oleic safflower oil 
Sunflower oil 
Avocado 

Soybean oil 
Corn oil 
Safflower oil 

Soybean oil 
Canola oil 
Walnuts 
Flaxseed 
Fish: trout, herring, and salmon 

Below are tips for including appropriate amounts of unsaturated fats in your diet: 

• Replace solid fats used in cooking with liquid oils. Visit Choose MyPlate – Daily Food Plans to learn more about your daily 
recommendations. 

• Remember any type of fat is high in calories. To avoid additional calories, substitute polyunsaturated and monounsaturated 
fats for saturated fats and trans fats rather than adding these fats to your diet. 

• Have an ounce of dry-roasted nuts as a snack. Nuts and seeds count as part of your meat and beans allowance on the 
MyPyramid plan. 

CC licensed content, Shared previously 

• Trans Fat. Provided by: Centers for Disease Control. Located at: www.cdc.gov/nutrition/everyone/basics/fat/transfat.html. 
License: CC BY: Attribution 

• Saturated Fat. Provided by: Centers for Disease Control. Located at: www.cdc.gov/nutrition/everyone/basics/fat/
saturatedfat.html. License: CC BY: Attribution 

• Polyunsaturated Fats and Monounsaturated Fats. Provided by: Centers for Disease Control. Located at: www.cdc.gov/
nutrition/everyone/basics/fat/unsaturatedfat.html. License: CC BY: Attribution 

• Lifetime Fitness and Wellness. Provided by: Extended Learning Institute of Northern Virginia Community College. Located 
at: https://eli.nvcc.edu/. License: CC BY: Attribution 

Public domain content 

• Dietary Fat. Provided by: Centers for Disease Control. Located at: www.cdc.gov/nutrition/everyone/basics/fat/index.html. 
License: Public Domain: No Known Copyright 

This page titled 8.12: Dietary Fat is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated by LibreTexts. 
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8.13: Carbohydrates 

Not sure what to think about carbohydrates these days? You’ve come to the right section. Here are the facts to separate the hype 
from the truth about carbohydrates. 

What are carbohydrates? 

Your body uses carbohydrates (carbs) to make glucose which is the fuel that gives you energy and helps keep everything going. 

Your body can use glucose immediately or store it in your liver and muscles for when it is needed. 

You can find carbohydrates in the following: 

• Fruits 
• Vegetables 
• Breads, cereals, and other grains 
• Milk and milk productssugar-sweetened 
• Foods containing added sugars (e.g., cakes, cookies, and beverages). 

Healthier foods higher in carbohydrates include ones that provide dietary fiber and whole grains as well as those without added 
sugars. 

What about foods higher in carbohydrates such as sodas and candies that also contain added sugars? Those are the ones that 
add extra calories but not many nutrients to your diet. 

Quick Q& A 

I’ve heard there are “good” carbs and “bad” carbs? Can you provide me more information? 

Some diet books use “bad” carbs to talk about foods with refined carbohydrates (i.e., meaning they’re made from white flour 
and added sugars). 

Examples include white bread, cakes, and cookies. 

“Good” carbs is used to describe foods that have more fiber and complex carbohydrates. Complex carbohydrates are 
carbohydrates that take longer to break down into glucose; such as vegetables, fruits, whole grains and beans. 

These terms aren’t used in the Dietary Guidelines for Americans 2010. Instead, the guidelines recommend choosing fiber-
rich carbohydrate choices from the vegetable, fruit, and grain groups and avoid added sugars. 

It is also recommended that at least half of your daily grain choices are whole grains. 

What are the types of carbohydrates? 

There are two main types of carbohydrates: 

• Complex carbohydrates 
• Simple carbohydrates 

Complex Carbohydrates 

Starch and dietary fiber are the two types of complex carbohydrates. 
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Starch must be broken down through digestion before your body can use it as a glucose source. 

Quite a few foods contain starch and dietary fiber such as breads, cereals, and vegetables: 

• Starch is in certain vegetables (i.e., potatoes, dry beans, peas, and corn). 
• Starch is also found in breads, cereals, and grains. 
• Dietary fiber is in vegetables, fruits, and whole grain foods. 

Dietary Fiber 

You may have seen dietary fiber on the label listed as soluble fiber or insoluble fiber. 

Soluble fiber is found in the following: 

• Oatmeal 
• Oat bran 
• Nuts and seeds 
• Most fruits (e.g., strawberries, blueberries, pears, and apples) 
• Dry beans and peas 

Insoluble fiber found in the following: 

• Whole wheat bread 
• Barley 
• Brown rice 
• Couscous 
• Bulgur or whole grain cereals 
• Wheat bran 
• Seeds 
• Most vegetables 
• Fruits 

Which type is best? Both! Each has important health benefits so eat a variety of these foods to get enough of both. You’re also 
more likely to get other nutrients that you might miss if you just chose 1 or 2 high-fiber foods. 

How much dietary fiber do I need each day? 

Most Americans greatly under consume dietary fiber. Breads, rolls, buns and pizza crust made with refined flour are not among 
the best sources of dietary fiber, but currently contribute to a large portion our diets. To meet the recommendations for fiber, most 
people need to increase the consumption of beans peas other vegetable, fruits and whole grains, and other foods with naturally 
occurring fiber. 

It’s recommended that you get 14 grams of dietary fiber for every 1,000 calories that you consume each day.1 To find out how 
many calories you need each day, visit: Food Plans at MyPlate.gov and enter your age, sex, height, weight, and your activity level 
in the Daily Food plan. 

Or as a general rule you may refer to the chart below to find out the recommended amount of fiber you need based on age and 

gender groups. 1,2 

nutrient 
(units) 

source 
of 
goala 

child 
1–3 

female 
4–8 

Male 
4–8 

female 
9–13 

Male 
9–13 

female 
14–18 

Male 
14–18 

Total fiber (grams) IOMd 14 17 20 22 25 25 31 
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nutrient 
(units) 

source 
of 
goala 

female 
19–30 

Male 
19–30 

female 
31–50 

Male 
31–50 

female 
51+ 

Male 
51+ 

Total fiber (grams) IOMd 28 34 25 31 22 28 

At first, you may find it challenging to eat all of your daily fiber grams. Just take it slowly and try to choose higher-fiber foods more 
often. Over time, you’ll gradually be eating more fiber! 

Try these tips to jumpstart your intake of dietary fiber: 

• Choose whole fruits more often than fruit juice. Fresh, frozen, or canned—it doesn’t matter— they all count! 
• Try to eat two vegetables with your evening meal. 
• Keep a bowl of veggies already washed and prepared your refrigerator—try carrots, cucumbers, or celery for a quick snack. 
• Make a meal around dried beans or peas (also called legumes) instead of meat. 
• Choose whole grain foods more often. Take a look at the “whole grains buzz words list” below to help you decide. A good 

guide is to make at least ½ of your grain choices be whole grains. 
• Start your day with a whole grain breakfast cereal low in added sugar. Top your cereal with fruit for even more fiber. While 

bananas may come to your mind first, you can add even more variety by also trying sliced peaches or berries. You can often 
find these fruits year-round in the frozen foods section of your grocery store. 

Whole Grains 

Whole grains are a good source of fiber and nutrients. Whole grains refer to grains that have all of the parts of the grain seed 
(sometimes called the kernel). These parts of the kernel are called the bran, the germ, and the endosperm. 

If the whole grain has been cracked, crushed, or flaked (as in cracked whole grain bread or flake cereal), then the whole grain 

must still have about the same proportions of bran, germ, and endosperm to be called a whole grain.3 

When whole grains are processed, some of the dietary fiber and other important nutrients are removed. A processed grain is 
called a “refined” grain. 

Some refined grain products have key nutrients, such as folic acid and iron, which were removed during the initial processing and 
added back. These are called enriched grains. White rice and white bread are enriched grain products. 

Some enriched grain foods have extra nutrients added. These are called fortified grains. 

Whole Grain “Buzz Words” 

The Dietary Guidelines for Americans recommend that you try to make at least half of your daily grain choices as whole grains. 

You can find out if the food you are eating is made of whole grains by looking at the ingredients list of the food label. The whole 
grain should be the first ingredient listed. The following are some examples of how whole grains could be listed: 

• brown rice 
• buckwheat 
• bulgur (cracked wheat) 
• millet 
• wild rice 
• popcorn* 
• quinoa 
• triticale 
• whole-grain barley 
• whole-grain corn 
• whole oats/oatmeal 
• whole rye 
• whole wheat 
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*Popcorn is a whole grain that can have added fat and salt. Try air-popping your popcorn to avoid these extras. If you’re buying 
microwave popcorn, look for a lower-fat variety. You may also want to try the snack size bag to help with portion control. 

Grains Galore! 

Here are some explanations of less-familiar grains:5 

Bulgur. A staple of Middle Eastern dishes. Bulgur wheat consists of kernels that have been steamed, dried, and crushed. It has a 
tender and chewy texture. 

Millet. A staple grain in parts of Africa and Asia. Millet comes in several varieties and has a bland flavor that is a background to 
other seasonings. 

Quinoa. A grain that has been traditionally used in South American cuisine. Its texture has been compared to that of couscous. 

Triticale. A grain that is a hybrid of wheat and rye. It comes in several varieties including whole berry, flakes, and flour. 

Simple Carbohydrates 

Simple carbohydrates include sugars found naturally in foods such as fruits, vegetables milk, and milk products. Simple 

carbohydrates also include sugars added during food processing and refining.6 What’s the difference? In general, foods with 
added sugars have fewer nutrients than foods with naturally-occurring sugars. 

How can I avoid added sugars? 
One way to avoid these sugars is to read the ingredient lists on food labels. 

Look for these ingredients as added sugars:7 

• Brown sugar 
• Corn sweetener 
• Corn syrup 
• Dextrose 
• Fructose 
• Fruit juice concentrates 
• Glucose 
• High-fructose corn syrup 
• Honey 

• Invert sugar 
• Lactose 
• Maltose 
• Malt Syrup 
• Molasses 
• Raw sugar 
• Sucrose 
• Sugar 
• Syrup 

If you see any of these in the ingredient list, you know the food has added sugars. The closer to the top of the list, the more of 
that sugar is in the food. 

You can learn more about sugars on the food label by visiting How to Understand and Use the Nutrition Facts Label. 

Other tips for avoiding added sugars include— 

• Choose water instead of sugar-sweetened sodas. 
• Choose 4 fluid ounces (1/2 cup) of 100% fruit juice rather than a fruit drink. 
• Have a piece of fruit for dessert and skip desserts with added sugar. 
• Choose breakfast cereals that contain no or less added sugars. 

If you want to learn more about avoiding added sugar in what you drink, check out Re-think your Drink. 

You probably already know sugars and starches can play a role in causing cavities. But it’s worth mentioning again, particularly as 
far as kids are concerned. Be sure to also brush, floss, and drink fluoridated water to help prevent cavities. 
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For More Information on Carbohydrates 

It’s important to choose carbohydrates wisely. Foods containing carbohydrates are part of a healthful diet. For more information 
about carbohydrates visit: 

• HHS Health Facts: Choose Carbohydrates Wisely (PDF-96k) 

Sources 

1Dietary Guidelines for Americans, 2010 (pg 41). 

2Dietary Guidelines for Americans, 2010, (pg 76). 

3Dietary Guidelines for Americans, 2010 (pg 36). 

4DHHS, A Healthier You, (pg 43). 

5Barron’s Food Lover’s Companion. Copyright © 2001 by Barron’s Educational Series, Inc. 

6U.S. National Library of Medicine & NIH. MedlinePlus Medical Encyclopedia: Carbohydrates. 

7DHHS, A Healthier You, (pg 55). 
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8.14: Protein 

What do you think about when you hear the word protein? Maybe it’s an ad for some protein shake that promises massive 
muscles? Or is it the last high-protein diet craze you read about? With all this talk about protein, you might think Americans were 
at risk for not eating enough. In fact, most of us eat more protein than we need. Protein is in many foods that we eat on a regular 
basis. 

This section will help you learn more about protein. You’ll find information about what foods have protein and what happens when 
we eat more protein than we need. 

What is Protein? 

Proteins are part of every cell, tissue, and organ in our bodies. These body proteins are constantly being broken dow

n and replaced. The protein in the foods we eat is digested into amino acids that are later used 
to replace these proteins in our bodies. 

Protein is found in the following foods: 

1. meats, poultry, and fish 
2. legumes (dry beans and peas) 
3. tofu 
4. eggs 
5. nuts and seeds 
6. milk and milk products 
7. grains, some vegetables, and some fruits (provide only small amounts of protein relative to other sources) 

As we mentioned, most adults in the United States get more than enough protein to meet their needs. It’s rare for someone who 
is healthy and eating a varied diet to not get enough protein. 

What are the types of protein? 

Proteins are made up of amino acids. Think of amino acids as the building blocks. There are 20 different amino acids that join 
together to make all types of protein. Some of these amino acids can’t be made by our bodies, so these are known as essential 
amino acids. It’s essential that our diet provide these. 

In the diet, protein sources are labeled according to how many of the essential amino acids they provide: 

• A complete protein source is one that provides all of the essential amino acids. You may also hear these sources called 
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high quality proteins. Animal-based foods; for example, meat, poultry, fish, milk, eggs, and cheese are considered complete 
protein sources. 

• An incomplete protein source is one that is low in one or more of the essential amino acids. Complementary proteins are 
two or more incomplete protein sources that together provide adequate amounts of all the essential amino acids. 

For example, rice contains low amounts of certain essential amino acids; however, these same essential amino acids are found 
in greater amounts in dry beans. Similarly, dry beans contain lower amounts of other essential amino acids that can be found in 
larger amounts in rice. Together, these two foods can provide adequate amounts of all the essential amino acids the body needs. 

Quick Q& A 

Is it true that complementary proteins must be eaten together to count as a complete protein source? 

In the past, it was thought that these complementary proteins needed to be eaten at the same meal for your body to use them 

together. Now studies show that your body can combine complementary proteins that are eaten within the same day.1 

How much protein do I need? 

Maybe you’ve wondered how much protein you need each day. In general, it’s recommended that 10–35% of your daily calories 

come from protein. Below are the Recommended Dietary Allowances (RDA) for different age groups.2 

Recommended Dietary Allowance for Protein 

Grams of protein 
needed each day 

Children ages 1 – 3 13 

Children ages 4 – 8 19 

Children ages 9 – 13 34 

Girls ages 14 – 18 46 

Boys ages 14 – 18 52 

Women ages 19 – 70+ 46 

Men ages 19 – 70+ 56 

Here are examples of amounts of protein in food: 

• 1 cup of milk has 8 grams of protein 
• A 3-ounce piece of meat has about 21 grams of protein 
• 1 cup of dry beans has about 16 grams of protein 
• An 8-ounce container of yogurt has about 11 grams of protein 

Added together, just these four sources would meet the protein needs of an adult male (56 grams). This doesn’t count all the 
other foods that add smaller amounts of protein to his diet. 
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Rather than just focusing on your protein needs, choose an overall healthy eating plan that provides the protein you need as well 
as other nutrients. 

To help you get the amounts of protein you need: 

• Compare the amount of meat, poultry, fish, eggs, legumes, nuts, and seeds you are eating per day to what is recommended. 
As an example, if you refer to MyPlate Daily Food Plan, a 48-year-old female who is active less than 30 minutes a day only 
needs about 5 ounces each day from the protein group. Some pre-cut slices of meat and poultry, such as a pork chop or 
chicken breast, can be four to five ounces each. You can see how it would be easy to eat too much. 

• Save your money and don’t buy the protein supplements. If you’re healthy, you probably get all the protein you need from 
your diet. 

To help you make lower-fat protein choices — 

• Choose meats that are leaner cuts and trim away any fat you can see. For chicken and turkey, remove the skin to reduce fat. 
• Substitute pinto or black beans for meat in chili and tacos. 
• Choose low-fat or fat-free milk and yogurt. 
• Choose low-fat or fat-free cheese. 
• Choose egg whites or pasteurized egg white products. 

What if I am a vegetarian? 
Because some vegetarians avoid eating all (or most) animal foods, they must rely on plant-based sources of protein to meet their 
protein needs. With some planning, a vegetarian diet can easily meet the recommended protein needs of adults and children. 

Choosemyplate.gov provides meal planning tips for vegetarians. 

Is there any harm in getting more protein than I need? 

Most people eat more protein than they need without harmful effects. However, protein contributes to calorie intake, so if you eat 
more protein than you need, your overall calorie intake could be greater than your calorie needs and contribute to weight gain. 

Besides that, animal sources of protein can be sources of saturated fat which has been linked to elevated low-density lipoprotein 
(LDL) cholesterol, a risk factor for heart disease. 

In addition, for people with certain kidney diseases, a lower-protein diet may be recommended to help prevent an impairment in 
kidney function. 

Source: NIH Medical Encyclopedia 

Sources 

1Position of the American Dietetic Association and Dietitians of Canada: Vegetarian diets. JADA, 2003; 103(6) 748 – 765. 

2Source for Acceptable Macronutrient Distribution Range (AMDR) reference and RDAs: Institute of Medicine (IOM) Dietary 
Reference Intakes for Energy, Carbohydrate, Fiber, Fat, Fatty Acids, Cholesterol, Protein, and Amino Acids. This report may be 
accessed via www.nap.edu* 
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8.15: Vitamins and Minerals 

Vitamins are organic substances (made by plants or animals), minerals are inorganic elements that come from the earth; soil 
and water and are absorbed by plants. Animals and humans absorb minerals from the plants they eat. Vitamins and minerals are 
nutrients that your body needs to grow and develop normally. 

Vitamins and minerals have a unique role to play in maintaining your health. For example Vitamin D helps your body absorb the 
amount of calcium (a mineral) it needs to form strong bones. A deficiency in vitamin D can result in a disease called rickets 
(softening of the bones caused by the bodies inability to absorb the mineral calcium.) The body cannot produce calcium; therefore, 
it must be absorbed through our food. Other minerals like chromium, copper, iodine, iron, selenium, and zinc are called trace 
minerals because you only need very small amounts of them each day. The best way to get enough vitamins is to eat a balanced 
diet with a variety of foods. You can usually get all your vitamins from the foods you eat. 

NIH, Vitamin and Mineral Supplement Fact Sheets 

These fact sheets provide information about the role of vitamins and minerals in health and disease: 

• Calcium 
• Chromium 
• Folate 
• Iron 
• Magnesium 
• Selenium 
• Vitamin A 
• Vitamin B6 
• Vitamin B12 
• Vitamin D 
• Vitamin E 
• Vitamin K: Interactions with Coumadin (PDF-39k) 
• Zinc 

Many products are marketed as dietary supplements. It is important to remember that supplements include vitamins and 
minerals, as well as herbs, botanicals and other substances. For more information about dietary supplements see: 

• Dietary Supplements 
• Frequently Asked Questions 

Related Information 

CDC, Calcium and Bone Health 
Bones play many roles in the body. They provide structure, protect organs, anchor muscles, and store calcium. Adequate 
calcium consumption and weight bearing physical activity build strong bones, optimizes bone mass, and may reduce the risk of 
osteoporosis later in life. 

CDC, Folic Acid 
Folic acid is a B vitamin. It is used in our bodies to make new cells. If a woman has enough folic acid in her body before she is 
pregnant, it can help prevent major birth defects of her baby’s brain and spine. 

CDC, Iron and Iron Deficiency 
Iron is a mineral needed by our bodies. Iron is a part of all cells and does many things in our bodies. For example, iron (as part 
of the protein hemoglobin) carries oxygen from our lungs throughout our bodies. Having too little hemoglobin is called anemia. 
Although anemia has a number of causes, iron deficiency anemia is the most common type of anemia. 
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Salt 
Most of the sodium we consume is in the form of salt, and the vast majority of sodium we consume is in processed and restaurant 
foods. Too much sodium is bad for your health. It can increase your blood pressure and your risk for a heart attack and stroke. 

Sodium and Potassium (PDF-150k) 
Nearly all Americans eat too much salt (sodium). Most of the salt comes from eating processed foods (75%), or adding salt to 
food while cooking and using the salt shaker at meals (5% to 10%). On average, the more salt a person eats, the higher his or her 
blood pressure. 

CC licensed content, Shared previously 

• Lifetime Fitness and Wellness. Provided by: Extended Learning Institute of Northern Virginia Community College. Located 
at: https://eli.nvcc.edu/. License: CC BY: Attribution 

Public domain content 
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8.16: Dietary Guidelines- Introduction 

In 1980, the U.S. Department of Agriculture (USDA) and the U.S. Department of Health and Human Services (HHS) released the 
first edition of Nutrition and Your Health: Dietary Guidelines for Americans. These Dietary Guidelines were different from previous 
dietary guidance in that they reflected emerging scientific evidence about diet and health and expanded the traditional focus on 
nutrient adequacy to also address the impact of diet on chronic disease. 

Subsequent editions of the Dietary Guidelines for Americans have been remarkably consistent in their recommendations about 
the components of a health-promoting diet, but they also have changed in some significant ways to reflect an evolving body of 
evidence about nutrition, the food and physical activity environment, and health. The ultimate goal of the Dietary Guidelines for 
Americans is to improve the health of our Nation’s current and future generations by facilitating and promoting healthy eating 
and physical activity choices so that these behaviors become the norm among all individuals. 

The recommendations contained in the Dietary Guidelines for Americans traditionally have been intended for healthy Americans 
ages 2 years and older. However, Dietary Guidelines for Americans, 2010 is being released at a time of rising concern about 
the health of the American population. Its recommendations accommodate the reality that a large percentage of Americans are 
overweight or obese and/or at risk of various chronic diseases. Therefore, the Dietary Guidelines for Americans, 2010 is intended 
for Americans ages 2 years and older, including those who are at increased risk of chronic disease. 

Poor diet and physical inactivity are the most important factors contributing to an epidemic of overweight and obesity in this 
country. The most recent data indicate that 72 percent of men and 64 percent of women are overweight or obese, with about 

one-third of adults being obese.[1] Even in the absence of overweight, poor diet and physical inactivity are associated with major 
causes of morbidity and mortality. These include cardiovascular disease, hypertension, type 2 diabetes, osteoporosis, and some 
types of cancer. Some racial and ethnic population groups are disproportionately affected by the high rates of overweight, obesity, 
and associated chronic diseases. These diet and health associations make a focus on improved nutrition and physical activity 
choices ever more urgent. These associations also provide important opportunities to reduce health disparities through dietary 
and physical activity changes. 

Dietary Guidelines for Americans also recognizes that in recent years nearly 15 percent of American households have been unable 

to acquire adequate food to meet their needs because of insufficient money or other resources for food.[2] This dietary guidance 
can help them maximize the nutritional content of their meals within their resource constraints. Many other Americans consume 
less than optimal intake of certain nutrients, even though they have adequate resources for a healthy diet. This dietary guidance 
and nutrition information can help them choose a healthy, nutritionally adequate diet. 

Children are a particularly important focus of the Dietary Guidelines for Americans because of the growing body of evidence 
documenting the vital role that optimal nutrition plays throughout the lifespan. Today, too many children are consuming diets with 
too many calories and not enough nutrients and are not getting enough physical activity. Approximately 32 percent of children 

and adolescents ages 2 to 19 years are overweight or obese, with 17 percent of children being obese.[3] In addition, risk factors 
for adult chronic diseases are increasingly found in younger ages. Eating patterns established in childhood often track into later 
life, making early intervention on adopting healthy nutrition and physical activity behaviors a priority. 
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Developing the Dietary Guidelines for Americans, 2010 

Because of their focus on health promotion and disease risk reduction, the Dietary Guidelines form the basis for nutrition policy 
in Federal food, education, and information programs. By law (Public Law 101-445, Title III, 7 U.S.C. 5301 et seq.), the Dietary 
Guidelines for Americans is reviewed, updated if necessary, and published every 5 years. The process to create each edition of 
the Dietary Guidelines for Americans is a joint effort of the USDA and HHS and has evolved to include three stages. 

In the first stage, an external scientific Dietary Guidelines Advisory 
Committee (DGAC) is appointed to conduct an analysis of new scientific information on diet and health and to prepare a 
report summarizing its findings. The Committee’s analysis is the primary resource for the two Departments in developing the 
Dietary Guidelines for Americans. The 2010 DGAC used a systematic evidence-based review methodology involving a web-based 
electronic system to facilitate its review of the scientific literature and address approximately 130 scientific questions. The 
methodological rigor of each study included in the analysis was assessed, and the body of evidence supporting each question 
was summarized, synthesized, and graded by the Committee (this work is publicly available at www.nutritionevidencelibrary.gov). 

