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A biobehavioral model of activity-based anorexia is examined in terms of recent 
evidence. Strenuous exercise reduces the value of food reinforcement and results 
in decreased food intake. Reduction of food intake increases the motivational value 
of physical exercise. This produces an escalation in activity that further suppresses 
appetite. Cultural practices of diet and exercise initiate this anorexic cycle, and 
once started the process is resistant to change. These anorexias may be the result 
of natural selection favoring those organisms that became active in times of food 
scarcity. Proximate physiological mechanism(s) appear to involve the endogenous 
opiate system that mediates the relationshp between running and eating. It is ar- 
gued that classification of human self-starvation should be based on environmental 
andlor biological conditions that control food regulation. Activity anorexia may be 
one instance of such a classification that could account for many instances of "an- 
orexia nervosa. " 

Our research has convinced us that a significant number of human anorexias 
are the result of biobehavioral processes triggered by cultural practices of diet 
and exercise. These processes involve the interrelation of deprivation and food 
schedule on physical activity and activity on food consumption (Epling, Pierce, 
& Stefan, 1983). From this perspective, such relationships are central to an 
understanding of many instances of human self-starvation. 

Briefly stated, cultural requirements for health and thinness affect eating pat- 
terns and encouarge physical exercise. Strenous exercise (e.g. , running) works 
to suppress appetite. This decrease in the value of food reinforcenment (Pierce, 
Epling, & Boer, 1986) results in a decline of food intake and body weight. As 
body weight declines, the motivational value of activity increases, and this 
leads to an escalation in physical exercise that further reduces the value of 
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eating. Once initiated this cycle is "self-maintaining" and resistant to change. 
Contemporary cognitive theories of anorexia nervosa have recognized that 

cultural practices are important to an understanding of the disorder (Garner & 
Garfinkel, 1978). From this perspective, an individual develops a prototypic 
image of the ideal person based on cultural standards. Television, magazines 
and other sources have frequently conveyed stereotypes of the "perfect" body. 
A person who has internalized these standards may become anorexic if these 
social cognitions are activated by situational and/or personal factors. Although 
the social-cognitive model offers an explanation of the tendency to diet and 
exercise in Western culture, it does not recognize the fundamental interrela- 
tions among food intake, physical activity, and body weight. This omission is 
critical because clinical reports indicate that 38-75% of anorexia nervosa pa- 
tients are hyperactive (Crisp, Hsu, Harding, & Hartshorne, 1980; King, 1963; 
Kron, Katz, Gorzynski, & Weiner, 1978). Thus, a significant number of human 
anorexias may be activity induced. 

EVIDENCE FOR ACTIVITY-BASED ANOREXIA 

In the laboratory, the process of activity anorexia begins when rats are fed a 
single daily meal and given the opportunity to run on an activity wheel. These 
animals show increasing amounts of wheel running over days. As running 
increases, a suppression of eating occurs that is associated with a decline in 
body weight. The loss of weight further increases wheel running to excessive 
levels, and food intake may drop to less than 1 gram per day. If this process is 
allowed to continue the animals die of "self-starvation" (Routennberg, 1968; 
Routtenberg & Kuzenof, 1967). Importantly, control animals exposed to the 
same apparatus and food schedule, but not allowed to run, survive. This process 
of activity anorexia extends to other species (Epling, Pierce, & Stefan, 1981; 
Vincent & Pare, 1976), and Epling et al. (1983) have argued that it may account 
for some human self-starvation. 

Activity and Anorexia 

The importance of excessive activity to the onset of anorexia has been estab- 
lished by two facts; (1) food-deprived animals (fed a single-daily meal of 90 
minutes or more) that do not run always survive, and (2) food-deprived ani- 
mals that run excessively always die of starvation. A second line of evidence 
has demonstrated that variation in opportunity to run affects level of activity 
and the chances that anorexia will develop (Epling & Pierce, 1984). As the 
opportunity to run was varied from 2 to 22 hours the incidence of "strong" 
anorexias (or severe self-starvation) increased. 

