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During the 20th century, there were intermittent periods of
interest in the role of energy restriction on the development of
cancer in various model systems and in human populations
(1). Since the mid-1980s there has been a sustained resurgence
of interest in this topic, which recently has intensified, in part
due to the availability of new tools to study the mechanisms
underlying the beneficial effects of energy restriction (2).
Currently, there is a general ‘‘lumping’’ of protocols designed
to investigate energy restriction with little consideration of
whether differences that reflect varying patterns of energy
regulation in humans exist among these protocols. We propose
that differences do exist and that they are largely unrecog-
nized. This article is not intended to be exhaustive, but rather
to focus attention on three different patterns observed in body
weight regulation in response to energy restriction and to
propose how each pattern translates to the study of cancer risk
in human populations.

Perception vs. reality

This commentary was conceived in part on the basis of the
authors’ participation in numerous discussions that were gen-
erally critical of the potential translational value of studies of
energy restriction in animal models to humans. Many such
discussions ended with the question of what effects periods of
undernutrition and/or starvation during wars and/or famines
have been shown to have on cancer rates in human popula-
tions. Although the results of two such studies were reported
recently (3,4), conversations such as these underscored an
important perception among many investigators, i.e., that
energy restriction studies are investigations of starvation. Al-
though it is indeed possible to study the effects of starvation,
the reality is that starvation is not being studied in most energy
restriction work conducted using experimental models. In fact,
in the mid-1980s, a series of papers were published that un-
derscored this perspective (5–9). In those papers, the point was
made that animals given a reduced number of calories in
energy restriction studies were actually the ‘‘real control
group’’ and that animals allowed to consume food ad libitum
represented the experimental group that was ‘‘abnormal’’ by
virtue of the fact that they were actually overfed.

Definitions

Many terms are used to identify experiments in which the
effects of energy restriction have been studied (Table 1). They
include: energy restriction, caloric or calorie restriction, diet
restriction, dietary energy restriction, total dietary restriction,
food restriction, fasting, starvation and underfeeding. Table 2
provides a list of experimental design factors that vary among
energy restriction protocols. Of these, the most fundamental
difference in methodology that distinguishes among the pro-
tocols represented by these terms is whether restriction is
achieved by feeding a reduced amount of food without any
adjustment in the nutrient density of the diets, or the nutrient
density of dietary formulations is altered to permit investiga-
tion of the effects of energy restriction per se, without covaria-
tion in the amounts of nutrients and other dietary factors that
are ingested. In our judgment, the former approach is best
referred to as total dietary restriction, whereas the latter ap-
proach more accurately describes energy (calorie) restriction.
The remaining discussion will be limited to energy restriction.
Although similar models can be proposed for total dietary
restriction, it is less clear if results are due to the restriction of
energy per se or to other nutrients and dietary factors.

Models of energy restriction

A key point made in this commentary is that attention
must be directed to the patterns of body weight change that
are induced by various restricted feeding protocols and how
these patterns compare with patterns of weight regulation
observed in human populations. The following discussion op-
erationally defines three models of energy restriction and the
human state that each pattern models.

Model I. Weight gain prevention. Strong evidence is
emerging that individuals who experience �5 kg of adult
weight gain and maintain a body mass index � 25 kg/m2, have
a lower risk for cancer at several major sites (10). We propose
that this situation is modeled in energy restriction experiments
in which the pattern of body weight gain is like that shown in
Figure 1. A key point illustrated by these growth curves is that
weight loss is not an obligatory component of energy restric-
tion, i.e., it is possible to maintain animals in an energy-
restricted state while sustaining positive energy balance. It
should be noted that this pattern of weight change has been
reported in the literature to be induced by energy restriction,
and its induction is associated with protection against exper-
imentally induced cancer (11–16).
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Model II. Weight loss followed by maintenance of re-
duced body weight. An interesting question emerging
from studies in human populations is whether risk for can-
cer is affected by the process of weight loss per se or if
reduced cancer risk is attributed to maintenance of a lower
weight, especially if weight loss results in weight mainte-
nance below a body mass index of 25 kg/m2 and an adult
weight gain of �5 kg (10). This pattern of weight regula-
tion, i.e., weight loss followed by maintenance of a lower
body weight, is shown in Figure 2, and it is characteristic of
changes in body weight reported by many investigators
studying the effects of energy restriction in laboratory mod-
els (17–23). However, to our knowledge no one has de-
signed an experiment that takes advantage of this profile of
weight change to address specifically the question of the
effects of the weight loss component of the experiment vs.
the weight maintenance component of the experiment.
Nevertheless, this point is potentially of considerable im-
portance.

