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Poor nutrition is a major risk factor for and a leading prevent-
able cause of chronic disease in the United States.1 Suboptimal diets contrib-
ute to one in five deaths worldwide.2 “Food is medicine” interventions are 

being increasingly studied as a means of preventing and treating multiple chronic 
diseases.3,4 Unlike traditionally approved medicines for which molecular targets 
are well established, dietary intake comprises a large variety of food ingredients, 
and their functions are spread out over a lifetime. Providing recommendations to 
patients, specifically those with chronic diseases, on what and how much to eat is 
thus more complex than most health recommendations. Here we present an over-
view of contemporary nutritional concepts, with a specific focus on energy and 
macronutrients.

His t or ic a l De v el opmen t

Evolution of Nutrition Science

More than 2000 years ago, Greek philosophers and physicians recognized that 
food was needed to replace inexorable losses of body material, that those require-
ments varied during the stages of life, and that food, along with air, was needed 
to fuel “innate” body heat.5 During the chemical revolution, which began at the 
end of the 18th century,5 Antoine Lavoisier and his collaborators laid the founda-
tions for the modern understanding of metabolism by showing that body heat 
results from an oxygen-requiring combustive process (Fig. 1).6 In the first half of 
the 19th century, Gerardus Johannes Mulder and Jöns Jacob Berzelius identified 
and named protein,5 Michel Eugène Chevreul and others consolidated concepts 
related to lipids and fat,7 and multiple scientists identified sugars and starch as 
carbohydrates.5 Today we recognize that proteins, fats, and carbohydrates are the 
major macronutrients serving as metabolic fuels and that they participate in many 
other vital functions.

By the early 20th century, it was clear that food components beyond macronu-
trients were required for maintaining optimum health. The 13 currently recognized 
water- and fat-soluble vitamins were identified between 1912 and 1948.8,9 There 
are also 21 essential minerals, classified as macrominerals (e.g., calcium; daily 
requirement, ≥100 mg) and microminerals (e.g., iodine; daily requirement, <100 mg). 
These additional nutrients — namely, vitamins and minerals — are collectively re-
ferred to as micronutrients.

The Great Depression led to widespread malnutrition, and the United States 
entered World War II with a paucity of nutritional relief programs. In 1940, the 
National Defense Advisory Commission requested that the National Research 
Council of the National Academy of Sciences assist with examining issues related 
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to poor nutrition in the U.S. population. In 1943, 
the National Research Council published the 
first Recommended Dietary Allowances (RDAs) 
for energy, protein, and eight vitamins and min-
erals, with the goal of providing standards to 
prevent nutrient deficiencies.10 Multiple RDA 
updates followed over the next four decades, 
with the last update, in 1989, including recom-
mendations for 25 vitamins and minerals in 
addition to energy and protein.11 The RDAs were 
derived by first estimating the average daily nu-
trient intake needed to meet the requirements 
for half the healthy persons in a particular sex 
and life-stage group. This value is referred to as 
the Estimated Average Requirement. The RDA 
was then set at 2 standard deviations above the 
Estimated Average Requirement, with the aim 
of meeting most nutrient requirements (97.5%) 
for healthy persons.11 In the case of insufficient 
data to establish this value, an adequate intake 
level, based on animal or observational studies, 
is used.

In 1994, the RDAs were reassessed and sub-
sequently revised as Dietary Reference Intakes. 
Dietary Reference Intakes are a broad set of evi-
dence-based nutrient reference intakes, includ-
ing RDAs, Tolerable Upper Intake Levels to avoid 
toxic effects, and an Acceptable Macronutrient 
Distribution Range, which represent the range 
of intakes for each energy source associated 
with a reduced risk of chronic disease while 
providing adequate intakes of essential nutri-
ents.12,13 The Dietary Reference Intakes were 
published between 1997 and 2003, with revi-
sions for calcium and vitamin D in 2011,14 so-
dium and potassium in 2019,15 and energy in 
2023.16 They were expanded in 2019, beginning 
with sodium, to include a Chronic Disease Risk 
Reduction Intake value, which represents the 
relationship between a nutrient and the risk of 
chronic disease.15 For example, for persons 14 
years of age or older, reducing intake of sodium 
to the Chronic Disease Risk Reduction Intake 
level of 2300 mg per day or lower is associated 

Figure 1. Milestones in Scientif ic Knowledge and Federal Guidance Related to Energy, Macronutrients, and Other 
Essential Nutrients.