Excessive activity has been frequently noted by researchers of anorexia ner- 
vosa (Blitzer, Rollins, & Blackwell, 1961; Crisp, 1965; Halmi, 1974; King, 1963; 
Kron et al., 1978; Slade, 1973; Thoma, 1967). These investigators often view 
high rates of physical activity as one of several ways that the anorexic reduced 
calories and weight. Based on this view, excessive activity is only a "secondary 
symptom" of the disorder. 

In constrast to this view, Kron and his colleagues (1978) conducted a retro- 
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spective study of hospitalized anorexics and concluded that hyperactivity is a 
”central” feature of anorexia nervosa. This conclusion is further supported by 
recent evidence on the temporal sequence of ”symptoms” of patients with an- 
orexia nervosa. Beumont, Booth, Abraham, Griffiths, and Turner (1983) asked 
25 anorexics to identify their symptoms and the order of occurrence. Of the 28 
reported symptoms, only “manipulating food servings” and ”increased sport 
activity” were present in all patients. Generally, the ordering of the symptoms 
indicated that behaviors involving dieting and food restriction occur early in 
the sequence. These changes in food allocation were followed by increased 
sport activity and “exercising alone.” It is apparent that many patients with 
”anorexia nervosa” develop the disorder in a manner that is similar to the 
development of activity anorexia in other species. 

Activity and Food Intake 

There is evidence that both human and nonhuman subjects reduce food in- 
take when activity becomes excessive. Correlational studies with humans have 
shown that exercise is related to decreases in calorie intake (Edholm, Fletcher, 
Widdowson, & McCance, 1955; Epstein, Masek, & Marshall, 1978; Johnson, 
Mastropaolo, & Warton, 1972; Mayer, Roy, & Mitra, 1956; Watt, Wiley, & 
Fletcher, 1976). Experimental research with nonhuman subjects has demon- 
strated a causal relationshp between activity and eating. Several investigations 
have shown that free-feeding sedentary rats reduced food intake as a function 
of spontaneous or forced exercise (Ahrens, Bishop, & Berdanier, 1972; Katch, 
Martin, & Martin, 1979; Levitsky, 1974). 

This reduction in food consumption appears to be temporary when activity 
is moderate and stable. Tokuyama, Saito, and Okuda (1982) showed that food 
reduction by rats would recover after 5-10 days of running-wheel activity. In 
their study, an initial drop in food consumption was followed by an increase 
that exceeded baseline food intake (also see Meyer, Marshall, Vitale, Christen- 
sen, Masayeki, & Stare, 1954). Epling and Pierce (1984) suggested that rate of 
change in daily amount of activity is necessary for food reduction. Sedentary 
animals (e.g., confined to home cage) will reduce intake if they run at some 
minimal rate (i.e., revolutions/day). Food reduction will continue only if the 
number of revolutions per day continues to exponentially increase. If activity 
stabilizes or increases linearly, food intake eventually compensates for in- 
creased energy expenditure. 

Research by Kanarek and Collier (1979, 1983) suggest that activity affects 
duration rather than initiation of eating. In one study (Kanarek & Collier, 1979) 
rats were required to run on a wheel in order to obtain access to a meal. As 
the running requirement was increased to 640 revolutions, number of meals 
per day decreased, but the animal ”compensated” by increasing the amount 
eaten per meal. However, at a higher wheel-running requirement (2560 revo- 
lutions) animals ate less frequently but did not increase the amount consumed. 
Higher levels of activity appeared to affect the termination of eating (i.e., sa- 
tiety) since animals initiated eating at each opportunity but did not eat long 
enough to maintain body weight. 

Although satiation effects are highlighted by Kanarek and Collier (1979), 
they report that sometimes the animals failed to take a meal even though they 
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had completed the wheel-running requirement. This observation suggests that 
the “desire for food” may be altered by physical activity. Recent evidence by 
Pierce et al. (1986) adds support to this contention. In this study, rats pressed 
a bar to obtain food pellets. The number of bar presses per pellet was system- 
atically increased until the animal gave up pressing. This “giving-up” point 
was used to index the reinforcing effectiveness of food. The reinforcing effec- 
tiveness of food was measured after wheel running or after a sedentary per- 
iood of time. Prior exercise, either voluntary or forced, reduced the reinforcing 
effectiveness of food. 

