Calories measure energy, and energy itself does not come in nutritionally “good” and
“bad” varieties. The distinction belongs to the food supplying that energy and to what
the food does within our overall diet. A calorie from a sweetened drink represents the
same quantity of energy as a calorie from beans, but the drink and the beans bring very
different materials into the body. Beans provide protein, fiber, and various vitamins and
minerals; the drink may provide mostly water and sugar. Their effects on fullness,
digestion, and nutrient intake can differ substantially. We therefore need to keep two
questions in view: how much energy does this food supply, and what else does it
supply? The calorie number answers the first question. Understanding nourishment
requires us to continue beyond it. FDA

A calorie is a unit of measurement, much as an inch measures length. In nutrition, the
“Calorie” printed on a food label is technically a kilocalorie, equal to one thousand small
calories used in some scientific contexts. One dietary Calorie is approximately the
energy needed to raise the temperature of one kilogram of water by one degree Celsius.
That definition comes from the study of heat, but food energy is stored chemically within
the molecules we eat. Through controlled reactions, the body transfers some of that
energy into forms cells can use to perform work, while some becomes heat. Calories are
therefore neither an ingredient nor a substance that can be removed independently from
every other component of a food. They describe an energy quantity associated with the
food’s composition. A label saying “200 Calories” is providing a measurement, not a
complete judgment about the product. PMC

Most food energy comes from three macronutrients: carbohydrates, proteins, and fats.
“Macronutrient” means a nutrient needed in relatively large amounts. Digestible
carbohydrate supplies approximately four calories per gram, protein supplies
approximately four, and fat supplies approximately nine. Alcohol provides about seven
calories per gram, although it is not an essential nutrient. These values help explain why
a small amount of oil contains considerable energy and why a larger portion of a
water-rich food may contain less. Consider a hypothetical food with twenty grams of
digestible carbohydrate, ten grams of protein, and five grams of fat. Its approximate
energy content would be eighty calories from carbohydrate, forty from protein, and
forty-five from fat, totaling 165. Actual labels may differ slightly because of rounding,
specific calculation methods, fiber, and other ingredients. The arithmetic is useful, but
the numbers are estimates grounded in how humans obtain energy from food. National

Agricultural Library

Those nutrients also perform different jobs. Protein supplies amino acids, the building
blocks used to make and maintain tissues, enzymes, and many other components of the
body. Fats help form cell membranes, supply essential fatty acids, and support the
absorption of certain vitamins. Carbohydrate provides a readily usable fuel, and
carbohydrate-containing foods can also supply fiber and numerous micronutrients.
Micronutrients are vitamins and minerals needed in smaller amounts, such as iron,
calcium, and vitamin C. They do not provide calories themselves, but they are necessary
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for normal function. A diet can therefore supply enough energy while failing to supply
enough essential nutrients. The reverse is also possible: someone can choose foods rich
in vitamins and minerals but consume too little overall energy to support their needs.
Adequate nourishment requires both sufficient fuel and the materials needed to build,
regulate, and maintain the body. The Nutrition Source

This helps clarify the phrase “empty calories.” The calories are not empty of energy; the
expression usually describes foods or drinks that supply substantial energy with
relatively few beneficial nutrients. The phrase can become misleading if it encourages us
to divide every food into a moral category. A dessert can provide pleasure and fit within a
nutritious eating pattern, while relying on desserts for a large share of daily nourishment
may crowd out foods that supply what the body needs. Similarly, a food does not become
a complete meal simply because it contains added vitamins. Its protein, fiber, fats,
portion, and place within the larger diet still deserve attention. Nutritional quality is better
understood through what a food contributes and how often we rely on it than through a
judgment about the person eating it. One choice is part of a pattern, and patterns reveal
much more than isolated bites.

Energy density and nutrient density describe two different qualities that are often
confused. Energy density means the number of calories in a given weight of food.
Nutrient density concerns how much beneficial nutrition a food provides relative to its
energy content or amount. Nuts are energy-dense because they contain substantial fat,
yet they also provide useful nutrients. Vegetables with high water content generally
provide fewer calories for the same weight. Both can belong in a nourishing diet, but the
portions and purposes may differ. Someone needing additional energy may benefit from
foods that deliver it in a smaller volume. Someone who finds it easy to consume more
than they need may appreciate meals with vegetables, beans, and other filling
ingredients that provide substantial volume. “High calorie” is a description of energy,
and its significance depends on the food and the person’s needs. ars.usda.gov

