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Introduction
It is widely accepted that America is in the midst of an obesity pandemic (1,2). Substantial
research is directed toward both understanding how and why this has occurred and toward
identifying effective ways to prevent and treat obesity. Permanent behavior change is required
for any change in body weight, but the extent of behavior change needed varies with the desired
outcome. The term “energy gap” was coined to estimate the change in energy intake and energy
expenditure behaviors required to achieve different body weight outcomes in individuals and
populations (3). Since the original article about the energy gap, the term has become widely
used (and misused) by researchers interested in both prevention of weight gain and treatment
of obesity (3-14). It has been argued that the energy gap fails to consider that energy stores
continue to increase with weight gain so that there is a cumulative energy gap that builds over
time between obese and non-obese individuals so that small changes in eating and physical
activity would be insufficient to reverse the obesity pandemic (13,14). The purpose of this
commentary is to more precisely clarify the concept of the energy gap (or energy gaps) and
discuss how the concept can be properly used as a tool to help understand and address obesity.

How did the obesity pandemic develop?
The concept for an energy gap arose subsequent to research to better understand how the high
prevalence of obesity might have arisen in the U.S. Longitudinal (CARDIA study) data and
cross-sectional (NHANES) data sets that covered a period of about 8 years were analyzed to
determine the distribution of weight gain over time (3). Results showed that most people were
gaining weight gradually over time, with the average American adult gaining 0.5-1 kg/year.
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The population distribution for rate of accumulation of excess body energy was assessed by
assuming that one pound of added body weight represents an extra 3500 kcal of body energy.
Figure 1 shows the distributions for weight change (top) and excess energy accumulation
(bottom) in the U.S. adult population over 8 years. Most of the U.S. population is gradually
gaining weight and the difference between energy intake and energy expenditure that produces
the observed population rate of weight gain is small on a daily basis. It is not certain that people
experience positive energy balance every day; however, it does appear that the relatively
modest .5-1 kg median yearly weight gain can be explained by a relatively small average daily
positive energy imbalance.

Eating an extra 100 kcal/day over current energy needs today will not lead to continuous weight
gain. This is because weight gain is accompanied by increased energy requirements (14) which
will eventually offset the increased energy intake, leading to a new steady state of energy
balance. Eating an extra 100 kcal/day would lead to a small amount of weight gain and
reestablishment of energy balance at this new, slightly higher, body weight. The higher energy
requirement, in turn, likely leads to increased energy intake and thus may create a “ratchet”
effect where people gain weight because of a small, acute energy imbalance, reach a new steady
state of energy balance at the higher weight for a period of time, and then experience additional
positive energy balance and more weight gain (see Figure 2).

The rate of weight gain and energy accumulation has now been estimated for many different
adult populations, and found to be small in all instances (see Table 1). This suggests that gradual
weight gain, subsequent to a small, consistent degree of positive energy balance is a reasonable
hypothesis for how the obesity pandemic has emerged globally.

Research investigations have also begun to provide insight into the way that obesity develops
in children and adolescents. It appears that children and adolescents are growing at an excessive
rate and it is possible to estimate the degree of positive energy balance that is responsible for
the excessive rate of weight gain. Only a few studies have been conducted in these populations
and the estimated energy gap producing weight gain ranges from 22 to 165 kcal/day (10-12).

The persistent population-wide weight gain phenomenon suggests that achieving energy
balance and weight stability is not the norm and most people continue to consume slightly
more energy than they expend, even as their energy requirements increase following weight
gain. While some people within populations are gaining weight at a very high rate and may be
consuming hundreds of calories per day above energy needs, the published data are most
consistent with lesser degrees of positive energy balance for most of the population.

The concept of the energy gap
The term “energy gap” was coined to estimate the degree of change in the energy balance point
(the absolute energy intake and expenditure at which balance is reached) required for success
in body weight goals. The two primary strategies that are especially relevant to the energy gap,
in concept, are prevention of excessive weight gain and maintenance of weight loss (Figure
3).