The DGAC used data analyses, food pattern modeling analyses,[4] and reviews of other evidence-based reports to address an 
additional 50 questions. 

The DGAC report presents a thorough review of key nutrition, physical activity, and health issues, including those related to energy 
balance and weight management; nutrient adequacy; fatty acids and cholesterol; protein; carbohydrates; sodium, potassium, and 
water; alcohol; and food safety and technology. Following its completion in June 2010, the DGAC report was made available to the 
public and Federal agencies for comment. For more information about the process and the Committee’s review, see the Report 
of the Dietary Guidelines Advisory Committee on the Dietary Guidelines for Americans, 2010 at http://www.dietaryguidelines.gov. 

During the second stage, the Departments develop the policy document, Dietary Guidelines for Americans. The audiences for 
this document include policymakers, nutrition educators, nutritionists, and healthcare providers. Similar to previous editions, 
the 2010 edition of Dietary Guidelines for Americans is based on the Advisory Committee’s report and a consideration of 
public and Federal agency comments. The Dietary Guidelines science-based recommendations are used for program and policy 
development. In the third and final stage, the two Departments develop messages and materials communicating the Dietary 
Guidelines to the general public. 

the heavy toll of diet-related chronic diseases 

Cardiovascular Disease 

• 81.1 million Americans—37 percent of the population—have cardiovascular disease.[5] Major risk factors include high levels 
of blood cholesterol and other lipids, type 2 diabetes, hypertension (high blood pressure), metabolic syndrome, overweight 
and obesity, physical inactivity, and tobacco use. 

• 16 percent of the U.S. adult population has high total blood cholesterol.[6] 

Hypertension 

• 74.5 million Americans—34 percent of U.S. adults—have hypertension.[7] 

• Hypertension is a major risk factor for heart disease, stroke, congestive heart failure, and kidney disease. 
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• Dietary factors that increase blood pressure include excessive sodium and insufficient potassium intake, overweight and 
obesity, and excess alcohol consumption. 

• 36 percent of American adults have prehypertension—blood pressure numbers that are higher than normal, but not yet in the 

hypertension range.[8] 

Diabetes 

• Nearly 24 million people—almost 11 percent of the population—ages 20 years and older have diabetes.[9] The vast majority 
of cases are type 2 diabetes, which is heavily influenced by diet and physical activity. 

• About 78 million Americans—35 percent of the U.S. adult population ages 20 years or older—have pre-diabetes.[10] Pre-
diabetes (also called impaired glucose tolerance or impaired fasting glucose) means that blood glucose levels are higher 
than normal, but not high enough to be called diabetes. 

Cancer 

• Almost one in two men and women—approximately 41 percent of the population—will be diagnosed with cancer during their 

lifetime.[11] 

• Dietary factors are associated with risk of some types of cancer, including breast (post-menopausal), endometrial, colon, 
kidney, mouth, pharynx, larynx, and esophagus. 

Osteoporosis 

• One out of every two women and one in four men ages 50 years and older will have an osteoporosis-related fracture in their 

lifetime.[12] 

• About 85 to 90 percent of adult bone mass is acquired by the age of 18 in girls and the age of 20 in boys.[13] Adequate 
nutrition and regular participation in physical activity are important factors in achieving and maintaining optimal bone mass. 

A RoadMap to the Dietary Guidelines For Americans, 2010 

Dietary Guidelines for Americans, 2010 consists of five pages in this chapter. This first page introduces the document and 
provides information on background and purpose. The next four pages correspond to major themes that emerged from the 
2010 DGAC’s review of the evidence, with recommendations with supporting evidence and explanations. These recommendations 
are based on a preponderance of the scientific evidence for nutritional factors that are important for promoting health and 
lowering risk of diet-related chronic disease. Quantitative recommendations always refer to individual intake or amount rather 
than population average intake, unless otherwise noted. 

Although divided into pages that focus on particular aspects of eating patterns, Dietary Guidelines for Americans provides 
integrated recommendations for health. To get the full benefit, individuals should carry out these recommendations in their 
entirety as part of an overall healthy eating pattern: 

• Balancing Calories to Manage Weight explains the concept of calorie balance, describes some of the environmental 
factors that have contributed to the current epidemic of overweight and obesity, and discusses diet and physical activity 
principles that can be used to help Americans achieve calorie balance. 

• Foods and Food Components to Reduce focuses on several dietary components that Americans generally consume in 
excess compared to recommendations. These include sodium, solid fats (major sources of saturated fats and trans fats), 
cholesterol, added sugars, refined grains, and for some Americans, alcohol. The chapter explains that reducing foods and 
beverages that contain relatively high amounts of these dietary components and replacing them with foods and beverages 
that provide substantial amounts of nutrients and relatively few calories would improve the health of Americans. 

• Foods and Nutrients to Increase focuses on the nutritious foods that are recommended for nutrient adequacy, disease 
prevention, and overall good health. These include vegetables; fruits; whole grains; fat-free or low-fat milk and milk 

products;[14] protein foods, including seafood, lean meat and poultry, eggs, beans and peas, soy products, and unsalted nuts 
and seeds; and oils. Additionally, nutrients of public health concern, including potassium, dietary fiber, calcium, and vitamin 
D, are discussed. 

• Building Healthy Eating Patterns shows how the recommendations and principles described in earlier chapters can be 
combined into a healthy overall eating pattern. The USDA Food Patterns and DASH Eating Plan are healthy eating patterns 
that provide flexible templates allowing all Americans to stay within their calorie limits, meet their nutrient needs, and reduce 
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chronic disease risk. 

Sources of Information 

For more information about the articles and reports used to inform the development of the Dietary Guidelines for Americans, 
readers are directed to the Report of the Dietary Guidelines Advisory Committee on the Dietary Guidelines for Americans, 2010 
and the related Nutrition Evidence Library website (www.nutritionevidencelibrary.gov). Unless otherwise noted, usual nutrient, food 
group, and selected dietary component intakes by Americans are drawn from analyses conducted by the National Cancer Institute 

(NCI),[15] a component of HHS’s National Institutes of Health, and by USDA’s Agricultural Research Service (ARS),[16] using 
standard methodologies and data from the National Health and Nutrition Examination Survey (NHANES). Additional references 
are provided throughout this document, where appropriate. 

These resources complement existing Federal websites that provide nutrition information and guidance, such as healthfinder.gov, 
nutrition.gov, mypyramid.gov, and dietaryguidelines.gov. 

Key Terms to Know 

Several terms are used throughout Dietary Guidelines for Americans, 2010 and are essential to understanding the principles and 
recommendations discussed: 

• calorie balance. The balance between calories consumed in foods and beverages and calories expended through physical 
activity and metabolic processes. 

• eating pattern. The combination of foods and beverages that constitute an individual’s complete dietary intake over time. 
• nutrient dense. Nutrient-dense foods and beverages provide vitamins, minerals, and other substances that may have 

positive health effects with relatively few calories. The term “nutrient dense” indicates that the nutrients and other beneficial 
substances in a food have not been “diluted” by the addition of calories from added solid fats, added sugars, or added refined 
starches, or by the solid fats naturally present in the food. Nutrient-dense foods and beverages are lean or low in solid fats, 
and minimize or exclude added solid fats, sugars, starches, and sodium. Ideally, they also are in forms that retain naturally 
occurring components, such as dietary fiber. All vegetables, fruits, whole grains, seafood, eggs, beans and peas, unsalted 
nuts and seeds, fat-free and low-fat milk and milk products, and lean meats and poultry—when prepared without adding 
solid fats or sugars—are nutrient-dense foods. For most Americans, meeting nutrient needs within their calorie needs is an 
important goal for health. Eating recommended amounts from each food group in nutrient-dense forms is the best approach 
to achieving this goal and building a healthy eating pattern. 

Importance of the Dietary Guidelines for Health Promotion and Disease 
Prevention 

A growing body of scientific evidence demonstrates that the dietary and physical activity recommendations described in the 
Dietary Guidelines for Americans may help people attain and maintain a healthy weight, reduce the risk of chronic disease, and 
promote overall health. These recommendations accommodate the varied food preferences, cultural traditions, and customs of 
the many and diverse groups who live in the United States. 
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A basic premise of the Dietary Guidelines is that nutrient needs should be met primarily through consuming foods. Foods 
provide an array of nutrients and other components that are thought to have beneficial effects on health. Americans should aim 
to consume a diet that achieves the Institute of Medicine’s most recent Dietary Reference Intakes (DRIs), which consider the 
individual’s life stage, gender, and activity level. In some cases, fortified foods and dietary supplements may be useful in providing 
one or more nutrients that otherwise may be consumed in less than recommended amounts. Another important premise of the 
Dietary Guidelines is that foods should be prepared and handled in a way that reduces risk of foodborne illness. All of these issues 
are discussed in detail in the remainder of this document and its appendices. 

Uses of the Dietary Guidelines for Americans, 2010 

As with previous editions, Dietary Guidelines for Americans, 2010 forms the basis for nutrition policy in Federal food, nutrition, 
education, and information programs. This policy document has several specific uses. 

Development of Educational Materials and Communications 

The information in this edition of Dietary Guidelines for Americans is used in developing nutrition education and communication 
messages and materials. For example, Federal dietary guidance publications are required by law to be consistent with the Dietary 
Guidelines. 

When appropriate, specific statements in Dietary Guidelines for Americans, 2010 indicate the strength of the evidence (e.g., 
strong, moderate, or limited) related to the topic as summarized by the 2010 Dietary Guidelines Advisory Committee. The strength 
of evidence is provided so that users are informed about how much evidence is available and how consistent the evidence is 
for a particular statement or recommendation. This information is useful for educators when developing programs and tools. 
Statements supported by strong or moderate evidence can and should be emphasized in educational materials over those with 
limited evidence. 

When considering the evidence that supports a recommendation, it is important to recognize the difference between association 
and causation. Two factors may be associated; however, this association does not mean that one factor necessarily causes 
the other. Often, several different factors may contribute to an outcome. In some cases, scientific conclusions are based 
on relationships or associations because studies examining cause and effect are not available. When developing education 
materials, the relationship of associated factors should be carefully worded so that causation is not suggested. 

Describing the Strength of the Evidence 

Throughout this document, the Dietary Guidelines note the strength of evidence supporting its recommendations: 

• strong evidence reflects consistent, convincing findings derived from studies with robust methodology relevant to the 
population 
of interest. 

• Moderate evidence reflects somewhat less evidence or less consistent evidence. The body of evidence may include studies 
of weaker design and/or some inconsistency in results. The studies may be susceptible to some bias, but not enough to 
invalidate the results, or the body of evidence may not be as generalizable to the population of interest. 

• limited evidence reflects either a small number of studies, studies of weak design, and/or inconsistent results. 

For more information about evaluating the strength of evidence, go to www.nutritionevidencelibrary.gov 

Development of Nutrition-Related Programs 

The Dietary Guidelines aid policymakers in designing and implementing nutrition-related programs. For example, the Federal 
Government uses the Dietary Guidelines in developing nutrition assistance programs such as the National Child Nutrition 
Programs and the Elderly Nutrition Program. The Dietary Guidelines also provide the foundation for the Healthy People national 
health promotion and disease prevention objectives related to nutrition, which set measurable targets for achievement over a 
decade. 
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Development of Authoritative Statements 

The Dietary Guidelines for Americans, 2010 has the potential to offer authoritative statements as a basis for health and 
nutrient content claims, as provided for in the Food and Drug Administration Modernization Act (FDAMA). Potential authoritative 
statements should be phrased in a manner that enables consumers to understand the claim in the context of the total daily diet. 
FDAMA upholds the “significant scientific agreement” standard for authorized health claims. By law, this standard is based on the 
totality of publicly available scientific evidence. Therefore, for FDAMA purposes, statements based on, for example, evidence that 
is moderate, limited, inconsistent, emerging, or growing, are not authoritative statements. 

1. Flegal KM, Carroll MD, Ogden CL, Curtin LR. Prevalence and trends in obesity among U.S. adults, 1999-2008. JAMA. 
2010;303(3):235-241. ↵ 

2. Nord M, Coleman-Jensen A, Andrews M, Carlson S. Household food security in the United States, 2009. Washington (DC): 
U.S. Department of Agriculture, Economic Research Service. 2010 Nov. Economic Research Report No. ERR-108. Available 
from www.ers.usda.gov/publications/err108. ↵ 

3. Ogden CL, Carroll MD, Curtin LR, Lamb MM, Flegal KM. Prevalence of high body mass index in U.S. children and adolescents, 
2007-2008. JAMA. 2010;303(3):242-249. ↵ 

4. Food pattern modeling analyses are conducted to determine the hypothetical impact on nutrients in and adequacy of food 
patterns when specific modifications to the patterns are made. ↵ 

5. American Heart Association. Heart Disease and Stroke Statistics, 2010 Update At-A-Glance. http://www.americanheart.org/
downloadable/ heart/1265665152970DS-3241%20HeartStrokeUpdate_2010.pdf. ↵ 

6. Centers for Disease Control and Prevention. Cholesterol Facts. http://www.cdc.gov/cholesterol/facts.htm. ↵ 
7. American Heart Association. Heart Disease and Stroke Statistics, 2010 Update. Table 6-1. http://circ.ahajournals.org/cgi/

reprint/ CIRCULATIONAHA.109.192667. ↵ 
8. Egan BM, Zhao Y, Axon RN. U.S. trends in prevalence, awareness, treatment, and control of hypertension, 1988–2008. JAMA. 

2010;303(20):2043-2050. ↵ 
9. Centers for Disease Control and Prevention. National Diabetes Fact Sheet, 2007. www.cdc.gov/diabetes/pubs/pdf/

ndfs_2007.pdf. ↵ 
10. Centers for Disease Control and Prevention. National Diabetes Fact Sheet, 2007. www.cdc.gov/diabetes/pubs/pdf/

ndfs_2007.pdf. Estimates projected to U.S. population in 2009. ↵ 
11. National Cancer Institute. Surveillance Epidemiology and End Results (SEER) Stat Fact Sheets: All Sites. 

http://seer.cancer.gov/statfacts/html/all.html. ↵ 
12. National Institute of Arthritis and Musculoskeletal and Skin Diseases (NIAMS). NIH Osteoporosis and Related Bone Diseases 

National Resource Center. http://www.niams.nih.gov/Health_Info/Bone/Osteoporosis/default.asp#h. ↵ 
13. National Osteoporosis Foundation. Fast Facts. www.nof.org/node.40. ↵ 
14. Milk and milk products also can be referred to as dairy products. ↵ 
15. National Cancer Institute (NCI). Usual dietary intakes: food intakes, U.S. population, 2001–2004. Risk Factor Monitoring and 

Methods. riskfactor. cancer.gov/diet/usualintakes/pop/#results. Updated January 15, 2009. Accessed April 10, 2010. ↵ 
16. Agricultural Research Service (ARS). Nutrient intakes from food: mean amounts consumed per individual, one day, 

2005–2006. Food Surveys Research Group, ARS, U.S. Department of Agriculture. http://www.ars.usda.gov/ba/bhnrc/fsrg. 
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8.17: Dietary Guidelines- Balancing Calories to Manage 
Weight 

Achieving and sustaining appropriate body weight across the lifespan is 
vital to maintaining good health and quality of life. Many behavioral, environmental, and genetic factors have been shown to affect 
a person’s body weight. Calorie balance over time is the key to weight management. Calorie balance refers to the relationship 
between calories consumed from foods and beverages and calories expended in normal body functions (i.e., metabolic processes) 
and through physical activity. People cannot control the calories expended in metabolic processes, but they can control what they 
eat and drink, as well as how many calories they use in physical activity. 

Calories consumed must equal calories expended for a person to maintain the same body weight. Consuming more calories than 
expended will result in weight gain. Conversely, consuming fewer calories than expended will result in weight loss. This can be 
achieved over time by eating fewer calories, being more physically active, or, best of all, a combination of the two. 

Maintaining a healthy body weight and preventing excess weight gain throughout the lifespan are highly preferable to losing 
weight after weight gain. Once a person becomes obese, reducing body weight back to a healthy range requires significant effort 
over a span of time, even years. People who are most successful at losing weight and keeping it off do so through continued 
attention to calorie balance. 

The current high rates of overweight and obesity among virtually all subgroups of the population in the United States demonstrate 
that many Americans are in calorie imbalance—that is, they consume more calories than they expend. To curb the obesity 
epidemic and improve their health, Americans need to make significant efforts to decrease the total number of calories they 
consume from foods and beverages and increase calorie expenditure through physical activity. Achieving these goals will require 
Americans to select a healthy eating pattern that includes nutrient-dense foods and beverages they enjoy, meets nutrient 
requirements, and stays within calorie needs. In addition, Americans can choose from a variety of strategies to increase physical 
activity. 

Key Recommendations 

• Prevent and/or reduce overweight and obesity through improved eating and physical activity behaviors. 
• Control total calorie intake to manage body weight. For people who are overweight or obese, this will mean consuming fewer 

calories from foods and beverages. 
• Increase physical activity and reduce time spent in sedentary behaviors. 
• Maintain appropriate calorie balance during each stage of life—childhood, adolescence, adulthood, pregnancy and 

breastfeeding, and older age. 

An Epidemic of Overweight and Obesity 

The prevalence of overweight and obesity in the United States is dramatically higher now than it was a few decades ago. This 
is true for all age groups, including children, adolescents, and adults. One of the largest changes has been an increase in the 
number of Americans in the obese category. As shown in Table 1, the prevalence of obesity has doubled and in some cases tripled 
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between the 1970s and 2008. 

Table 1. Obesity in America…Then and Now 

obesity then obesity now 

In the early 1970s, the prevalence of obesity was 5% for 
children ages 2 to 5 years, 4% for children ages 6 to 11 years, 
and 6% for adolescents ages 12 to 19 years. 

In 2007–2008, the prevalence of obesity reached 10% for 
children ages 2 to 5 years, 20% for children ages 6 to 11 years, 
and 18% for adolescents ages 12 to 19 years. 

In the late 1970s, 15% of adults were obese. In 2008, 34% of adults were obese. 

In the early 1990s, zero States had an adult obesity prevalence 
rate of more than 25%. 

In 2008, 32 States had an adult obesity prevalence rate of more 
than 25%. 

Sources: 
Flegal KM, Carroll MD, Ogden CL, Curtin LR. Prevalence and trends in obesity among U.S. adults, 1999–2008. JAMA. 
2010;303(3):235-241. 
Ogden CL, Flegal KM, Carroll MD, Johnson CL. Prevalence and trends in overweight among U.S. children and adolescents, 
1999–2000. JAMA. 2002;288(4):1728-1732. 
Ogden CL, Carroll MD, Curtin LR, Lamb MM, Flegal KM. Prevalence of high body mass index in U.S. children and adolescents, 
2007–2008. JAMA. 2010;303(3):242-249. 
Centers for Disease Control and Prevention. U.S. Obesity Trends. Available at: www.cdc.gov/obesity/data/trends.html. Accessed 
August 12, 2010. [Note: State prevalence data based on self-report.] 

The high prevalence of overweight and obesity across the population is of concern because individuals who are overweight or 
obese have an increased risk of many health problems. Type 2 diabetes, heart disease, and certain types of cancer are among 
the conditions most often associated with obesity. Ultimately, obesity can increase the risk of premature death. 

These increased health risks are not limited to adults. Weight-associated 
diseases and conditions that were once diagnosed primarily in adults are now observed in children and adolescents with excess 
body fat. For example, cardiovascular disease risk factors, such as high blood cholesterol and hypertension, and type 2 diabetes 
are now increasing in children and adolescents. The adverse effects also tend to persist through the lifespan, as children and 
adolescents who are overweight and obese are at substantially increased risk of being overweight and obese as adults and 
developing weight-related chronic diseases later in life. Primary prevention of obesity, especially in childhood, is an important 
strategy for combating and reversing the obesity epidemic. 

All Americans—children, adolescents, adults, and older adults—are encouraged to strive to achieve and maintain a healthy body 
weight. Adults who are obese should make changes in their eating and physical activity behaviors to prevent additional weight 
gain and promote weight loss. Adults who are overweight should not gain additional weight, and most, particularly those with 
cardiovascular disease risk factors, should make changes to their eating and physical activity behaviors to lose weight. Children 
and adolescents are encouraged to maintain calorie balance to support normal growth and development without promoting 
excess weight gain. Children and adolescents who are overweight or obese should change their eating and physical activity 
behaviors so that their BMI-for-age percentile does not increase over time. Further, a health care provider should be consulted to 
determine appropriate weight management for the child or adolescent. Families, schools, and communities play important roles 
in supporting changes in eating and physical activity behaviors for children and adolescents. 

Maintaining a healthy weight also is important for certain subgroups of the population, including women who are capable of 
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becoming pregnant, pregnant women, and older adults. 

• Women are encouraged to achieve and maintain a healthy weight before becoming pregnant. This may reduce a woman’s 
risk of complications during pregnancy, increase the chances of a healthy infant birth weight, and improve the long-term 
health of both mother and infant. 

• Pregnant women are encouraged to gain weight within the 2009 Institute of Medicine (IOM) gestational weight gain 

guidelines.[1] Maternal weight gain during pregnancy outside the recommended range is associated with increased risks for 
maternal and child health. 

• Adults ages 65 years and older who are overweight are encouraged to not gain additional weight. Among older adults who 
are obese, particularly those with cardiovascular disease risk factors, intentional weight loss can be beneficial and result in 
improved quality of life and reduced risk of chronic diseases and associated disabilities. 

Contributing to the Epidemic: An Obesogenic Environment 

The overall environment in which many Americans now live, work, learn, and play has contributed to the obesity epidemic. 
Ultimately, individuals choose the type and amount of food they eat and how physically active they are. However, choices are often 
limited by what is available in a person’s environment, including stores, restaurants, schools, and worksites. Environment affects 
both sides of the calorie balance equation—it can promote over-consumption of calories and discourage physical activity and 
calorie expenditure. 

The food supply has changed dramatically over the past 40 years. Foods available for consumption increased in all major food 
categories from 1970 to 2008. Average daily calories available per person in the marketplace increased approximately 600 

calories,[2] with the greatest increases in the availability of added fats and oils, grains, milk and milk products,[3] and caloric 
sweeteners. Many portion sizes offered for sale also have increased. Research has shown that when larger portion sizes are 
served, people tend to consume more calories. In addition, strong evidence shows that portion size is associated with body 
weight, such that being served and consuming smaller portions is associated with weight loss. 

Studies examining the relationship between the food environment and BMI have found that communities with a larger number of 
fast food or quick-service restaurants tend to have higher BMIs. Since the 1970s, the number of fast food restaurants has more 

than doubled. Further, the proportion of daily calorie intake from foods eaten away from home has increased,[4] and evidence 
shows that children, adolescents, and adults who eat out, particularly at fast food restaurants, are at increased risk of weight gain, 
overweight, and obesity. The strongest association between fast food consumption and obesity is when one or more fast food 
meals are consumed per week. As a result of the changing food environment, individuals need to deliberately make food choices, 
both at home and away from home, that are nutrient dense, low in calories, and appropriate in portion size. 

On the other side of the calorie balance equation, many Americans spend most of their waking hours engaged in sedentary 
behaviors, making it difficult for them to expend enough calories to maintain calorie balance. Many home, school, work, and 
community environments do not facilitate a physically active lifestyle. For example, the lack of sidewalks or parks and concerns 
for safety when outdoors can reduce the ability of individuals to be physically active. 

Also, over the past several decades, transportation and technological 
advances have meant that people now expend fewer calories to perform tasks of everyday life. Consequently, many people today 
need to make a special effort to be physically active during leisure time to meet physical activity needs. Unfortunately, levels 
of leisure-time physical activity are low. Approximately one-third of American adults report that they participate in leisure-time 
physical activity on a regular basis, one-third participate in some leisure-time physical activity, and one-third are considered 
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inactive.[5] Participation in physical activity also declines with age. For example, in national surveys using physical activity 
monitors, 42 percent of children ages 6 to 11 years participate in 60 minutes of physical activity each day, whereas only 8 percent 

of adolescents achieve this goal.[6] Less than 5 percent of adults participate in 30 minutes of physical activity each day, with 
slightly more meeting the recommended weekly goal of at least 150 minutes. 

