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A B S T R A C T

Background: This Obesity Medicine Association (OMA) Clinical Practice Statement (CPS) on Nutrition and
Physical Activity provides clinicians an overview of nutrition and physical activity principles applicable to the
care of patients with increased body fat, especially those with adverse fat mass and adiposopathic metabolic
consequences.
Methods: The scientific information and clinical guidance is based upon referenced evidence and derived from the
clinical perspectives of the authors.
Results: This OMA CPS on Nutrition and Physical Activity provides basic clinical information regarding carbo-
hydrates, proteins, fats (including trans fats, saturated fats, polyunsaturated fats, and monounsaturated fats),
general principles of healthful nutrition, nutritional factors associated with improved health outcomes, and food
labels. Included are the clinical implications of isocaloric substitution of refined carbohydrates with saturated fats
and vice-versa, as well as definitions of low-calorie, very low-calorie, carbohydrate-restricted, and fat-restricted
dietary intakes. Specific dietary plans discussed include carbohydrate-restricted diets, fat-restricted diets, very
low-calorie diets, the Mediterranean diet, Therapeutic Lifestyle diet, Dietary Approaches to Stop Hypertension
(DASH), ketogenic (modified Atkins) diet, Ornish diet, Paleo diet, vegetarian or vegan diet (whole food/plant-
based), intermittent fasting/time restricted feeding, and commercial diet programs. This clinical practice state-
ment also examines the health benefits of physical activity and provides practical pre-exercise medical evaluation
guidance as well as suggestions regarding types and recommended amounts of dynamic (aerobic) training,
resistance (anaerobic) training, leisure time physical activity, and non-exercise activity thermogenesis (NEAT).
Additional guidance is provided regarding muscle physiology, exercise prescription, metabolic equivalent tasks
(METS), and methods to track physical activity progress.
Conclusion: This Obesity Medicine Association Clinical Practice Statement on Nutrition and Physical Activity
provides clinicians an overview of nutrition and physical activity. Implementation of appropriate nutrition and
physical activity in patients with pre-obesity and/or obesity may improve the health of patients, especially those
with adverse fat mass and adiposopathic metabolic consequences.
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1. Introduction

The purpose of the Obesity Medicine Association (OMA) Clinical
Practice Statement (CPS) on Nutrition and Physical Activity is to provide
clinicians an overview of nutrition and physical activity principles
applicable to the care of patients with increased body fat, especially those
with adverse fat mass and adiposopathic metabolic consequences. The
OMA is an organization of providers in the field of obesity medicine
dedicated to the comprehensive care of patients with obesity. OMA
members are physicians, nurse practitioners, physician assistants, and
other allied healthcare providers who engage in a comprehensive,
patient-centered, evidence-based approach towards managing obesity.
This approach is comprised of the four pillars of nutrition, physical ac-
tivity, behavior, and medication. “Obesity Pillars” is the journal of the
Obesity Medicine Association.

2. Nutrition

Medical nutrition therapy is an essential pillar regarding treatment of
patients with obesity. Table 1 outlines 10 takeaway messages regarding
nutrition and obesity. Table 2 provides general principles of healthful
nutrition. Fig. 1 describes nutrition factors associated with improved
health outcomes. The principles outlined pertain to general nutrition and
may not apply to the individual patient.
Table 2
General Principles of Healthful Nutrition. Listed are general nutritional rec-
ommendations [4].

General Principles of Healthful Nutrition

Limit: Encourage:
2.1. Macronutrients

2.1.1. Carbohydrates
Carbohydrates are a type of macronutrient composed of carbon,

hydrogen, and oxygen atoms, often with a hydrogen-oxygen atom ratio of
2:1. Types of carbohydrates commonly found in foods and drinks include
sugars, starches, and fiber. Carbohydrates serve as a source of energy (4
kcal/gram) as well as components of cellular structures [9]. Simple
Table 1
Ten Takeaway Messages: Obesity and Nutrition. This table summarizes ten
illustrative healthful dietary intakes as they apply to medical nutrition therapy
for obesity [1].

Ten Takeaway Messages: Obesity and Nutrition

1. Health outcomes are most improved with medical nutrition therapy when the
dietary interventions are evidence-based, quantitative, qualitative, and conducive to
patient adherence.

2. A low-calorie diet is ~1200–1800 kcal/day; a very low-calorie diet is generally
<800 kcal/day.

3. Fat-restricted diets are often defined as 10–30% of total calories from fat.
4. Low-carbohydrate diets are generally defined as 50–150 g of carbohydrates per day;
very low-carbohydrate diets contain <50 g of carbohydrates per day.

5. The intake of both ultra-processed (refined) carbohydrates and saturated fats
increases the risk of cardiovascular disease. The isocaloric substitution of ultra-
processed carbohydrates with saturated fats does not improve cardiovascular disease
risk; the isocaloric substitution of saturated fats with ultra-processed carbohydrates
does not improve cardiovascular disease risk.

6. The Ketogenic Diet is a carbohydrate-restricted intervention that typically
discourages unhealthful ultra-processed and refined foods, foods high in glycemic
index/load, and foods rich in trans fatty acids. Ketosis may reduce hunger.

7. The Mediterranean Diet is not a defined diet, but rather a generalized meal pattern
that encourages olive oil, vegetables, fruits, legumes, whole grains, nuts, seeds,
seafood, fermented dairy products, poultry, eggs, and red wine; it discourages high
amounts of red meats, meat products, and ultra-processed carbohydrates.

8. The DASH Diet is a dietary pattern that encourages vegetables, fruits, whole grains,
fat-free or low-fat dairy products, fish, poultry, lean meats, nuts, seeds, legumes,
fiber, foods containing calcium, potassium, and magnesium; it discourages sodium
>2300 mg per day, total fat >27% of total daily calories, cholesterol >150 mg per
day for a 2100 Calorie eating plan, red and ultra-processed meats, sugar-sweetened
beverages, and foods with added sugars.

9. The vegetarian diet encourages vegetables, fruits, whole grains, legumes, seeds, and
nuts and discourages meats. A vegan diet encourages vegetables, fruits, whole grains,
legumes, seeds, and nuts, and discourages all animal products.

10. Fasting (alternative day, intermittent, or time-restricted feeding) may contribute to
overall caloric restriction and weight reduction.
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sugars include monosaccharides and disaccharides. Examples of mono-
saccharides include hexose sugars such as glucose (blood sugar), fructose
(fruit sugar), and galactose (combines with glucose to form lactose).
Examples of disaccharides include maltose (two linked glucose molecules
found in grains), sucrose (glucose linked to fructose found in table sugar),
and lactose (glucose linked to galactose found in dairy products). Ex-
amples of polysaccharides (chain of simple sugars) include glycogen (i.e.,
branched polysaccharide of glucose found in animals), starch (i.e.,
branched and chain polysaccharide of glucose found in plants), chitin
(i.e., structural carbohydrates for exoskeleton of arthropods and cell
walls of fungi), and plant cell wall structural elements such as cellulose,
hemicellulose, and pectin. Animals (e.g., humans) have cell membranes
and not cell walls. The principal components of animal cell membranes
are lipids (e.g., phospholipids and cholesterol), proteins, and carbohy-
drates. Carbohydrates in cell membranes are mostly attached to proteins
(glycoproteins) or lipids (glycolipids).

The digestion of carbohydrates begins in the mouth (e.g., chewing
and saliva with amylase). Carbohydrate digestion continues in the in-
testine via body enzymes (e.g., pancreatic amylase and intestinal maltase
and lactase) and bacteria where polysaccharides (i.e., starches from plant
foods and glycogen from animal foods) are converted to mono-
saccharides (i.e., simple sugars), which are then absorbed across intes-
tinal cell membranes. Fructose may be absorbed by facilitated diffusion
via intestinal glucose transporter 5 (GLUT-5); glucose and galactose are
actively transported by intestinal sodium glucose cotransporter-1 (SGLT-
1) [10]. Glucose can be broken down into carbon dioxide and water,
o Limit ultra-processed foods of mini-
mal nutritional value such as
“sweets,” “junk foods,” cakes,
cookies, candy, pies, chips, sugar-
sweetened beverages, and ultra-
processed meats such as bacon,
sausage, hot dogs, and pastrami.

o Encourage consumption of minimally
processed proteins and fats such as
monounsaturated and polyunsaturated
fats such as marine oily fish rich in
omega-3 fatty acids, as well as fats from
naturally fatty foods such as nuts and
seeds, avocados, and olives.

o Limit saturated fats.* o Encourage vegetables, leafy greens,
fruits, berries, nuts, seeds, legumes, and
whole grains [1,2].

o Limit sodium intake. o Encourage complex carbohydrates over
simple sugars and low glycemic index/
load foods over high glycemic index/
load foods.

o Limit foods high in cholesterol in
patients at high risk for
cardiovascular disease and known
intestinal hyper absorbers of
cholesterol, such as some patients
with obesity who undergo weight
loss.**

o Encourage high-fiber foods over low-
fiber foods.

o Limit alcohol and high-calorie alco-
holic drinks.

o Encourage no-sugar-added dairy prod-
ucts (while being mindful of caloric
content).

o Avoid energy-dense foods and
beverages.

o Encourage minimally processed and
whole foods over ultra-processed,
packaged foods.

o Avoid trans fats.
o Among sweeteners, sucrose and

saccharin may increase body weight
compared to aspartame, rebaudioside
A, and sucralose [3].