The energy gap for weight gain prevention is the amount of change in the energy balance point
needed to prevent further weight gain, regardless of current body weight or body mass index
(BMI), at any given point in time. The energy gap for weight gain prevention in the U.S. adult
population was estimated as double the daily energy accumulation, taking into consideration
that excess energy is not stored with 100% efficiency. This is most likely a conservative
estimate (15). The median energy gap in the U.S. for prevention of weight gain would be 30
kcal/day (2 × 15 kcal/day) and the energy gap for the 90th percentile of weight gain would be
100 kcal/day (2 × 50 kcal/day) (3). An estimated 100 kcal/day change in the population energy
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balance point (produced by any combination of decreases in energy intake and increases in
energy expenditure) could theoretically prevent weight gain (not restore normal weight) in
90% of the U.S. adult population.

The energy gap for prevention of weight gain can be calculated for any population where weight
gain over time is known. Further, it can be calculated for different subgroups within those
populations. The energy gap associated with rate of weight gain is shown for various adult
populations around the world in Table 1. In every case, the energy gap in other countries where
data are available is lower than in the U.S. These data suggest that small changes in behavior
that lead to small changes in the energy balance point could be sufficient to avoid additional
weight gain for individuals and populations.

The energy gap for weight loss maintenance
The energy gap for weight loss maintenance was defined as the amount of change in the energy
balance point needed to maintain a specific amount of weight loss (16). Because energy
requirements decrease proportionally with a decrease in body mass, energy requirements are
lower after weight loss than before. The energy gap for weight loss maintenance is a tool that
provides an estimate of how much energy requirements change with weight loss, which in turn,
provides an estimate of how much energy balance must be changed to maintain the new, lower
body weight. This can, for example, provide an estimate of how much behavior change is
required to maintain a given amount of weight loss.

The energy gap for weight loss maintenance can be calculated or measured. It can be calculated
using any of several regression equations linking energy requirements with body weight (14,
17,18). Using this method, the change in energy requirements for any amount of change in
weight could be estimated. This provides an indication of how much the energy balance point
must change to maintain a weight loss. Using such regression equations, it has been pointed
out that the energy gap required to go from a very obese state to a non-obese state is extremely
large (13,14).

One interesting question is whether treatment of obesity could be achieved by simply reversing
the amount of positive energy balance that caused weight gain or whether, as suggested by
some human (19,20) and rodent (21,22) studies, the obese state produces metabolic alterations
that serve to protect the obese state. If this is the case, then estimates of the energy gap from
regression equations could underestimate the true energy gap. Whole room calorimetry has
been used to measure energy expenditure before and after weight loss and have developed
prediction equations for estimating the energy gap (unpublished results). The way the studies
were done accounted for changes in energy expenditure due to resting metabolism, energy
expenditure of physical activity and the thermic effect of food. These formulas would predict
an energy gap of 190-200 kcal/day for a 100 kg person losing 10% of body weight and an
energy gap of 280-300 kcal/day for this same person losing 15% of body weight (Figure 4).
The energy gap for weight loss maintenance can provide an estimate of how much behavior
change is required to maintain a given amount of weight loss. This analysis indicates that in
order to create and maintain significant body weight loss (i.e. obesity treatment) large
behavioral changes are needed. This is in stark contrast to primary obesity prevention in which
small behavioral changes can eliminate the small energy imbalance that occurs before the body
has gained significant weight. Because the body has not previously stored this “new” excess
energy, it does not defend against the behavioral strategies as happens when the body loses
weight.
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Using the energy gap to guide strategies to address obesity
The energy gap for weight loss maintenance can be a useful tool to help with obesity treatment.
A great deal of effort is devoted to developing better interventions to treat obesity. With the
exception of bariatric surgery, there has not been a great deal of success in helping people
maintain significant weight losses. Many people can achieve significant weight losses with our
current interventions, but very little of this weight loss seems to be maintained by most people
over the long-term (23,24). The energy gap can help estimate the degree of behavior change
that must be maintained to keep a given amount of weight off for any individual. For example,
if the energy gap for a given weight loss maintenance is estimated to be 300 kcal/day, this can
lead to a specific goal for changing diet and physical activity rather than generic advice to eat
less and exercise more. This could be 300 kcal/day of additional physical activity, a reduction
of 300 kcal/day from usual energy intake or a combination of tactics such as adding 150 kcal/
day of physical activity and reducing 150 kcal/day from usual energy intake. In this case, the
energy gap is a useful tool to individualize behavioral strategies for weight loss maintenance.