The body spends that energy throughout the day, including when we are asleep. Resting
energy expenditure is the energy required to sustain functions such as circulation,
breathing, temperature regulation, and cellular activity while at rest. Physical activity
adds another component, encompassing exercise as well as walking around the house,
standing, carrying objects, and other ordinary movement. A third component is the
energy required to digest, absorb, and process food. Together, these help determine total
daily energy expenditure. This explains why the calories displayed on an exercise
machine represent only one part of a person’s energy use. We do not have to “work off”
every meal through deliberate exercise; much of its energy supports the continuing work
of being alive. The amounts vary with body size, body composition, age, activity, and
other factors, so two people can eat differently while each meets an appropriate energy
requirement. NCBI Bookshelf

Energy balance describes the relationship between energy entering the body and energy
being expended. Over time, a sustained surplus increases stored body energy, while a
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sustained deficit requires the body to draw on its stores. That principle is real, but
“calories in, calories out” becomes an incomplete explanation when it is presented as
though both sides are simple numbers under perfect conscious control. Appetite, food
availability, sleep, medications, health conditions, and the body’s responses to weight
change can influence intake or expenditure. Hormones participate in this regulation; they
do not operate outside it. We can acknowledge energy balance while also recognizing
why maintaining it may be difficult. It describes what must occur for stored energy to
change, but it does not by itself explain all the reasons a particular person becomes
hungry, moves less, gains weight, or struggles to sustain a change. NCBI Bookshelf

Even the amount of energy absorbed from food can differ from what a simple chemical
calculation predicts. The food matrix—the physical arrangement of nutrients within a
food—affects how accessible those nutrients are during digestion. USDA researchers
studied almonds in different forms, including whole nuts and almond butter, and found
that processing changed the amount of metabolizable energy available. Metabolizable
energy is the energy remaining available to the body after losses such as material
passed in stool and urine. Some fat within whole nuts can remain enclosed in plant
structures and escape complete absorption. Grinding disrupts more of those structures,
making their contents easier to access. The finding does not mean nuts have no calories
or that labels are useless. It demonstrates that the body obtains energy through
digestion, and digestion depends partly on the structure of what we eat. ars.usda.gov

Processing nutrients also requires energy, and the cost differs among them. This is
called the thermic effect of food. Protein generally has a higher thermic effect than
carbohydrate or fat because of the work involved in processing its amino acids and
handling their nitrogen. Common estimates put the thermic effect of protein around
twenty to thirty percent of its energy, compared with roughly five to ten percent for
carbohydrate and zero to three percent for fat. These are approximate research ranges,
not instructions for subtracting a fixed amount from every meal. A 2024 systematic
review and meta-analysis covering fifty-two studies found that higher-protein meals
increased certain components of energy expenditure compared with meals supplying the
same calories but less protein. Thus, equal calorie intake can involve different
processing costs. Those differences are part of energy expenditure; they do not make
energy balance disappear. PMC

Another major difference appears in appetite. Satiety means the feeling of fullness that
persists after eating, while satiation is the process that helps bring a meal to an end.
Foods can affect these experiences differently through their protein, fiber, water content,
texture, and the speed at which they are eaten. Consider two hypothetical breakfasts
containing the same number of calories: one consists primarily of a sweetened drink and
a small pastry, while the other includes eggs, fruit, and oatmeal. Their equal energy
content does not establish that they will leave the same person equally satisfied or
provide the same nutrients. Responses vary, but the larger point is straightforward: food
can influence what happens at the following meal. A calorie comparison at breakfast may
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miss a difference in hunger that affects intake over the rest of the day. Quality can
therefore influence quantity without changing what a calorie means.

A controlled experiment provides stronger evidence than that hypothetical comparison.
In a 2019 NIH study published in Cell Metabolism, twenty adults lived in a research unit
and ate an ultra-processed diet for two weeks and an unprocessed diet for two weeks, in
randomly assigned order. They could eat as much or as little as they wanted. The offered
diets were designed to match several nutritional characteristics, but participants
consumed about five hundred more calories per day during the ultra-processed period
and gained weight; they lost weight during the other period. “Ultra-processed” referred
to a research classification of industrially formulated foods, not every food that had been
cooked, frozen, or packaged. The trial was small and short, and it did not establish which
single feature caused the difference. It did show that the foods offered changed voluntary
energy intake. Telling people only to “eat fewer calories” can overlook how food
characteristics make that task easier or harder. PubMed

Carbohydrates attract particular suspicion because they affect blood glucose and
insulin. Yet carbohydrate is a broad category containing sugars, starches, and fiber,
distributed across foods as different as lentils, fruit, milk, bread, and candy. Insulin helps
regulate the use and storage of nutrients; a normal rise after eating is part of physiology.
The claim that carbohydrates or insulin automatically prevent fat loss is too simplistic. In
a 2021 NIH inpatient trial, twenty adults ate a minimally processed, plant-based low-fat
diet and a minimally processed, animal-based low-carbohydrate diet for two weeks each.
On the higher-carbohydrate diet, participants consumed about 550 to 700 fewer calories
daily despite higher glucose and insulin levels. This short experiment does not prove
that everyone should choose a low-fat diet. It demonstrates that appetite and energy
intake cannot be reliably predicted from insulin responses alone. Nature Medicine