* Some clinical data suggest variance in the potential unhealthful nature of some
saturated fats, depending on the clinical scenario. (See discussion below).
** Patients with obesity who lose weight and become leaner may increase their
intestinal absorption of cholesterol, which may help explain why some patients
on a ketogenic diet may have marked increases in cholesterol blood levels. (See
discussion below) [5].



Fig. 1. Nutrition Factors Associated with Improved Health Outcomes.
Regarding medical nutrition therapy for obesity, the most effective approaches
are evidence-based, consider both qualitative and qualitative aspects of dietary
intake, and promote patient agreement and adherence. While possibly coun-
terintuitive, randomized clinical trials do not necessarily support improved
weight reduction when diets are based upon patient food preferences. In fact,
meta-analyses suggest that patient choices in weight reduction strategies have
no significant effect on duration or attrition, with greater weight reduction often
occurring in the control groups. However, the effectiveness of any therapeutic
intervention is likely enhanced when patients are engaged and agree to treat-
ment plans [6–8].
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which is a glycolytic process that generates biochemical energy in the
form of adenosine triphosphate or ATP via cellular respiration (i.e.,
glycolysis, citric acid cycle, electron transport, oxidative phosphoryla-
tion). Conversely, excessive carbohydrates can be converted to and
stored as fat via a process called lipogenesis, which is stimulated by
insulin.

The satiation from carbohydrates in foods (e.g., fruits) is substantially
dependent upon the presence of fiber. Fiber-free juice can be consumed
11 times faster than intact apples, with apples more satiating than puree,
and puree more satiating than fruit juice. Especially in susceptible in-
dividuals (e.g., those with insulin resistance), fruit juice consumption
may result in higher insulin levels compared to whole fruit consumption
[11]. In addition, more calories per unit volume are found in apple juice
than in intact apples. An intact apple and a glass of apple juice may
occupy the same volume in the stomach, but the fiber-containing apple
may contain fewer calories, depending on the concentration of the apple
juice.

Carbohydrates are generally not considered an essential macronu-
trient. The liver, kidney, and possibly small intestine can synthesize
glucose (i.e., gluconeogenesis). However, genetic defects of glucose
metabolism and/or storage (e.g., glycogen storage disease) may cause
carbohydrates to be conditionally essential. While calorie deficiency can
lead to marasmus (insufficient calories), in patients without impairment
in carbohydrate metabolism or storage, no known carbohydrate defi-
ciency exists [12].

2.1.2. Fats
Fats, or lipids, are a diverse group of compounds used to store energy

(i.e., 9 kcal/gram of fat) [9], that provide body insulation through body
fat, and that facilitate or contribute to immune response (i.e., omega-3
fatty acids), cell membrane structure (phospholipids), brain tissue
composition (cerebrosides contain the fatty acid sphingosine attached to
galactose or glucose), synthesis of bile acid, cholesterol, absorption of
fat-soluble vitamins (A, D, E, and K), and synthesis of steroid hormones.
Cholesterol is sterol derived from animal fats, not carbohydrates.
3

Omega-3 alpha linolenic acid (ALA) and omega-6 linoleic acid (LA)
are two fatty acids that cannot be made by the body. These are termed
“essential” fatty acids and must be consumed in the diet. Omega-3 fatty
acids, eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), and
gamma linolenic acid (an omega-6 fatty acid) are sometimes considered
“conditionally essential,” meaning they can be endogenously derived on
the condition of a lack of intake of essential fatty acids. Given humans are
only able to produce small amounts of EPA and DHA, oral intake of EPA
and DHA is often recommended from cold water marine fish. The USDA
Dietary Reference Intake (DRI) for fat is at least 30 g/day.

Replacing saturated fats with polyunsaturated or monounsaturated
fats may reduce cardiovascular disease risk. Replacing saturated fats with
ultra-processed (refined) carbohydrates and sugar is not associated with
reduced cardiovascular disease risk, as shown in Fig. 3 [13].

Insulin promotes fatty acid and triglyceride synthesis and storage
(lipogenesis) and inhibits fat breakdown (lipolysis). Foods that cause a
rise in blood glucose, such as sugars, starches, or, to a smaller degree,
amino acids, will stimulate the secretion of insulin from the pancreas. A
nutritional therapy plan that limits the prandial rise in insulin levels may
decrease ectopic fat deposition (e.g., visceral fat, intrahepatic fat, and
intrapericardial fat), and improve components of the metabolic syn-
drome independent of weight reduction.

2.1.2.1. Trans fats. Trans fats are created through a process of artificially
hydrogenating polyunsaturated fats (vegetable oils) into more saturated
fats, allowing for higher melting temperatures, which is more desirable
for processed foods, cooking, and frying. Partially hydrogenated vege-
table oils were developed because they tasted better in foods and were
less expensive than saturated fats derived from animals (lard). Some
early shortenings (i.e., fats used in cooking) made from partially hydro-
genated vegetable oil (cottonseed and soybean oil) originally contained
50% trans fats and were marketed as being a more healthful alternative
to animal fat, because they were derived from “vegetables.” Although
many contain partially hydrogenated palm and soybean oils, common
shortenings now contain minimal trans fats, soybean oil, and fully hy-
drogenated palm oil (i.e., 3 g saturated fats, 6 g polyunsaturated fats, 2.5
monounsaturated fats) [14].

Trans fats may increase low-density lipoprotein cholesterol, reduce
high-density lipoprotein cholesterol, and increase the risk of cardiovas-
cular disease (i.e., myocardial infarction and stroke), type 2 diabetes
mellitus, and certain cancers [15] (Figs. 2 and 3). While the FDA banned
partially hydrogenated oil in 2018, trans fats are sometimes reportedly
still found in some cakes, pies, cookies (especially with frosting), biscuits,
microwavable breakfasts, stick margarine, crackers, microwave popcorn,
cream-filled candies, doughnuts, fried fast foods, and frozen pizza.

Conjugated linoleic acid (CLA) is a naturally occurring trans/cis fat
derived from ruminants (i.e., fermentation of plant-based foods via mi-
crobes in the stomach prior to digestion). Naturally occurring CLA in
foods is generally not thought detrimental to health; conjugated trans
linkages are not included as trans fats for nutritional regulations and food
labeling [16].

2.1.2.2. Saturated fats. Saturated fats are composed of carbon chain fatty
acids with no double bonds. They are solid or semisolid at room tem-
perature. Many natural foods containing saturated fats also contain
polyunsaturated and monounsaturated fat. Coconut and palm oils have a
high percent of saturated fats (both medium and large chain) and are
commonly found in snack foods. Long chain saturated fatty acids (>12
carbons) are found in meats, dairy products, tropical oils (i.e., coconut
and palm oil), and hydrogenated vegetable oils (i.e., shortening). Me-
dium chain saturated fatty acids (8–12 carbons) are found in coconut and
palm oil. Stearic acid (C18:0) represents about 25% of saturated fats in
the U.S. adult diet and has minimal effects upon low density lipoprotein
(LDL) cholesterol. Conversely, palmitic acid (C16:0) represents about
50% of saturated fats in the U.S. adult diet and increases LDL cholesterol



Fig. 2. Macronutrient Effects on CVD Risk. The health effects of isocaloric substitutions depends on the macronutrient [13,26–29].
Abbreviations: PUFA: Polyunsaturated Fatty Acids; MUFA: Monounsaturated Fatty Acids: CVD: Cardiovascular disease
* This figure is focused on isocaloric substitutions and does not necessarily reflect health effects of substitutions that result in changes in weight.