It is important to note that the energy gap for weight loss maintenance compares the changes
needed to go from one steady state (the obese state) to another (maintenance of weight at a
reduced level). Weight loss can be successfully achieved slowly by imposing a small degree
of negative energy balance or more quickly by imposing a larger degree of negative energy
balance. While achieving weight loss can be accomplished in most individuals, our challenge
is in maintaining changes in diet and physical activity over the long-term to keep the weight
off. We are not very successful in doing this for weight losses of 10% or greater.

Large vs small behavior changes to address obesity
Figure 5 shows estimates of the energy gaps for prevention of weight gain and for maintenance
of 10 and 15% weight loss. Obviously it would be desirable to produce and maintain large
changes in diet and physical activity in order to treat existing obesity and efforts should continue
to develop better ways to accomplish this. But, what is achievable with current effirts to sustain
behavior change should further be explored. Not all efforts should be devoted to obesity
treatment when it may be possible, using a small changes approach, to prevent further weight
gain in those already overweight or obese and to prevent millions of people from becoming
overweight or obese.

Small behavior changes
The relatively small energy gap for preventing weight gain suggests that significant success in
addressing obesity could be achieved with small behavioral changes, but effective approaches
to produce and sustain these changes are still needed. There is accumulating evidence that small
behavior changes, on the order of 100 kcal/day or less can be achieved and sustained by many
people. For example, Bravata et al. reviewed studies using pedometers to increase physical
activity (25). Providing pedometers and step goals was associated with an increase of about
2500 steps/day which roughly translates into 100 kcal/day. Similarly, small changes in energy
intake appear to be achievable (26,27). Finally, it has been demonstrated that the small behavior
change approach could be used to reduce excessive weight gain in overweight and obese
children when provided with a small changes program aimed at families (28,29).

It has been previously argued that a small changes approach could be one effective tool in
addressing obesity prevention (3,30). Small behavior changes are insufficient to maintain
substantial weight loss but could prevent additional weight gain in adults regardless of BMI,
and could prevent excessive weight gain in children. At a minimum, this strategy could help
stabilize obesity rates and prevent the pandemic from worsening. Over long periods of time,
this prevention of weight gain strategy could actually reduce obesity prevalence. For example,
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if everyone stopped gaining excess weight today, within one generation the obesity problem
could be significantly reduced as today's children would not become any more obese and the
next generation of children would not gain excess weight at all. Given the extent and adverse
health consequences of the expanding pandemic, it would seem the most effective ways to
reduce the population prevalence of obesity is to pursue both prevention and treatment
simultaneously. Finally, the small change approach could, in fact, be a means of achieving
larger behavior changes. It may be possible, for example, to achieve more sustained increases
in diet and physical activity by starting with helping people make small behavior changes and
gradually adding more and more such changes increasing in cumulative impact. This strategy
deserves additional evaluation.

What would it take to improve obesity treatment?
If it was true that, with the exception of bariatric surgery, current strategies are not sufficient
to produce and sustain the changes in energy balance required to restore normal weight in the
population, it would be important to ask what it would take to improve obesity treatment.
Obesity has been described as a mismatch between human physiology and the environment in
which we live (31). Better treatment of obesity may require modifying human physiology,
modifying the environment in which we live, or both.