Current Dietary Intake 

The current dietary intake of Americans has contributed to the obesity epidemic. Many children and adults have a usual calorie 
intake that exceeds their daily needs, and they are not physically active enough to compensate for these intakes. The combination 
sets them on a track to gain weight. On the basis of national survey data, the average calorie intake among women and men older 
than age 19 years are estimated to be 1,785 and 2,640 calories per day, respectively. While these estimates do not appear to be 
excessive, the numbers are difficult to interpret because survey respondents, especially individuals who are overweight or obese, 
often underreport dietary intake. Well-controlled studies suggest that the actual number of calories consumed may be higher than 
these estimates. 

Table 2 provides the top sources of calories among Americans ages 2 years and older.[7] The table reveals some expected 
differences in intake between younger (ages 2 to 18 years) and adult (ages 19 years and older) Americans. For example, alcoholic 
beverages are a major calorie source for adults, while fluid milk provides a greater contribution to calorie intake for children and 

adolescents. Further, while not shown in the table,[8] there is additional variability in calorie sources among children, adolescents, 

and adults of different ages. For example, sugar-sweetened beverages[9] and pizza are greater calorie contributors for those ages 

9 to 18 years than for younger children. Also, dairy desserts[10] and ready-to-eat cereals provide a greater contribution to calorie 
intake for those ages 71 years and older than they do among younger adults. 

Table 2. Top 25 Sources of Calories Among Americans Ages 2 Years and Older, NHANES 2005–2006a 

rank overall, ages 2+ yrs 
(Mean kcal/d; total daily calories 
= 2,157) 

children and adolescents, ages 2–18 yrs 
(Mean kcal/d; total daily calories = 2,027) 

adults and older adults, 
ages 19+ yrs (Mean kcal/d; 
total daily calories = 2,199) 

1 Grain-based dessertsb (138 kcal) Grain-based desserts (138 kcal) Grain-based desserts (138 
kcal) 

2 Yeast breadsc (129 kcal) Pizza (136 kcal) Yeast breads (134 kcal) 

3 Chicken and chicken mixed dishesd 

(121 kcal) 

Soda/energy/sports drinks (118 kcal) Chicken and chicken mixed 
dishes (123 kcal) 

4 Soda/energy/sports drinkse (114 
kcal) 

Yeast breads (114 kcal) Soda/energy/sports drinks 
(112 kcal) 

5 Pizza (98 kcal) Chicken and chicken mixed dishes (113 kcal) Alcoholic beverages (106 kcal) 

6 Alcoholic beverages (82 kcal) Pasta and pasta dishes (91 kcal) Pizza (86 kcal) 
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7 Pasta and pasta dishesf (81 kcal) Reduced fat milk (86 kcal) Tortillas, burritos, tacos (85 
kcal) 

8 Tortillas, burritos, tacosg (80 kcal) Dairy desserts (76 kcal) Pasta and pasta dishes (78 
kcal) 

9 Beef and beef mixed dishesh (64 
kcal) 

Potato/corn/other chips (70 kcal) Beef and beef mixed dishes 
(71 kcal) 

10 Dairy dessertsi (62 kcal) Ready-to-eat cereals (65 kcal) Dairy desserts (58 kcal) 

11 Potato/corn/other chips (56 kcal) Tortillas, burritos, tacos (63 kcal) Burgers (53 kcal) 

12 Burgers (53 kcal) Whole milk (60 kcal) Regular cheese (51 kcal) 

13 Reduced fat milk (51 kcal) Candy (56 kcal) Potato/corn/other chips (51 
kcal) 

14 Regular cheese (49 kcal) Fruit drinks (55 kcal) Sausage, franks, bacon, and 
ribs (49 kcal) 

15 Ready-to-eat cereals (49 kcal) Burgers (55 kcal) Nuts/seeds and nut/seed 
mixed dishes (47 kcal) 

16 Sausage, franks, bacon, and ribs 
(49 kcal) 

Fried white potatoes (52 kcal) Fried white potatoes (46 kcal) 

17 Fried white potatoes (48 kcal) Sausage, franks, bacon, and ribs (47 kcal) Ready-to-eat cereals (44 kcal) 

18 Candy (47 kcal) Regular cheese (43 kcal) Candy (44 kcal) 

19 Nuts/seeds and nut/seed mixed 

dishesj (42 kcal) 

Beef and beef mixed dishes (43 kcal) Eggs and egg mixed dishes 
(42 kcal) 

20 Eggs and egg mixed dishesk (39 
kcal) 

100% fruit juice, not orange/grapefruit (35 kcal) Rice and rice mixed dishes 
(41 kcal) 
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21 Rice and rice mixed dishesl (36 
kcal) 

Eggs and egg mixed dishes (30 kcal) Reduced fat milk (39 kcal) 

22 Fruit drinksm (36 kcal) Pancakes, waffles, and French toast (29 kcal) Quickbreads (36 kcal) 

23 Whole milk (33 kcal) Crackers (28 kcal) Other fish and fish mixed 

disheso (30 kcal) 

24 Quickbreadsn (32 kcal) Nuts/seeds and nut/seed mixed dishes (27 kcal) Fruit drinks (29 kcal) 

25 Cold cuts (27 kcal) Cold cuts (24 kcal) Salad dressing (29 kcal) 

a. Data are drawn from analyses of usual dietary intakes conducted by the 
National Cancer Institute. Foods and beverages consumed were divided into 
97 categories and ranked according to calorie contribution to the diet. Table 
shows each food category and its mean calorie contribution for each age 
group. Additional information on calorie contribution by age, gender, and 
race/ethnicity is available at http://riskfactor.cancer.gov/diet/foodsources/. 

b. Includes cake, cookies, pie, cobbler, sweet rolls, pastries, and donuts. 
c. Includes white bread or rolls, mixed-grain bread, flavored bread, whole- 
wheat bread, and bagels. 
d. Includes fried or baked chicken parts and chicken strips/patties, chicken 
stir-fries, chicken casseroles, chicken sandwiches, chicken salads, stewed 
chicken, and other chicken mixed dishes. 
e. Sodas, energy drinks, sports drinks, and sweetened bottled water 
including vitamin water. 
f. Includes macaroni and cheese, spaghetti, other pasta with or without 
sauces, filled pasta (e.g., lasagna and ravioli), and noodles. 

g. Also includes nachos, quesadillas, and other 
Mexican mixed dishes. h. Includes steak, 
meatloaf, beef with noodles, and beef stew. 
i. Includes ice cream, frozen yogurt, sherbet, 
milk shakes, and pudding. j. Includes peanut 
butter, peanuts, and mixed nuts. 

k. Includes scrambled eggs, omelets, fried 
eggs, egg breakfast sandwiches/ biscuits, 
boiled and poached eggs, egg salad, deviled 
eggs, quiche, and egg substitutes. 
l. Includes white rice, Spanish rice, and fried 
rice. 

m. Includes fruit-flavored drinks, fruit juice 
drinks, and fruit punch. n. Includes muffins, 
biscuits, and cornbread. 
o. Fish other than tuna or shrimp. 

Source: National Cancer Institute. Food 
sources of energy among U.S. population, 
2005-2006. Risk Factor Monitoring and 
Methods. Control and Population Sciences. 
National Cancer Institute; 2010. riskfactor. 
cancer.gov/diet/foodsources/. Updated May 21, 
2010. Accessed May 21, 2010. 

Although some of the top calorie sources by category are important sources of essential nutrients, others provide calories with 
few essential nutrients. Many of the foods and beverages most often consumed within these top categories are in forms high in 

solid fats and/or added sugars, thereby contributing excess calories to the diet. For example, many grain-based desserts[11] are 

high in added sugars and solid fats, while many chicken dishes[12] are both breaded and fried, which adds a substantial number 
of calories to the chicken. 
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Calorie Balance: Food and Beverage Intake 

Controlling calorie intake from foods and beverages is fundamental to achieving and attaining calorie balance. Understanding 
calorie needs, knowing food sources of calories, and recognizing associations between foods and beverages and higher or lower 
body weight are all important concepts when building an eating pattern that promotes calorie balance and weight management. 
Many Americans are unaware of how many calories they need each day or the calorie content of foods and beverages. 

Understanding Calorie Needs 

The total number of calories a person needs each day varies depending on a number of factors, including the person’s age, 
gender, height, weight, and level of physical activity. In addition, a desire to lose, maintain, or gain weight affects how many 
calories should be consumed. Table 3 provides estimated total calorie needs for weight maintenance based on age, gender, and 
physical activity level. Estimates range from 1,600 to 2,400 calories per day for adult women and 2,000 to 3,000 calories per day 
for adult men, depending on age and physical activity level. Within each age and gender category, the low end of the range is for 
sedentary individuals; the high end of the range is for active individuals. Due to reductions in basal metabolic rate that occurs with 
aging, calorie needs generally decrease for adults as they age. Estimated needs for young children range from 1,000 to 2,000 
calories per day, and the range for older children and adolescents varies substantially from 1,400 to 3,200 calories per day, with 
boys generally having higher calorie needs than girls. These are only estimates, and estimation of individual calorie needs can be 
aided with online tools such as those available at MyPyramid.gov. 

Table 3. Estimated Calorie Needs Per Day By Age, Gender, and Physical Activity Level* 

Estimated amounts of calories needed to maintain calorie balance for various gender and age groups at three different levels 
of physical activity. The estimates are rounded to the nearest 200 calories. An individual’s calorie needs may be higher or 
lower than these average estimates. 

Physical activity level* 

gender age (years) sedentary Moderately active active 

child (female and male) 2–3 1,000–1,200c 1,000–1,400c 1,000–1,400c 

female 4–8 1,200–1,400 1,400–1,600 1,400–1,800 

9–13 1,400–1,600 1,600–2,000 1,800–2,200 

14–18 1,800 2,000 2,400 

19–30 1,800–2,000 2,000–2,200 2,400 

31–50 1,800 2,000 2,200 

51+ 1,600 1,800 2,000–2,200 
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male 4–8 1,200–1,400 1,400–1,600 1,600–2,000 

9–13 1,600–2,000 1,800–2,200 2,000–2,600 

14–18 2,000–2,400 2,400–2,800 2,800–3,200 

19–30 2,400–2,600 2,600–2,800 3,000 

31–50 2,200–2,400 2,400–2,600 2,800–3,000 

51+ 2,000–2,200 2,200–2,400 2,400–2,800 

a. Based on Estimated Energy Requirements (EER) equations, using reference heights (average) and reference weights 
(healthy) for each age/gender group. For children and adolescents, reference height and weight vary. For adults, the reference 
man is 5 feet 10 inches tall and weighs 154 pounds. The reference woman is 5 feet 4 inches tall and weighs 126 pounds. EER 
equations are from the Institute of Medicine. Dietary Reference Intakes for Energy, Carbohydrate, Fiber, Fat, Fatty Acids, 
Cholesterol, Protein, and Amino Acids. Washington (DC): The National Academies Press; 2002. 

b. Sedentary means a lifestyle that includes only the light physical activity associated with typical day-to-day life. Moderately 
active means a lifestyle that includes physical activity equivalent to walking about 1.5 to 3 miles per day at 3 to 4 miles per 
hour, in addition to the light physical activity associated with typical day-to-day life. Active means a lifestyle that includes 
physical activity equivalent to walking more than 3 miles per day at 3 to 4 miles per hour, in addition to the light physical 
activity associated with typical day-to-day life. 

c. The calorie ranges shown are to accommodate needs of different ages within the group. For children and adolescents, more 
calories are needed at older ages. For adults, fewer calories are needed at older ages. 
d. Estimates for females do not include women who are pregnant or breastfeeding. 

Knowing one’s daily calorie needs may be a useful reference point for determining whether the calories that a person eats and 
drinks are appropriate in relation to the number of calories needed each day. The best way for people to assess whether they 
are eating the appropriate number of calories is to monitor body weight and adjust calorie intake and participation in physical 
activity based on changes in weight over time. A calorie deficit of 500 calories or more per day is a common initial goal for weight 
loss for adults. However, maintaining a smaller deficit can have a meaningful influence on body weight over time. The effect of a 
calorie deficit on weight does not depend on how the deficit is produced—by reducing calorie intake, increasing expenditure, or 
both. Yet, in research studies, a greater proportion of the calorie deficit is often due to decreasing calorie intake with a relatively 
smaller fraction due to increased physical activity. 

Carbohydrate, Protein, Fat, and Alcohol 

Carbohydrate, protein, and fat are the main sources of calories in the diet. Most foods and beverages contain combinations of 
these macronutrients in varying amounts. Alcohol also is a source of calories. 

Carbohydrates provide 4 calories per gram and are the primary source of calories for most Americans. Carbohydrates are 
classified as simple, including sugars, or complex, including starches and fibers. Some sugars are found naturally in foods (such 
as lactose in milk and fructose in fruit), whereas others are added to foods (such as table sugar added to coffee and high fructose 
corn syrup in sugar-sweetened beverages). Similarly, fiber can be naturally occurring in foods (such as in beans and whole grains) 
or added to foods. Most carbohydrate is consumed in the form of starches, which are found in foods such as grains, potatoes, 
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and other starchy vegetables. A common source of starch in the American diet is refined grains. Starches also may be added 
to foods to thicken or stabilize them. Added sugars and added starches generally provide calories but few essential nutrients. 
Although most people consume an adequate amount of total carbohydrates, many people consume too much added sugar and 
refined grain and not enough fiber. 

Protein also provides 4 calories per gram. In addition to calories, protein 
provides amino acids that assist in building and preserving body muscle and tissues. Protein is found in a wide variety of animal 
and plant foods. Animal-based protein foods include seafood, meat, poultry, eggs, and milk and milk products. Plant sources of 
protein include beans and peas, nuts, seeds, and soy products. Inadequate protein intake in the United States is rare. 

Fats provide more calories per gram than any other calorie source—9 calories per gram. Types of fat include saturated, trans, 
monounsaturated, and polyunsaturated fatty acids. Some fat is found naturally in foods, and fat is often added to foods during 
preparation. Similar to protein, inadequate intake of total fat is not a common concern in the United States. Most Americans 
consume too much saturated and trans fatty acids and not enough unsaturated fatty acids. 

Alcohol contributes 7 calories per gram, and the number of calories in an alcoholic beverage varies widely depending on the type 
of beverage consumed. Alcoholic beverages are a source of calories but provide few nutrients. Alcohol is a top calorie contributor 
in the diets of many American adults. 

Does macronutrient proportion make a difference for body weight? 

The Institute of Medicine has established ranges for the percentage of calories in the diet that should come from carbohydrate, 
protein, and fat. These Acceptable Macronutrient Distribution Ranges (AMDR) take into account both chronic disease risk 
reduction and intake of essential nutrients (Table 4). 

To manage body weight, Americans should consume a diet that has an appropriate total number of calories and that is within the 
AMDR. Strong evidence shows that there is no optimal proportion of macronutrients that can facilitate weight loss or assist with 
maintaining weight loss. Although diets with a wide range of macronutrient proportions have been documented to promote weight 
loss and prevent weight regain after loss, evidence shows that the critical issue is not the relative proportion of macronutrients in 
the diet, but whether or not the eating pattern is reduced in calories and the individual is able to maintain a reduced-calorie intake 
over time. The total number of calories consumed is the essential dietary factor relevant to body weight. In adults, moderate 
evidence suggests that diets that are less than 45 percent of total calories as carbohydrate or more than 35 percent of total 
calories as protein are generally no more effective than other calorie-controlled diets for long-term weight loss and weight 
maintenance. Therefore, individuals who wish to lose weight or maintain weight loss can select eating patterns that maintain 
appropriate calorie intake and have macronutrient proportions that are within the AMDR ranges recommended in the Dietary 
Reference Intakes. 

Table 4. Recommended Macronutrient Proportions by Age 

carbohydrate Protein fat 
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Young children (1–3 years) 45–65% 5–20% 30–40% 

Older children and adolescents (4–18 years) 45–65% 10–30% 25–35% 

Adults (19 years and older) 45–65% 10–35% 20–35% 

Source: Institute of Medicine. Dietary Reference Intakes for Energy, Carbohydrate, Fiber, Fat, Fatty Acids, Cholesterol, Protein, 
and Amino Acids. Washington (DC): The National Academies Press; 2002. 

Individual Foods and Beverages and Body Weight 

For calorie balance, the focus should be on total calorie intake, but intake of some foods and beverages that are widely over- or 
underconsumed has been associated with effects on body weight. In studies that have held total calorie intake constant, there is 
little evidence that any individual food groups or beverages have a unique impact on body weight. Although total calorie intake 
is ultimately what affects calorie balance, some foods and beverages can be easily overconsumed, which results in a higher total 
calorie intake. As individuals vary a great deal in their dietary intake, the best advice is to monitor dietary intake and replace foods 
higher in calories with nutrient-dense foods and beverages relatively low in calories. The following guidance may help individuals 
control their total calorie intake and manage body weight: 

• increase intake of whole grains, vegetables, and fruits: Moderate evidence shows that adults who eat more whole grains, 
particularly those higher in dietary fiber, have a lower body weight compared to adults who eat fewer whole grains. Moderate 
evidence in adults and limited evidence in children and adolescents suggests that increased intake of vegetables and/or 
fruits may protect against weight gain. 

• reduce intake of sugar-sweetened beverages: This can be accomplished by drinking fewer sugar-sweetened beverages and/
or consuming smaller portions. Strong evidence shows that children and adolescents who consume more sugar-sweetened 
beverages have higher body weight compared to those who drink less, and moderate evidence also supports this relationship 
in adults. Sugar-sweetened beverages provide excess calories and few essential nutrients to the diet and should only be 
consumed when nutrient needs have been met and without exceeding daily calorie limits. 

• Monitor intake of 100% fruit juice for children and adolescents, especially those who are over- weight or obese: For most 
children and adolescents, intake of 100% fruit juice is not associated with body weight. However, limited evidence suggests 
that increased intake of 100% juice has been associated with higher body weight in children and adolescents who are 
overweight or obese. 

• Monitor calorie intake from alcoholic beverages for adults: Moderate evidence suggests that moderate drinking of alcoholic 

beverages[13] is not associated with weight gain. However, heavier than moderate consumption of alcohol over time is 
associated with weight gain. Because alcohol is often consumed in mixtures with other beverages, the calorie content of 
accompanying mixers should be considered when calculating the calorie content of alcoholic beverages. Reducing alcohol 
intake is a strategy that can be used by adults to consume fewer calories. 

Strong evidence in adults and moderate evidence in children and adolescents demonstrates that consumption of milk and milk 
products does not play a special role in weight management. Evidence also suggests that there is no independent relationship 
between the intake of meat and poultry or beans and peas, including soy, with body weight. Although not independently related to 
body weight, these foods are important sources of nutrients in healthy eating patterns. 

Placing individual food choices into an overall eating pattern 

Because people consume a variety of foods and beverages throughout the day as meals and snacks, a growing body of research 
has begun to describe overall eating patterns that help promote calorie balance and weight management. One aspect of these 
patterns that has been researched is the concept of calorie density, or the amount of calories provided per unit of food weight. 
Foods high in water and/or dietary fiber typically have fewer calories per gram and are lower in calorie density, while foods higher 
in fat are generally higher in calorie density. A dietary pattern low in calorie density is characterized by a relatively high intake of 
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vegetables, fruit, and dietary fiber and a relatively low intake of total fat, 
saturated fat, and added sugars. Strong evidence shows that eating patterns that are low in calorie density improve weight loss 
and weight maintenance, and also may be associated with a lower risk of type 2 diabetes in adults. The USDA Food Patterns 
and the DASH Eating Plan, described in Building Healthy Eating Patterns, are examples of eating patterns that are low in calorie 
density. 

Although total calories consumed is important for calorie balance and weight management, it is important to consider the 
nutrients and other healthful properties of food and beverages, as well as their calories, when selecting an eating pattern for 
optimal health. When choosing carbohydrates, Americans should emphasize naturally occurring carbohydrates, such as those 
found in whole grains, beans and peas, vegetables, and fruits, especially those high in dietary fiber, while limiting refined grains 
and intake of foods with added sugars. Glycemic index and glycemic load have been developed as measures of the effects of 
carbohydrate-containing foods and beverages on blood sugar levels. Strong evidence shows that glycemic index and/or glycemic 
load are not associated with body weight; thus, it is not necessary to consider these measures when selecting carbohydrate foods 
and beverages for weight management. For protein, plant-based sources and/or animal-based sources can be incorporated into 
a healthy eating pattern. However, some protein products, particularly some animal-based sources, are high in saturated fat, so 
non-fat, low-fat, or lean choices should be selected. Fat intake should emphasize monounsaturated and polyunsaturated fats, such 
as those found in seafood, nuts, seeds, and oils. 

Americans should move toward more healthful eating patterns. Overall, as long as foods and beverages consumed meet nutrient 
needs and calorie intake is appropriate, individuals can select an eating pattern that they enjoy and can maintain over time. 
Individuals should consider the calories from all foods and beverages they consume, regardless of when and where they eat or 
drink. 

Calorie Balance: Physical Activity 

Physical activity is the other side of the calorie balance equation and should be considered when addressing weight management. 
In 2008, the U.S. Department of Health and Human Services released a comprehensive set of physical activity recommendations 
for Americans ages 6 years and older. Weight management along with health outcomes, including premature (early) death, 
diseases (such as coronary heart disease, type 2 diabetes, and osteoporosis), and risk factors for disease (such as high blood 
pressure and high blood cholesterol) were among the outcomes considered in developing the 2008 Physical Activity Guidelines 

for Americans.[14] Getting adequate amounts of physical activity conveys many health benefits independent of body weight. 

Strong evidence supports that regular participation in physical activity also helps people maintain a healthy weight and prevent 
excess weight gain. Further, physical activity, particularly when combined with reduced calorie intake, may aid weight loss and 
maintenance of weight loss. Decreasing time spent in sedentary behaviors also is important as well. Strong evidence shows that 
more screen time, particularly television viewing, is associated with overweight and obesity in children, adolescents, and adults. 
Substituting active pursuits for sedentary time can help people manage their weight and provides other health benefits. 

The 2008 Physical Activity Guidelines for Americans provides guidance to help Americans improve their health, including weight 
management, through appropriate physical activity (see Table 2-5). The amount of physical activity necessary to successfully 
maintain a healthy body weight depends on calorie intake and varies considerably among adults, including older adults. To achieve 

and maintain a healthy body weight, adults should do the equivalent[15] of 150 minutes of moderate-intensity aerobic activity 
each week. If necessary, adults should increase their weekly minutes of aerobic physical activity gradually over time and decrease 
calorie intake to a point where they can achieve calorie balance and a healthy weight. Some adults will need a higher level of 
physical activity than others to achieve and maintain a healthy body weight. Some may need more than the equivalent of 300 
minutes per week of moderate-intensity activity. 
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For children and adolescents ages 6 years and older, 60 minutes or more of physical activity per day is recommended. Although 
the Physical Activity Guidelines do not include a specific quantitative recommendation for children ages 2 to 5 years, young 
children should play actively several times each day. Children and adolescents are often active in short bursts of time rather than 
for sustained periods of time, and these short bursts can add up to meet physical activity needs. Physical activities for children 
and adolescents of all ages should be developmentally appropriate and enjoyable, and should offer variety. 

Principles For Promoting Calorie Balance and Weight Management 

To address the current calorie imbalance in the United States, individuals are encouraged to become more conscious of what 
they eat and what they do. This means increasing awareness of what, when, why, and how much they eat, deliberately making 
better choices regarding what and how much they consume, and seeking ways to be more physically active. Several behaviors 
and practices have been shown to help people manage their food and beverage intake and calorie expenditure and ultimately 
manage body weight. The behaviors with the strongest evidence related to body weight include: 

• focus on the total number of calories consumed. Maintaining a healthy eating pattern at an appropriate calorie level within 
the AMDR is advisable for weight management. Consuming an eating pattern low in calorie density may help to reduce 
calorie intake and improve body weight outcomes and overall health. 

• Monitor food intake. Monitoring intake has been shown to help individuals become more aware of what and how much they 
eat and drink. The Nutrition Facts label found on food packaging provides calorie information for each serving of food or 
beverage and can assist consumers in monitoring their intake. Also, monitoring body weight and physical activity can help 
prevent weight gain and improve outcomes when actively losing weight or maintaining body weight following weight loss. 