Fig. 3. Macronutrient Effects on CVD Risk. The health effects of isocaloric substitutions depends on the macronutrient [13,26–29].
Abbreviations: PUFA: Polyunsaturated Fatty Acids; MUFA: Monounsaturated Fatty Acids: CVD: Cardiovascular disease
* This figure is focused on isocaloric substitutions and does not necessarily reflect health effects of substitutions that result in changes in weight.
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[13,17].
Saturated fat consumption may impair vascular endothelial function;

polyunsaturated fats such as omega-3 fatty acids may improve endo-
thelial function [18,19]. Conversely, saturated fats are less likely than
unsaturated fats (e.g., with cooking) to become oxidized or become
rancid [17]. Reports are inconsistent regarding the relationship of satu-
rated fat-containing dairy products and cardiovascular disease. Dairy
food intake is included in “diets” that are generally considered to be
healthful (e.g., Mediterranean Diet). Some reports suggest that fermented
dairy products (e.g., cheeses and yogurt) may be more healthful than
other high fat dairy products (e.g., butter) [20,21].

Most studies suggesting saturated fats are unhealthful (i.e., especially
regarding increased cardiovascular disease risk) evaluated isocaloric
substitution for other nutrients. Most studies have not prospectively
evaluated the health effects of different types of saturated fats during
clinically meaningful weight reduction, and not when accompanied by
improvement in adiposopathic obesity-related metabolic diseases [13]
(Figs. 2 and 3). Many patients with pre-obesity/obesity who undergo
weight reduction via carbohydrate restricted diets may experience
improvement in fat mass disease symptoms and/or improvement or
remission in diabetes mellitus, hypertension, dyslipidemia (i.e., tri-
glycerides), and thuds reduced CVD risk factors [13]. Having said this,
some patients with genetic dyslipidemias may have moderate to marked
increases in low-density lipoprotein cholesterol with carbohydrate re-
striction, which, if excessive or uncontrolled, should prompt replacement
of saturated fats with poly or monounsaturated fats and restriction of
dietary cholesterol [22] (see discussion below).

2.1.2.3. Polyunsaturated fats. Polyunsaturated fats contain carbon chain
fatty acids with multiple double bonds. They are typically liquid at room
temperature (e.g., vegetable and fish oils). Nuts (e.g., walnuts, almonds,
4

macadamia nuts, hazelnuts, pecans) contain both polyunsaturated and
monounsaturated fats and are thought to reduce the risk of cardiovas-
cular disease (Figs. 2 and 3). Omega-3 fatty acids are polyunsaturated
fats, such as those found in oceanic cold-water fish and are often
considered cardioprotective. In patients at risk for atherosclerotic car-
diovascular disease and elevated triglyceride levels, prescription dose
omega-3 fatty acids (4 g per day of eicosapentaenoic acid) can reduce
triglyceride levels and reduce the risk of cardiovascular disease [23].

Cooking oils beyond their individual smoking points or repeated use
of the same cooking oils may increase oxidation, generate unhealthful
free radicals, and have some minor potential to create trans isomers;
more likely with unrefined, unbleached, undeodorized, raw, pure, virgin
polyunsaturated fats [24,25].

2.1.2.4. Monounsaturated fats. Monounsaturated fats contain carbon
chain fatty acids with one double bond. They are typically liquid at room
temperature (e.g., olive and canola oils). Isocaloric substitution of
monounsaturated fats for saturated fats may reduce cardiovascular dis-
ease risk factors and cardiovascular disease risk (Figs. 2 and 3).

Smoking points can vary widely depending on the oil. While some
polyunsaturated fats have among the lowest smoking points (e.g., unre-
fined safflower and sunflower oils are approximately 200–300� F), some
sources of monounsaturated oils have among the higher smoking points
(e.g., pomace and extra light olive oil and avocado oil ~ 500� F). Stoves
and ovens can be as hot as 500� F. Baking and stir-frying with canola oil
does not significantly increase the generation of trans fats [25].

2.1.3. Protein
Protein contains amino acids and serves as the major structural

building block of the human body: bone, muscle, skin, brain, and nucleic
acids. Proteins can also serve as a source of energy (4 kcal/gram) [9].
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Essential amino acids are those that cannot be made by the human body
and must be consumed in the diet. These 9 essential amino acids include
histidine, isoleucine, leucine, lysine, methionine, phenylalanine, threo-
nine, tryptophan, and valine. Some amino acids can be used as an energy
source (i.e., converted to glucose or ketones when needed), and can be
used as a substrate to make carbohydrates in a process called gluconeo-
genesis. Two conditions that are associated with severe protein deficiency
include Kwashiorkor and Marasmus.

Kwashiorkor occurs with sufficient calories, but with protein defi-
ciency of such severity as to cause muscle wasting (often with normal or
increased body fat), hypoalbuminemia, and movement of potassium and
other intracellular ions to the extracellular space. The subsequent os-
motic water movement to the extracellular space is clinically manifest by
edema. Marasmus is a term typically used to describe malnutrition in
infants due to inadequate energy intake of all forms of nutrients.

The biologic value of a protein is the proportion absorbed from a food
and incorporated into proteins of the body. For example, an egg has a
protein biologic value of 100 (top efficiency). However, a single egg may
only have a protein Daily Value of ~12%, with the Daily Value being the
percent of a nutrient recommended per day, based upon a 2000 Calorie a
day diet. If a food protein lacks one of the nine essential amino acids, then
it is given a biologic value of zero. Gelatin (and collagen) lack trypto-
phan; hence, gelatin and collagen are often given low biologic values
(i.e., sometimes as low as 0). The USDA Dietary Reference Intake (DRI)
for protein is 0.8–2.0 g/kg/day depending upon age, sex, and physical
activity.

2.1.4. Alcohol
Pure alcohol contains ~7 kcal/gram. Limiting alcoholic drinks is

often an important principle of medical nutrition therapy. Beyond their
alcohol content, many alcoholic drinks are energy dense (e.g., two
margaritas may be well over 1000 Calories) and should be avoided in
patients being treated for pre-obesity or obesity.

2.2. Food labels

The Dietary Reference Intake (DRI) is a set of reference ranges pub-
lished by the US Institute of Medicine, and includes Recommended Di-
etary Allowance (RDA), Adequate Intake (AI), Tolerable Upper Intake
Level (UL), and Estimated Average Requirement (EAR).

The RDA/AI for trans fatty acids (0%) and saturated fats (<10%) are
generally recommended to be as low as possible while consuming a
nutritionally adequate diet. Added sugar should be less than 10% of
consumed calories. Perhaps most applicable to patients is that the DRI
establishes the recommended percent dietary allowance (RDA), which is
noted in food labels, and lists the recommended percent intake of a
nutrient sufficient to meet the requirements of 98% of healthy in-
dividuals. These dietary guidelines are intended to be informational and
not specifically intended to be a clinical guideline for treating chronic
disease, including obesity [30].

Food labels list the amount of total fat (saturated and trans fat),
cholesterol, sodium, total carbohydrates, sugar, fiber, vitamin D, calcium,
iron, and potassium in the food, as well as the percent Daily Values (DV)
in food based upon a 2,000 Calorie diet. Perhaps most relevant to energy
intake and weight management is that food labels also list servings per
container, serving size, and Calories. A calorie is the amount of heat
energy required to raise the temperature of 1 g of water 1 �C. A Calorie
(capital “C”) is the same as a kilocalorie (kcal), which is the heat energy
required to raise the temperature of 1 kg of water by 1 �C. One kcal is
equal to 4.184 kJ. Kilocalories are used in food labels, usually expressed
as Calories. When referring to food or physical exercise, it is common that
the term “calorie” actually refers to kilocalorie (kcal) [31].

When available, reading and understanding food labels at grocery
stores and restaurants can be an empowering form of education that can
affect food choice, form the basis of accountability, and effect positive
change. For example, a single serving of a certain popular ice cream can
5

be ~350 Calories, but the entire 2 cup/1 pint container contains ~900
Calories or more.

2.3. Caloric intake

Hunger is the physiologic craving or need for food (e.g., increased by
ghrelin, neuropeptide Y, asprosin and/or decreased by leptin and many
other hormones). Appetite is the desire to eat food, which may be
physiologic due to hunger or may be independent of hunger via responses
to psychosocial environments and/or cued responses to senses such as
touch, sight, hearing, smell, and taste. Satiation is the feeling of fullness
within a meal. Satiety is the feeling of fullness between meals. Cravings,
or desire to eat food, can be measured by validated scales, often utilizing
visual analog scales. Other measures include the Intuitive Eating Scale-2,
Dutch Eating Behavior Questionnaire, Power of Food scale, and the
Eating Inventory (Three-Factor Eating Questionnaire or Stunkard-
Messick Eating Questionnaire).