FNB denotes Food and Nutrition Board, HHS Department of Health and Human Services, and USDA U.S. Depart-
ment of Agriculture.
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with a decreased risk of hypertension and cardio-
vascular disease.

In the 1970s, federal attention began to focus 
on emerging chronic diseases. The Senate Select 
Committee on Nutrition and Human Needs pre-
pared and released Dietary Goals for the United 
States in 1977.17,18 The recommendations in the 
report were later expanded to become Dietary 
Guidelines for Americans. First published by the 
Departments of Agriculture and Health and Hu-
man Services in 1980 and now published every 
5 years, these guidelines represent a shift from 
an early–20th century focus on nutrient ade-
quacy to the effect of diet on overall health and 
chronic disease risk.17,19 The science of nutrition 
continues to evolve, now moving to define un-
derlying nutrient-sensing mechanisms, macro-
nutrient circadian20 and hedonic21 effects, and 
algorithms based on artificial intelligence that 
predict food and dietary pattern responses at the 
individual level.22

Energy a nd M acronu tr ien t s

Energy

In the late 19th century, Max Rubner evaluated 
heat production and other forms of energy loss 
in a dog maintained at a stable weight while 
inside a calorimeter.6 The energy served as food 
to the dog (17,349 kcal) matched the dog’s total 
energy losses (17,406 kcal), validating the first 
law of thermodynamics in a living organism.23 
Wilbur Atwater soon extended Rubner’s studies, 
confirming that the first law of thermodynam-
ics applies in humans.6 Atwater also derived 
“metabolizable” energy values for carbohydrate, 
fat, and protein, at 4, 9, and 4 kcal per gram, 
respectively, by adjusting the gross energy value 
of each macronutrient for chemical energy loss-
es in feces and urine.6,24 Still in widespread use 
today, these Atwater values assume an average 
“apparent” digestibility of each macronutrient and 
apparent energy losses as urinary nitrogenous 
end products of protein metabolism. The values 
may not be accurate for individual foods. For 
example, almonds in the human diet produce 
4.6 kcal per gram, which is substantially less than 
the predicted value of 6 kcal per gram based on 
their macronutrient composition.25,26

Rubner and Atwater’s experiments show that 
an animal or human will remain at fixed weight, 

reflecting energy equilibrium, when energy in 
food intake balances energy losses in heat, feces, 
urine, and skin. The current Dietary Reference 
Intakes for energy are based on the doubly labeled 
water method of indirect calorimetry, which quan-
tifies total energy expenditure over a period of 1 
to 2 weeks in people living in their natural environ-
ments. A simplified model of macronutrient con-
version to body substance and heat is shown in 
Figure 2.

The Dietary Reference Intake for energy is the 
Estimated Energy Requirement, defined as the 
predicted average energy intake required for main-
taining energy balance in persons, according to 
age, sex, physical activity level, and life stage. 
The four physical activity levels — inactive, low 
active, active, and very active — range from en-
ergy expended for minimal independent living 
to that required for vigorous activities. Energy 
predictions are further refined for pregnant and 
breast-feeding persons. Calorie intake levels can be 
estimated with the use of an online calculator.31 
Wearable sensors and mobile apps are providing 
a new opportunity to objectively evaluate food in-
take and activity at the individual and population 
levels.32

Protein

Proteins, synthesized from amino acids, are the 
major structural and functional components of 
the human body. Nine of the 20 amino acids 
found in human proteins are indispensable (es-
sential); omitting any one of them from the diet 
leads to physical signs and a negative whole-
body protein balance.33 Six amino acids are rec-
ognized as conditionally indispensable, meaning 
that sufficient amounts cannot be synthesized 
during periods of rapid growth and severe meta-
bolic stress.11 The remaining 5 amino acids are 
dispensable (nonessential); they can be synthe-
sized in vivo to meet the needs of the body. In 
the 1930s, Rudolf Schoenheimer and his col-
leagues showed that biomolecules in the body 
such as proteins are in a dynamic state of con-
tinual turnover that requires replacement through 
the diet to maintain most body functions and 
health.34