• when eating out, choose smaller portions or lower-calorie options. When possible, order a small-sized option, share a meal, 
or take home part of the meal. Review the calorie content of foods and beverages offered and choose lower-calorie options. 
Calorie information may be available on menus, in a pamphlet, on food wrappers, or online. Or, instead of eating out, cook 
and eat more meals at home. 

• Prepare, serve, and consume smaller portions of foods and beverages, especially those high in calories. Individuals eat and 
drink more when provided larger portions. Serving and consuming smaller portions is associated with weight loss and weight 
maintenance over time. 

• eat a nutrient-dense breakfast. Not eating breakfast has been associated with excess body weight, especially among children 
and adolescents. Consuming breakfast also has been associated with weight loss and weight loss maintenance, as well as 
improved nutrient intake. 

• limit screen time. In children, adolescents, and adults, screen time, especially television viewing, is directly associated with 
increased overweight and obesity. Children and adolescents are encouraged to spend no more than 1 to 2 hours each day 
watching television, playing electronic games, or using the computer (other than for homework). Also, avoid eating while 
watching television, which can result in overeating. 

Research has investigated additional principles that may promote calorie balance and weight management. However, the 
evidence for these behaviors is not as strong. Some evidence indicates that beverages are less filling than solid foods, such that 
the calories from beverages may not be offset by reduced intake of solid foods, which can lead to higher total calorie intake. In 
contrast, soup, particularly broth or water-based soups, may lead to decreased calorie intake and body weight over time. Further, 
replacing added sugars with non-caloric sweeteners may reduce calorie intake in the short-term, yet questions remain about their 
effectiveness as a weight management strategy. Other behaviors have been studied, such as snacking and frequency of eating, 
but there is currently not enough evidence to support a specific recommendation for these behaviors to help manage body weight. 

Table 2-5. 2008 Physical Activity Guidelines 

age group guidelines 
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6 to 17 years Children and adolescents should do 60 minutes (1 hour) or more of physical activity daily. 

• Aerobic: Most of the 60 or more minutes a day should be either moderatea- or vigorousb- intensity 
aerobic physical activity, and should include vigorous-intensity physical activity at least 3 days a week. 

• Muscle-strengthening:c As part of their 60 or more minutes of daily physical activity, children and 
adolescents should include muscle-strengthening physical activity on at least 3 days of the week. 

• Bone-strengthening:d As part of their 60 or more minutes of daily physical activity, children and 
adolescents should include bone-strengthening physical activity on at least 3 days of the week. 

• It is important to encourage young people to participate in physical activities that are appropriate for 
their age, that are enjoyable, and that offer variety. 

18 to 64 years • All adults should avoid inactivity. Some physical activity is better than none, and adults who 
participate in any amount of physical activity gain some health benefits. 

• For substantial health benefits, adults should do at least 150 minutes (2 hours and 30 minutes) a week 
of moderate-intensity, or 75 minutes (1 hour and 15 minutes) a week of vigorous-intensity aerobic 
physical activity, or an equivalent combination of moderate- and vigorous-intensity aerobic activity. 
Aerobic activity should be performed in episodes of at least 10 minutes, and preferably, it should be 
spread throughout the week. 

• For additional and more extensive health benefits, adults should increase their aerobic physi- cal 
activity to 300 minutes (5 hours) a week of moderate-intensity, or 150 minutes a week 
of vigorous-intensity aerobic physical activity, or an equivalent combination of moderate- and 
vigorous-intensity activity. Additional health benefits are gained by engaging in physical activity 
beyond this amount. 

• Adults should also include muscle-strengthening activities that involve all major muscle groups on 2 
or more days a week. 

65 years and 
older 

• Older adults should follow the adult guidelines. When older adults cannot meet the adult guide- lines, 
they should be as physically active as their abilities and conditions will allow. 

• Older adults should do exercises that maintain or improve balance if they are at risk of falling. 
• Older adults should determine their level of effort for physical activity relative to their level of fitness. 
• Older adults with chronic conditions should understand whether and how their conditions affect their 

ability to do regular physical activity safely. 

a. Moderate-intensity physical activity: Aerobic activity that increases a person’s heart rate and breathing to some extent. On a 
scale relative to a person’s capacity, moderate-intensity activity is usually a 5 or 6 on a 0 to 10 scale. Brisk walking, dancing, 
swimming, or bicycling on a level terrain are examples. 
b. Vigorous-intensity physical activity: Aerobic activity that greatly increases a person’s heart rate and breathing. On a scale 
relative to a person’s capacity, vigorous-intensity activity is usually a 7 or 8 on a 0 to 10 scale. Jogging, singles tennis, 
swimming continuous laps, or bicycling uphill 

are examples. 
c. Muscle-strengthening activity: Physical activity, including exercise, that increases skeletal muscle strength, power, 
endurance, and mass. It includes strength training, resistance training, and muscular strength and endurance exercises. 
d. Bone-strengthening activity: Physical activity that produces an impact or tension force on bones, which promotes bone 
growth and strength. Running, jumping rope, and lifting weights are examples. 

Source: Adapted from U.S. Department of Health and Human Services. 2008 Physical Activity Guidelines for Americans. 
Washington (DC): U.S. Department of Health and Human Services; 2008. ODPHP Publication No. U0036. 
http://www.health.gov/paguidelines. Accessed August 12, 2010. 
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Improving Public Health Through Diet and Physical Activity 

This chapter has focused on the two main elements in calorie balance—calories consumed and calories expended. These 
elements are critical for achieving and maintaining an appropriate body weight throughout the lifespan, and they also have 
broader implications for the health of Americans. 

Although obesity is related to many chronic health conditions, it is not the only lifestyle-related public health problem confronting 
the Nation. Eating patterns that are high in calories, but low in nutrients can leave a person overweight but malnourished. 
Nutritionally unbalanced diets can negatively affect a person’s health regardless of weight status. Such diets are related to many 
of the most common and costly health problems in the United States, particularly heart disease and its risk factors and type 2 
diabetes. Similarly, a sedentary lifestyle increases risk of these diseases. Improved eating patterns and increased physical activity 
have numerous health benefits beyond maintaining a healthy weight. 

Improved nutrition, appropriate eating behaviors, and increased physical activity have tremendous potential to decrease the 
prevalence of overweight and obesity, enhance the public’s health, reduce morbidity and premature mortality, and reduce health 
care costs. 

1. Institute of Medicine (IOM) and National Research Council (NRC). Weight gain during pregnancy: reexamining the guidelines. 
Washington (DC): The National Academies Press; 2009. ↵ 

2. Adjusted for spoilage and other waste. ERS Food Availability (Per Capita) Data System. http://www.ers.usda.gov/Data/
FoodConsumption/. Accessed August 12, 2010. ↵ 

3. Milk and milk products also can be referred to as dairy products. ↵ 
4. Stewart H, Blisard N, Jolliffe D. Let’s eat out: Americans weigh taste, convenience, and nutrition. U.S. Department of 

Agriculture, Economic Research Service; 2006. Economic Information Bulletin No. 19. www.ers.usda.gov/publications/eib19/
eib19.pdf. ↵ 

5. Pleis JR, Lucas JW, Ward BW. Summary health statistics for U.S. adults: National Health Interview Survey, 2008. Vital Health 
Stat. 2009;10(242):1-157. ↵ 

6. Troiano RP, Berrigan D, Dodd KW, Mâsse LC, Tilert T, McDowell M. Physical activity in the United States measured by 
accelerometer. Med Sci Sports Exerc. 2008;40(1):181–188. ↵ 

7. Data are drawn from analyses of usual dietary intakes conducted by the National Cancer Institute. Source: National Cancer 
Institute. Food sources of energy among U.S. population, 2005-2006. Risk Factor Monitoring and Methods. Cancer Control 
and Population Sciences. 2010. riskfactor.cancer. gov/diet/foodsources/. Updated May 21, 2010. Accessed May 21, 2010. ↵ 

8. Additional information on the top calorie contributors for various age groups, as well as by gender and race/ethnicity, are 
available at riskfactor. cancer.gov/diet/foodsources/. ↵ 

9. Sodas, energy drinks, sports drinks, and sweetened bottled water including vitamin water. ↵ 
10. Includes ice cream, frozen yogurt, sherbet, milk shakes, and pudding. ↵ 
11. Includes cake, cookies, pie, cobbler, sweet rolls, pastries, and donuts. ↵ 
12. Includes fried or baked chicken parts and chicken strips/patties, chicken stir-fries, chicken casseroles, chicken sandwiches, 

chicken salads, stewed chicken, and other chicken mixed dishes. ↵ 
13. Moderate alcohol consumption is the consumption of up to one drink per day for women and up to two drinks per day for 

men. ↵ 
14. U.S. Department of Health and Human Services. 2008 Physical Activity Guidelines for Americans. Washington (DC): U.S. 

Department of Health and Human Services; 2008. Office of Disease Prevention and Health Promotion Publication No. 
U0036. http://www.health.gov/paguidelines. Accessed August 12, 2010. ↵ 

15. One minute of vigorous-intensity physical activity counts as two minutes of moderate-intensity physical activity toward 
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9.1: Exercise and Muscle Performance 

Learning Objectives 

• Describe hypertrophy and atrophy 
• Explain how resistance exercise builds muscle 
• Explain how performance-enhancing substances affect muscle 

Physical training alters the appearance of skeletal muscles and can produce changes in muscle performance. Conversely, a lack 
of use can result in decreased performance and muscle appearance. Although muscle cells can change in size, new cells are 
not formed when muscles grow. Instead, structural proteins are added to muscle fibers in a process called hypertrophy, so cell 
diameter increases. The reverse, when structural proteins are lost and muscle mass decreases, is called atrophy. Age-related 
muscle atrophy is called sarcopenia. Cellular components of muscles can also undergo changes in response to changes in 
muscle use. 

Endurance Exercise 

Slow fibers are predominantly used in endurance exercises that require little force but involve numerous repetitions. The aerobic 
metabolism used by slow-twitch fibers allows them to maintain contractions over long periods. Endurance training modifies these 
slow fibers to make them even more efficient by producing more mitochondria to enable more aerobic metabolism and more ATP 
production. Endurance exercise can also increase the amount of myoglobin in a cell, as increased aerobic respiration increases 
the need for oxygen. Myoglobin is found in the sarcoplasm and acts as an oxygen storage supply for the mitochondria. 

Figure 1. Marathoners. Long-distance runners have a large 
number of SO fibers and relatively few FO and FG fibers. (credit: 
“Tseo2”/Wikimedia Commons) 

The training can trigger the formation of more extensive capillary networks around the fiber, a process called angiogenesis, to 
supply oxygen and remove metabolic waste. To allow these capillary networks to supply the deep portions of the muscle, muscle 
mass does not greatly increase in order to maintain a smaller area for the diffusion of nutrients and gases. All of these cellular 
changes result in the ability to sustain low levels of muscle contractions for greater periods without fatiguing. 

The proportion of SO muscle fibers in muscle determines the suitability of that muscle for endurance, and may benefit those 
participating in endurance activities. Postural muscles have a large number of SO fibers and relatively few FO and FG fibers, to 
keep the back straight (Figure 1). Endurance athletes, like marathon-runners also would benefit from a larger proportion of SO 
fibers, but it is unclear if the most-successful marathoners are those with naturally high numbers of SO fibers, or whether the 
most successful marathon runners develop high numbers of SO fibers with repetitive training. Endurance training can result in 
overuse injuries such as stress fractures and joint and tendon inflammation. 
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Resistance Exercise 

Resistance exercises, as opposed to endurance exercise, require large amounts of FG fibers to produce short, powerful 
movements that are not repeated over long periods. The high rates of ATP hydrolysis and cross-bridge formation in FG fibers 
result in powerful muscle contractions. Muscles used for power have a higher ratio of FG to SO/FO fibers, and trained athletes 
possess even higher levels of FG fibers in their muscles. 

Figure 2. Hypertrophy. Body builders have a large number of FG 
fibers and relatively few FO and SO fibers. (credit: Lin Mei/flickr) 

Resistance exercise affects muscles by increasing the formation of myofibrils, thereby increasing the thickness of muscle fibers. 
This added structure causes hypertrophy, or the enlargement of muscles, exemplified by the large skeletal muscles seen in body 
builders and other athletes (Figure 2). Because this muscular enlargement is achieved by the addition of structural proteins, 
athletes trying to build muscle mass often ingest large amounts of protein. 

Except for the hypertrophy that follows an increase in the number of sarcomeres and myofibrils in a skeletal muscle, the cellular 
changes observed during endurance training do not usually occur with resistance training. There is usually no significant increase 
in mitochondria or capillary density. However, resistance training does increase the development of connective tissue, which adds 
to the overall mass of the muscle and helps to contain muscles as they produce increasingly powerful contractions. Tendons also 
become stronger to prevent tendon damage, as the force produced by muscles is transferred to tendons that attach the muscle 
to bone. 

For effective strength training, the intensity of the exercise must continually be increased. For instance, continued weight lifting 
without increasing the weight of the load does not increase muscle size. To produce ever-greater results, the weights lifted must 
become increasingly heavier, making it more difficult for muscles to move the load. The muscle then adapts to this heavier load, 
and an even heavier load must be used if even greater muscle mass is desired. 

If done improperly, resistance training can lead to overuse injuries of the muscle, tendon, or bone. These injuries can occur if the 
load is too heavy or if the muscles are not given sufficient time between workouts to recover or if joints are not aligned properly 
during the exercises. Cellular damage to muscle fibers that occurs after intense exercise includes damage to the sarcolemma 
and myofibrils. This muscle damage contributes to the feeling of soreness after strenuous exercise, but muscles gain mass as 
this damage is repaired, and additional structural proteins are added to replace the damaged ones. Overworking skeletal muscles 
can also lead to tendon damage and even skeletal damage if the load is too great for the muscles to bear. 

Performance-Enhancing Substances 

Some athletes attempt to boost their performance by using various agents that may enhance muscle performance. Anabolic 
steroids are one of the more widely known agents used to boost muscle mass and increase power output. Anabolic steroids are a 
form of testosterone, a male sex hormone that stimulates muscle formation, leading to increased muscle mass. 

Endurance athletes may also try to boost the availability of oxygen to muscles to increase aerobic respiration by using substances 
such as erythropoietin (EPO), a hormone normally produced in the kidneys, which triggers the production of red blood cells. The 
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extra oxygen carried by these blood cells can then be used by muscles for aerobic respiration. Human growth hormone (hGH) 
is another supplement, and although it can facilitate building muscle mass, its main role is to promote the healing of muscle 
and other tissues after strenuous exercise. Increased hGH may allow for faster recovery after muscle damage, reducing the rest 
required after exercise, and allowing for more sustained high-level performance. 

Although performance-enhancing substances often do improve performance, most are banned by governing bodies in sports 
and are illegal for nonmedical purposes. Their use to enhance performance raises ethical issues of cheating because they give 
users an unfair advantage over nonusers. A greater concern, however, is that their use carries serious health risks. The side 
effects of these substances are often significant, nonreversible, and in some cases fatal. The physiological strain caused by these 
substances is often greater than what the body can handle, leading to effects that are unpredictable and dangerous. Anabolic 
steroid use has been linked to infertility, aggressive behavior, cardiovascular disease, and brain cancer. 

Similarly, some athletes have used creatine to increase power output. Creatine phosphate provides quick bursts of ATP to muscles 
in the initial stages of contraction. Increasing the amount of creatine available to cells is thought to produce more ATP and 
therefore increase explosive power output, although its effectiveness as a supplement has been questioned. 

Everyday Connection: Aging and Muscle Tissue 

Although atrophy due to disuse can often be reversed with exercise, muscle atrophy with age, referred to as sarcopenia, is 
irreversible. This is a primary reason why even highly trained athletes succumb to declining performance with age. This decline is 
noticeable in athletes whose sports require strength and powerful movements, such as sprinting, whereas the effects of age are 
less noticeable in endurance athletes such as marathon runners or long-distance cyclists. As muscles age, muscle fibers die, and 
they are replaced by connective tissue and adipose tissue (Figure 3). 

Figure 3. Atrophy. Muscle mass is reduced as muscles atrophy 
with disuse. 

Because those tissues cannot contract and generate force as muscle can, muscles lose the ability to produce powerful 
contractions. The decline in muscle mass causes a loss of strength, including the strength required for posture and mobility. 
This may be caused by a reduction in FG fibers that hydrolyze ATP quickly to produce short, powerful contractions. Muscles in 
older people sometimes possess greater numbers of SO fibers, which are responsible for longer contractions and do not produce 
powerful movements. There may also be a reduction in the size of motor units, resulting in fewer fibers being stimulated and less 
muscle tension being produced. 

Sarcopenia can be delayed to some extent by exercise, as training adds structural proteins and causes cellular changes that can 
offset the effects of atrophy. Increased exercise can produce greater numbers of cellular mitochondria, increase capillary density, 
and increase the mass and strength of connective tissue. The effects of age-related atrophy are especially pronounced in people 
who are sedentary, as the loss of muscle cells is displayed as functional impairments such as trouble with locomotion, balance, 
and posture. This can lead to a decrease in quality of life and medical problems, such as joint problems because the muscles that 
stabilize bones and joints are weakened. Problems with locomotion and balance can also cause various injuries due to falls. 
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9.2: Interactions of Skeletal Muscles 

Learning Objectives 

• Compare and contrast agonist and antagonist muscles 
• Describe how fascicles are arranged within a skeletal muscle 
• Explain the major events of a skeletal muscle contraction within a muscle in generating force 

To move the skeleton, the tension created by the contraction of the fibers in most skeletal muscles is transferred to the tendons. 
The tendons are strong bands of dense, regular connective tissue that connect muscles to bones. The bone connection is why 
this muscle tissue is called skeletal muscle. 

Interactions of Skeletal Muscles in the Body 

To pull on a bone, that is, to change the angle at its synovial joint, which essentially moves the skeleton, a skeletal muscle must 
also be attached to a fixed part of the skeleton. The moveable end of the muscle that attaches to the bone being pulled is 
called the muscle’s insertion, and the end of the muscle attached to a fixed (stabilized) bone is called the origin. During forearm 
flexion—bending the elbow—the brachioradialis assists the brachialis. 

Figure 1. Prime Movers and Synergists. The biceps brachii flex the lower arm. 
The brachoradialis, in the forearm, and brachialis, located deep to the biceps in the 
upper arm, are both synergists that aid in this motion. 

Although a number of muscles may be involved in an action, the principal muscle involved is called the prime mover, or agonist. 
To lift a cup, a muscle called the biceps brachii is actually the prime mover; however, because it can be assisted by the brachialis, 
the brachialis is called a synergist in this action (Figure 1). A synergist can also be a fixator that stabilizes the bone that is the 
attachment for the prime mover’s origin. 

A muscle with the opposite action of the prime mover is called an antagonist. Antagonists play two important roles in muscle 
function: 

1. They maintain body or limb position, such as holding the arm out or standing erect 
2. They control rapid movement, as in shadow boxing without landing a punch or the ability to check the motion of a limb 

For example, to extend the knee, a group of four muscles called the quadriceps femoris in the anterior compartment of the thigh 
are activated (and would be called the agonists of knee extension). However, to flex the knee joint, an opposite or antagonistic 
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set of muscles called the hamstrings is activated. 

As you can see, these terms would also be reversed for the opposing action. If you consider the first action as the knee bending, 
the hamstrings would be called the agonists and the quadriceps femoris would then be called the antagonists. See Table 1 for a 
list of some agonists and antagonists. 

Table 1. Agonist and Antagonist Skeletal Muscle Pairs 

Agonist Antagonist Movement 

Biceps brachii: in the anterior 
compartment of the arm 

Triceps brachii: in the posterior 
compartment of the arm 

The biceps brachii flexes the forearm, 
whereas the triceps brachii extends it. 

Hamstrings: group of three muscles in 
the posterior compartment of the thigh 

Quadriceps femoris: group of four 
muscles in the anterior compartment of 
the thigh 

The hamstrings flex the leg, whereas the 
quadriceps femoris extend it. 

Flexor digitorum superficialis and flexor 
digitorum profundus: in the anterior 
compartment of the forearm 

Extensor digitorum: in the posterior 
compartment of the forearm 

The flexor digitorum superficialis and 
flexor digitorum profundus flex the 
fingers and the hand at the wrist, whereas 
the extensor digitorum extends the 
fingers and the hand at the wrist. 

There are also skeletal muscles that do not pull against the skeleton for movements. For example, there are the muscles that 
produce facial expressions. The insertions and origins of facial muscles are in the skin, so that certain individual muscles contract 
to form a smile or frown, form sounds or words, and raise the eyebrows. There also are skeletal muscles in the tongue, and the 
external urinary and anal sphincters that allow for voluntary regulation of urination and defecation, respectively. In addition, the 
diaphragm contracts and relaxes to change the volume of the pleural cavities but it does not move the skeleton to do this. 

Everyday Connections: Exercise and Stretching 

When exercising, it is important to first warm up the muscles. Stretching pulls on the muscle fibers and it also results in an 
increased blood flow to the muscles being worked. Without a proper warm-up, it is possible that you may either damage some of 
the muscle fibers or pull a tendon. A pulled tendon, regardless of location, results in pain, swelling, and diminished function; if it 
is moderate to severe, the injury could immobilize you for an extended period. 

Recall the discussion about muscles crossing joints to create movement. Most of the joints you use during exercise are synovial 
joints, which have synovial fluid in the joint space between two bones. Exercise and stretching may also have a beneficial effect 
on synovial joints. Synovial fluid is a thin, but viscous film with the consistency of egg whites. When you first get up and start 
moving, your joints feel stiff for a number of reasons. After proper stretching and warm-up, the synovial fluid may become less 
viscous, allowing for better joint function. 

Patterns of Fascicle Organization 

Skeletal muscle is enclosed in connective tissue scaffolding at three levels. Each muscle fiber (cell) is covered by endomysium 
and the entire muscle is covered by epimysium. When a group of muscle fibers is “bundled” as a unit within the whole muscle 
by an additional covering of a connective tissue called perimysium, that bundled group of muscle fibers is called a fascicle. 
Fascicle arrangement by perimysia is correlated to the force generated by a muscle; it also affects the range of motion of the 
muscle. Based on the patterns of fascicle arrangement, skeletal muscles can be classified in several ways. What follows are the 
most common fascicle arrangements. 

Parallel muscles have fascicles that are arranged in the same direction as the long axis of the muscle (Figure 2). The majority of 
skeletal muscles in the body have this type of organization. Some parallel muscles are flat sheets that expand at the ends to make 
broad attachments. Other parallel muscles are rotund with tendons at one or both ends. Muscles that seem to be plump have a 
large mass of tissue located in the middle of the muscle, between the insertion and the origin, which is known as the central body. 
A more common name for this muscle is belly. When a muscle contracts, the contractile fibers shorten it to an even larger bulge. 
For example, extend and then flex your biceps brachii muscle; the large, middle section is the belly (Figure 3). When a parallel 
muscle has a central, large belly that is spindle-shaped, meaning it tapers as it extends to its origin and insertion, it sometimes 
is called fusiform. 
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Figure 2. Muscle Shapes and Fiber Alignment. The skeletal muscles of the body typically come in seven different 
general shapes. 

Figure 3. Biceps Brachii Muscle Contraction. The large mass at the 
center of a muscle is called the belly. Tendons emerge from both ends of 
the belly and connect the muscle to the bones, allowing the skeleton to 
move. The tendons of the bicep connect to the upper arm and the forearm. 
(credit: Victoria Garcia) 

Circular muscles are also called sphincters (see Figure 2). When they relax, the sphincters’ concentrically arranged bundles of 
muscle fibers increase the size of the opening, and when they contract, the size of the opening shrinks to the point of closure. 
The orbicularis oris muscle is a circular muscle that goes around the mouth. When it contracts, the oral opening becomes smaller, 
as when puckering the lips for whistling. Another example is the orbicularis oculi, one of which surrounds each eye. Consider, for 
example, the names of the two orbicularis muscles (orbicularis oris and oribicularis oculi), where part of the first name of both 
muscles is the same. The first part of orbicularis, orb (orb = “circular”), is a reference to a round or circular structure; it may also 
make one think of orbit, such as the moon’s path around the earth. The word oris (oris = “oral”) refers to the oral cavity, or the 
mouth. The word oculi (ocular = “eye”) refers to the eye. 