Multiple factors influence satiety and satiation and thus affect daily
ad libitum calorie intake. Such factors include the amount/volume of food
(i.e., quantitative), type of food (i.e., qualitative carbohydrates, fats, and
proteins), food form and texture, food palatability, and dietary fiber
intake. These factors have potential clinical application, such as when
recommending fiber, complex carbohydrates and proteins to enhance
satiation [32]. Other factors that may influence food intake includes food
availability, environmental triggers, sensory specific satiety, sleep
deprivation and circadian rhythm alignment/malalignment, physical
activity, mental stress, ketosis, and body composition (i.e., muscle and fat
mass) [33–36].

Sleep deprivation may increase hunger (i.e., especially for energy
dense foods), decrease physical activity, increase partitioning of body
energy to body fat, (i.e., particularly abdominal or visceral fat), reduce
insulin sensitivity, and preferentially promote fat mass accumulation
relative to lean mass accumulation [37]. In addition, sleep deprivation
can promote metabolic derangements that lead to worsening hepatic
steatosis, development of non-alcoholic fatty liver disease (NAFLD) that
progresses to non-alcoholic steatohepatitis (NASH), and worsening
metabolic syndrome [38–40].

2.3.1. Caloric organ delivery and storage
Caloric partitioning is the distribution of consumed energy to specific

tissues. Carbohydrates are preferentially utilized in muscle for immediate
energy needs. During positive caloric balance, carbohydrates are stored
in the liver and muscles as glycogen. If not utilized for energy needs, then
carbohydrates may ultimately be converted to fat, mainly in adipose
tissue. Fats are utilized in muscles (i.e., fatty acids) at lower levels of
physical activity, and predominantly stored in adipose tissue during pe-
riods of positive caloric balance. Proteins may be preferentially deliv-
ered, utilized, and stored in muscle tissue [36].

A greater proportion of consumed energy will partition to muscle
during resistance training, and a greater proportion of energy will
partition to fat without resistance training. During negative caloric bal-
ance, the derivation of energy from muscle tissue is likely to be less
during concomitant resistance training, with some mitigation of muscle
wasting and the possibility of increase muscle mass during weight
reduction when accompanied by high levels of resistance training [32].

2.4. Choice of nutrition plan

The most appropriate nutritional therapy for management of obesity
is one that is safe, effective, and one that the patient is most likely to
adhere. In patients with obesity, a goal is to encourage food intake that
results in a negative caloric balance to achieve and maintain a healthy
body weight with consideration of the following:

� Eating behaviors and meal patterns
� Cultural background, traditions, and food availability
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� Time constraints and financial limitations
� Nutritional knowledge and cooking skills
� Medical conditions potentially affected by the nutrition plan
� Medical conditions impacting the optimal nutrition plan

Medical nutrition therapy approaches for weight reduction in patients
with pre-obesity or obesity typically focus on the caloric manipulation of
the three macronutrients: carbohydrates, fats, or proteins. Very low-
calorie diets contain less than 800 kcal/day and require close medical
supervision for safety reasons. Low calorie diets range from 1200 to 1800
kcal/day (1200–1500 for women and 1500–1800 for men) [41].
Restricting dietary saturated fat leads to a greater reduction in total and
LDL cholesterol, whereas restricting dietary carbohydrates leads to a
greater reduction in serum triglycerides and an increase in
HDL-cholesterol levels [42]. Reduction of carbohydrates can lead to a
greater reduction in serum glucose and hemoglobin A1C. Fig. 4 describes
dietary energy consumption intended to cause negative caloric balance
and reduction of fat mass. Different dietary approaches are reviewed
below.

3. Hypocaloric medical nutrition therapies

3.1. Carbohydrate-restricted hypocaloric diet

A low-carbohydrate diet is often defined as 50–150 g of carbohy-
drates per day. A very low-carbohydrate diet is often defined as< 50 g of
Fig. 4. Dietary Energy Consumption Intended to Cause Negative Caloric Balanc
of different hypocaloric diets [41–44].
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carbohydrates per day. A carbohydrate restricted diet may produce
modestly greater weight reduction compared to fat-restricted dietary
intake, at least for the first 6 months. After 6 months, the net weight
reduction may be similar to other calorie-restricted nutritional in-
terventions [45]. Carbohydrate-restricted hypocaloric diets may reduce
fasting glucose, insulin, and triglyceride levels, and modestly increase
high-density lipoprotein cholesterol and low-density lipoprotein choles-
terol levels, as well as modestly reduce blood pressure. Some of these
metabolic effects may occur with or without weight reduction.

A low-carbohydrate ketogenic diet (LCKD) may improve diabetes
mellitus complications (i.e., nephropathy). In patients with epilepsy, a
very low-carbohydrate ketogenic diet (VLCKD) may reduce seizures.
Finally, LCKD may help increase energy expenditure during maintenance
of weight reduction [46,47].

A carbohydrate-restricted diet is sometimes associated with malaise
during early implementation and may produce carbohydrate cravings
within the first few days of implementation, which may be mitigated by
adding low-glycemic-index carbohydrate foods. A carbohydrate-
restricted diet may induce gout flares in patients with history of gout,
especially during initial implementation, and may also present chal-
lenges in patients where dietary protein restriction may be recommended
(i.e., severe kidney disease). Due to the possibility of hypoglycemia and
hypotension in patients treated for diabetes mellitus and hypertension
respectively, blood sugar and blood pressure should be monitored for
potential adjustment in applicable metabolic drug treatments. As with
any new aggressive medical nutrition therapy, clinicians should consider
e and Reduction of Fat Mass. This figure summarizes the types and definitions
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whether patients (i.e., especially those having well-controlled blood
pressure and blood sugar) might proactively require dose reduction or
discontinuation of some antihypertensive drugs or hypoglycemic agents,
particularly insulin or sulfonylureas [48].
3.2. Fat-restricted hypocaloric diet

A fat-restricted diet is often defined as 10–30% of total calories from
fat. After six months, fat-restrictive, low-calorie nutritional interventions
generally produce similar weight reductions as a “low-carb diet.” If
accompanied by weight reduction, a fat-restricted diet may reduce fast-
ing glucose and insulin levels and modestly reduce blood pressure. It may
also modestly decrease low-density and high-density lipoprotein
cholesterol levels [49,50].

Hunger control may present challenges with a fat-restricted hypo-
caloric diet, which may be mitigated with anti-obesity pharmacotherapy.
If fat restriction results in a substantial increase in carbohydrate con-
sumption, and if weight reduction is not achieved, then an increase in
dietary carbohydrate intake may contribute to hyperglycemia, hyper-
insulinemia, hypertriglyceridemia, and reduced levels of high-density
lipoprotein cholesterol.
3.3. Very Low-Calorie Diet (VLCD)

Very low-calorie diets (VLCDs) are defined as diets containing less
than 800 kcal/day and are typically implemented utilizing specifically
formulatedmeal-replacement products under the supervision of a trained
clinician. VLCDs may also be achievable without meal replacements by a
trained clinician. A VLCD produces more rapid weight reduction than
low-calorie fat-restricted or carbohydrate-restricted diets due to lower
energy intake [51]. VLCDs may reduce fasting glucose, insulin, triglyc-
eride, low-density lipoprotein cholesterol levels, may reduce blood
pressure, and maymodestly increase high-density lipoprotein cholesterol
levels [51,52]. Common adverse effects of VLCD include fatigue, nausea,
constipation, diarrhea, hair loss, brittle nails, cold intolerance, dysmen-
orrhea, and some increased risk for gallstones, kidney stones, and gout
flares. Due to the possibility of hypoglycemia and hypotension in patients
treated for diabetes mellitus and hypertension, respectively, blood sugar
and blood pressure should be monitored for potential adjustment in
applicable metabolic drug treatments. In many cases, anti-diabetes mel-
litus and antihypertensive drugs might best be reduced in dose or dis-
continued before start of a VLCD, if this is determined to be in the best
safety interest of the patient.

Finally, if insufficient mineral intake occurs with a VLCD, then this
may predispose patients to palpitations, cardiac dysrhythmias, and
muscle cramps. Weight regain will occur if patients are not taught how to
maintain healthful eating when transitioning to non-meal-replacement
eating patterns or to a higher-calorie diet [51,53].

4. Dietary patterns

4.1. Ketogenic diet (Keto or Modified Atkins Diet)

The Ketogenic Diet is illustrative of a carbohydrate-restricted nutri-
tional intervention that promotes utilization of fat for energy and gen-
erates ketosis, which may reduce hunger.