Animal sources of protein contain all 9 indis-
pensable amino acids, whereas plant proteins are 
usually deficient in 1 or more indispensable amino 
acids. A digestible amino acid score is used to 
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grade protein sources, with a reference set at the 
digestibility-adjusted indispensable amino acid 
requirements for a preschool-age child.35 Cow’s 
milk, beef, and eggs have the highest score, at 
a value of approximately 1; rice has a value of 
approximately 0.5. Soy protein, with a score of ap-
proximately 0.9, is a beneficial plant source of 
amino acids. Vegetarians and vegans can maintain 
adequate high-quality protein intake by eating a 

variety of plant-based foods, including legumes, 
grains, soy products, nuts, and seeds.36

Individual amino acid requirements are mainly 
established by means of isotopic tracer meth-
ods.37 Protein requirements are estimated with 
the use of nitrogen-balance methods, which 
monitor nitrogen losses in feces, urine, and skin 
according to variations in protein intake.38 An 
inadequate intake of total protein or any indis-

Figure 2. Dietary Macronutrient Pathways for Preserving Energy Balance and Maintaining Weight and Body Composition in Healthy 
Adults.

After digestion and absorption, the three main macronutrients — protein, carbohydrate, and fat — release their respective metabolically 
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gestive periods and provision of the necessary energy to fuel these processes and other biochemical reactions, including those producing 
the energy needed for physical activities. The energy-producing reactions consume oxygen and release carbon dioxide, water, and heat. 
Not all ingested macronutrient energy is available for metabolic processes. Average net digestive losses on mixed diets are 8%, 5%, and 
2% for protein, fat, and carbohydrate, respectively; urea and other nitrogenous end-products of protein metabolism excreted in urine 
account for an additional 1.25 kcal per gram of protein.24 The classic Atwater values for protein, fat, and carbohydrate — 4, 9, and 4 kcal 
per gram — account for these fecal and urinary energy losses.24 Estimates of macronutrient intakes, shown in parentheses, are based on 
averages reported by women in the United States who were 20 years of age or older in the prepandemic period from 2017 until March 
202027,28; the remaining values were derived from previous studies.29,30
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pensable amino acid leads to adaptations in 
protein metabolism that can impair infant brain 
development, immune competence, and many 
other physiological and metabolic functions. In-
adequate intake of energy from fat and carbohy-
drates can also lead to a negative nitrogen bal-
ance. In contrast, excess amino acids that are 
present during periods of high protein intake 
can be deaminated to form α-keto acids, which 
can then be oxidized for energy or converted to 
glucose or fat.39

Healthy young adults can maintain a neutral 
nitrogen balance with protein intakes of 0.55 to 
0.6 g per kilogram of body weight per day.40 The 
RDA for protein, 0.8 g per kilogram per day, 
includes a safety margin above this level for men 
and women over the age of 18 years (Table 1). 
The protein requirements for infants and children 
are higher to promote healthy growth.41 The re-
quirements for protein also increase during preg-
nancy and lactation. There may be subgroups of 
persons for whom higher intakes of protein are 
beneficial, such as athletes, community-dwelling 
older adults,42 and people with obesity who are 
dieting for weight loss.43-45 Although the toler-
able upper limit of protein intake is 3.5 g per 

kilogram per day in adults on the basis of urea-
production estimates and small-scale experimen-
tal studies, prolonged intake levels above 2 g per 
kilogram per day should be avoided because of 
multiple adverse health effects.45 Levels of pro-
tein intake below approximately 0.4 to 0.5 g per 
kilogram per day in adults lead to muscle atro-
phy and functional impairments.40 The Accept-
able Macronutrient Distribution Range for pro-
tein, expressed as a percentage of total energy 
intake, is 10 to 35% for all persons over the age 
of 3 years.