Model III. Cyclic periods of dieting. For large numbers of
individuals, the pattern of adult weight regulation can best
be characterized as cyclic, i.e., repetitive periods of weight
gain followed by periods of weight loss, frequently with an
overall pattern of increase in body weight over time. This
pattern of weight regulation is shown in Figure 3. Labora-
tory experiments, although few in number, have been re-
ported in which the effects of weight cycling on carcino-
genesis have been studied (24 –30). In general, intermittent
periods of energy restriction do not inhibit carcinogenesis,
and some reports have suggested that weight cycling may be
associated with a modest acceleration of the carcinogenic
response (25,30). From our perspective, more discussion of

the basic model and the manner in which experiments are
designed is required, but it is clear that such work is central
to human health and illustrates that much remains to be
learned about patterns of energy restriction, particularly
those that may not be associated with protection against
carcinogenesis.

In summary, although the perception may be that exper-
imental protocols in which the effects of energy restriction
are studied are relatively uniform, there are both blatant
and subtle differences among these protocols. These differ-
ences can be used to advantage because they appear to
model various approaches to and patterns of adult weight
regulation in human populations. It is hoped that this
discussion will create an awareness among investigators in
this field of these differences and the many research oppor-
tunities that they engender. Moreover, it is hoped that this
commentary will dispel the perception that studies of en-
ergy restriction are models for starvation with little rele-
vance to common states in human populations.

FIGURE 1 A model for weight gain prevention. Animals can be fed
a wide range of a restricted amount of energy (ER) yet continue to gain
weight, albeit at a rate that is slower than animals that consume food ad
libitum. Examples of this model can be found in references (11–16); this
figure was adapted from (11).

FIGURE 2 A model for weight loss followed by maintenance of
reduced body weight. Animals respond to energy restriction first by
losing weight, and then by maintaining a weight that is lower than
observed in their control counterparts that consumed food ad libitum.
Examples of this model can be found in references (17–23); this figure
was adapted from (19).

TABLE 2

Experimental design factors that vary among
energy restriction protocols

• Nutrient density of diets
• Use of an adaptation period to transition from ad libitum

consumption to restricted feeding
• Use of meal feeding protocol: timing and duration of meals
• Age of onset of restriction
• Length of time restricted diets are fed
• Timing of restriction during the carcinogenic process

TABLE 1

Terms commonly used to identify restriction protocols

Energy restriction1 Total dietary restriction2

Calorie restriction Dietary restriction
Caloric restriction Food restriction
Dietary energy restriction Fasting
Energy restriction Starvation

Total dietary restriction
Underfeeding

1 The nutrient density of dietary formulations is altered to permit
investigation of the effects of energy restriction per se, without covaria-
tion in the amounts of nutrients and other dietary factors that are
ingested.

2 Restriction is achieved by feeding a reduced amount of food
without any adjustment in the nutrient density of the diets.
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FIGURE 3 A model for cyclic periods of dieting. Animals can be
subjected to intermittent periods of energy restriction (fasting) with
cyclic patterns of weight loss and weight gain. Examples of this model
can be found in references (24–30); this figure was adapted from (24).
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