� Encouraged [33,54,55]:
o The induction phase allows no more than 20 g of carbohydrates per
day from non-starchy vegetables and leafy greens, encourages
adequate protein, and includes a higher proportion of dietary fat to
reduce insulin levels and generate a state of nutritional ketosis.

o The ongoing weight reduction phase allows a wider variety of
vegetables, seeds and nuts, and low-glycemic fruits (i.e., straw-
berries and blueberries).
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o The pre-maintenance phase, after the goal weight is achieved, al-
lows increased carbohydrate intake to be slowly increased if weight
gain does not occur.

o In the maintenance phase, 60–90 g of carbohydrates per day is
allowed if weight and health benefits are maintained, which may
include legumes, whole grains, and fruits.

o All phases encourage a balance of saturated, monounsaturated, and
polyunsaturated fatty acids.

� Discouraged [33,54,55]:
o Avoid ultra-processed and refined foods, foods with a high glyce-
mic index/glycemic load, foods rich in trans fatty acids.

o In all but the maintenance phase, limit cereals, breads, grains, dairy
products (except cheese), starchy vegetables, and most fruits.

� Advantages:
o May contribute to clinically meaningful weight reduction in pa-
tients with pre-obesity or obesity [56].

o May reduce hunger [33].
o Lower carbohydrate food intake will typically result in lower
postprandial glucose and insulin levels [57].

o If associated with weight reduction, a ketogenic diet may improve
glucose metabolism with improved insulin sensitivity, reduced
fasting glucose, and reduced fasting insulin levels [58].

o May lower diastolic blood pressure [54].
o May reduce triglyceride and increase high density lipoprotein
cholesterol levels [54].

o Ketonemia may help treat seizures [59].
o Effects upon physical exercise performance are inconsistent [60].
o Possible patient-specific adjunct to multifactorial therapy for
certain kinds of cancers [61].

� Disadvantages:
o May increase low density lipoprotein (LDL) cholesterol levels,
sometimes substantially so in patients with genetic hypercholes-
terolemia [54] or who increase intestinal cholesterol absorption
with weight reduction (see discussion below).

o May not improve insulin sensitivity in patients not experiencing
weight reduction [58].

o May cause transient fatigue and mild decrease in mental cognition
upon the start of a ketogenic diet [56].

o Effects upon physical exercise performance are inconsistent [60].
4.1.1. Management of the rare patient with moderate/marked increases in
LDL cholesterol and/or LDL particle number with ketogenic diet [62]

If clinically meaningful weight reduction is achieved, then the in-
crease in low density lipoprotein cholesterol and/or LDL particle number
with ketogenic diet is generally modest [62]. However, the ketogenic diet
is sometimes associated with individual, rare cases of moderate to
marked increases in LDL cholesterol levels [63]. If this occurs, then a
reasonable first step is confirmation and evaluation. Any unexpected or
unexplained clinically meaningful change in lipid levels should initially
be addressed with repeat lipid testing. If the change in lipid measures is
confirmed, then this should prompt evaluation for new onset or wors-
ening of secondary causes of hypercholesterolemia (e.g., diabetes mel-
litus, hypothyroidism, nephrotic syndrome, liver disease) and recent
changes in medications that may worsen cholesterol levels (e.g., some
beta-blockers, corticosteroids, amiodarone, cyclosporin, anabolic ste-
roids, protease inhibitors, some diuretics). If it is determined that the
weight loss via the ketogenic diet is likely the cause for elevations in
low-density lipoprotein cholesterol levels, then this may be because the
weight reduction has facilitated an increase in intestinal cholesterol ab-
sorption [5]. In severe cases, the clinician might consider evaluation for
diet-sensitive genetic dyslipidemias (e.g., sitosterolemia).

If a patient treated with a ketogenic diet is confirmed to have
developed moderate/marked increases in LDL cholesterol and/or LDL
particle number with ketogenic diet, then management may include:
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� Replace dietary saturated fats with polyunsaturated or mono-
unsaturated fats.

� Reduce dietary cholesterol.
� Consider a trial of ezetimibe (i.e., if the patient is suspected to be a
hyper-absorber of intestinal cholesterol).

� Consider cholesterol-lowering drug treatment (e.g., statin).
� Consider a trial period off the ketogenic diet to determine if elevated
lipid levels resolve.

4.1.2. Sitosterolemia is an illustrative example of a diet-sensitive genetic
condition that can result in high cholesterol levels [64]

Beta-sitosterolemia (phytosterolemia) is a rare autosomal recessive
disorder that may phenotypically resemble heterozygous familial hy-
percholesterolemia. Beta-sitosterolemia is due to bi-allele mutations in
one or both genes encoding for intestinal sterol co-transporters [i.e.,
adenosine triphosphate binding cassette transporters (ABC) G5 and/or
G8]. Loss of function of ABC G5 and G8 impairs the efflux of absorbed
consumed plant sterols and animal cholesterol from intestinal and he-
patic cells into the intestinal and biliary lumen.

Clinical findings related to beta-sitosterolemia include tendon xan-
thomas and increased cardiovascular disease risk out of proportion to the
patient's lipid profile. Some patients may also have low platelet counts.
The degree of elevation in cholesterol levels can vary, with some patients
exhibiting marked hypercholesterolemia, despite no immediate family
history of hypercholesterolemia. The diagnosis should be suspected in
patients with wide fluctuations of cholesterol levels during nutritional
changes.

Diagnosis can be made clinically, or biochemically by measuring
plant sterol levels (sitosterol, campesterol, and possibly stigmasterol), or
documenting bi-allelic loss-of-function mutations in ABC G5 and/or G8.
Patients with beta-sitosterolemia may respond poorly to statins but may
respond well to reduced dietary plant sterol and cholesterol consumption
as well as treatment with bile acid sequestrants. Beta-sitosterolemia re-
sponds to cholesterol/sterol absorption inhibitors such as ezetimibe,
which is the only drug approved to treat beta-sitosterolemia (i.e., ezeti-
mibe lowers LDL cholesterol and LDL particle number) [65–67].

4.2. Mediterranean Diet

The Mediterranean Diet is not a defined “diet,” but rather a gener-
alized term describing several meal pattern variants. The Mediterranean
Diet has among the most consistent and robust scientific support in
reducing atherosclerotic cardiovascular disease risk [68–71].

� Encouraged [72]:
o Olive oil as main source of fat
o Vegetables, fruit, legumes, whole grains, nuts, and seeds
o Intake of red wine.
o Moderate consumption of seafood, fermented dairy products (e.g.,
cheese and yogurt), poultry, and eggs

� Discouraged [72]:
o Limit consumption of high amounts of red meat, meat products,
and ultra-processed carbohydrates

o Saturated fats are often discouraged with the Mediterranean Diet;
olive oil is a staple of most definitions of the Mediterranean Diet.
However, some Mediterranean cuisine may include lard and butter
for cooking, and olive oil for dressing salads and vegetables

� Advantages:
o May reduce the risk of cardiovascular disease
o The diet is high in olive oil and certain nuts. Therefore, it is high in
mono-unsaturated fatty acids (MUFAs) and polyunsaturated fatty
acids (PUFAs), which are predominantly omega-3 rather than
omega-6 fatty acids.

o Although the Mediterranean Diet has higher fat content than other
common diets (40% of total calories), it is low in saturated fats (less
than 10% of calories)
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o Phenol-rich extra virgin olive oil has been shown to exert hepato-
protective effects through the induction of cellular antioxidant
response and inhibition of inflammatory pathways (e.g., visceral
adipocyte inflammatory cytokine expression) and steatosis. This
can also contribute to anti-cancer effects [73].

o This diet is high in fiber (average 25–35 g a day), fruits, and veg-
etables that are rich in dietary active compounds like phytochem-
icals, antioxidant compounds, vitamins, phenolics, and flavonoids.
Dietary fiber helps reduce hunger and serum peak glucose levels.

o It may improve insulin resistance and lipid profiles.
o It is safe to implement in children and adults.

� Disadvantages:
o Weight loss may be less than a very low-carbohydrate diet [74].
o Food choices may be more expensive than less healthful foods.

4.3. DASH diet

The “Dietary Approaches to Stop Hypertension” (DASH) is a diet
pattern promoted by the U.S. National Heart Lung and Blood Institute,
primarily to treat high blood pressure [75,76].