About 6% of Americans 1 year of age or older 
in 2015–2018 had low protein intake, which was 
more prevalent in some subgroups (e.g., persons 
≥71 years of age and Hispanic Black Americans).27 
Increasing protein intake is not straightforward; 
foods containing protein often include other mac-
ronutrients and micronutrients.42 Protein foods are 
typically consumed as mixed dishes (e.g., sand-
wiches and casseroles) that are high in saturated 
fat and sodium.46 Persons who consume only plant-
based foods may need to pay special attention 
not only to protein quality but also to the inclu-
sion of vitamins B12 and D, calcium, iron, zinc, 
and iodine.47

Table 1. Dietary Reference Intakes for Total Dietary Protein, Fat, Carbohydrates, Fiber, and Water.*

Life Stage Protein Fat Carbohydrates Total Fiber Water

RDA AMDR RDA AMDR RDA AMDR RDA Overall Males Females

g/kg/day % g/kg/day % g/day %
g/1000  
kcal/day liters/day

0 to 6 mo 1.52 ND 31 60 ND ND 0.7

7 mo to 
<1 yr

1.2 ND 30 95 ND ND 0.8

≥1 to 3 yr 1.05 5–20 ND 30–40 130 45–65 14 1.3

4 to 8 yr 0.95 10–30 ND 25–35 130 45–65 14 1.7

9 to 13 yr 0.95 10–30 ND 25–35 130 45–65 14 2.4 2.1

14 to 18 yr 0.85 10–30 ND 25–35 130 45–65 14 3.3 2.3

≥19 yr 0.80 10–35 ND 20–35 130 45–65 14 3.7 2.7

Pregnancy 1.1 10–35 ND 20–35 175 45–65 14 3.0

Lactation 1.3 10–35 ND 20–35 210 45–65 14 3.8

*  Values shown in bold are Recommended Daily Allowances (RDAs), and all other values are Adequate Intake levels. Carbohydrates include 
sugars and starches. Total fiber is the combination of dietary fiber and functional fiber. For healthy breast-fed infants, the adequate intake 
level for water is the mean intake; for infants 7–12 months of age, water is assumed to be from breast milk and complementary foods and 
beverages. Water for other life-stage groups includes total water contained in food, beverages, and drinking water. A higher total water 
intake will be required for persons who are physically active or exposed to hot environments. The full set of Dietary Reference Intake macro-
nutrient, cholesterol, and fiber tables are available from the Institute of Medicine.41 AMDR denotes Acceptable Macronutrient Distribution 
Range, and ND not determined.
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Fat

Fat that is present in the human body is almost 
entirely in the form of triglycerides that have a 
glycerol backbone and three attached fatty acids. 
Saturated fatty acids have no double bonds, are 
derived from animal sources, and typically are 
solid at room temperature. Unsaturated fatty 
acids have double bonds and include two geo-
metric isomers, cis with both hydrogen atoms 
bonded to carbon atoms on the same side where 
the double bond exists, and trans with the two 
hydrogen atoms on opposite sides. Cis unsatu-
rated fatty acids can have one double bond (mono-
unsaturated) or more than one double bond (poly-
unsaturated), are derived from plant sources, and 
are liquid at room temperature.

The early–20th century view of fat was that 
triglycerides serve as a compact dietary energy 
source and carrier of lipid-soluble vitamins.48 In 
1929, George and Mildred Burr discovered that 
two fatty acids, linoleic and α-linolenic, were 
required to facilitate growth and prevent symp-
tomatic deficiency in a rodent model.49 These 
respective n−6 and n−3 essential polyunsaturated 
fatty acids were later found to be precursors to 
a wide range of bioactive lipids, contributing to 
multiple functions.50

In addition to linoleic acid, arachidonic acid, 
an n−6 polyunsaturated fatty acid, can become 
conditionally essential when synthesis from lin-
oleic acid through desaturation and chain elon-
gation is limited. Arachidonic acid is the precur-
sor to a number of eicosanoids, including the 
prostaglandins, thromboxanes, and leukotrienes, 
which participate in autocrine, paracrine, and 
occasional endocrine functions that have wide-
spread physiological actions.51 The cardiovascu-
lar effects of n–6 polyunsaturated fatty acids 
continue to be debated.52,53 Corn, safflower, and 
soybean oils, nuts, and seeds are good sources of 
n−6 fatty acids.

