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Variations in energy intake: it is more complicated than we think
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Weight gain and the resulting obesity is fundamentally the
consequence of chronic energy imbalance, with energy intake
exceeding energy expenditure, which then leads to excessive
energy (fat) storage. Since the rise of the obesity epidemic, de-
cades of research effort have gone into understanding the bio-
logical, cognitive, psychosocial, behavioral, and environmental
factors that drive food intake and energy expenditure. What
went wrong that made us more prone to store energy? Are
we eating more, exercising less, or do our bodies just tend to
hold on to body fat? Although a lot of work has been done
on what contributes physiologically and psychologically to
the 2 sides of the energy balance equation (energy in and energy
out), it is less clear how these 2 sides work with each other to
modulate energy homeostasis. The article by McNeil et al. (1) in
this issue of the Journal is a secondary analysis that uses com-
piled data from 7 studies with a comprehensive set of objective
measures of energy requirement, energy intake, appetite sensa-
tions, and eating behavior traits. In individuals who are weight
stable and presumably in (or close to) energy balance, the au-
thors showed that resting metabolic rate (RMR) and fat-free
mass (FFM) are the major determinants of energy intake. Ap-
petite and eating behavior ratings were only associated with
daily, but not acute (single-meal), energy intake, with fasting
prospective food consumption ratings accounting for approxi-
mately one-third of the remaining variance in daily energy in-
take that is unexplained by basal metabolic needs. This study
uses one of the largest data sets in the field to elucidate the
relation between energy intake and expenditure and provides
new quantitative insights into the interactions between biolog-
ical and behavioral variables that affect how much we eat.

A key finding of this study—that RMR and FFM are the stron-
gest determinants of energy intake—largely confirms the positive
correlation between RMR and FFM and energy intake reported
elsewhere (2, 3). Such a relation is not surprising given that the
first law of thermodynamics predicts that all energy input will be
spent in physiologic processes under conditions of energy bal-
ance (i.e., energy in ¼ energy out). Our studies and others have
consistently shown that RMR and FFM, when considered inde-
pendently, both account for ;70% of sedentary 24-h energy ex-
penditure in weight-stable individuals, irrespective of metabolic
phenotype (4). The almost interchangeable role of RMR and FFM
in energy expenditure is likely to reflect the energy requirement of

metabolically active components of the human body, including
muscle tissues and the vital organs (heart, liver, gastrointestinal
tract, and brain). These data argue for feeding behaviors being
at least partly driven by the physiologic demand of energy to
maintain metabolic mass. Another key component of the en-
ergy balance equation that was not addressed in the article by
McNeil et al. (1) is activity-related energy expenditure (AREE),
which accounts for 15–50% of total daily energy expenditure
depending on the level of physical activity (5). From an energy
equilibrium perspective, we could easily see AREE together
with RMR as the key biological drivers for perceived need for
food. Being the most variable component of energy expenditure,
we hypothesize that AREE is a key factor that probably contrib-
utes to fasting prospective food-consumption ratings, which the
authors identified as a major determinant of variations in energy
intake.

The notion of food intake as a function of energy require-
ment was proposed as early as the 1950s (6), but surprisingly,
there is very little biological evidence of causality between energy
expenditure (requirement) and intake, let alone evidence of the
underlying molecular mechanisms. It is tempting to hypothe-
size that a signal or signals from metabolically active tissues
regulate feeding behavior, just as leptin inhibits food intake
(white adipose tissue deposition increases leptin secretion,
which negatively affects appetite signaling pathways to reduce
energy intake) (7). The search for such “energy-demanding”
signals, however, is no easy task. Skeletal muscle, heart, liver,
brain, and kidney are the major organs that contribute to RMR
(8) and each of them may produce different signals that are
most likely to converge in a downstream signaling pathway to
exert collective effects on food intake driven by biological
needs. Identifying such molecular events may be critical for
understanding metabolic adaptation, a largely unresolved phe-
nomenon of energy expenditure dissociated from metabolic
mass during dynamic weight changes in response to caloric
restriction or overfeeding.
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Finally, the amount of food that we choose to eat is undoubtedly
not as simple as fulfilling our energy requirement. Cognitive, psy-
chosocial, and emotional factors, even the gut microbiota, have all
been implicated in appetite regulation. There are also current hy-
potheses that depict a role of diet composition, or quality of diet, to
affect food intake, irrespective of energy requirement (9, 10). With
obesity still being perceived by many as a problem of “overeat-
ing,” understanding how and why energy intakes differ across
individuals is fundamentally important. For this we need to dis-
tinguish “true variations” from “measurement errors.” From the
good-old food diary and questionnaire to image-assisted dietary
assessment and fMRI, we are moving toward more objective (and
presumably more accurate and precise) measures of energy intake
and eating behaviors. We are now able to take more reliable en-
ergy intake measurements in the laboratory setting, but acquir-
ing high-quality data under free-living conditions remains a huge
challenge. The use of a combination of doubly labeled water and
precise measures of body composition [known as the intake-
balance method (11)] is perhaps the most accurate and precise
way to measure long-term energy intake, but this method is tech-
nically demanding and details of specific food consumption
(e.g., composition and meal times) are not captured. In an ideal
world, we need novel methods that are easy to use, that cause
minimal interference with everyday life, and at the same time
provide a wide array of accurate and precise real-time measure-
ments of food intake. We are still in need of developing a device,
almost like a “collar around the neck,” that would precisely count
the ingested calories from protein, carbohydrate, and fat.
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