A better understanding of how obesity affects human physiology could lead to more effective
ways to modify human physiology through pharmacological therapy. For example, animal
models have identified several physiological and metabolic factors in the reduced-obese state
that appear to predispose the animal toward weight regain (21,22). If such mechanisms also
exist in humans, they could be either a cause or a consequence of obesity. Nonetheless, these
provide potential targets for pharmacological interventions that might lessen the drive toward
weight regain following weight loss. Current medications appear to add only modestly to
weight loss produced by behavioral strategies (32). This suggests that there is yet to be an
effective approach towards translating current knowledge of human physiology into strategies
to permanently alter body weight.

Another way to increase the effectiveness of behavioral strategies is to modify the food and
physical activity environments. Over the past decade, much has been written about how the
environment in which we live encourages overeating and discourages physical activity (33,
34). It may be possible to change the environment to one that encourages less overeating and
more physical activity. While many ways of doing this have been suggested, we have not yet
demonstrated any large scale success with this approach. Part of the problem may be that as a
species, the construction of food and physical activity environments occurred to provide the
things most desired such as easy accessibility to low cost, good tasting food and a life that does
not require high levels of physical exertion (3,30,31,33,34). It does not seem surprising that
people have found it difficult to drastically modify the food and physical activity environments
in their communities as such changes may be fighting innate biological drives for eating and
inactivity.

The small change approach can also be applied to environmental modification (30). In order
to produce and maintain the amount of behavior change required to treat obesity, large
environmental changes are likely needed as well. Small environmental changes may be more
feasible and could have important effects over time. Further, these changes could potentially
be produced without the need for conscious behavior change. For example, based on work of
Barbara Rolls and colleagues (35), we suggested that a small change in the energy density of
packaged foods (done by the food industry) could produce a reduction in energy intake in the
population on the order of 50-100 kcal/day. Such a small change would likely be undetectable
by consumers. Altering the energy density of packaged foods to produce sufficient decreases
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in energy intake to treat obesity would require a much larger change. It is likely that such large
changes would be detectable, and possibly not acceptable, by consumers. A similar argument
can be applied to portion sizes. It may be much more acceptable to reduce portion sizes
gradually over time (and without conscious efforts by consumers) than all at once. Such a
strategy could be very helpful for prevention of weight gain but may not be sufficient for obesity
treatment.

Should we focus on changing food intake or physical activity?
Unfortunately, there is still some debate about whether modifying food intake or physical
activity is more critical for addressing obesity. Swinburn et al. recently suggested that the
obesity epidemic in the U.S population can be explained entirely by increases in food intake
(14). This analysis fails to appreciate that much of the increase in food intake in the population
may be subsequent to weight gain, which, in turn, may be subsequent to reductions in physical
activity that have occurred over decades as our current modern lifestyle was evolving during
the 20th century. Further, there are data to suggest that appetite regulation (matching energy
intake to energy expenditure) is less precise under conditions of low physical activity (36). If
true, the probability of excess energy consumption could be increased below some minimal
level of physical activity, consistent with a greater risk of overweight and obesity in sedentary
individuals. Low levels of physical activity are permissive and may in fact be necessary for
food intake to drive obesity. Under conditions in which sedentary behavior is the norm, weight
gain would appear to be driven entirely by food intake. Part of the reason that some suggest
that declining levels of physical activity are not causal is because activity has not dropped
dramatically (based on existing measurement capabilities) in the past few decades when obesity
was expanding rapidly. Physical activity levels are already much lower than they were at the
beginning of the 20th century and most people are engaged in much more sedentary occupations
and lifestyles. It would seem implausible that physical activity could drop much further from
current levels, making it appear that food intake is solely responsible for expanding waistlines.
Finally, high levels of physical activity appear to be the strongest predictor of success in long-
term weight loss maintenance (37,38). A focus on food intake or physical activity alone is not
useful and fails to adequately appreciate the complex interplay between energy intake and
energy expenditure both for controlling appetite and the temporal displacement between when
physical activity levels declined as lifestyles changed and the later expansion in the availability
of inexpensive, convenient food (3,30,31,33,34). Both food intake and physical activity patterns
have changed over the past century in ways that promote obesity, and it will be necessary to
alter both behaviors if we have a chance of reversing the pandemic.