The n−3 essential polyunsaturated fatty acid, 
α-linolenic acid, is the precursor to eicosapen-
taenoic acid (EPA) and docosahexaenoic acid 
(DHA), two n−3 polyunsaturated fatty acids that 
play important roles in the synthesis of inflam-
matory mediators, intracellular signaling and 
gene expression, and the structure of cell mem-
branes.50 Higher levels of EPA and DHA are associ-
ated with a lower risk of cardiovascular disease,50 
although the strength of these effects continue 

to be investigated.54 Of the commonly used plant 
oils, flaxseed, soybean, and canola oils are good 
sources of α-linolenic acid. Fatty fish (e.g., salm-
on and herring) and fish oils are high in EPA 
and DHA. Humans have a low capacity to con-
vert α-linolenic acid to EPA and DHA.

Deficiencies of one or both essential fatty 
acids are rare, since they and their downstream 
products are present in ample amounts in the 
American diet and are stored in body fat to be 
released during lipolysis.55 The n−6 and n−3 fatty 
acids compete for the same desaturase enzymes 
that moderate the synthesis rates of arachidonic 
acid, EPA, and DHA. Adequate intake levels for 
the essential polyunsaturated fatty acids are set 
according to life stage.38

Monounsaturated fatty acids serve as compo-
nents of cell membranes — notably, myelin in 
nerve tissue.56 Oleic acid is the main monoun-
saturated fatty acid present in food and tissues. 
Food sources include olive, canola, peanut, and 
sesame oils and fat from animal products.

Saturated fatty acids such as stearic and pal-
mitic acids are nonessential and are derived pri-
marily from animal-based food sources such as 
full-fat dairy products, fatty meats, and tropical 
oils (coconut and palm kernel oils). These fatty 
acids raise total and low-density lipoprotein cho-
lesterol levels and increase the risk of cardiovas-
cular disease.57 High saturated fatty acid intake 
activates acute and chronic inf lammatory re-
sponses through toll-like receptor 4, an essential 
modulator of innate immunity, and may explain 
its relationship with multiple diet-related dis-
eases.60-63

Trans fatty acids are unsaturated fatty acids 
present in the diet that are derived from rumi-
nant meats or dairy and through conversion of 
liquid to semisolid or solid fats by the industrial 
process of partial hydrogenation. Dietary trans 
fats have been found to be positively associated 
with an increase in total and low-density lipo-
protein cholesterol levels and an increased risk 
of cardiovascular disease.64 U.S. food companies 
were required to remove partially hydrogenated 
oils from products by 2018, resulting in a dra-
matic decrease in industrial trans-fat content in 
the food supply.

Cholesterol, a nonessential dietary lipid, plays 
a key role in cell membrane fluidity and is a pre-
cursor for steroid hormone, bile acid, and vitamin 
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D biosynthesis. The recognized role of dietary 
cholesterol in the pathogenesis of cardiovascular 
disease has varied over time, in part because of 
the complexity in separating the independent 
effects of cholesterol from the effects of other 
dietary fats and carbohydrates.65,66 Adhering to 
the saturated fat guidelines and maintaining a 
healthy diet that emphasizes fruits, vegetables, 
whole grains, low-fat or fat-free dairy products, 
lean proteins, nuts, seeds, and vegetable oils will 
result in dietary cholesterol intakes below levels 
thought to increase the risk of cardiovascular 
disease.66

All cells except for erythrocytes and cells in 
the central nervous system can oxidize long-chain 
fatty acids liberated from dietary triglycerides 
for energy. Adequate intake levels for total fat 
are set for infants (0 to 12 months old), but there 
is no RDA or adequate intake recommended for 
older persons. The Acceptable Macronutrient Dis-
tribution Range for fat is 20 to 40% of energy 
intake across life stages (Table 1).41,67

Dietary Guidelines for Americans, 2020–2025, rec-
ommends that less than 10% of daily calorie 
intake come from saturated fat, beginning at 2 

years of age.67 Less than one fourth of people in 
the United States reported consuming less than 
the recommended 10% of calories as saturated 
fat in the 2015–2018 period.46 In the period from 
2017 until March 2020, persons who were 20 
years of age or older had a mean saturated fat 
intake of 12%27 and a total dietary fat intake of 
38%, which exceeds the 35% upper threshold of 
the Acceptable Macronutrient Distribution Range 
in this age group (Table 2). These high saturated 
and total dietary fat levels in the typical U.S. 
adult diet could be lowered by adopting healthy 
dietary patterns such as those recommended by 
the Department of Agriculture and the Depart-
ment of Health and Human Services, which have 
less saturated fat (8%) and total dietary fat (32%) 
and greater amounts of n−6 and n−3 polyun-
saturated fatty acids (Table 2).69 Saturated fat 
should be replaced with polyunsaturated or 
monounsaturated fat, not refined carbohydrates 
and sugars, as part of an effort to maintain 
healthy food patterns.70 Replacing frying with 
steaming or boiling when cooking, trimming 
visible fat from meat, eating reduced-fat dairy 
foods and lean meats, and reducing consumption 

Table 2. Energy and Macronutrient Contents of the Typical U.S. Diet and Healthy USDA Food Patterns.