� Encouraged [75]:
o Vegetables, fruits, and whole grains
o Fat-free or low-fat dairy products
o Fish, poultry, and lean meats
o Nuts, seeds, and legumes
o Fiber and the minerals calcium, potassium, and magnesium

� Discouraged [75]:
o Limit sodium: 1,500 - 2,300 mg per day
o Limit total fat: ~27% of total daily calories.
o Limit saturated fat: <6% of total daily calories
o Limit cholesterol: �150 mg per day for a 2,100-Calorie eating plan
o Avoid red and processed meats
o Avoid sugar-sweetened beverages
o Avoid foods with added sugars

� Advantages:
o May reduce cardiovascular disease risk
o May improve blood pressure and dyslipidemia

� Disadvantages:
o May be challenging to maintain
o Largely eliminates convenience foods
o May not be ideal for weight loss

4.4. Vegetarian diet

A vegetarian nutritional intervention includes a meal plan consisting
of foods that come mostly from plants. Plant-based nutritional intake is
generally associated with weight reduction, reduced risk of heart disease
(including heart failure), and beneficial effects on metabolic diseases,
some cancers, and possibly all-cause mortality [77–85]. However, these
potential benefits may be negated when more healthful plant-based
whole foods (i.e., with natural fiber and nutrients) are replaced by
ultra-processed foods, fried foods, and refined carbohydrates [86].
Vegetarian diets may also result in deficiencies of micronutrients and
minerals such as vitamin B12 and iron, which may require clinical
monitoring and nutrient replacement when appropriate [87]. Patients
who begin a vegetarian diet may benefit from dietitian counseling
regarding healthful macro and micronutrient consumption.

Table 4 shows common variants of the vegetarian diet.

� Encouraged:
o Vegetables
o Fruits
o Whole grains
o Legumes
o Seeds



Table 4
Vegetarian Diet Variants. Common variants of the vegetarian diet, including
veganism, lacto-vegetarianism, lacto-ovo vegetarianism, pescatarianism, and
flexitarianism [77,78].

VEGETARIAN DIET VARIANTS

Vegan (“total vegetarian”) Only plant-based foods (e.g., fruits, vegetables,
legumes, grains, seeds, and nuts) with no animal
proteins or animal by-products, such as eggs,
milk, or honey

Lacto-vegetarian Plant foods plus some or all dairy products (e.g.,
cheese)

Lacto-ovo vegetarian (or ovo-
lactovegetarian)

Plant foods, dairy products, and eggs

Semi- or Partial Vegetarian Plant foods and may include chicken or fish,
dairy products, and eggs, but not red meat

Pescatarian Plant foods and seafood
Flexitarian Mostly plant-based foods (minimally processed),

with occasional fish, meat, and animal products
in moderation
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o Nuts
o Some varieties may include eggs, milk, seafood, and occasional
chicken.

� Discouraged:
o Animal protein from fowl, fish/seafood, beef, pork, and lamb

� Advantages:
o Plant-based diets may reduce the risk of cardiovascular disease.
o Diets high in fruits, vegetables, and fiber are high in antioxidants,
polyphenols, and anti-inflammatory phytochemicals and may
reduce oxidative stress.

o The high-fiber and low-calorie content of plants promotes weight
loss and maintenance.

� Disadvantages:
o Health benefits of a vegetarian diet may not be realized upon
consumption of unhealthful, energy dense, ultra-processed, plant-
based foods that are high in glycemic index, low in fiber, low in
micronutrients, and high in calories and trans fats.

o Some vegetarian diets contain high levels of beans, which, without
proper preparation, can be high in phytic acid and can cause
vitamin deficiencies and poor absorption of iron, zinc, and calcium
[88].

4.5. Therapeutic Lifestyle Change Diet (TLC)

The TLC Diet is a low-fat meal plan variant that was recommended by
the National Cholesterol Education Program, Adult Treatment Panel
[89–91]. It was historically the “diet”most utilized in the conduct of lipid
clinical trials and is still utilized today in many lipid clinical trials.

� Encouraged:
o Total fat: 25–35% of daily calories
o Polyunsaturated fat: Up to 10% of total daily calories
o Monounsaturated fat: Up to 20% of total daily calories
o Carbohydrate: 50% to 60% of total calories
o Soluble fiber: At least 5–10 g a day, preferably 10–25 g a day
o 2 g per day of plant stanols or sterols through foods or dietary
supplements

� Discouraged:
o Limit saturated fat: < 7% of total calories
o Limit cholesterol: < 200 mg a day
o Avoid foods with trans fatty acids.

� Advantages:
o Encourages healthful lifestyle habits
o May improve lipid levels

� Disadvantages:
o Requires close tracking of macronutrients that may be difficult for
some patients
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o May have limited weight loss effects
4.6. Ornish diet

The Ornish Diet is illustrative of a fat-restricted nutritional inter-
vention [92–94].

� Encouraged:
o Foods are best eaten in their natural form
o Vegetables, fruits, whole grains, and legumes
o One serving of a soy product each day
o Limited amounts of green tea
o Fish oil 3–4 g each day
o Small meals eaten frequently throughout the day.

� Discouraged:
o Limit dietary fat: < 10% of total daily calories
o Limit dietary cholesterol: � 10 mg per day
o Limit sugar, sodium, and alcohol
o Avoid animal products (red meat, poultry, and fish) and caffeine
(except green tea)

o Avoid foods with trans fatty acids, including vegetable shortening,
stick margarines, and commercially prepared foods, such as frost-
ings; cake, cookie, and biscuit mixes; crackers and microwave
popcorn; and deep-fried foods

o Avoid refined carbohydrates and oils
� Advantages:
o May reduce the risk of cardiovascular disease

� Disadvantages:
o The Ornish diet is a very restricted diet that may be hard to
maintain long term.

o May have limited weight loss effects
4.7. Paleolithic diet

The Paleolithic nutritional intervention is based upon a dietary
pattern presumed to exist during the Paleolithic period (i.e., lasting 3.4
million years and ending 6000–2000 BCE). It differs from some other
diets in that it excludes grains, dairy, and ultra-processed foods [95–97].

� Encouraged:
o Fresh vegetables, fruits, and root vegetables
o Grass-fed lean red meats
o Fish/seafood
o Eggs
o Nuts and seeds
o Naturally produced oils (olive, walnut, flaxseed, macadamia, avo-
cado, and coconut)

� Discouraged:
o Cereal grains
o Legumes, including peanuts
o Dairy products
o Potatoes
o Ultra-processed foods
o Refined sugar, refined vegetable oils, and salt

� Advantages:
o Removal of preservatives, fillers, and non-natural additives in food
o Anti-inflammatory
o Improved satiety with the type of foods in the diet
o May promote weight loss and improvement in insulin sensitivity
and blood pressure in some individuals

� Disadvantages:
o May be more expensive than less healthful food choices
o Difficult for vegetarians
o May not promote clinically meaningful weight loss in many
patients



Table 5
Top 10 Takeaway Messages: Obesity and Physical Activity. This table lists
ten important takeaway messages from the OMA regarding obesity and physical
activity.

Top 10 Takeaway Messages: Obesity and Physical Activity

Routine physical activity may improve body composition.
Routine physical activity may improve adiposopathic endocrine and immune body
processes.

Physical activity may improve metabolic, musculoskeletal, cardiovascular, pulmonary,
mental, sexual, and cognitive health.

Dynamic training may promote weight reduction and may help prevent weight gain or
regain.

Resistance training may improve body composition, prevent muscle loss during weight
reduction, and increase resting energy expenditure.

In addition to physical exercise, increased energy expenditure can be achieved via
increased leisure time physical activity and non-exercise activity thermogenesis
(NEAT).

A common physical exercise prescription (FITTE) includes frequency, intensity, time
spent, type of activity, and enjoyment.

Metabolic equivalent tasks (METS) are used to assess the intensity of physical exercise,
with one MET equal to the amount of energy expended for 1 min while lying down at
rest [equal to 3.5mL of oxygen consumption per kilogram of bodyweight per minute
(3.5 mL/kg/min) in a middle-aged male with a normal BMI]. Oxygen consumption
per kilogram body weight per minute decreases with increased adiposity and
decreased muscle mass [115].

Standing is equal to 2 METS; walking 4 miles per hour is equal to 4 METS; running 10
miles per hour is equal to 16 METS.