Sugar requires the same attention to context. Sugars supply energy whether they come
from table sugar, honey, or fruit, but the foods containing them differ. Whole fruit brings
water, fiber, and other nutrients; honey is predominantly a source of sugars, even though
it has a natural origin. On the Nutrition Facts label, total sugars includes naturally
occurring and added sugars, while added sugars identifies sugars introduced during
processing or supplied as sweeteners. “No added sugar” therefore does not mean
sugar-free or calorie-free. Nor does the presence of naturally occurring sugar make an
otherwise nutritious food undesirable. The useful examination includes the whole food,
the amount consumed, and what it replaces. Choosing fruit instead of treating all sweet
foods as nutritionally equivalent preserves distinctions that the calorie number alone
cannot express. FDA

Dietary fat has its own persistent myth: because fat contains more calories per gram,
eating it must be inherently unhealthy or automatically turn it into body fat. The body’s
response is more involved. Dietary fat is necessary, and foods containing it differ in their
fatty acids and other components. Its high energy density means portions can contribute
considerable calories, but that fact does not erase the nutritional value of nuts, seeds, or
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other sources of beneficial fats. Conversely, “fat-free” on a package does not establish
that the food is low in calories; carbohydrates and protein still supply energy, and the
portion size has to be taken into condieration. A reduction in one nutrient can be
accompanied by an increase in another. Reading the whole label lets us see what
changed instead of assuming that a claim on the front describes the entire product. FDA

The popular rule that a deficit of 3,500 calories always produces exactly one pound of
weight loss also needs correction. It arose from an approximation of the energy
contained in body tissue, but it treats a changing body as though its energy
requirements remain fixed. As someone loses weight, a smaller body generally requires
less energy to maintain and move. Additional metabolic adaptations can occur, and
appetite may change as well. NIH researchers developed mathematical models showing
why weight loss does not continue in a perfectly straight line under an unchanged intake.
The rule can therefore overpredict long-term loss. Short-term scale changes introduce
another complication because water, glycogen, and digestive contents can change
without equivalent changes in body fat. A sudden increase after a meal is not a direct
measurement of fat gained, and a rapid early decrease during a diet is not necessarily all
fat lost. PMC

This does not make food labels meaningless. They are practical estimates that help us
understand portions and compare products. Begin with the serving size and the number
of servings in the package. If a hypothetical bag contains three servings of 150 calories
each, eating the bag supplies approximately 450 calories. The listed serving size
describes a reference amount based on typical consumption; it is not an individualized
instruction for how much we should eat. Then look beyond calories to protein, fiber,
saturated fat, sodium, and other nutrients relevant to the food. Comparisons are most
useful when the portions are equivalent. A smaller listed serving can make one product
appear lower in calories even when the same amount of each would be similar. A little
arithmetic helps us understand the label, while the rest of the nutrition information helps
us judge its contribution to a meal. FDA

The familiar “2,000 calories a day” statement is another reference point rather than a
universal requirement. Actual needs depend on characteristics such as body size, age,
activity, and life stage. Someone growing, training heavily, pregnant, or breastfeeding
may have different requirements from another person of the same height. Calculators
can estimate needs, but an estimate is a starting point whose usefulness depends on the
information entered and the person’s circumstances. The lowest calorie intake is not
automatically the healthiest one. Energy restriction that prevents adequate nourishment
can interfere with normal function, and food should not become something we feel
entitled to consume only after exercise. Many people can build a nutritious pattern
without counting every calorie, while others find temporary tracking informative.
Counting is a method of gathering information, not a condition of responsible eating.
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A useful way to put the science into practice is to evaluate a meal through several
questions at once. Does it supply enough energy for the demands of the day? Where are
the protein, fiber, and other nutrients coming from? Is the portion satisfying, and how
does the meal fit with what we eat regularly? A bowl containing beans, rice, vegetables,
and a source of fat can be nourishing even though its calories add up. A lower-calorie
collection of snack foods may provide less useful nutrition and leave someone looking
for more food soon afterward. We should also make room for preference, affordability,
culture, and enjoyment, because an eating pattern must function in an actual life.
Calories help us understand fuel. The full composition of food helps us understand what
that fuel arrives with, how the body handles it, and whether the pattern is meeting our
needs.