Summary
The global obesity pandemic has arisen from small imbalances in energy intake and
expenditure that have accumulated over time. For primary obesity prevention, the energy gap
in the U.S. is less than 100 kcal/day for 90% of the population, meaning that relatively small
changes in energy intake and expenditure adding up to 100 kcal/day could arrest excess weight
gain in most people. Preventing further weight gain in the population could substantially reduce
the prevalence of obesity within one generation. The energy gap is even smaller in other
countries that have made similar analyses.

The energy gap for weight reduction and maintenance (i.e., obesity treatment) is much larger
than 100 kcal/day owing to the increased energy demands of maintaining a larger body. Thus,
the magnitude of behavioral changes required to restore the current population to normal weight
is much larger than that required to prevent further weight gain. At this point in time, efforts
to create and sustain such large changes in behavior, either at the individual or population level,
have been unsuccessful.
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Focusing solely on trying to address the large energy gap associated with obesity treatment
seems unsatisfactory and unhelpful as it both overlooks the tangible progress that could be
made against preventing primary weight gain and it seems tantamount to suggesting that
attempts to deal with obesity should only be initiated once it is established. The notion that the
obesity pandemic is exclusively due to increased food intake is also not helpful in finding a
solution. While it is certainly easier to find a villain to blame for increased food intake (the
food industry) than it is to assign ownership for sedentariness (e.g., progress, technology), it
ignores the evidence that increased levels of physical activity are essential for effectively
balancing energy intake and expenditure at a healthy weight.

In order to restore conditions under which human physiology evolved and developed
mechanisms for balancing energy intake and expenditure, it will require both finding effective
ways to assure a reasonable level of daily physical activity AND reducing energy intake. At
this time, small changes in both intake and expenditure may be sufficient to prevent further
population weight gain and support energy balance at a healthy weight. It will take a concerted
effort by both public and private interests to accomplish even this goal. Restoring normal body
weights among those already obese would likely require more dramatic intervention including
pharmacological and surgical treatment. A small changes approach must be included in public
health strategies and in public policies to address obesity.
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Figure 1.
This figure shows the distribution of weight gain (top) and estimate energy accumulation
(bottom) over 8 years in the U.S. adult population. Reprinted with permission from reference
#3.
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Figure 2.
Continued weight gain in the population have occurred in a “ratchet” fashion where periods
of slight positive energy balance are followed achieving a new steady-state of energy balance,
followed by other periods of slight positive energy balance.
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Figure 3.
The energy gap for prevention of weight gain is the change in energy balance required to
prevent further weight gain while the energy gap for weight loss maintenance is the change in
energy balance required to permanently maintain a lower body weight.
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Figure 4.
This figure shows our estimates of how much change in energy balance would be required for
a 100 kg person to maintain a 10 and a 15% weight loss. Modified with permission from
reference #33.
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Figure 5.
The energy gap for prevention of weight gain is compared to the energy gaps for maintaining
a 10 and 15% weight loss.
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Table 1
The rate of energy accumulation and the estimated
energy gap for prevention of weight gain in different
populations

Population Energy Accumulation (kcal/day) Energy Gap (kcal/day)

U.S. Adults (3) 15; 50 for 90th percentile 30; 100 for 90th percentile

Australian Women (4) 10.5 21

Chinese Adults (5) 22.5 45

Adult Pima Indians (6) 30.6 61.2

Scottish Adults (7) 11.5
23

23 for 42.2% of
population;
46 for 17% of population

Swedish Adults (8) 4.1
6.2

8.2 for men
12.4 for women

Chilean Women (9)
aged 40-53 years

16.8 33.6
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