There are other muscles throughout the body named by their shape or location. The deltoid is a large, triangular-shaped muscle 
that covers the shoulder. It is so-named because the Greek letter delta looks like a triangle. The rectus abdomis (rector = 
“straight”) is the straight muscle in the anterior wall of the abdomen, while the rectus femoris is the straight muscle in the anterior 
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compartment of the thigh. 

When a muscle has a widespread expansion over a sizable area, but then the fascicles come to a single, common attachment 
point, the muscle is called convergent. The attachment point for a convergent muscle could be a tendon, an aponeurosis (a 
flat, broad tendon), or a raphe (a very slender tendon). The large muscle on the chest, the pectoralis major, is an example of 
a convergent muscle because it converges on the greater tubercle of the humerus via a tendon. The temporalis muscle of the 
cranium is another. 

Pennate muscles (penna = “feathers”) blend into a tendon that runs through the central region of the muscle for its whole length, 
somewhat like the quill of a feather with the muscle arranged similar to the feathers. Due to this design, the muscle fibers in 
a pennate muscle can only pull at an angle, and as a result, contracting pennate muscles do not move their tendons very far. 
However, because a pennate muscle generally can hold more muscle fibers within it, it can produce relatively more tension for its 
size. There are three subtypes of pennate muscles. 

In a unipennate muscle, the fascicles are located on one side of the tendon. The extensor digitorum of the forearm is an 
example of a unipennate muscle. A bipennate muscle has fascicles on both sides of the tendon. In some pennate muscles, the 
muscle fibers wrap around the tendon, sometimes forming individual fascicles in the process. This arrangement is referred to as 
multipennate. A common example is the deltoid muscle of the shoulder, which covers the shoulder but has a single tendon that 
inserts on the deltoid tuberosity of the humerus. 

Because of fascicles, a portion of a multipennate muscle like the deltoid can be stimulated by the nervous system to change the 
direction of the pull. For example, when the deltoid muscle contracts, the arm abducts (moves away from midline in the sagittal 
plane), but when only the anterior fascicle is stimulated, the arm will abduct and flex (move anteriorly at the shoulder joint). 

The Lever System of Muscle and Bone Interactions 

Skeletal muscles do not work by themselves. Muscles are arranged in pairs based on their functions. For muscles attached to 
the bones of the skeleton, the connection determines the force, speed, and range of movement. These characteristics depend on 
each other and can explain the general organization of the muscular and skeletal systems. 

The skeleton and muscles act together to move the body. Have you ever used the back of a hammer to remove a nail from wood? 
The handle acts as a lever and the head of the hammer acts as a fulcrum, the fixed point that the force is applied to when you 
pull back or push down on the handle. The effort applied to this system is the pulling or pushing on the handle to remove the nail, 
which is the load, or “resistance” to the movement of the handle in the system. Our musculoskeletal system works in a similar 
manner, with bones being stiff levers and the articular endings of the bones—encased in synovial joints—acting as fulcrums. The 
load would be an object being lifted or any resistance to a movement (your head is a load when you are lifting it), and the effort, 
or applied force, comes from contracting skeletal muscle. 

Self-Check Questions 

Take the quiz below to check your understanding of the Interactions of Skeletal Muscles: 

A Open Assessments element has been excluded from this version of the text. You can view it online here: pb.libretexts.org/
lfaw/?p=196 
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9.3: Naming Skeletal Muscles 

Learning Objectives 

• Describe the criteria used to name skeletal muscles 
• Explain how understanding the muscle names helps describe shapes, location, and actions of various muscles 

The Greeks and Romans conducted the first studies done on the human body in Western culture. The educated class of 
subsequent societies studied Latin and Greek, and therefore the early pioneers of anatomy continued to apply Latin and Greek 
terminology or roots when they named the skeletal muscles. The large number of muscles in the body and unfamiliar words can 
make learning the names of the muscles in the body seem daunting, but understanding the etymology can help. Etymology is the 
study of how the root of a particular word entered a language and how the use of the word evolved over time. Taking the time 
to learn the root of the words is crucial to understanding the vocabulary of anatomy and physiology. When you understand the 
names of muscles it will help you remember where the muscles are located and what they do (Figure 1, Table 1, and Table 2). 
Pronunciation of words and terms will take a bit of time to master, but after you have some basic information; the correct names 
and pronunciations will become easier. 

Figure 1. Overview of the Muscular System. On the anterior and posterior views of the muscular system above, superficial muscles (th
body while deep muscles (those underneath the superficial muscles) are shown on the left half of the body. For the legs, superficial muscles are sh
view shows both superficial and deep muscles. 

Table 1. Understanding a Muscle Name from the Latin 

Example Word Latin Root 1 Latin Root 2 Meaning Translation 

abductor digiti 
minimi 

abductor ab = away from duct = to move a muscle that moves 
away from 

A muscle that moves 
the little finger or toe 
away 

digiti digitus = digit refers to a finger or 
toe 

minimi minimus = mini, tiny little 

adductor digiti 
minimi 

adductor ad = to, toward duct = to move a muscle that moves 
towards 

A muscle that moves 
the little finger or toe 
toward 

digiti digitus = digit refers to a finger or 
toe 
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Table 1. Understanding a Muscle Name from the Latin 

Example Word Latin Root 1 Latin Root 2 Meaning Translation 

minimi minimus = mini, tiny little 

Table 2. Mnemonic Device for Latin Roots 

Example Latin or Greek Translation Mnemonic Device 

ad to; toward ADvance toward your goal 

ab away from n/a 

sub under SUBmarines move under water. 

ductor something that moves A conDUCTOR makes a train move. 

anti against If you are antisocial, you are against engaging in social activities. 

epi on top of n/a 

apo to the side of n/a 

longissimus longest “Longissimus” is longer than the word “long.” 

longus long long 

brevis short brief 

maximus large max 

medius medium “Medius” and “medium” both begin with “med.” 

minimus tiny; little mini 

rectus straight To RECTify a situation is to straighten it out. 

multi many If something is MULTIcolored, it has many colors. 

uni one A UNIcorn has one horn. 

bi/di two If a ring is DIcast, it is made of two metals. 

tri three TRIple the amount of money is three times as much. 

quad four QUADruplets are four children born at one birth. 

externus outside EXternal 

internus inside INternal 

Anatomists name the skeletal muscles according to a number of criteria, each of which describes the muscle in some way. These 
include naming the muscle after its shape, its size compared to other muscles in the area, its location in the body or the location 
of its attachments to the skeleton, how many origins it has, or its action. 

The skeletal muscle’s anatomical location or its relationship to a particular bone often determines its name. For example, the 
frontalis muscle is located on top of the frontal bone of the skull. Similarly, the shapes of some muscles are very distinctive and 
the names, such as orbicularis, reflect the shape. For the buttocks, the size of the muscles influences the names: gluteus maximus 
(largest), gluteus medius (medium), and the gluteus minimus (smallest). Names were given to indicate length— brevis (short), 
longus (long)—and to identify position relative to the midline: lateralis (to the outside away from the midline), and medialis 
(toward the midline). The direction of the muscle fibers and fascicles are used to describe muscles relative to the midline, such 
as the rectus (straight) abdominis, or the oblique (at an angle) muscles of the abdomen. 

Some muscle names indicate the number of muscles in a group. One example of this is the quadriceps, a group of four muscles 
located on the anterior (front) thigh. Other muscle names can provide information as to how many origins a particular muscle has, 
such as the biceps brachii. The prefix bi indicates that the muscle has two origins and tri indicates three origins. 

The location of a muscle’s attachment can also appear in its name. When the name of a muscle is based on the attachments, the 
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origin is always named first. For instance, the sternocleidomastoid muscle of the neck has a dual origin on the sternum (sterno) 
and clavicle (cleido), and it inserts on the mastoid process of the temporal bone. The last feature by which to name a muscle is 
its action. When muscles are named for the movement they produce, one can find action words in their name. Some examples 
are flexor (decreases the angle at the joint), extensor (increases the angle at the joint), abductor (moves the bone away from the 
midline), or adductor (moves the bone toward the midline). 
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9.4: Overview of Muscle Tissue Types 

The three types of muscle tissue are skeletal, smooth, and cardiac 

LEARNING OBJECTIVE 

By the end of this section, you will be able to: 

• Differentiate between the structure and location of skeletal, smooth, and cardiac muscles 

Key Takeaways 

Key Points 

• Skeletal muscles are attached to bones and allow voluntary movement of the body. 
• Smooth muscles, which generate involuntary movement, form part of the walls of the esophagus, stomach, intestines, bronchi, 

uterus, urethra, bladder, and blood vessels, among other portions of the body. 
• Cardiac muscle is involuntary and found only in the heart. 
• Skeletal muscle is striated in regular, parallel bundles of sarcomeres. 
• Cardiac muscle is striated, but the bundles are connected at branching, irregular angles called intercalated discs. 
• Skeletal muscle tissue is about 15% denser than fat tissue. 

Glossary 

cardiac muscle: The striated and involuntary muscle of the vertebrate heart. 

skeletal muscle: The voluntary muscle of vertebrates, which is striated and anchored by tendons to bone, is used to effect 
skeletal movement such as locomotion. 

smooth muscle: Involuntary muscle which is found within the intestines, throat, uterus, and blood vessel walls. 

Examples 

A girl is taking a walk, using her voluntary control of her skeletal muscles to move her body down the path. She decides to climb 
a hill and can feel the involuntary racing of her heart as she climbs the rugged slope. At the top of the hill, she takes a deep drink 
of water, which will eventually lead to an involuntary stretching of her bladder as she heads home. 

Different Types, Different Functions 

Muscle tissue is a soft tissue, and is one of the four fundamental types of tissue present in animals. There are three types 
of muscle tissue recognized in vertebrates. Skeletal muscle, or voluntary muscle, is anchored to bone by tendons, or by 
aponeuroses at a few places, and is used to effect skeletal movement in activities such as locomotion and maintaining posture. 
Though this postural control is generally maintained as an unconscious reflex, the muscles responsible react to conscious control 
like non-postural muscles. An average adult male is made up of 42% of skeletal muscle and an average adult female is made up 
of 36%, expressed as a percentage of body mass. 
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Figure 1: Muscle Types. Cardiac and skeletal muscle are both striated in appearance, while 
smooth muscle is not. Both cardiac and smooth muscle are involuntary while skeletal muscle is 
voluntary. 

Smooth muscle, or involuntary muscle, is found within the walls of organs and structures such as the esophagus, stomach, 
intestines, bronchi, uterus, urethra, bladder, blood vessels, and the arrector pili in the skin, in which it controls the erection of 
body hair. Unlike skeletal muscle, smooth muscle is not under conscious control. Cardiac muscle is also an involuntary muscle 
but is more akin in structure to skeletal muscle, and is found only in the heart. 

Cardiac and skeletal muscles are striated, in that they contain sarcomeres and are packed into highly regular, repeating 
arrangements of bundles; smooth muscle has neither attribute. While skeletal muscles are arranged in regular, parallel bundles, 
cardiac muscle connects at branching, irregular angles, called intercalated discs. Striated muscle contracts and relaxes in short, 
intense bursts, whereas smooth muscle sustains longer or even near-permanent contractions. 

The density of mammalian skeletal muscle tissue is about 1.06 kg/liter. This can be contrasted with the density of adipose tissue 
(fat), which is 0.9196 kg/liter. This makes muscle tissue approximately 15% denser than fat tissue. 
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9.5: Overview of Muscle Functions 

The function of muscles is movement, but the types of movement elicited 
differ between skeletal, cardiac, and smooth muscle. 

LEARNING OBJECTIVE 

By the end of this section, you will be able to: 

• Differentiate among the actions of skeletal, smooth, and cardiac muscles 

Key Takeaways 

Key Points 

• The origin and insertion points of skeletal muscles allow force to be exerted that allows movement of the skeleton. 
• Skeletal movement is a form of lever mechanics with the position of origin and insertion of the muscle allowing for 

differences in force, velocity, and directionality. 
• Smooth muscles act by involuntary peristalsis, moving food through the digestive system. 
• Cardiac muscle contracts the heart without conscious thought, which is necessary for survival. 

Key Terms 

peristalsis: The rhythmic, wave-like contraction of both longitudinal and circular smooth muscle fibers within the digestive tract 
that forces food through it. 

insertion: The distal end of attachment of a muscle to a bone that will be moved by the muscle when it contracts. 

origin: The proximal end of attachment of a muscle to a bone that will not be moved by the action of that muscle. 

Examples 

• While cardiac muscle is considered involuntary, some individuals with yogic training have been shown to be able to voluntarily 
reduce their heart rate. 

• Food poisoning can result in involuntary reversed peristalsis or vomiting. 

Skeletal muscles are voluntary, striated muscles that allow movement of an organism by the deliberate generation of force . The 
action a skeletal muscle generates is determined by the origin and insertion locations. The cross-sectional area of a muscle 
(rather than volume or length) determines the amount of force it can generate by defining the number of sarcomeres which can 
operate in parallel. The amount of force applied to the external environment is determined by lever mechanics, specifically the 
ratio of in lever to out lever. For example, moving the insertion point of the biceps more distally on the radius (farther from the 
joint of rotation) would increase the force generated during flexion (and, as a result, the maximum weight lifted in this movement), 
but decrease the maximum speed of flexion. Moving the insertion point proximally (closer to the joint of rotation) would result in 
decreased force but increased velocity. This can be most easily seen by comparing the limb of a mole to a horse: In the former, 
the insertion point is positioned to maximize force (for digging), while in the latter, the insertion point is positioned to maximize 
speed (for running). 
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In addition to voluntary contractions of skeletal muscle, involuntary muscle also contracts in a similar fashion but does so 
involuntarily. Smooth muscle is responsible for movement of food through the digestive system via peristalsis and regulates the 
diameter of blood vessels, determining how much blood flows through the vessels. Cardiac muscle is responsible for contraction 
of the heart . The contraction of cardiac muscle of the heart is coordinated such that the entire heart beats in a controlled, 
uniform manner, ensuring blood is efficiently pumped from the chambers. Cardiac and smooth muscle contraction occurs without 
conscious thought and is necessary for survival. 

Cardiac muscle is striated, similar to skeletal muscle, 
but beats involuntarily. The cells beat in unison as a 
result of unique gap junctions between the muscle cells. 

Diagram of contraction of smooth muscle fiber showing 
peristalsis 
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9.6: Types of Skeletal Muscle Fibers 

Slow-twitch and fast-twitch skeletal muscle fibers can be characterized 
by their metabolic processes and corresponding physiological traits. 

LEARNING OBJECTIVE 

By the end of this section, you will be able to: 

• Differentiate between the types of skeletal muscle fibers 

Key Takeaways 

Key Points 

• Oxidative fibers rely on aerobic respiration to fuel muscle contractions, and include slow-twitch fibers, which are 
characterized as muscles with long contraction duration, associated with endurance. 

• Glycolytic fibers rely on glycolysis to fuel muscle contractions and include fast-twitch fibers, which are characterized by fast 
muscle contractions of short duration. 

• The proportion of fast-twitch vs. slow-twitch muscles of an individual is partly genetic in nature. However, concentrated 
exercise that prioritizes one type of muscle fiber use over the other can improve an individual’s ability to perform related 
physical activities. 

Glossary 

fast-twitch: Type II fibers which are characterized by fast muscle contractions of short duration. 

slow-twitch: Type I fibers characterized as muscles with long contraction duration, associated with endurance. 

glycolytic: Of, pertaining to or producing glycolysis, which is the metabolic pathway that converts glucose into pyruvate. 

Skeletal muscle fibers can be characterized by their metabolic processes and corresponding physiological traits. 
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Signaling Pathways that Regulate Skeletal Muscle Fiber-type Phenotype 
Exercise-induced signaling pathways in skeletal muscle that determine specialized characteristics of slow-
twitch and fast-twitch muscle fibers. 

Oxidative fibers rely on aerobic respiration to fuel muscle contractions, and consist of slow-twitch (Type I) fibers, which are 
characterized as muscles with long contraction duration, associated with endurance. Slow-twitch fibers are used to maintain 
posture. They are usually found in red muscles, indicative of the large concentration of myoglobin providing a steady supply 
of oxygen to them. The red muscles use oxidative phosphorylation to obtain ATP. Oxidative phosphorylation occurs in the red 
muscles as the process requires a lot of oxygen, and the red muscles contain high amounts of myoglobin. The process is slower 
than glycolysis, but much more efficient, which is why slow-twitch muscles do not tire easily. Also, slow-twitch fibers contain less 
sarcoplasmic reticulum, facilitating a slower release of calcium, regulating muscle contraction at slower rates. 

Glycolytic fibers rely on glycolysis to fuel muscle contractions and consist of fast-twitch (Type II) fibers, which are characterized 
by fast muscle contractions of short duration. Fast-twitch fibers are constituents of white muscles and have less myoglobin due 
to their primary reliance on glycolysis (anaerobic respiration) to fuel muscle contractions. Although glycolysis is very quick, it is 
also inefficient at producing ATP. Glycolysis produces lactic acid as a byproduct, which leads to fatigue. The use of the glycogen 
cycle is the reason why fast-twitch muscles tire out quickly. 

There is some evidence that the proportion of fast-twitch versus slow-twitch muscles of an individual is partly genetic in nature. 
That is, we are born with a unique proportion of such muscles that suit us to particular types of physical activity. This is not 
without debate, however. Regardless, concentrated exercise that prioritizes one type of muscle fiber use over the other, can lead 
to muscle hypertrophy (increase in size), improving an individual’s ability to perform related physical activities. 
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9.7: Types of Muscle Contractions- Isotonic and Isometric 

Muscle contractions are defined by the changes in the length of the 
muscle during contraction. 

LEARNING OBJECTIVE 

By the end of this section, you will be able to: 

• Differentiate among the types of muscle contractions 

Key Takeaways 

Key Points 

• Isotonic contractions generate force by changing the length of the muscle and can be concentric contractions or eccentric 
contractions. 

• A concentric contraction causes muscles to shorten, thereby generating force. 
• Eccentric contractions cause muscles to elongate in response to a greater opposing force. 
• Isometric contractions generate force without changing the length of the muscle. 

Glossary 

isometric: Of or involving muscular contraction against resistance in which the length of the muscle remains the same. 

isotonic: Of or involving muscular contraction against resistance in which the length of the muscle changes. Antonym is isometric. 
Isotonic movements are either concentric (working muscle shortens) or eccentric (working muscle lengthens). 

concentric: (Of a motion), in the direction of contraction of a muscle. (E.g., extension of the lower arm via the elbow joint while 
contracting the triceps and other elbow extensor muscles. 

eccentric: Against or in the opposite direction of contraction of a muscle. (E.g., flexion of the lower arm (bending of the elbow 
joint) by an external force while contracting the triceps and other elbow extensor muscles to control that movement. 

EXAMPLE 

An example of this in the context of a bench press would be that a yielding isometric would be holding the bar at a given place 
even though it could be pressed higher, and an overcoming would be pressing the bar up into the safety guards of a squat cage 
that prevent pushing the bar any higher. 

Muscle fiber generates tension through the action of actin and myosin cross-bridge cycling. While under tension, the muscle may 
lengthen, shorten, or remain the same. Although the term contraction implies shortening, when referring to the muscular system, 
it means muscle fibers generating tension with the help of motor neurons. Several types of muscle contractions occur and they 
are defined by the changes in the length of the muscle during contraction. 

Isotonic Contractions 

Isotonic contractions maintain constant tension in the muscle as the muscle changes length. This can occur only when a muscle’s 
maximal force of contraction exceeds the total load on the muscle. Isotonic muscle contractions can be either concentric (muscle 
shortens) or eccentric (muscle lengthens). 
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Concentric Contractions 

A concentric contraction is a type of muscle contraction in which the muscles shorten while generating force. This is typical of 
muscles that contract due to the sliding filament mechanism, and it occurs throughout the muscle. Such contractions also alter 
the angle of the joints to which the muscles are attached, as they are stimulated to contract according to the sliding filament 
mechanism. 

This occurs throughout the length of the muscle, generating force at the musculo-tendinous junction; causing the muscle to 
shorten and the angle of the joint to change. For instance, a concentric contraction of the biceps would cause the arm to bend at 
the elbow as the hand moves from near to the leg to close to the shoulder (a biceps curl). A concentric contraction of the triceps 
would change the angle of the joint in the opposite direction, straightening the arm and moving the hand toward the leg. 

Eccentric Contractions 

An eccentric contraction results in the elongation of a muscle. Such contractions decelerate the muscle joints (acting as “brakes” 
to concentric contractions) and can alter the position of the load force. These contractions can be both voluntary and involuntary. 
During an eccentric contraction, the muscle elongates while under tension due to an opposing force which is greater than the 
force generated by the muscle. Rather than working to pull a joint in the direction of the muscle contraction, the muscle acts to 
decelerate the joint at the end of a movement or otherwise control the repositioning of a load. 

This can occur involuntarily (when attempting to move a weight too heavy for the muscle to lift) or voluntarily (when the muscle is 
“smoothing out” a movement). Over the short-term, strength training involving both eccentric and concentric contractions appear 
to increase muscular strength more than training with concentric contractions alone. 

Isometric Contractions 

In contrast to isotonic contractions, isometric contractions generate force without changing the length of the muscle . This is 
typical of muscles found in the hands and forearm: the muscles do not change length, and joints are not moved, so force for grip 
is sufficient. An example is when the muscles of the hand and forearm grip an object; the joints of the hand do not move, but 
muscles generate sufficient force to prevent the object from being dropped. 

Force-length relationship in muscle: Muscle length versus isometric force. 
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9.8: Effect of Exercise on Muscles 

Sustained, repeated overload of a group of muscles leads to muscle 
hypertrophy and strengthening of that muscle group. 

LEARNING OBJECTIVE 

By the end of this section, you will be able to: 

• Differentiate between the short-term and long-term effects of exercise on muscles 

Key Takeaways 

Key Points 

• Aerobic exercise, or physical activity under conditions of high oxygen availability, involves extended periods of exercise at 
levels below maximal contraction strength, and uses a high percentage of Type I muscle fibers. 

• Anaerobic respiration, or physical activity with a low availability of oxygen, involves high intensity muscle contractions for 
short periods of time, utilizing primarily Type II muscle fibers. 

• Anaerobic exercise involves short, high-intensity bouts of exertion that utilize little or no oxygen and lead to increased levels 
of lactic acid. 

• Muscle metabolism differs due to exercise type, primarily the availability (aerobic) or lack of availability (anaerobic) of oxygen. 
The rate at which energy is needed determines the relative contributions of these energy systems. 

• Muscle metabolism differs due to exercise type, primarily the availability (aerobic) of lack of availability (anaerobic) of oxygen. 

Glossary 

muscle hypertrophy: Increase in muscle mass due to exercise, particularly weight training; a noticeable long-term effect of 
exercise. 

lactic acid: Also known as milk acid, is a chemical compound that plays a role in various biochemical processes. During power 
exercises such as sprinting, when the rate of demand for energy is high, glucose is broken down and oxidized to pyruvate, and 
lactate is produced from the pyruvate faster than the tissues can remove it, so lactate concentration begins to rise. 

Type II muscle fibers: Fast-twitch muscles fibers for short, high intensity contractions. Muscles prioritize the use of readily-
available ATP, glucose and glycogen for these muscle contractions, which results in a build-up of lactic acid. 

The Effects of Exercise 

Exercise involves a series of sustained muscle contractions, of either long or short duration, depending on the nature of the 
physical activity. Effects of exercise on muscles can be considered short-term or immediate, both during and shortly after 
exercise; as well as long-term, lasting effects. 

Immediate, Short-Term Effects 

The effects of exercise on muscles varies with the type and duration of the activity.Aerobic exercise is typical of activities 
requiring endurance and sustained muscle contractions. Such activities rely mainly on Type I (slow-twitch muscles) which sustain 
maximal contraction for extensive periods of time. This use of slow-twitch muscles, and the availability of oxygen, prevents the 
buildup of lactic acid, and typically does not result in substantial muscle fatigue in the short-term. Sustained aerobic respiration 
tends to shift the metabolic pathways of muscle to favor the use of fat as the primary source of ATP, and glycogen is generally 
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avoided. 

Anaerobic respiration, typical of sprinting and weight lifting , prioritizes the use of Type II (fast-twitch) muscles fibers for short, 
high-intensity contractions. Muscles prioritize the use of readily-available ATP, glucose and glycogen for these contractions, which 
results in a build-up of lactic acid. Though traditionally viewed as the cause of muscle fatigue, recent research indicates ion 
shortages, particularly of calcium, during an aerobic exercise, causes such muscle fatigue. However, lactic acid inhibits further 
ATP production, indirectly causing fatigue. 