Energy or Macronutrient
Typical U.S. Diet, 

2017–2020* USDA Healthy Food Patterns†

U.S. Style Mediterranean Vegetarian

Calories — kcal 2144 2003 1998 1999

Protein — g (%) 81.0 (15.5) 91 (17.9) 89 (17.4) 71 (13.8)

Carbohydrate — g (%) 244 (46.6) 256 (50.3) 259 (50.8) 274 (53.3)

Total fat — g (%) 88.2 (37.9) 72 (31.8) 72 (31.8) 75 (32.8)

Fatty acids — g (%)

Saturated 28.6 (12.3) 18.7 (8.3) 18.0 (7.9) 18.6 (8.1)

Monounsaturated 30.1 (12.9) 26.2 (11.6) 26.0 (11.5) 26.9 (11.8)

Polyunsaturated‡ 20.7 (8.9) 22.5 (9.9) 22.6 (10.0) 24.5 (10.7)

Linoleic acid, 18:2, n−6 18.31 (7.9) 19.6 (8.7) 19.5 (8.6) 21.9 (9.6)

α-Linolenic acid, 18:3, n−3 1.93 (0.8) 2.3 (1.0) 2.3 (1.0) 2.6 (1.1)

Total dietary fiber (g) 16.6 31 31 35

*  Values are mean nutrient intakes from food and beverages consumed per person, 20 years of age or older, during the 
prepandemic period from 2017 until March 2020.27,28 Data represent 24-hour recall, collected by trained observers. 
Percentages of dietary energy intake were calculated by summing calories from protein, carbohydrate, and fat; alcohol 
intake in the typical U.S. diet (10.6 g) was not included.68

†  Data for healthy food patterns, designed to meet the nutritional needs of children (≥9 years of age) and adults, are 
adapted from the Department of Agriculture, 2015.69

‡  Acceptable Macronutrient Distribution Ranges for n−6 and n−3 polyunsaturated fatty acids are 5–10% and 0.6–1.2% of 
dietary energy intake, respectively.
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of desserts and sweet snacks can also lower 
saturated fat intake.71

Although there is broad support for limiting 
saturated fat intake, discussions continue regard-
ing the nature of specific dietary sources of satu-
rated fats that vary in chemical properties and 
possible atherogenic effects.72,57 The cardiometa-
bolic effects of saturated fatty acids are moder-
ated to some extent by the chemical interactions 
between the nutrient and nonnutrient compo-
nents of a given food, the so-called food ma-
trix.58,59 High intakes of saturated fatty acids 
from cheese, for example, may have less of a low-
density lipoprotein-cholesterol raising effect than 
similar amounts of saturated fatty acids from 
butter.59,60 Questions surrounding food sources 
of saturated fat and their relationship to cardio-
vascular disease risk are under examination by 
the Dietary Guidelines for Americans, 2025–2030 
Advisory Committee.73

Carbohydrates

The human diet includes two main forms of di-
gestible carbohydrate, sugars and starches, both 
of which are macronutrients that function to 
provide cellular energy. Sugars, mostly sucrose, 
are naturally present in fruits, whereas lactose, a 
disaccharide, is found in dairy products. Starch-
es are polysaccharides produced by all green 
plants, and common dietary sources include 
potatoes, rice, corn, and wheat.74 Sugars that are 
added to foods during processing include sugar, 
dextrose, brown sugar, high-fructose corn syrup, 
cane syrup, and honey.67 A high intake of added 
sugars is associated with excess energy, low-
quality diets, weight gain, and obesity.75,76