Tracking physical activity can be done via a variety of activity logs as well as by taking
body composition measurements using a reliable technique.
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4.8. Fasting (e.g., alternative day, intermittent, time-restrictive feeding)

Fasting is a lack of eating/feeding that may limit overall caloric
intake, used therapeutically with the intent to avoid inducing malnutri-
tion [98,99]. Periodic fasting (PF) is defined as limiting food for greater
than two consecutive days followed by one week of normal feeding.
Intermittent fasting (IF) limits food intake on certain days. IF has three
main protocols. In the 5:2 protocol, food is limited for two days, and
normal feeding resumes for the other five days of the week. The 2:1
protocol has one day of limited feeding followed by two days of normal
meals. The 1:1 protocol alternates between limited and full feeding in
equal durations. Another subset of IF is time restricted feeding (TRF),
where food is limited to a fixed period during the day [100].

� Potential advantages:
o Reducing “decision fatigue” regarding food selection [101].
o Quickly reversible
o May better fit in day-to-day patient scheduling (including religious
fasts such as Ramadan) [101–103].

o May reduce caloric intake with variable effects on lean body mass,
resting metabolic rate, and total energy expenditure, often depen-
dent upon concomitant physical activity [98,99,101,104].

o May reduce body weight and improve metabolic parameters (e.g.,
improve insulin sensitivity, blood pressure, lipids, and inflamma-
tory markers) [98,99,101,104–107].

� Potential disadvantages:
o Does not necessarily emphasize healthful meal quality [108].
o May not be appropriate for patients with eating disorders (e.g.,
bulimia or binge-eating disorder) [109].

o Increases the risk of hypoglycemia among patients with diabetes
mellitus who do not appropriately adjust their hypoglycemic anti-
diabetes drug treatments (e.g., insulin, sulfonylurea) [108].

o Unclear if sustainable on a lifetime basis for a lifelong disease (i.e.,
obesity) [99].

o Most long-term evidence of efficacy, health benefits and safety are
derived from animal studies [104].

o Prolonged fasting (weeks or more) may promote gout, urate
nephrolithiasis, postural hypotension, and cardiac dysrhythmias
[102].

5. Physical activity

Physical activity can be defined as skeletal muscle movements
requiring energy expenditure [110,111]. Physical exercise is physical
activity that is “planned, structured, repetitive, and aims to improve or
maintain one or more components of physical fitness” [110]. Physical
activity also includes skeletal muscle use for leisure enjoyment (i.e.,
gardening), ambulation and transportation, and work-related activities -
often termed NEAT (non-exercise activity thermogenesis). Physical
inactivity increases the risk of cardiovascular disease (CVD) [111].
Table 5 describes 10 takeaway messages regarding obesity and physical
activity.
5.1. Dynamic (Aerobic) training

Moderate physical activity is better than minimal physical activity
[112]. At least 150 minutes (2.5 hours) per week of moderate physical
activity or at least 75 minutes (1.25 hours) per week of vigorous intensity
aerobic exercise has the most health benefits, promotes modest weight
reduction, and may help prevent weight gain or regain [113]. Some
patients may further benefit from at least 300 minutes (5 hours) per week
of moderate physical activity or at least 150minutes (2.5 hours) per week
of vigorous intensity aerobic exercise; this will promote more robust
weight reduction and better prevent weight regain after weight reduction
[113].
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5.2. Resistance (Anaerobic) strength training [112,114]

Resistance training involves the strengthening of major muscle
groups two or more times per week. The emphasis is on increasing total
muscle mass, which is most efficiently achieved by training large muscle
groups which may increase the percentage of lean body mass. Resistance
training utilizes appropriate weight-lifting techniques using a variety of
free weights, machines, and resistance bands, which may reduce
boredom and provide greater flexibility regarding scheduling and loca-
tion. In resistance training, development of “core” muscles is important
for posture and balance stabilization; this includes muscles located at the
midsection of the body (i.e., abdomen, back, hips).

During negative caloric balance, resistance training can help mitigate
muscle loss and limit reduced resting metabolic rate. Short-term sore
muscles may be expected. Sore joints suggest poor technique, with a
possible need for medical evaluation and physical activity modification.
In resistance training, it is often best to prioritize muscle mass metrics
(e.g., muscle tape measurements) versus the amount of weight lifted.

6. Physical activity and thermogenesis

6.1. Exercise Activity Thermogenesis (EAT)

EAT is planned, structured, and repetitive physical activity conducted
with the objective of improving health (e.g., sports and gym activities).
Similar to the fuel of gasoline for motor vehicles, available energy in
muscle (i.e., the “fuel” of adenosine triphosphate or ATP) is used to
facilitate motion (mechanical work), with some energy released as heat
(thermogenesis). The efficiency in converting ATP to muscle mechanical
work is around 30%; dynamic exercise efficiency can be increased with
training and weight reduction [116]. Muscle work efficiency may
decrease with resistance training [117], resulting in more energy
expended as heat.

Whether at steady-state or during physical activity, body temperature
is tightly regulated by the autonomic nervous system. At steady state in
muscle, adipose tissue, and other body tissues, generation of body heat is
largely regulated by the function of mitochondria uncoupling proteins,
with increasing mitochondrial inefficiency resulting in more body energy
generating heat than energy stored, and with most of the body's stored
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energy being stored in triglyceride-containing adipose tissue. During
physical activity, an increase in body temperature triggers the central
nervous system (e.g., hypothalamus) to cool the body via increased
dilation of skin smooth muscle blood vessels, increased heart rate, and
increased sweat production, all of which help facilitate heat loss during
physical exercise [116].
6.2. Non-Exercise Activity Thermogenesis (NEAT)

NEAT is defined as energy expenditure not typically considered
physical exercise (e.g., maintaining posture, standing, stair climbing,
fidgeting, cleaning, singing, and other activities of daily living). Walking
can be considered EAT or NEAT. NEAT often represents the widest
variance in total energy expenditure among individuals and can range
between 150 and 500 kcal/day, which is often more than bouts of
physical exercise. Along with genetic/epigenetic, biological (i.e.,
increased proportion of brown adipogenesis), and environmental factors,
NEAT is an example of a behavioral factor that can help explain
perception that some individuals are “naturally lean” and/or maintain a
healthier body weight compared to others, even with the same caloric
intake and same routine “exercise” activity [118–120].

7. Steps

One of the most common forms of physical activity is steps. Increasing
the number of steps taken per day can be achieved by altering daily ac-
tivity, or by scheduled walking/running. Compared to being seated for
hours (such as in the workplace), it is better to walk at least 10 minutes
per hour, which might be better achieved by implementing behavior
modifications such as preferentially taking stairs instead of elevators and
parking further from a destination. The number of steps per day can be
monitored via a pedometer or other tracking device. The average number
of steps for U.S. adults is< 5,000 steps per day. In terms of number of
steps taken, < 5,000 steps per day is considered sedentary, 5,000–7,500
steps per day is low active, 7,500–10,000 steps per day is somewhat
active, and ~10,000 steps or more per day is active [121].

Although variable due to multiple factors, in general, one Calorie
(kcal) is “burned” for every 20 steps (i.e., 4000 steps/20¼ 200 Calories).
10,000 steps per day x 7 days per week x one Calorie per 20 steps¼ 3500
Calories burned per week. The adage of “3500 Calories per pound of fat”
is a frequently referenced energy content approximation for a pound of
fat. However, this calculation was developed to determine the amount of
energy in one pound of fat measured via calorimetry. The amount of
physical activity required to “burn 3500 Calories” depends on body
Fig. 5. Obesity Medicine Association Physical Activity Goals. OMA physical activ
recommended resistance training sessions per week [118,121,124]. The OMA phys
physical activity goals, with even greater aerobic activity providing additional healt
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weight, body efficiencies that depend on body weight, and body weight
changes. During negative caloric balance and weight loss, dynamic ad-
aptations in body energetics occur (i.e., changes in resting metabolic rate,
skeletal muscle efficiencies) with greater energy expenditure and/or
further reduction in energy intake required to achieve the same rate of
weight reduction [122,123]. Fig. 5 describes the Obesity Medicine
Physical Activity Goals, which are consistent with physical activity goals
by other organizations, such as the Physical Activity Guidelines for
Americans.

8. Benefits of physical activity

8.1. Benefits of physical activity not exclusive to obesity

Physical activity has been shown to provide the following benefits not
exclusive to obesity [125–132]:

� Improve metabolic health
� Improve musculoskeletal health
� Improve cardiovascular health
� Improve pulmonary health
� Improve neurological health
� Improve mental health (e.g., improve mood, promote happiness &
sense of well-being, reduce stress)

� Improve sexual health
� Improve cognitive heath
� Reduce risk of cancer, and improve response to cancer treatments
8.2. Beneficial effects of physical activity to patients with obesity

Physical activity offers additional benefits to patients with obesity,
including the following [126,127,133]:

� Treatment of fat mass disease: Physical activity-related weight
reduction, or physical activity prevention of body fat regain after
weight loss, may help improve pathogenic biomechanical complica-
tions of obesity, such as sleep apnea and osteoarthritis.