Muscle Hypertrophy: Shoulder with 
deltoid and bicep hypertrophy 

Muscle soreness, once thought to be due to lactic acid accumulation, has more recently been attributed to small tearing of the 
muscles fibers caused by eccentric contraction. 

Long-Term Effects 

Muscle hypertrophy, or the increase in muscle mass due to exercise , particularly weight training, is a noticeable long-term effect 
of exercise. Exercise of specific muscles can often result in hypertrophy in the opposite muscles as well, a phenomenon known 
as cross education. 

Experts and professionals differ widely on the best approaches to specifically achieve muscle growth, as opposed to focusing 
on gaining strength, power, or endurance. It was generally considered that consistent anaerobic strength training will produce 
hypertrophy over the long term, in addition to its effects on muscular strength and endurance. 
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9.9: Muscular Atrophy and Hypertrophy 

Muscle atrophy is a decrease in muscle mass; muscle hypertrophy is an 
increase in muscle mass due to an increase in muscle cell size. 

LEARNING OBJECTIVE 

By the end of this section, you will be able to: 

• Differentiate between muscular atrophy and hypertrophy 

Key Takeaways 

Key Points 

• Muscle atrophy refers to the decrease in muscle mass leading to muscle weakness or a decrease in the ability to generate 
force. 

• Atrophy has several causes including disease, starvation, and simple disuse. 
• Muscle hypertrophy differs from muscle hyperplasia, which is the formation of new muscle cells. 
• A range of stimuli can induce muscle cell hypertrophy, including strength training or anaerobic training. 
• Biological factors such as age and nutrition can affect muscle hypertrophy. 

Glossary 

atrophy: To wither or waste away. 

dystrophy: A wasting of body tissues, of genetic origin or due to inadequate or defective nutrition. 

sarcopenia: Age-related loss of skeletal muscle, resulting in frailty. Often found together with osteoporosis, a loss of bone that is 
similarly associated with the aging process. 

Muscle atrophy is the decrease in muscle strength due to a decrease in muscle mass, or the amount of muscle fibers. Atrophy can 
be partial or complete, varying in the extent of muscle weakness. Muscle atrophy is often a result of disease such as cancer, AIDS, 
congestive heart failure, chronic obstructive pulmonary disease, renal failure, and burns. Starvation can also result in muscle 
atrophy. Simple disuse of muscle, either due to a sedentary lifestyle, or because of bed rest, can also cause muscle atrophy. 

Muscle atrophy is typical to some extent during aging. Atrophy over time due to aging is known as sarcopenia. Though not 
completely clear, it is suspected that the cause of sarcopenia is a combination of the decline of satellite cells to regenerate cells 
of skeletal muscle fibers, as well as a decreased sensitivity or availability of hormonecues, including growth factors, that stimulate 
maintenance muscles through regeneration of muscle fiber cells from satellite cells. 

Loss of muscle not due to atrophy or sarcopenia is indicative of diseases that result in structural defects of muscles (muscular 
dystrophy) or autoimmune responses that degrade muscle structure (myopathies). 

Muscle hypertrophy is an increase in the size of a muscle through an increase in the size of its component cells. It differs from 
muscle hyperplasia, which is the formation of new muscle cells. Depending on the type of training, the hypertrophy can occur 
through increased sarcoplasmic volume or increased contractile proteins. 

A range of stimuli can increase the volume of muscle cells, including strength training or anaerobic training. These changes occur 
as an adaptive response that serves to increase the ability to generate force or resist fatigue in anaerobic conditions. 

Several biological factors such as age and nutrition can affect muscle hypertrophy. During puberty in males, hypertrophy occurs 
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at an increased rate. Natural hypertrophy normally stops at full growth in the late teens. An adequate supply ofamino acids is 
essential to produce muscle hypertrophy. As testosterone is one of the body’s major growth hormones, on average, men find 
hypertrophy much easier to achieve than women. Taking additional testosterone, as in anabolic steroids, will increase results. 
It is also considered a performance-enhancing drug, the use of which can cause competitors to be suspended or banned from 
competitions. In addition, testosterone is also a medically regulated substance in most countries, making it illegal to possess it 
without a medical prescription. 

Normal versus atrophied sarcomeres: Schematic of filament arrangement in 
normal, functional sarcomeres, versus atrophied sarcomeres following 17-day space 
flight 
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9.10: Exercise-Induced Muscle Damage 

Exercise damages muscles due to eccentric and concentric muscle 
loading and often results in delayed onset muscle soreness (DOMS). 

LEARNING OBJECTIVE 

By the end of this section, you will be able to: 

• Detail the process of exercise-induced muscle damage 

Key Takeaways 

Key Points 

• Delayed onset muscle soreness is a result of damage in muscle sarcomeres during contractions. 
• The acute but delayed nature of muscle soreness is indicative of an inflammatory immune response. 
• This disruption of the muscle fibers triggers white blood cells to increase following the induced muscle soreness, leading to 

the inflammatory response observation from the induced muscle soreness. 

Glossary 

eccentric contraction: The elongation of a muscle while under tension due to an opposing force being greater than the force 
generated by the muscle. 

concentric contraction: a type of muscle contraction in which the muscles shorten while generating force 

Exercise damages muscles due to eccentric and concentric muscle loading. Resistance training, and particularly high loading 
during eccentric contractions, results in delayed onset muscle soreness (DOMS). Previously attributed to the accumulation of 
lactic acid during exercise, it is now understood that DOMS is due to structural damage in sarcomeres, particularly to the z-disks 
and contractile filaments. Z-disks provide the structural support for the contractile filaments of the sliding filament mechanism. 
Overloading of muscles damages these connections and the orientation of the contractile filaments. 

212 (9.10.1)



The Sarcomere: Delayed onset muscle soreness is caused by structural damage to the Z disk and 
myosin and actin filaments. 

Acute inflammation of the muscle cells, as understood in exercise physiology, can result after induced eccentric and concentric 
muscle training. Participation in eccentric training and conditioning, including resistance training and activities that emphasize 
eccentric lengthening of the muscle including downhill running on a moderate to high incline can result in considerable soreness 
within 24 to 48 hours, even though blood lactate levels, previously thought to cause muscle soreness, were much higher with 
level running. This has been noted especially in marathon runners whose muscle fibers revealed remarkable damage after both 
training and marathon competition. The onset and timing of this gradient damage to the muscle parallels the degree of muscle 
soreness experienced by the runners. 

This disruption of the muscle fibers triggers white blood cells to increase following the induced muscle soreness, leading to 
the inflammatory response observation from the induced muscle soreness. Elevations in plasma enzymes, myoglobinemia, and 
abnormal muscle histology and ultrastructure are concluded to be associated with the inflammatory response. High tension in 
the contractile-elastic system of muscle results in structural damage to the muscle fiber and plasmalemma and its epimysium, 
perimysium, and endomysium. The mysium damage disrupts calcium homeostasis in the injured fiber and fiber bundles, resulting 
in necrosis that peaks about 48 hours after exercise. The products of the macrophage activity and intracellular contents (such as 
histamines, kinins, and K+) accumulate outside the cells. These substances then stimulate the free nerve endings in the muscle; 
a process that appears accentuated by eccentric exercise, in which large forces are distributed over a relatively small cross-
sectional area of the muscle. 

The acute, and delayed nature of muscle soreness is indicative of an inflammatory immune response. Damage to the sarcomeres 
causes aninflux of white blood cells, leading to inflammation, which is itself associated with increased plasma enzyme 
concentration, myoglobinemia, and abnormal muscle structure and histology. A further response to sarcomere damage is necrosis 
following damage to the mysium, which peaks about 48 hours following exercise. 

The muscle adapts rapidly to the structural damage caused by exercise, and further soreness and damage in later exercise events 
is mitigated. 

CC licensed content, Shared previously 

• Exercise-Induced Muscle Damage. Provided by: Boundless. Located at: https://courses.lumenlearning.com/boundless-ap/. 
Project: Boundless Anatomy and Physiology. License: CC BY-SA: Attribution-ShareAlike 

• Lifetime Fitness and Wellness. Provided by: Extended Learning Institute of Northern Virginia Community College. Located 
at: https://eli.nvcc.edu/. License: CC BY: Attribution 

This page titled 9.10: Exercise-Induced Muscle Damage is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated 
by LibreTexts. 

213 (9.10.2)

https://courses.lumenlearning.com/boundless-ap
https://creativecommons.org/licenses/by-sa/4.0
https://eli.nvcc.edu/
https://creativecommons.org/licenses/by/4.0
https://med.libretexts.org/Bookshelves/Health_and_Fitness/Lifetime_Fitness_and_Wellness_(Lumen)/03%3A_Unit_3/09%3A_Muscle_Strength_and_Endurance/9.10%3A_Exercise-Induced_Muscle_Damage
https://creativecommons.org/licenses/by-nc-sa/4.0/


9.11: Reassess Fitness Level 

It is time to reassess your fitness level. Take the tests by clicking here . For the aerobic test, you must select the same test (1 mile 
walk test or the 1.5 mile run test) you used in Unit Two. Again, add your waist-to-hip ratio information (from Lab 6.1) at the bottom 
of the page and submit everything as one document. This assignment is worth 5 points maximum. 

CC licensed content, Shared previously 

• Lifetime Fitness and Wellness. Provided by: Extended Learning Institute of Northern Virginia Community College. Located 
at: https://eli.nvcc.edu/. License: CC BY: Attribution 

This page titled 9.11: Reassess Fitness Level is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated by 
LibreTexts. 

214 (9.11.1)

http://www.adultfitnesstest.org/
https://eli.nvcc.edu/
https://creativecommons.org/licenses/by/4.0
https://med.libretexts.org/Bookshelves/Health_and_Fitness/Lifetime_Fitness_and_Wellness_(Lumen)/03%3A_Unit_3/09%3A_Muscle_Strength_and_Endurance/9.11%3A_Reassess_Fitness_Level
https://creativecommons.org/licenses/by-nc-sa/4.0/


9.12: Aerobic Training versus Strength Training 

Aerobic activity relies on the availability of oxygen for energy production, 
whereas anaerobic activity utilizes primarily glycolysis. 

LEARNING OBJECTIVE 

By the end of this section, you will be able to: 

• Evaluate outcomes for aerobic training and strength training 

Key Takeaways 

Key Points 

• Strength training is primarily a form of anaerobic exercise. 
• Some aerobic respiration still occurs during strength training due to the energy system continuum of muscle activation, 

especially when muscles recruit more fibers to generate a higher force. 
• Strength training primarily recruits Type II muscle fibers, compared to most aerobic exercise that prioritizes use of Type I 

fibers. 

Glossary 

aerobic: Occurring only in the presence of oxygen; aerobic exercise is typical of activities requiring endurance and sustained 
muscle contractions. Such activities rely mainly on Type I (slow-twitch muscles). 

HbA1c: Glycosylated hemoglobin (hemoglobin A1c, HbA1c, A1C, or Hb1c; sometimes also HbA1c) is a form of hemoglobin that is 
measured primarily to identify the average plasma glucose concentration over prolonged periods of time. 

anaerobic: Without oxygen; Anaerobic respiration, typical of sprinting and weight lifting, prioritizes the use of Type II (fast-twitch) 
muscles fibers 

Types of Muscle Fibers 

There are two principal ways to categorize muscle fibers: the type of myosin (fast or slow) present, and the degree of oxidative 
phosphorylation that the fiber undergoes.Skeletal muscle can thus be broken down into two broad categories: Type I and Type II. 

Type I fibers appear red due to the presence of the oxygen-binding protein myoglobin. These slow twitch fibers generate energy 
for ATP re-synthesis by means of a long-term system of aerobic energy transfer. They tend to have a low activity level of ATPase, 
a slower speed of contraction with a less well developed glycolytic capacity. They contain large and numerous mitochondria with 
high levels of myoglobin that gives them a red pigmentation. They have demonstrated a high concentration of mitochondrial 
enzymes, thus they are fatigue resistant. These fibers are suited for endurance activities and are slow to fatigue because they use 
oxidative metabolism to generate ATP. 

Type II fibers are white due to the absence of myoglobin and a reliance on glycolytic enzymes. These fibers are efficient for short 
bursts of speed and power and use both oxidative and anaerobic metabolisms depending on the particular sub-type. However, 
fast twitch fibers also demonstrate a higher capability for electrochemical transmission of action potentials and a rapid level of 
calcium release and uptake by the sarcoplasmic reticulum. The fast twitch fibers rely on a well-developed, short term, glycolytic 
system for energy transfer and can contract and develop tension at 2-3 times the rate of slow twitch fibers. These fibers are 
quicker to fatigue. 
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Exercise Examples 

Marathon Runners: Running a marathon is emblematic of extended 
aerobic exercise that employs Type I (slow-twitch) muscles for extended 
endurance, and prioritizes aerobic metabolic pathways. 

Exercise, depending on the type of activities involved, utilizes muscle fibers preferentially, depending on the availability of oxygen. 
Aerobic respiration, typical of long-distance running and other forms of exercise involving endurance, uses predominantly Type I 
fibers, which resist fatigue for long periods of time . With training, a higher level of effort can be sustained for extended periods, 
using oxygen and oxidative phosphorylation as the primary energy source. However, beyond a certain threshold of intensity, Type 
II fibers will be increasingly recruited, meeting the energy needs that the Type I fibers could not. 

High intensity exercise, such as weight lifting, requires very large amounts of energy for very brief periods of time. In the case of 
a bout of weight lifting, aerobic energy production from Type I fibers would be insufficient to meet the energy demands of the 
muscles involved in the lifting exercise. Anaerobic exercise, as in this example, prioritizes the use of Type II fibers. However, at 
higher loads during anaerobic exercise, Type I fibers can also be recruited to generate a higher force from the muscle contraction. 
While Type II fibers are well suited for a superior rate of energy production, the duration over which this high level of energy 
production can be sustained is extremely finite. 

Health benefits 

Diabetes 

A number of studies have examined the health benefits of aerobic and/or strength training in improving health and treating health 
issues. In diabetics, both resistance and aerobic exercise protocols appear to be effective in reducing pre- and post-exercise 
blood glucose levels and HbA1c levels, but resistance exercise produced a more significant reduction in HbA1c level as compared 
to treadmill exercise. 
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Increased muscle mass 

Weight lifting is typical of anaerobic exercise: Weight lifting 
involves short, high intensity and high force muscle contractions 
that utilize anaerobic metabolic pathways to fuel muscle 
contractions, and prioritizes use of Type II (fast-twitch) muscle 
fibers. 

The body’s basal metabolic rate increases with increases in muscle mass, which may promote long-term fat loss and help 
individuals increase basal caloric expenditure. Moreover, intense workouts elevate metabolism for several hours following the 
workout, which also promotes fat loss. Weight training has also been shown to benefit dieters as it inhibits lean body mass loss 
(as opposed to fat loss) when under a caloric deficit. Weight training also strengthens bones, helping to prevent bone loss and 
osteoporosis. By increasing muscular strength and improving balance, weight training can reduce falls by elderly persons as well. 

Recovery 

For many people in rehabilitation or with an acquired disability, such as following stroke or orthopaedic surgery, strength training 
for weak muscles is a key factor to optimize recovery. For people with such a health condition, their strength training is likely 
to need to be designed by an appropriate health professional, such as a physiotherapist.One side-effect of any intense exercise 
is increased levels of dopamine, serotonin, and norepinephrine, neurotransmitters that can help to improve mood and counter 
feelings of depression. 
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9.13: Videos- Muscle Groups and Strength Training 

Major Muscle Groups and Associated Exercises 

This video describes the major muscle groups and associated exercises. 

A YouTube element has been excluded from this version of the text. You can view it online here: pb.libretexts.org/lfaw/?p=216 

Strength Training Exercises Playlist: 22 Videos 

A YouTube element has been excluded from this version of the text. You can view it online here: pb.libretexts.org/lfaw/?p=216 
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9.14: Muscle Strength and Endurance Reading 

Purpose 

This section will focus on the last two components of fitness: muscular strength and muscular endurance. 

Directions 

The rest of this chapter contains your reading for this section. 

Additionally, information on these external sources will be useful to deepen your understanding: 

• ACSM: Delayed Onset Muscle Soreness (DOMS) 

• Read Musculoskeletal Fitness by Len Kravitz from the Encyclopedia of Lifestyle Medicine & Health. 

• Resistance exercise videos 
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9.15: Introduction to Muscle Tissue 

Learning Objectives 

• Explain the organization of muscle tissue 
• Describe the function and structure of skeletal, cardiac muscle, and smooth muscle 
• Explain how muscles work with tendons to move the body 
• Describe how muscles contract and relax 
• Define the process of muscle metabolism 
• Explain how the nervous system controls muscle tension 
• Relate the connections between exercise and muscle performance 
• Explain the development and regeneration of muscle tissue 

Figure 1. Tennis Player. Athletes rely on toned skeletal muscles 
to supply the force required for movement. (credit: Emmanuel 
Huybrechts/flickr) 

When most people think of muscles, they think of the muscles that are visible just under the skin, particularly of the limbs. These 
are skeletal muscles, so-named because most of them move the skeleton. But there are two other types of muscle in the body, 
with distinctly different jobs. 

Cardiac muscle, found in the heart, is concerned with pumping blood through the circulatory system. Smooth muscle is concerned 
with various involuntary movements, such as having one’s hair stand on end when cold or frightened, or moving food through the 
digestive system. This chapter will examine the structure and function of these three types of muscles. 
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9.16: Types of Muscle Tissues 

Learning Objectives 

• Describe the different types of muscle 
• Explain contractibility and extensibility 

Muscle is one of the four primary tissue types of the body, and the body contains three types of muscle tissue: skeletal muscle, 
cardiac muscle, and smooth muscle (Figure 1). All three muscle tissues have some properties in common; they all exhibit a quality 
called excitability as their plasma membranes can change their electrical states (from polarized to depolarized) and send an 
electrical wave called an action potential along the entire length of the membrane. While the nervous system can influence the 
excitability of cardiac and smooth muscle to some degree, skeletal muscle completely depends on signaling from the nervous 
system to work properly. On the other hand, both cardiac muscle and smooth muscle can respond to other stimuli, such as 
hormones and local stimuli. 

Figure 1. The Three Types of Muscle Tissue. The body contains three types of muscle tissue: (a) skeletal muscle, (b) smooth muscle, an
1600, LM × 1600. (Micrographs provided by the Regents of University of Michigan Medical School © 2012) 

The muscles all begin the actual process of contracting (shortening) when a protein called actin is pulled by a protein called 
myosin. This occurs in striated muscle (skeletal and cardiac) after specific binding sites on the actin have been exposed in 

response to the interaction between calcium ions (Ca++) and proteins (troponin and tropomyosin) that “shield” the actin-binding 

sites. Ca++ also is required for the contraction of smooth muscle, although its role is different: here Ca++ activates enzymes, which 
in turn activate myosin heads. All muscles require adenosine triphosphate (ATP) to continue the process of contracting, and they 

all relax when the Ca++ is removed and the actin-binding sites are re-shielded. 

A muscle can return to its original length when relaxed due to a quality of muscle tissue called elasticity. It can recoil back to 
its original length due to elastic fibers. Muscle tissue also has the quality of extensibility; it can stretch or extend. Contractility 
allows muscle tissue to pull on its attachment points and shorten with force. 

Differences among the three muscle types include the microscopic organization of their contractile proteins—actin and myosin. 
The actin and myosin proteins are arranged very regularly in the cytoplasm of individual muscle cells (referred to as fibers) in 
both skeletal muscle and cardiac muscle, which creates a pattern, or stripes, called striations. The striations are visible with a 
light microscope under high magnification (see Figure 1). Skeletal muscle fibers are multinucleated structures that compose the 
skeletal muscle. Cardiac muscle fibers each have one to two nuclei and are physically and electrically connected to each other 
so that the entire heart contracts as one unit (called a syncytium). 

Because the actin and myosin are not arranged in such regular fashion in smooth muscle, the cytoplasm of a smooth muscle 
fiber (which has only a single nucleus) has a uniform, nonstriated appearance (resulting in the name smooth muscle). However, the 
less organized appearance of smooth muscle should not be interpreted as less efficient. Smooth muscle in the walls of arteries is 
a critical component that regulates blood pressure necessary to push blood through the circulatory system; and smooth muscle 
in the skin, visceral organs, and internal passageways is essential for moving all materials through the body. 
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9.17: Skeletal Muscle 

Learning Objectives 

• Describe the layers of connective tissues packaging skeletal muscle 
• Explain how muscles work with tendons to move the body 
• Identify areas of the skeletal muscle fibers 
• Describe excitation-contraction coupling 

The best-known feature of skeletal muscle is its ability to contract and cause movement. Skeletal muscles act not only to produce 
movement but also to stop movement, such as resisting gravity to maintain posture. Small, constant adjustments of the skeletal 
muscles are needed to hold a body upright or balanced in any position. Muscles also prevent excess movement of the bones 
and joints, maintaining skeletal stability and preventing skeletal structure damage or deformation. Joints can become misaligned 
or dislocated entirely by pulling on the associated bones; muscles work to keep joints stable. Skeletal muscles are located 
throughout the body at the openings of internal tracts to control the movement of various substances. These muscles allow 
functions, such as swallowing, urination, and defecation, to be under voluntary control. Skeletal muscles also protect internal 
organs (particularly abdominal and pelvic organs) by acting as an external barrier or shield to external trauma and by supporting 
the weight of the organs. 

Skeletal muscles contribute to the maintenance of homeostasis in the body by generating heat. Muscle contraction requires 
energy, and when ATP is broken down, heat is produced. This heat is very noticeable during exercise, when sustained muscle 
movement causes body temperature to rise, and in cases of extreme cold, when shivering produces random skeletal muscle 
contractions to generate heat. 

Figure 1. The Three Connective Tissue Layers. Bundles of muscle fibers, called 
fascicles, are covered by the perimysium. Muscle fibers are covered by the 
endomysium. 

Each skeletal muscle is an organ that consists of various integrated tissues. These tissues include the skeletal muscle fibers, 
blood vessels, nerve fibers, and connective tissue. Each skeletal muscle has three layers of connective tissue (called “mysia”) that 
enclose it and provide structure to the muscle as a whole, and also compartmentalize the muscle fibers within the muscle (Figure 
1). Each muscle is wrapped in a sheath of dense, irregular connective tissue called the epimysium, which allows a muscle to 
contract and move powerfully while maintaining its structural integrity. The epimysium also separates muscle from other tissues 
and organs in the area, allowing the muscle to move independently. 

Inside each skeletal muscle, muscle fibers are organized into individual bundles, each called a fascicle, by a middle layer of 
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connective tissue called the perimysium. This fascicular organization is common in muscles of the limbs; it allows the nervous 
system to trigger a specific movement of a muscle by activating a subset of muscle fibers within a bundle, or fascicle of the 
muscle. Inside each fascicle, each muscle fiber is encased in a thin connective tissue layer of collagen and reticular fibers called 
the endomysium. The endomysium contains the extracellular fluid and nutrients to support the muscle fiber. These nutrients are 
supplied via blood to the muscle tissue. 

In skeletal muscles that work with tendons to pull on bones, the collagen in the three tissue layers (the mysia) intertwines with 
the collagen of a tendon. At the other end of the tendon, it fuses with the periosteum coating the bone. The tension created by 
contraction of the muscle fibers is then transferred though the mysia, to the tendon, and then to the periosteum to pull on the 
bone for movement of the skeleton. In other places, the mysia may fuse with a broad, tendon-like sheet called an aponeurosis, or 
to fascia, the connective tissue between skin and bones. The broad sheet of connective tissue in the lower back that the latissimus 
dorsi muscles (the “lats”) fuse into is an example of an aponeurosis. 

Every skeletal muscle is also richly supplied by blood vessels for nourishment, oxygen delivery, and waste removal. In addition, 
every muscle fiber in a skeletal muscle is supplied by the axon branch of a somatic motor neuron, which signals the fiber to 
contract. Unlike cardiac and smooth muscle, the only way to functionally contract a skeletal muscle is through signaling from the 
nervous system. 