Under normal conditions, erythrocytes and, 
to a lesser extent, neurons in the human brain 
rely solely on glucose as an energy source.13 The 
requirements for carbohydrates across life stag-
es, beginning at the age of 1 year, were derived 
from the average minimum brain oxidation of 
glucose (Table 1). The Acceptable Macronutrient 
Distribution Range for carbohydrates is 45 to 
65% of energy for all persons 1 year of age and 
older. The Dietary Guidelines for Americans, 2020–
2025, recommends avoiding added sugars before 
the age of 2 years and limiting added sugar to 
less than 10% of calorie intake per day starting 
at 2 years of age.67 In the period from 2013 
through 2016, the mean consumption of added 

sugars by Americans 1 year of age or older was 
266 kcal per day, or 13% of dietary energy in-
take. The guidance level of 10% was exceeded by 
more than 70% of children and adolescents 5 to 
18 years of age. Among adults, more than 50% 
exceeded the recommendation. Sugar-sweetened 
beverages, not including coffee and tea with 
added sugar, account for almost one fourth of 
added sugars in the diet of Americans 2 years of 
age or older.46

Fibers are naturally occurring, edible, nondi-
gestible components of plant carbohydrates and 
lignin, an organic polymer that is abundant in 
plant cell walls. The term functional fiber refers 
to isolated, extracted, or synthetic, nondigestible 
carbohydrates with proven beneficial health ef-
fects.41 Total fiber intake represents the sum of 
dietary and functional fiber intake. Higher in-
takes of total dietary fiber are associated with 
laxation and improved glycemic control.77 Ran-
domized trials have shown that the highest fiber 
intakes are associated with lower body weight, 
serum cholesterol levels, and systolic blood pres-
sure, and observational studies have shown that 
persons with high fiber intakes have a 15 to 30% 
decrease in the incidence of some common non-
communicable diseases and associated mortali-
ty.77,78 The gut microbiota produces short-chain 
fatty acids from dietary fiber through anaerobic 
fermentation in the colon, a beneficial metabolic 
process in the context of diseases such as type 2 
diabetes.62 Whole grains, fruits, and vegetables 
are nutrient-dense sources of dietary fiber and 
provide other essential micronutrients.

Life-stage guidelines for dietary fiber begin-
ning at the age of 1 year account for the protec-
tive effects of fiber on the risk of cardiovascu-
lar disease (Table 1). The mean consumption of 
dietary fiber by Americans 20 years of age or 
older was 17 g per day in the 2017–2020 period 
(Table 2), about half that recommended on the 
basis of the adequate intake level (Table 1)41 and 
much lower than the optimum intake of 25 to 
29 g per day, which is associated with risk re-
ductions for a range of health outcomes.78 Among 
Americans 1 year of age or older, 94% do not 
meet the adequate intake levels for dietary fiber 
at their life stage.46

Early nutrition guidelines focused on total 
carbohydrates in the diet and their classification 
into simple and complex forms, a taxonomy now 
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being reconsidered. Increasing evidence supports 
the observation that foods containing natural 
sugars and added sugars have different meta-
bolic effects, with added sugars associated with 
the risk of several noncommunicable diseas-
es.78,79 The quality of carbohydrate sources is re-
lated to the type of carbohydrate, its digestibility, 
and the amount of fiber. The quantity and qual-
ity of dietary carbohydrates are now recognized 
as independent determinants of diseases such as 
type 2 diabetes.80

From M acronu tr ien t s t o 
He a lth y Fo od Pat ter ns

Varying energy requirements and variable needs 
for the three main macronutrients and multiple 
micronutrients, across 10 life stage groups, and 
for special populations such as pregnant or lac-
tating persons contribute to the complexity of 
recommending healthy dietary patterns to pa-
tients with widely varying financial resources, 
personal preferences, cultural backgrounds, and 

Table 3. Recommendations for Patients and Caregivers on Healthy Eating Patterns Consistent with Energy and 
Macronutrient Guidelines.

Establish calorie requirements.

Calorie intake levels based on the patient’s sex, age, weight, height, physical activity level, and pregnancy or lactation 
status can be estimated with an online calculator (https://www . nal . usda . gov/  human - nutrition - and - food - safety/   
dri - calculator).

Modifications may be needed for patients with underlying health conditions. The calculator also gives intake recommen-
dations for other macronutrients, total fiber, fatty acids, cholesterol, and water.