� Treatment of adiposopathy or sick fat disease: In addition to
helping to promote weight reduction and especially chronic man-
agement of obesity, increased physical activity may potentially
improve body composition, improve adiposopathic physiologic dis-
turbances, possibly improve adipocyte function (“train” fat cells),
improve insulin sensitivity, increase mitochondrial biogenesis, and
increase browning (“beiging”) of fat cells.
ity goals include steps per day, specified exercise intensities and durations, and
ical activity goals specifically include steps as a way to achieve daily, dynamic
h benefits.
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9. Physical activity and evaluation of the patient with obesity

9.1. Essential and targeted medical evaluation to ensure safety before
beginning new physical exercise program

The following evaluations are considerations before beginning a new
exercise program [134]:

� Assess current physical activity level
� Assess readiness
� Agree upon patient expectations and goals (with optional written
“contract”)

� Assess potential need for medical testing/evaluation (i.e., cardiac
stress testing, pulmonary function tests, musculoskeletal assessment,
etc.)

� Assess mobility, fitness, and potential equipment needs or
modifications

� Potential adjustment of medications
o Before start of physical activity plan (e.g., diabetes and blood
pressure medications)

o During implementation of physical activity plan
� Optimal default backup plan
9.2. Mobility

An assessment of patient mobility will help determine the most
appropriate individual exercise program. The following are recom-
mended based on levels of mobility [135,136]:

� Unable to walk: Seated exercise program, arm exercises (i.e., arm
cycling), swimming/aquatic exercises (e.g., shallow or deep-water
exercises), resistance/gravity-mediated physical activity (e.g.,
seated leg raises, band exercises, dumbbells). Consider physical
therapy evaluation:
o Rehabilitation and physical therapy guided activity program
o Set physical activity goals.

� Assess the situation for special equipment needs.
� Limited mobility: Walking, swimming/aquatic exercises (e.g.,
shallow or deep-water exercises), resistance/gravity-mediated phys-
ical activity (e.g., seated leg raises, band exercises, dumbbells), and
balance exercises (e.g., walking in a straight line, standing on one
foot, standing/sitting up and down, targeting “core” muscles) are
recommended. Assess the situation for special equipment needs.

� No substantial limitations to mobility: The exercise/physical ac-
tivity prescription plan will be driven by the patient and guided by the
clinician. Assess the situation for special equipment needs.

10. Additional physical activity recommendations and tracking

10.1. Leisure time physical activity

The following activities are encouraged to promote leisure time
physical activity [137,138]:

� Engage in competitive sport activities involving substantial physical
activity, best if on a routine basis.

� Engage in non-competitive sports such as running, hiking, cycling,
cross-fit training, etc.

� Outdoor warm-weather physical activity in sunlight may facilitate
negative caloric balance. and have other health benefits, with a caveat
being the need to avoid excessive sun exposure.

� Engage in physical activity sport alternatives, such as dancing.
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10.2. Transportation-related and occupational Non-Exercise Activity
Thermogenesis (NEAT)

Several behavior modifications related to transportation and occu-
pation can increase NEAT, including the following recommended activ-
ities [137,138]:

� Walk short distances instead of taking automated transportation.
� Take stairs instead of elevators.
� Carry overnight travel bags instead of using rollers (i.e., akin to a
farmer's walk exercise).

� Utilize an active work environment (i.e., standing desks, walking
desks).

� Avoid prolonged inactivity.
� Take breaks from inactivity.
� Walk, stand, and complete incidental movements throughout the day.

10.3. Exercise Prescription (FITTE)

The FITTE exercise prescription can help promote and measure
physical activity and is defined as follows [134]:

� Frequency
� Intensity
� Time spent
� Type
� Enjoyment level

10.4. Exercise Prescription (FITT-VP)

A variation on FITTE, FITT-VP, is defined as follows [139,140]:

� Frequency
� Intensity
� Time or duration
� Type or mode
� Volume or total energy expenditure of the exercise
� Progression of the exercise

10.5. Metabolic Equivalent Tasks (METS)

METS are used to assess the intensity of physical exercise
(kcal¼METS x weight x time) [141,142]:

� Equal to the amount of energy expended in 1min while lying down at
rest

� Equal to ~3.5mL of oxygen consumption per kilogram of bodyweight
per minute (3.5 ml/kg/min), with oxygen consumption decreased
with increased age and increased adiposity

� Standing¼ 2 METS
� Walking 4 miles per hour¼ 4 METS
� Running 10 miles per hour¼ 16 METS

10.6. Tracking progress

A variety of methods and devices can be used to track physical
activity-related progress, which can be helpful in motivation and goal
setting [143–148]:

� Daily activity logs (written or electronic)
� Pedometer/accelerometer logs
� Dynamic training metrics (i.e., miles run, laps swam, etc.)
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� Resistance training metrics (i.e., muscle-circumference measure-
ments, reps, sets, etc.)

� Percent body fat measurements

11. Conclusions

This OMA Clinical Practice Statement on Nutrition and Physical Ac-
tivity discusses basic principles regarding nutrition and physical activity.
It is hoped that an understanding of essential nutrition and physical ac-
tivity principles may help clinicians better manage patients with obesity.

Transparency [149]

This manuscript was largely derived and edited from the 2021
Obesity Medicine Association (OMA) Obesity Algorithm. Beginning in
2013, OMA created and maintained an online Adult “Obesity Algo-
rithm” (i.e., educational slides and eBook) that underwent yearly up-
dates by OMA authors and was reviewed and approved annually by the
OMA Board of Trustees. This was followed by a similar Pediatric
“Obesity Algorithm,” with updates ~ every two years by OMA authors.
Authors of prior years’ version of the Obesity Algorithm are included in
Supplement #1.

Group composition

Over the years, the authors of the OMA Obesity Algorithm have
represented a diverse range of clinicians, allied health professionals,
clinical researchers, and academicians. (Supplement #1) The authors
reflect a multidisciplinary and balanced group of experts in obesity sci-
ence, patient evaluation, and clinical treatment.

Author contributions

HEB transcribed the first draft from the 2021 OMA Adult Obesity
Algorithm. LA, SMC, LR, ABI, KB, AG, SK, DC MS, and HEB then
reviewed, edited, and approved the document for peer review by the
OMA Board of Trustees.
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Potential dualities or conflicts of interest of the authors are listed in
the Individual Disclosure section. Assistance of a medical writer paid by
the Obesity Medicine Association is noted in the Acknowledgements
section. Neither the prior OMA Obesity Algorithms, nor the publishing of
this Clinical Practice Statement received outside funding. The authors of
prior OMA Obesity Algorithms never received payment for their writing,
editing, and publishing work. Authors of this Clinical Practice Statement
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Evidence

The content of the OMA Obesity Algorithm and this manuscript is
supported by citations, which are listed in the References section.
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Conclusions and recommendations

This Clinical Practice Statement is intended to be an educational tool
that incorporates the current medical science and the clinical experiences
of obesity specialists. The intent is to better facilitate and improve the
clinical care and management of patients with pre-obesity and obesity.
This Clinical Practice Statement should not be interpreted as “rules” and/
or directives regarding the medical care of an individual patient. The
decision regarding the optimal care of the patient with pre-obesity and
obesity is best reliant upon a patient-centered approach, managed by the
clinician tasked with directing an individual treatment plan that is in the
best interest of the individual patient.

Updating

It is anticipated that sections of this Clinical Practice Statement may
require future updates. The timing of such an update will depend on
decisions made by Obesity Pillars Editorial team, with input from the
OMA members and OMA Board of Trustees.

Disclaimer and limitations

Both the OMA Obesity Algorithms and this Clinical Practice State-
ment were developed to assist health care professionals in providing care
for patients with pre-obesity and obesity based upon the best available
evidence. In areas regarding inconclusive or insufficient scientific evi-
dence, the authors used their professional judgment. This Clinical Prac-
tice Statement is intended to represent the state of obesity medicine at
the time of publication. Thus, this Clinical Practice Statement is not a
substitute for maintaining awareness of emerging new science. Finally,
decisions by practitioners to apply the principles in this Clinical Practice
Statement are best made by considering local resources, individual pa-
tient circumstances, patient agreement, and knowledge of federal, state,
and local laws and guidance.
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