Skeletal Muscle Fibers 

Because skeletal muscle cells are long and cylindrical, they are commonly referred to as muscle fibers. Skeletal muscle fibers can 
be quite large for human cells, with diameters up to 100 μm and lengths up to 30 cm (11.8 in) in the Sartorius of the upper leg. 
During early development, embryonic myoblasts, each with its own nucleus, fuse with up to hundreds of other myoblasts to form 
the multinucleated skeletal muscle fibers. Multiple nuclei mean multiple copies of genes, permitting the production of the large 
amounts of proteins and enzymes needed for muscle contraction. 

Some other terminology associated with muscle fibers is rooted in the Greek sarco, which means “flesh.” The plasma membrane 
of muscle fibers is called the sarcolemma, the cytoplasm is referred to as sarcoplasm, and the specialized smooth endoplasmic 

reticulum, which stores, releases, and retrieves calcium ions (Ca++) is called the sarcoplasmic reticulum (SR) (Figure 2). As 
will soon be described, the functional unit of a skeletal muscle fiber is the sarcomere, a highly organized arrangement of the 
contractile myofilaments actin (thin filament) and myosin (thick filament), along with other support proteins. 

Figure 2. Muscle Fiber. A skeletal muscle fiber is surrounded by a plasma membrane called the sarcolemma, which contains sarcoplasm, th
cytoplasm of muscle cells. A muscle fiber is composed of many fibrils, which give the cell its striated appearance. 

The Sarcomere 

The striated appearance of skeletal muscle fibers is due to the arrangement of the myofilaments of actin and myosin in sequential 
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order from one end of the muscle fiber to the other. Each packet of these microfilaments and their regulatory proteins, troponin 
and tropomyosin (along with other proteins) is called a sarcomere. 

Watch this video to learn more about macro- and microstructures of skeletal muscles. (a) What are the names of the “junction 
points” between sarcomeres? (b) What are the names of the “subunits” within the myofibrils that run the length of skeletal 
muscle fibers? (c) What is the “double strand of pearls” described in the video? (d) What gives a skeletal muscle fiber its striated 
appearance? 

The sarcomere is the functional unit of the muscle fiber. The sarcomere itself is bundled within the myofibril that runs the entire 
length of the muscle fiber and attaches to the sarcolemma at its end. As myofibrils contract, the entire muscle cell contracts. 
Because myofibrils are only approximately 1.2 μm in diameter, hundreds to thousands (each with thousands of sarcomeres) 
can be found inside one muscle fiber. Each sarcomere is approximately 2 μm in length with a three-dimensional cylinder-like 
arrangement and is bordered by structures called Z-discs (also called Z-lines, because pictures are two-dimensional), to which 
the actin myofilaments are anchored (Figure 3). Because the actin and its troponin-tropomyosin complex (projecting from the 
Z-discs toward the center of the sarcomere) form strands that are thinner than the myosin, it is called the thin filament of the 
sarcomere. Likewise, because the myosin strands and their multiple heads (projecting from the center of the sarcomere, toward 
but not all to way to, the Z-discs) have more mass and are thicker, they are called the thick filament of the sarcomere. 

Figure 3. The Sarcomere. The sarcomere, the region from one Z-line to the next Z-line, is the functional unit 
of a skeletal muscle fiber. 

The Neuromuscular Junction 

Another specialization of the skeletal muscle is the site where a motor neuron’s terminal meets the muscle fiber—called the 
neuromuscular junction (NMJ). This is where the muscle fiber first responds to signaling by the motor neuron. Every skeletal 
muscle fiber in every skeletal muscle is innervated by a motor neuron at the NMJ. Excitation signals from the neuron are the only 
way to functionally activate the fiber to contract. 

Every skeletal muscle fiber is supplied by a motor neuron at the NMJ. Watch this video to learn more about what happens at the 
NMJ. (a) What is the definition of a motor unit? (b) What is the structural and functional difference between a large motor unit and 
a small motor unit? (c) Can you give an example of each? (d) Why is the neurotransmitter acetylcholine degraded after binding to 
its receptor? 

Excitation-Contraction Coupling 

All living cells have membrane potentials, or electrical gradients across their membranes. The inside of the membrane is usually 
around -60 to -90 mV, relative to the outside. This is referred to as a cell’s membrane potential. Neurons and muscle cells can use 
their membrane potentials to generate electrical signals. They do this by controlling the movement of charged particles, called 
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ions, across their membranes to create electrical currents. This is achieved by opening and closing specialized proteins in the 
membrane called ion channels. Although the currents generated by ions moving through these channel proteins are very small, 
they form the basis of both neural signaling and muscle contraction. 

Both neurons and skeletal muscle cells are electrically excitable, meaning that they are able to generate action potentials. An 
action potential is a special type of electrical signal that can travel along a cell membrane as a wave. This allows a signal to be 
transmitted quickly and faithfully over long distances. 

Although the term excitation-contraction coupling confuses or scares some students, it comes down to this: for a skeletal 
muscle fiber to contract, its membrane must first be “excited”—in other words, it must be stimulated to fire an action potential. 
The muscle fiber action potential, which sweeps along the sarcolemma as a wave, is “coupled” to the actual contraction through 

the release of calcium ions (Ca++) from the SR. Once released, the Ca++ interacts with the shielding proteins, forcing them to 
move aside so that the actin-binding sites are available for attachment by myosin heads. The myosin then pulls the actin filaments 
toward the center, shortening the muscle fiber. 

In skeletal muscle, this sequence begins with signals from the somatic motor division of the nervous system. In other words, the 
“excitation” step in skeletal muscles is always triggered by signaling from the nervous system (Figure 4). 

Figure 4. Motor End-Plate and Innervation. At the NMJ, the axon terminal releases ACh. The motor end-plate is the location of th
ACh molecules are released, they diffuse across a minute space called the synaptic cleft and bind to the receptors. 

The motor neurons that tell the skeletal muscle fibers to contract originate in the spinal cord, with a smaller number located in the 
brainstem for activation of skeletal muscles of the face, head, and neck. These neurons have long processes, called axons, which 
are specialized to transmit action potentials long distances— in this case, all the way from the spinal cord to the muscle itself 
(which may be up to three feet away). The axons of multiple neurons bundle together to form nerves, like wires bundled together 
in a cable. 

Signaling begins when a neuronal action potential travels along the axon of a motor neuron, and then along the individual 
branches to terminate at the NMJ. At the NMJ, the axon terminal releases a chemical messenger, or neurotransmitter, called 
acetylcholine (ACh). The ACh molecules diffuse across a minute space called the synaptic cleft and bind to ACh receptors 
located within the motor end-plate of the sarcolemma on the other side of the synapse. Once ACh binds, a channel in the ACh 
receptor opens and positively charged ions can pass through into the muscle fiber, causing it to depolarize, meaning that the 
membrane potential of the muscle fiber becomes less negative (closer to zero.) 

As the membrane depolarizes, another set of ion channels called voltage-gated sodium channels are triggered to open. Sodium 
ions enter the muscle fiber, and an action potential rapidly spreads (or “fires”) along the entire membrane to initiate excitation-
contraction coupling. 

Things happen very quickly in the world of excitable membranes (just think about how quickly you can snap your fingers as soon as 
you decide to do it). Immediately following depolarization of the membrane, it repolarizes, re-establishing the negative membrane 
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potential. Meanwhile, the ACh in the synaptic cleft is degraded by the enzyme acetylcholinesterase (AChE) so that the ACh cannot 
rebind to a receptor and reopen its channel, which would cause unwanted extended muscle excitation and contraction. 

Figure 5. The T-tubule. Narrow T-tubules permit the conduction of electrical 
impulses. The SR functions to regulate intracellular levels of calcium. Two terminal 
cisternae (where enlarged SR connects to the T-tubule) and one T-tubule comprise 
a triad—a “threesome” of membranes, with those of SR on two sides and the T-
tubule sandwiched between them. 

Propagation of an action potential along the sarcolemma is the excitation portion of excitation-contraction coupling. Recall that 

this excitation actually triggers the release of calcium ions (Ca++) from its storage in the cell’s SR. For the action potential to 
reach the membrane of the SR, there are periodic invaginations in the sarcolemma, called T-tubules (“T” stands for “transverse”). 
You will recall that the diameter of a muscle fiber can be up to 100 μm, so these T-tubules ensure that the membrane can get 
close to the SR in the sarcoplasm. The arrangement of a T-tubule with the membranes of SR on either side is called a triad 
(Figure 5). The triad surrounds the cylindrical structure called a myofibril, which contains actin and myosin. 

The T-tubules carry the action potential into the interior of the cell, which triggers the opening of calcium channels in the 

membrane of the adjacent SR, causing Ca++ to diffuse out of the SR and into the sarcoplasm. It is the arrival of Ca++ in the 
sarcoplasm that initiates contraction of the muscle fiber by its contractile units, or sarcomeres. 
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9.18: Muscle Fiber Contraction and Relaxation 

Learning Objectives 

• Describe the components involved in a muscle contraction 
• Explain how muscles contract and relax 
• Describe the sliding filament model of muscle contraction 

The sequence of events that result in the contraction of an individual muscle fiber begins with a signal—the neurotransmitter, 
ACh—from the motor neuron innervating that fiber. The local membrane of the fiber will depolarize as positively charged sodium 

ions (Na+) enter, triggering an action potential that spreads to the rest of the membrane will depolarize, including the T-

tubules. This triggers the release of calcium ions (Ca++) from storage in the sarcoplasmic reticulum (SR). The Ca++ then initiates 

contraction, which is sustained by ATP (Figure 1). As long as Ca++ ions remain in the sarcoplasm to bind to troponin, which keeps 
the actin-binding sites “unshielded,” and as long as ATP is available to drive the cross-bridge cycling and the pulling of actin 
strands by myosin, the muscle fiber will continue to shorten to an anatomical limit. 

Figure 1. Contraction of a Muscle Fiber. A cross-bridge forms between actin and the myosin heads triggering 

contraction. As long as Ca++ ions remain in the sarcoplasm to bind to troponin, and as long as ATP is available, 
the muscle fiber will continue to shorten. 

Muscle contraction usually stops when signaling from the motor neuron ends, which repolarizes the sarcolemma and T-tubules, 

and closes the voltage-gated calcium channels in the SR. Ca++ ions are then pumped back into the SR, which causes the 
tropomyosin to reshield (or re-cover) the binding sites on the actin strands. A muscle also can stop contracting when it runs out 
of ATP and becomes fatigued (Figure 2). 
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Figure 2. Relaxation of a Muscle Fiber. Ca++ ions are pumped back into the SR, which causes the 
tropomyosin to reshield the binding sites on the actin strands. A muscle may also stop contracting when it runs 
out of ATP and becomes fatigued. 
The release of calcium ions initiates muscle contractions. Watch this video to learn more about the role of calcium. (a) What are 
“T-tubules” and what is their role? (b) Please describe how actin-binding sites are made available for cross-bridging with myosin 
heads during contraction. 

The molecular events of muscle fiber shortening occur within the fiber’s sarcomeres (see Figure 3). The contraction of a striated 
muscle fiber occurs as the sarcomeres, linearly arranged within myofibrils, shorten as myosin heads pull on the actin filaments. 

The region where thick and thin filaments overlap has a dense appearance, as there is little space between the filaments. This 
zone where thin and thick filaments overlap is very important to muscle contraction, as it is the site where filament movement 
starts. Thin filaments, anchored at their ends by the Z-discs, do not extend completely into the central region that only contains 
thick filaments, anchored at their bases at a spot called the M-line. A myofibril is composed of many sarcomeres running along 
its length; thus, myofibrils and muscle cells contract as the sarcomeres contract. 

The Sliding Filament Model of Contraction 

When signaled by a motor neuron, a skeletal muscle fiber contracts as the thin filaments are pulled and then slide past the thick 
filaments within the fiber’s sarcomeres. This process is known as the sliding filament model of muscle contraction (Figure 3). The 

sliding can only occur when myosin-binding sites on the actin filaments are exposed by a series of steps that begins with Ca++ 

entry into the sarcoplasm. 
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Figure 3. The Sliding Filament Model of Muscle Contraction. When a sarcomere contracts, the Z lines move 
closer together, and the I band becomes smaller. The A band stays the same width. At full contraction, the thin 
and thick filaments overlap. 

Tropomyosin is a protein that winds around the chains of the actin filament and covers the myosin-binding sites to prevent 
actin from binding to myosin. Tropomyosin binds to troponin to form a troponin-tropomyosin complex. The troponin-tropomyosin 
complex prevents the myosin “heads” from binding to the active sites on the actin microfilaments. Troponin also has a binding 

site for Ca++ ions. 

To initiate muscle contraction, tropomyosin has to expose the myosin-binding site on an actin filament to allow cross-bridge 

formation between the actin and myosin microfilaments. The first step in the process of contraction is for Ca++ to bind to troponin 
so that tropomyosin can slide away from the binding sites on the actin strands. This allows the myosin heads to bind to these 
exposed binding sites and form cross-bridges. The thin filaments are then pulled by the myosin heads to slide past the thick 
filaments toward the center of the sarcomere. But each head can only pull a very short distance before it has reached its limit and 
must be “re-cocked” before it can pull again, a step that requires ATP. 

ATP and Muscle Contraction 

For thin filaments to continue to slide past thick filaments during muscle contraction, myosin heads must pull the actin at the 
binding sites, detach, re-cock, attach to more binding sites, pull, detach, re-cock, etc. This repeated movement is known as the 
cross-bridge cycle. This motion of the myosin heads is similar to the oars when an individual rows a boat: The paddle of the oars 
(the myosin heads) pull, are lifted from the water (detach), repositioned (re-cocked) and then immersed again to pull (Figure 4). 
Each cycle requires energy, and the action of the myosin heads in the sarcomeres repetitively pulling on the thin filaments also 
requires energy, which is provided by ATP. 
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Figure 4. Skeletal Muscle Contraction. (a) The active site on actin is exposed as calcium binds to troponin. (b) The myosin head is attr
binding site, forming the cross-bridge. (c) During the power stroke, the phosphate generated in the previous contraction cycle is released. This results in th
center of the sarcomere, after which the attached ADP and phosphate group are released. (d) A new molecule of ATP attaches to th
myosin head hydrolyzes ATP to ADP and phosphate, which returns the myosin to the cocked position. 

Cross-bridge formation occurs when the myosin head attaches to the actin while adenosine diphosphate (ADP) and inorganic 
phosphate (Pi) are still bound to myosin (Figure 4a,b). Pi is then released, causing myosin to form a stronger attachment to the 
actin, after which the myosin head moves toward the M-line, pulling the actin along with it. As actin is pulled, the filaments move 
approximately 10 nm toward the M-line. This movement is called the power stroke, as movement of the thin filament occurs at 
this step (Figure 4c). In the absence of ATP, the myosin head will not detach from actin. 

One part of the myosin head attaches to the binding site on the actin, but the head has another binding site for ATP. ATP binding 
causes the myosin head to detach from the actin (Figure 4d). After this occurs, ATP is converted to ADP and Pi by the intrinsic 
ATPase activity of myosin. The energy released during ATP hydrolysis changes the angle of the myosin head into a cocked 
position (Figure 4e). The myosin head is now in position for further movement. 

When the myosin head is cocked, myosin is in a high-energy configuration. This energy is expended as the myosin head moves 
through the power stroke, and at the end of the power stroke, the myosin head is in a low-energy position. After the power stroke, 
ADP is released; however, the formed cross-bridge is still in place, and actin and myosin are bound together. As long as ATP is 
available, it readily attaches to myosin, the cross-bridge cycle can recur, and muscle contraction can continue. 

Note that each thick filament of roughly 300 myosin molecules has multiple myosin heads, and many cross-bridges form and 
break continuously during muscle contraction. Multiply this by all of the sarcomeres in one myofibril, all the myofibrils in one 
muscle fiber, and all of the muscle fibers in one skeletal muscle, and you can understand why so much energy (ATP) is needed 
to keep skeletal muscles working. In fact, it is the loss of ATP that results in the rigor mortis observed soon after someone dies. 
With no further ATP production possible, there is no ATP available for myosin heads to detach from the actin-binding sites, so the 
cross-bridges stay in place, causing the rigidity in the skeletal muscles. 

Sources of ATP 

ATP supplies the energy for muscle contraction to take place. In addition to its direct role in the cross-bridge cycle, ATP also 

provides the energy for the active-transport Ca++ pumps in the SR. Muscle contraction does not occur without sufficient amounts 
of ATP. The amount of ATP stored in muscle is very low, only sufficient to power a few seconds worth of contractions. As it 
is broken down, ATP must therefore be regenerated and replaced quickly to allow for sustained contraction. There are three 
mechanisms by which ATP can be regenerated: creatine phosphate metabolism, anaerobic glycolysis, fermentation and aerobic 
respiration. 

Creatine phosphate is a molecule that can store energy in its phosphate bonds. In a resting muscle, excess ATP transfers its 
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energy to creatine, producing ADP and creatine phosphate. This acts as an energy reserve that can be used to quickly create more 
ATP. When the muscle starts to contract and needs energy, creatine phosphate transfers its phosphate back to ADP to form ATP 
and creatine. This reaction is catalyzed by the enzyme creatine kinase and occurs very quickly; thus, creatine phosphate-derived 
ATP powers the first few seconds of muscle contraction. However, creatine phosphate can only provide approximately 15 seconds 
worth of energy, at which point another energy source has to be used (Figure 5). 

Figure 5. Muscle Metabolism. Some ATP is stored in a resting muscle. As contraction starts, it is used up in seconds. More ATP is gen
creatine phosphate for about 15 seconds. 

As the ATP produced by creatine phosphate is depleted, muscles turn to glycolysis as an ATP source. Glycolysis is an anaerobic 
(non-oxygen-dependent) process that breaks down glucose (sugar) to produce ATP; however, glycolysis cannot generate ATP as 
quickly as creatine phosphate. Thus, the switch to glycolysis results in a slower rate of ATP availability to the muscle. The sugar 
used in glycolysis can be provided by blood glucose or by metabolizing glycogen that is stored in the muscle. The breakdown of 
one glucose molecule produces two ATP and two molecules of pyruvic acid, which can be used in aerobic respiration or when 
oxygen levels are low, converted to lactic acid (Figure 6). 

Figure 6. Glycolysis and Aerobic Respiration. Each glucose molecule produces two ATP and two molecules of pyruvic acid, which can be used 
in aerobic respiration or converted to lactic acid. If oxygen is not available, pyruvic acid is converted to lactic acid, which may con
fatigue. This occurs during strenuous exercise when high amounts of energy are needed but oxygen cannot be sufficiently delivered to muscle. 

If oxygen is available, pyruvic acid is used in aerobic respiration. However, if oxygen is not available, pyruvic acid is converted to 
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lactic acid, which may contribute to muscle fatigue. This conversion allows the recycling of the enzyme NAD+ from NADH, which 
is needed for glycolysis to continue. This occurs during strenuous exercise when high amounts of energy are needed but oxygen 
cannot be sufficiently delivered to muscle. Glycolysis itself cannot be sustained for very long (approximately 1 minute of muscle 
activity), but it is useful in facilitating short bursts of high-intensity output. This is because glycolysis does not utilize glucose very 
efficiently, producing a net gain of two ATPs per molecule of glucose, and the end product of lactic acid, which may contribute to 
muscle fatigue as it accumulates. 

Aerobic respiration is the breakdown of glucose or other nutrients in the presence of oxygen (O2) to produce carbon dioxide, 
water, and ATP. Approximately 95 percent of the ATP required for resting or moderately active muscles is provided by aerobic 
respiration, which takes place in mitochondria. The inputs for aerobic respiration include glucose circulating in the bloodstream, 
pyruvic acid, and fatty acids. Aerobic respiration is much more efficient than anaerobic glycolysis, producing approximately 36 
ATPs per molecule of glucose versus four from glycolysis. However, aerobic respiration cannot be sustained without a steady 
supply of O2 to the skeletal muscle and is much slower (Figure 7). To compensate, muscles store small amount of excess oxygen 
in proteins call myoglobin, allowing for more efficient muscle contractions and less fatigue. Aerobic training also increases the 
efficiency of the circulatory system so that O2 can be supplied to the muscles for longer periods of time. 

Figure 7. Cellular Respiration. Aerobic respiration is the breakdown of glucose in the presence of oxygen (O2) to produce carbon dioxide, water, 
and ATP. Approximately 95 percent of the ATP required for resting or moderately active muscles is provided by aerobic respiration, which tak
in mitochondria. 

Muscle fatigue occurs when a muscle can no longer contract in response to signals from the nervous system. The exact causes 
of muscle fatigue are not fully known, although certain factors have been correlated with the decreased muscle contraction that 
occurs during fatigue. ATP is needed for normal muscle contraction, and as ATP reserves are reduced, muscle function may 
decline. This may be more of a factor in brief, intense muscle output rather than sustained, lower intensity efforts. Lactic acid 

buildup may lower intracellular pH, affecting enzyme and protein activity. Imbalances in Na+ and K+ levels as a result of membrane 

depolarization may disrupt Ca++ flow out of the SR. Long periods of sustained exercise may damage the SR and the sarcolemma, 

resulting in impaired Ca++ regulation. 

Intense muscle activity results in an oxygen debt, which is the amount of oxygen needed to compensate for ATP produced 
without oxygen during muscle contraction. Oxygen is required to restore ATP and creatine phosphate levels, convert lactic acid 
to pyruvic acid, and, in the liver, to convert lactic acid into glucose or glycogen. Other systems used during exercise also require 
oxygen, and all of these combined processes result in the increased breathing rate that occurs after exercise. Until the oxygen 
debt has been met, oxygen intake is elevated, even after exercise has stopped. 

Relaxation of a Skeletal Muscle 

Relaxing skeletal muscle fibers, and ultimately, the skeletal muscle, begins with the motor neuron, which stops releasing its 

chemical signal, ACh, into the synapse at the NMJ. The muscle fiber will repolarize, which closes the gates in the SR where Ca++ 
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was being released. ATP-driven pumps will move Ca++ out of the sarcoplasm back into the SR. This results in the “reshielding” of 
the actin-binding sites on the thin filaments. Without the ability to form cross-bridges between the thin and thick filaments, the 
muscle fiber loses its tension and relaxes. 

Muscle Strength 

The number of skeletal muscle fibers in a given muscle is genetically determined and does not change. Muscle strength is directly 
related to the amount of myofibrils and sarcomeres within each fiber. Factors, such as hormones and stress (and artificial anabolic 
steroids), acting on the muscle can increase the production of sarcomeres and myofibrils within the muscle fibers, a change called 
hypertrophy, which results in the increased mass and bulk in a skeletal muscle. Likewise, decreased use of a skeletal muscle 
results in atrophy, where the number of sarcomeres and myofibrils disappear (but not the number of muscle fibers). It is common 
for a limb in a cast to show atrophied muscles when the cast is removed, and certain diseases, such as polio, show atrophied 
muscles. 

Disorders of the Muscular System 

Duchenne muscular dystrophy (DMD) is a progressive weakening of the skeletal muscles. It is one of several diseases collectively 
referred to as “muscular dystrophy.” DMD is caused by a lack of the protein dystrophin, which helps the thin filaments of myofibrils 
bind to the sarcolemma. Without sufficient dystrophin, muscle contractions cause the sarcolemma to tear, causing an influx of 

Ca++, leading to cellular damage and muscle fiber degradation. Over time, as muscle damage accumulates, muscle mass is lost, 
and greater functional impairments develop. 

DMD is an inherited disorder caused by an abnormal X chromosome. It primarily affects males, and it is usually diagnosed in 
early childhood. DMD usually first appears as difficulty with balance and motion, and then progresses to an inability to walk. It 
continues progressing upward in the body from the lower extremities to the upper body, where it affects the muscles responsible 
for breathing and circulation. It ultimately causes death due to respiratory failure, and those afflicted do not usually live past their 
20s. 

Because DMD is caused by a mutation in the gene that codes for dystrophin, it was thought that introducing healthy myoblasts 
into patients might be an effective treatment. Myoblasts are the embryonic cells responsible for muscle development, and ideally, 
they would carry healthy genes that could produce the dystrophin needed for normal muscle contraction. This approach has 
been largely unsuccessful in humans. A recent approach has involved attempting to boost the muscle’s production of utrophin, a 
protein similar to dystrophin that may be able to assume the role of dystrophin and prevent cellular damage from occurring. 