Choose healthy food patterns.

The overarching nutritional goal is for people to enjoy eating foods that maintain their health across all life stages and 
minimize the risks of chronic diseases.

Healthy food intake patterns consistent with macronutrient Dietary Reference Intakes should be recommended for 
patients >1 year of age.

The core elements of healthy food patterns include vegetables of all types, fruits (especially whole fruits), grains (at 
least half of which are whole grains), dairy (e.g., fat-free or low-fat milk, yogurt, and cheese), protein foods (e.g., lean 
meats and eggs, seafood, beans, and nuts), and oils (e.g., plant and seafood oils).62

Healthy food intake patterns associated with relatively low all-cause mortality are also low in red and processed meat, 
high-fat dairy, and refined carbohydrates or sweets.81

•Examples of healthy meal patterns are available from the USDA (https://www . fns . usda . gov/  usda - food - patterns). 
MyPlate, published by the USDA, presents a useful visualization for initiating discussions with patients that  
includes the five food groups (fruits, vegetables, grains, proteins foods, and dairy), along with healthy recipes 
and their energy and macronutrient content (https://www . myplate . gov).

•The Acceptable Macronutrient Distribution Ranges for adults are 10 to 35%, 20 to 35%, and 45 to 65% of calories 
for protein, fat, and carbohydrate, respectively. Available evidence is limited or insufficient with regard to disease 
prevention effects of dietary carbohydrate levels below the Acceptable Macronutrient Distribution Range.46

•The Healthy Eating Index assesses a diet’s overall quality, independent of quantity, by aligning with the Dietary 
Guidelines for Americans, 2020–2025,67 and includes two sections, one for infants and toddlers (birth to 23 
months of age), and one for persons 2 years of age or older.82

•The Dietary Guidelines for Americans, 2020–2025, addressed the question of alcoholic beverages as part of healthy 
food patterns.67 Alcoholic beverages can contribute to total daily calorie intake (ethanol is 7 kcal/g). The dietary 
guidelines state that drinking less is better for health than drinking more, adults of legal drinking age can choose 
to drink in moderation by limiting intake to 2 drinks or less in a day for men and 1 drink or less in a day for women, 
and some adults should not drink alcohol, such as women who are pregnant.62

Focus on these key points.

Meet macronutrient needs with nutrient-dense foods and beverages that provide health-promoting components that 
have no or little added sugars and saturated fat.

Keep saturated fat intake at <10% of total calorie intake starting at 2 years of age.
Keep added sugar intake at <10% of total calorie intake starting at 2 years of age and avoid foods and beverages with 

added sugars for children who are <2 years of age.
Maintain healthy fiber and water intakes according to the Dietary Reference Intakes.
Use Nutrition Facts labels to monitor calorie and macronutrient contents of purchased foods66,73,83,84; calories and mac-

ronutrients (protein, total carbohydrate, total fat), trans fat, saturated fat, cholesterol, dietary fiber, and added 
sugars per serving and per container can be used to choose foods and to compare ingredients across products; 
labels also include % Daily Values based on reference intakes set for specific groups related to the product’s in-
tended market.
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ethnic food traditions. Key energy and macronu-
trient recommendations in the context of healthy 
food patterns are summarized in Table 3. Dietary 
Guidelines for Americans, 2020–2025, is an excellent 
source of expanded nutritional recommenda-
tions according to life stage, from birth to older 
adulthood.67 Patients with diet-related chronic 
conditions such as obesity, cardiovascular dis-
ease, or type 2 diabetes can specifically benefit 
from these guidelines to reduce symptoms and 
coexisting conditions. Consultation with a regis-
tered dietitian or nutritionist should be consid-
ered for patients with complex nutritional re-
quirements.

Conclusions

The amount and pattern of foods people eat are 
major determinants of growth and health main-
tenance throughout life. Macronutrients fuel and 
sustain these processes. Recognizing their subtle 
effects is important for providing effective care for 
all patients and, notably, the increasing number of 
patients with diseases that have nutritional compo-
nents as key contributors to their pathophysiology.

Disclosure forms provided by the authors are available with 
the full text of this article at NEJM.org.

We thank Melanie Peterson and Jennifer Weber for their as-
sistance in preparing an earlier version of the manuscript.
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