Self-Check Questions 

Take the quiz below to check your understanding of Muscle Fiber Contraction and Relaxation: 

A Open Assessments element has been excluded from this version of the text. You can view it online here: pb.libretexts.org/
lfaw/?p=186 
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9.19: Nervous System Control of Muscle Tension 

Learning Objectives 

• Explain concentric, isotonic, and eccentric contractions 
• Describe the length-tension relationship 
• Describe the three phases of a muscle twitch 
• Define wave summation, tetanus, and treppe 

To move an object, referred to as load, the sarcomeres in the muscle fibers of the skeletal muscle must shorten. The force 
generated by the contraction of the muscle (or shortening of the sarcomeres) is called muscle tension. However, muscle tension 
also is generated when the muscle is contracting against a load that does not move, resulting in two main types of skeletal muscle 
contractions: isotonic contractions and isometric contractions. 

In isotonic contractions, where the tension in the muscle stays constant, a load is moved as the length of the muscle changes 
(shortens). There are two types of isotonic contractions: concentric and eccentric. A concentric contraction involves the muscle 
shortening to move a load. An example of this is the biceps brachii muscle contracting when a hand weight is brought upward 
with increasing muscle tension. As the biceps brachii contract, the angle of the elbow joint decreases as the forearm is brought 
toward the body. Here, the biceps brachii contracts as sarcomeres in its muscle fibers are shortening and cross-bridges form; the 
myosin heads pull the actin. An eccentric contraction occurs as the muscle tension diminishes and the muscle lengthens. In 
this case, the hand weight is lowered in a slow and controlled manner as the amount of cross-bridges being activated by nervous 
system stimulation decreases. In this case, as tension is released from the biceps brachii, the angle of the elbow joint increases. 
Eccentric contractions are also used for movement and balance of the body. 

An isometric contraction occurs as the muscle produces tension without changing the angle of a skeletal joint. Isometric 
contractions involve sarcomere shortening and increasing muscle tension, but do not move a load, as the force produced cannot 
overcome the resistance provided by the load. For example, if one attempts to lift a hand weight that is too heavy, there will be 
sarcomere activation and shortening to a point, and ever-increasing muscle tension, but no change in the angle of the elbow joint. 
In everyday living, isometric contractions are active in maintaining posture and maintaining bone and joint stability. However, 
holding your head in an upright position occurs not because the muscles cannot move the head, but because the goal is to 
remain stationary and not produce movement. Most actions of the body are the result of a combination of isotonic and isometric 
contractions working together to produce a wide range of outcomes (Figure 1). 

Figure 1. Types of Muscle Contractions. During isotonic contractions, muscle length changes to move a load. During isometric con
load exceeds the tension the muscle can generate. 
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All of these muscle activities are under the exquisite control of the nervous system. Neural control regulates concentric, eccentric 
and isometric contractions, muscle fiber recruitment, and muscle tone. A crucial aspect of nervous system control of skeletal 
muscles is the role of motor units. 

Motor Units 

As you have learned, every skeletal muscle fiber must be innervated by the axon terminal of a motor neuron in order to contract. 
Each muscle fiber is innervated by only one motor neuron. The actual group of muscle fibers in a muscle innervated by a single 
motor neuron is called a motor unit. The size of a motor unit is variable depending on the nature of the muscle. 

A small motor unit is an arrangement where a single motor neuron supplies a small number of muscle fibers in a muscle. Small 
motor units permit very fine motor control of the muscle. The best example in humans is the small motor units of the extraocular 
eye muscles that move the eyeballs. There are thousands of muscle fibers in each muscle, but every six or so fibers are supplied 
by a single motor neuron, as the axons branch to form synaptic connections at their individual NMJs. This allows for exquisite 
control of eye movements so that both eyes can quickly focus on the same object. Small motor units are also involved in the many 
fine movements of the fingers and thumb of the hand for grasping, texting, etc. 

A large motor unit is an arrangement where a single motor neuron supplies a large number of muscle fibers in a muscle. Large 
motor units are concerned with simple, or “gross,” movements, such as powerfully extending the knee joint. The best example is 
the large motor units of the thigh muscles or back muscles, where a single motor neuron will supply thousands of muscle fibers 
in a muscle, as its axon splits into thousands of branches. 

There is a wide range of motor units within many skeletal muscles, which gives the nervous system a wide range of control 
over the muscle. The small motor units in the muscle will have smaller, lower-threshold motor neurons that are more excitable, 
firing first to their skeletal muscle fibers, which also tend to be the smallest. Activation of these smaller motor units, results in a 
relatively small degree of contractile strength (tension) generated in the muscle. As more strength is needed, larger motor units, 
with bigger, higher-threshold motor neurons are enlisted to activate larger muscle fibers. This increasing activation of motor units 
produces an increase in muscle contraction known as recruitment. As more motor units are recruited, the muscle contraction 
grows progressively stronger. In some muscles, the largest motor units may generate a contractile force of 50 times more than 
the smallest motor units in the muscle. This allows a feather to be picked up using the biceps brachii arm muscle with minimal 
force, and a heavy weight to be lifted by the same muscle by recruiting the largest motor units. 

When necessary, the maximal number of motor units in a muscle can be recruited simultaneously, producing the maximum force 
of contraction for that muscle, but this cannot last for very long because of the energy requirements to sustain the contraction. To 
prevent complete muscle fatigue, motor units are generally not all simultaneously active, but instead some motor units rest while 
others are active, which allows for longer muscle contractions. The nervous system uses recruitment as a mechanism to efficiently 
utilize a skeletal muscle. 

The Length-Tension Range of a Sarcomere 

When a skeletal muscle fiber contracts, myosin heads attach to actin to form cross-bridges followed by the thin filaments sliding 
over the thick filaments as the heads pull the actin, and this results in sarcomere shortening, creating the tension of the muscle 
contraction. The cross-bridges can only form where thin and thick filaments already overlap, so that the length of the sarcomere 
has a direct influence on the force generated when the sarcomere shortens. This is called the length-tension relationship. 
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Figure 2. The Ideal Length of a Sarcomere. Sarcomeres produce 
maximal tension when thick and thin filaments overlap between about 80 
percent to 120 percent. 

The ideal length of a sarcomere to produce maximal tension occurs at 80 percent to 120 percent of its resting length, with 100 
percent being the state where the medial edges of the thin filaments are just at the most-medial myosin heads of the thick 
filaments (Figure 2). 

This length maximizes the overlap of actin-binding sites and myosin heads. If a sarcomere is stretched past this ideal length 
(beyond 120 percent), thick and thin filaments do not overlap sufficiently, which results in less tension produced. If a sarcomere is 
shortened beyond 80 percent, the zone of overlap is reduced with the thin filaments jutting beyond the last of the myosin heads 
and shrinks the H zone, which is normally composed of myosin tails. 

Eventually, there is nowhere else for the thin filaments to go and the amount of tension is diminished. If the muscle is stretched 
to the point where thick and thin filaments do not overlap at all, no cross-bridges can be formed, and no tension is produced in 
that sarcomere. This amount of stretching does not usually occur, as accessory proteins and connective tissue oppose extreme 
stretching. 

The Frequency of Motor Neuron Stimulation 

A single action potential from a motor neuron will produce a single contraction in the muscle fibers of its motor unit. This 
isolated contraction is called a twitch. A twitch can last for a few milliseconds or 100 milliseconds, depending on the muscle type. 
The tension produced by a single twitch can be measured by a myogram, an instrument that measures the amount of tension 
produced over time (Figure 3). Each twitch undergoes three phases. 

• The first phase is the latent period, during which the action potential is being propagated along the sarcolemma and Ca++ 

ions are released from the SR. This is the phase during which excitation and contraction are being coupled but contraction 
has yet to occur. 

• The contraction phase occurs next. The Ca++ ions in the sarcoplasm have bound to troponin, tropomyosin has shifted away 
from actin-binding sites, cross-bridges formed, and sarcomeres are actively shortening to the point of peak tension. 

• The last phase is the relaxation phase, when tension decreases as contraction stops. Ca++ ions are pumped out of the 
sarcoplasm into the SR, and cross-bridge cycling stops, returning the muscle fibers to their resting state. 
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Figure 3. A Myogram of a Muscle Twitch. A single muscle twitch has a latent period, a contraction phase when tension increases, an
phase when tension decreases. During the latent period, the action potential is being propagated along the sarcolemma. Durin

phase, Ca++ ions in the sarcoplasm bind to troponin, tropomyosin moves from actin-binding sites, cross-bridges form, and sarcom

During the relaxation phase, tension decreases as Ca++ ions are pumped out of the sarcoplasm and cross-bridge cycling stops. 

Although a person can experience a muscle “twitch,” a single twitch does not produce any significant muscle activity in a living 
body. A series of action potentials to the muscle fibers is necessary to produce a muscle contraction that can produce work. 
Normal muscle contraction is more sustained, and it can be modified by input from the nervous system to produce varying 
amounts of force; this is called a graded muscle response. The frequency of action potentials (nerve impulses) from a motor 
neuron and the number of motor neurons transmitting action potentials both affect the tension produced in skeletal muscle. 

The rate at which a motor neuron fires action potentials affects the tension produced in the skeletal muscle. If the fibers are 
stimulated while a previous twitch is still occurring, the second twitch will be stronger. This response is called wave summation, 
because the excitation-contraction coupling effects of successive motor neuron signaling is summed, or added together (Figure 

4a). At the molecular level, summation occurs because the second stimulus triggers the release of more Ca++ ions, which become 
available to activate additional sarcomeres while the muscle is still contracting from the first stimulus. Summation results in 
greater contraction of the motor unit. 

If the frequency of motor neuron signaling increases, summation and subsequent muscle tension in the motor unit continues to 
rise until it reaches a peak point. The tension at this point is about three to four times greater than the tension of a single twitch, 
a state referred to as incomplete tetanus. During incomplete tetanus, the muscle goes through quick cycles of contraction with a 
short relaxation phase for each. If the stimulus frequency is so high that the relaxation phase disappears completely, contractions 
become continuous in a process called complete tetanus (Figure 4b). 
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Figure 4. Wave Summation and Tetanus. (a) The excitation-contraction coupling effects of successive motor neuron signaling is added togeth
which is referred to as wave summation. The bottom of each wave, the end of the relaxation phase, represents the point of stimulus. (b) Wh
stimulus frequency is so high that the relaxation phase disappears completely, the contractions become continuous; this is called tetanus. 

During tetanus, the concentration of Ca++ ions in the sarcoplasm allows virtually all of the sarcomeres to form cross-bridges and 
shorten, so that a contraction can continue uninterrupted (until the muscle fatigues and can no longer produce tension). 

Treppe 

Figure 5. Treppe. When muscle tension increases in a 
graded manner that looks like a set of stairs, it is called 
treppe. The bottom of each wave represents the point 
of stimulus. 

When a skeletal muscle has been dormant for an extended period and then activated to contract, with all other things being equal, 
the initial contractions generate about one-half the force of later contractions. The muscle tension increases in a graded manner 
that to some looks like a set of stairs. This tension increase is called treppe, a condition where muscle contractions become 
more efficient. It’s also known as the “staircase effect” (Figure 5). 

It is believed that treppe results from a higher concentration of Ca++ in the sarcoplasm resulting from the steady stream of 
signals from the motor neuron. It can only be maintained with adequate ATP. 

240 (9.19.5)



Muscle Tone 

Skeletal muscles are rarely completely relaxed, or flaccid. Even if a muscle is not producing movement, it is contracted a small 
amount to maintain its contractile proteins and produce muscle tone. The tension produced by muscle tone allows muscles to 
continually stabilize joints and maintain posture. 

Muscle tone is accomplished by a complex interaction between the nervous system and skeletal muscles that results in the 
activation of a few motor units at a time, most likely in a cyclical manner. In this manner, muscles never fatigue completely, as 
some motor units can recover while others are active. 

The absence of the low-level contractions that lead to muscle tone is referred to as hypotonia or atrophy, and can result from 
damage to parts of the central nervous system (CNS), such as the cerebellum, or from loss of innervations to a skeletal muscle, 
as in poliomyelitis. Hypotonic muscles have a flaccid appearance and display functional impairments, such as weak reflexes. 
Conversely, excessive muscle tone is referred to as hypertonia, accompanied by hyperreflexia (excessive reflex responses), often 
the result of damage to upper motor neurons in the CNS. Hypertonia can present with muscle rigidity (as seen in Parkinson’s 
disease) or spasticity, a phasic change in muscle tone, where a limb will “snap” back from passive stretching (as seen in some 
strokes). 
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9.20: Introduction to the Muscular System 

Learning Objectives 

• Describe the actions and roles of agonists and antagonists 
• Explain the structure and organization of muscle fascicles and their role in generating force 
• Explain the criteria used to name skeletal muscles 
• Identify the skeletal muscles and their actions on the skeleton and soft tissues of the body 
• Identify the origins and insertions of skeletal muscles and the prime movements 

Figure 1. A Body in Motion. The muscular system allows us to move, 
flex and contort our bodies. Practicing yoga, as pictured here, is a good 
example of the voluntary use of the muscular system. (credit: Dmitry 
Yanchylenko) 

Think about the things that you do each day—talking, walking, sitting, standing, and running—all of these activities require 
movement of particular skeletal muscles. Skeletal muscles are even used during sleep. The diaphragm is a sheet of skeletal 
muscle that has to contract and relax for you to breathe day and night. If you recall from your study of the skeletal system and 
joints, body movement occurs around the joints in the body. The focus of this chapter is on skeletal muscle organization. The 
system to name skeletal muscles will be explained; in some cases, the muscle is named by its shape, and in other cases it is 
named by its location or attachments to the skeleton. If you understand the meaning of the name of the muscle, often it will help 
you remember its location and/or what it does. 

This chapter also will describe how skeletal muscles are arranged to accomplish movement, and how other muscles may assist, 
or be arranged on the skeleton to resist or carry out the opposite movement. The actions of the skeletal muscles will be covered 
in a regional manner, working from the head down to the toes. 
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9.21: Types of Muscle Fibers 

Learning Objectives 

• Describe the types of skeletal muscle fibers 
• Explain fast and slow muscle fibers 

Two criteria to consider when classifying the types of muscle fibers are how fast some fibers contract relative to others, and 
how fibers produce ATP. Using these criteria, there are three main types of skeletal muscle fibers. Slow oxidative (SO) fibers 
contract relatively slowly and use aerobic respiration (oxygen and glucose) to produce ATP. Fast oxidative (FO) fibers have fast 
contractions and primarily use aerobic respiration, but because they may switch to anaerobic respiration (glycolysis), can fatigue 
more quickly than SO fibers. Lastly, fast glycolytic (FG) fibers have fast contractions and primarily use anaerobic glycolysis. The 
FG fibers fatigue more quickly than the others. Most skeletal muscles in a human contain(s) all three types, although in varying 
proportions. 

The speed of contraction is dependent on how quickly myosin’s ATPase hydrolyzes ATP to produce cross-bridge action. Fast fibers 
hydrolyze ATP approximately twice as quickly as slow fibers, resulting in much quicker cross-bridge cycling (which pulls the thin 
filaments toward the center of the sarcomeres at a faster rate). The primary metabolic pathway used by a muscle fiber determines 
whether the fiber is classified as oxidative or glycolytic. If a fiber primarily produces ATP through aerobic pathways it is oxidative. 
More ATP can be produced during each metabolic cycle, making the fiber more resistant to fatigue. Glycolytic fibers primarily 
create ATP through anaerobic glycolysis, which produces less ATP per cycle. As a result, glycolytic fibers fatigue at a quicker rate. 

The oxidative fibers contain many more mitochondria than the glycolytic fibers, because aerobic metabolism, which uses oxygen 
(O2) in the metabolic pathway, occurs in the mitochondria. The SO fibers possess a large number of mitochondria and are capable 
of contracting for longer periods because of the large amount of ATP they can produce, but they have a relatively small diameter 
and do not produce a large amount of tension. SO fibers are extensively supplied with blood capillaries to supply O2 from the red 
blood cells in the bloodstream. The SO fibers also possess myoglobin, an O2-carrying molecule similar to O2-carrying hemoglobin 
in the red blood cells. The myoglobin stores some of the needed O2 within the fibers themselves (and gives SO fibers their red 
color). All of these features allow SO fibers to produce large quantities of ATP, which can sustain muscle activity without fatiguing 
for long periods of time. 

The fact that SO fibers can function for long periods without fatiguing makes them useful in maintaining posture, producing 
isometric contractions, stabilizing bones and joints, and making small movements that happen often but do not require large 
amounts of energy. They do not produce high tension, and thus they are not used for powerful, fast movements that require high 
amounts of energy and rapid cross-bridge cycling. 

FO fibers are sometimes called intermediate fibers because they possess characteristics that are intermediate between fast 
fibers and slow fibers. They produce ATP relatively quickly, more quickly than SO fibers, and thus can produce relatively high 
amounts of tension. They are oxidative because they produce ATP aerobically, possess high amounts of mitochondria, and do not 
fatigue quickly. However, FO fibers do not possess significant myoglobin, giving them a lighter color than the red SO fibers. FO 
fibers are used primarily for movements, such as walking, that require more energy than postural control but less energy than an 
explosive movement, such as sprinting. FO fibers are useful for this type of movement because they produce more tension than 
SO fibers but they are more fatigue-resistant than FG fibers. 

FG fibers primarily use anaerobic glycolysis as their ATP source. They have a large diameter and possess high amounts of 
glycogen, which is used in glycolysis to generate ATP quickly to produce high levels of tension. Because they do not primarily 
use aerobic metabolism, they do not possess substantial numbers of mitochondria or significant amounts of myoglobin and 
therefore have a white color. FG fibers are used to produce rapid, forceful contractions to make quick, powerful movements. These 
fibers fatigue quickly, permitting them to only be used for short periods. Most muscles possess a mixture of each fiber type. The 
predominant fiber type in a muscle is determined by the primary function of the muscle. 
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4: UNIT 4 

At the end of unit, you will be able to: 

• Discuss your fitness progress based on assessment results and activity logs 
• Evaluate your overall learning 
• Discuss the impact of fitness and wellness in healthcare 

And the winner is … You! Your fitness programs end and you have reached the finish line for the course. Give yourself a hearty pat 
on the back! Of course, to continue along the path to good health, you must “Keep Going!” long after this class ends. In this last 
unit, you will look back at your progress and forward at current events about health and how they might impact you. 

10: Lifetime Fitness and Wellness 
10.1: Lifetime Fitness and Wellness Reading 

10.2: Discussion- Health Reform 

10.3: Assignment- Post-Tests and Activity Logs 
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10.1: Lifetime Fitness and Wellness Reading 

Purpose 

The readings will help you connect all the information covered during the course and and maintain lifelong wellness. 

Directions 

• The term is almost over and you will no longer be required to exercise for a grade after this week. So what is your plan? 
I hope you learned a lot of helpful information and that you enjoyed your fitness program. The following hand-out will help 
you adhere to your new exercise program and understand the prevalence of obesity and current U.S. health objectives. Read 
pages 265-280 to review the stages of change and plan for potential lapses. You already read pages 270 to 272, but it’s 
important to review them. 

◦ Lifestyle and weight management coach 

• The American College of Sports Medicine (ACSM) has a wide variety of resources to help you remain physically active. Read 
the following short brochures to help you continue on with your active lifestyle in a safe and effective way: 

◦ ACSM Selecting a personal trainer 
◦ ACSM Sprains, strains, and tears 

• The ACSM also provides newsletters with expert advice on exercise, nutrition, and health. As you know, there are many 
barriers that keep people from being active and eating right on a regular basis. The following newsletters cover topics that 
will help you make fitness and wellness part of your permanent lifestyle. They cover topics ranging from how to create your 
own home exercise program and how to adhere to your program (remember the maintenance state of the transtheoretical 
model?), to overcoming plateaus and bad habits. The American Council on Exercise also has relevant articles. 

◦ DIY Exercise 

• In the beginning of this course, we learned about the general benefits of exercise on health. Now we go into more details 
about the effects of healthy lifestyle on chronic conditions. As you read the information below, reflect on your own health and 
family history and how healthy lifestyles may affect other segments of society. 

◦ Metabolic syndrome: click on the right arrow at the end of the page to read every page of this article 
◦ Exercise and nutrition for the heart 
◦ Exercise and chronic disease 
◦ Cancer and exercise 
◦ Exercise, menopause, and osteoporosis 
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10.2: Discussion- Health Reform 

Directions 

Health Care reform is here! It took more than 75 years to bring changes . . . political bickering . . . Supreme Court involvement 
. . . what a long process! This term, you participated in your own health reform and brought changes a lot faster. Now that you 
know how easy it can be, how do you think society should handle individual responsibility for health care? Answer question #1 
and any one of the policy questions; then respond to two of your classmates’ policy threads. One response should be to 
someone with whom you agree, and the other response should be to someone with whom you disagree. If you do not disagree 
with anyone, pretend that you do and provide points that someone with that opinion would provide. Remember, it is possible to 
disagree without being disagreeable. Show the politicians that it is possible to debate the issues without being hostile. Netiquette 
is a must here. 

Questions to address: 

1. How has this course affected your fitness and wellness understanding? Do you feel that you know more now than you did at 
the beginning of the semester? If you already knew a lot about fitness and wellness, did the course reinforce what you knew? 
What is the most important information you will remember from the course? 

2. Should people who do not exercise and eat nutritiously pay more for health insurance? What about people who smoke 
cigarettes? Should people who exercise and eat nutritiously receive discounts on health insurance? 

3. Do you think health care should be free for everyone, including people who do not practice preventive health? Should there 
be a minimal charge for everyone? 

4. Should there be a “health tax” on soft drinks and fast food? 

Rubric 

Your work will be assessed using the following rubric: 

Criteria Novice Competent Proficient 

Original entry: 
questions #1 

0 points 2 points: Up to 2 points if submitted 
late, missing answers to some 
questions listed in the assignment 
instructions, or answer less than 3 
sentences long. 

3.5 points: Thorough entry addressing all parts of 
question #1 and submitted by the deadline. 
Answer should be at least 3 sentences long. 

Original entry: 
policy question 

0 points 2 points: Up to 2 points if submitted 
late, missing answers to some 
questions listed in the assignment 
instructions, or answer less than 3 
sentences long. 

3.5 points: Thorough entry addressing all parts of 
selected question and submitted by the deadline. 
Posting should be at least 3 sentences long. 

Response to two 
classmates 

0 points 1 point: Up to 1 point if late or 
response to one classmate only 

2 points: Well-constructed responses to two 
classmates addressing each classmate original 
posting and submitted by the deadline. 

Grammar and 
organization 

0 points 0 points 1 point 
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10.3: Assignment- Post-Tests and Activity Logs 

Purpose 

Now that you have completed your fitness program, it is time to evaluate your progress for the last time. Again, your CR posttest 
must be the same as your CR pretest. 

Directions 

• Click the President’s Challenge Fitness Test link (also found here: http://www.washburn.edu/campus-life/recreation-wellness/
employee-wellness/documents/EW-2011-President-Fitness.pdf) to take the tests. 

• See “Fitness Test Instructions” at the beginning of Unit Two for directions to submit the assignment 
• When you submit the posttests, also submit your pretest report (you do not need to submit the midsemester updates). 
• Write a brief reflection and compare your pretest scores with your posttest scores. 
• For your physical activity logs, go to the Super Tracker website and click on “My Reports” then “History Charts” at the top of 

the page. 
• Select “Physical Activity” on the left side of the page, enter your time period and dates (weekly), select chart type (bar or line 

graph), then create your report. 
• Export or save the report as a PDF file. If your computer will not allow you to do this, copy and paste the chart (only the 

chart, not the entire page) into a document and save. 
• This assignment will have two documents: your posttest report (submit as a Word document) and your physical activity report. 

Upload both directly into the course as one submission. 

Rubric 

Your work will be assessed using the following rubric: 

Criteria Absent Present 

Post-tests 0 points 3 points: Must include results for aerobic endurance, flexibility, muscular endurance (half 
sit-ups and push-ups), BMI, and waist circumference. 

Pre-tests 0 points 3 points: Must include results for aerobic endurance, flexibility, muscular endurance (half 
sit-ups and push-ups), BMI, and waist circumference. 

Reflection 0 points 4 points: Well-constructed reflection comparing your pre-test scored with your post-test 
scores and submitted by the deadline. Posting must be at least 2 sentences long. 

Activity tracker 
report 

0 points 5 points: Physical activity report including 8 weeks of exercise program 
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