Excessive physical activity apparently reduces food consumption in humans 
and other animals. This reduction of intake depends on several factors. Severe 
reduction of food intake occurs when activity exponentially increases over 
days. Importantly, suppression of eating is a temporary effect if the level of 
activity does not change over time (i.e., adaptation). For example, most long 
distance runners maintain a constant weekly milage and eat at levels that may 
exceed their sedentary baseline. However, when exercise is increasing against 
prior levels of exertion, suppression of food intake will continue. The seden- 
tary person who begins a running program or the athlete who increases train- 
ing may experience a ”loss of appetite.” This loss of appetite may be related to 
satiation effects during eating and to a decline in the reinforcing effectiveness 
of food. 

Food Intake and Activity 

The relationship between activity and food consumption appears to be recip- 
rocal. Human studies suggest that increased body weight and food consump- 
tion are associated with inactivity (Bloom & Eidex, 1967; Mayer, 1965). 
Additionally, increased mobility and arousal have been described for starving 
populations exposed to economic hardship (Howard, 1839), malnourished Ger- 
man school children during Word War I (Blanton, 1919), and starving people 
in post-World War I1 Germany (Russell Davis, 1951). Of course, when starva- 
tion becomes extreme, activity decreases. The survivors of Bensen concentra- 
tion camp were close to death and very inactive when liberated (Lipscomb, 
1945). This same immobility was described for the slow starvation of men in 
prisoner-of-war camps (Leyton, 1956). Apparently, during the early stages of 
food restriction, physical activity increases, but as starvation continues it even- 
tually declines. Although these human reports are interesting, the evidence is 
anecdotal and circumstantial. Stronger evidence for the effects of food con- 
sumption on activity can be found in the nonhuman literature on diet and 
activity. 

There is experimental evidence that food deprivation affects level of wheel 
running in rats. Many studies have shown that depriving rats of food increases 
wheel running (Cornish & Mrosovsky, 1965; Finger, 1951; 1965; Hall & Han- 
ford, 1954; Reid & Finger, 1955). Apparently, food restriction alone is sufficient 
to induce some level of activity. 

Although activity increases with hours of food deprivation, there may also 
be an effect of meal schedule. When rats are fed once per day, activity is or- 
ganized around the feeding period (Honma, Goetz, & Aschoff, 1983; Reid & 
Finger, 1955; Richter, 1922; Searle & Brown, 1938; Shirley, 1928; Woods, 1969). 
In addition researchers have noted excessive wheel running by rats when the 
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number of meals is changed from free-feeding (i.e., 12-16 eating bouts) to one 
meal per day (Routtenberg, 1968; Routtenberg & Kuznesof, 1967; Spear & Hill, 
1962). Thus, the pattern and level of activity is related to food allocation. 

There are, however, limitations to the generality of this statement. Although 
a single daily meal may increase activity, more frequent presentations of food 
prevent the development of excessive wheel running. In a study by Kanarek 
and Collier (1983), rats were fed (1) ad libitum, (2) a single 60-minute meal, (3) 
two 30-minute meals, or (4) four 15-minute eating opportunities. In terms of 
numer of wheel revolutions per day, the most running occurred for the one 
meal per day group. For these animals, substantial increases in running were 
observed over days. Two 30-minute feeding bouts also increased activity, but 
the rate of increase was far less than the observed for the single-meal subjects. 
Animals exposed to four 15-minute feeding bouts showed no increase in wheel 
running and were similar to the ad libitum group. 

In addition to meal pattern, dietary properties of the meal may contribute to 
changes in physical activity. Evidence suggests that the carbohydrate-to-pro- 
tein ratio of the diet is important. Experiments have shown that rats will in- 
crease wheel running as the relative amount of carbohydrate is increased 
(Baumeister, Harkins, & Cromwell, 1964; Chiel & Wurtman, 1981; Collier & 
Squibb, 1967; Reed, 1947). A report by Richter (1977) on appetite and sugar (a 
simple carbohydrate) suggests that high levels of carbohydrate may generate 
excessive wheel running (up to 40,000 revolutions per day). This effect oc- 
curred when rats were fed only dextrose and water. Thus, the absolute amount 
of carbohydrate in the diet may be as important as the carbohydrate-to-protein 
ratio. 

Generally, physical activity increases or decreases with changes in body 
weight. For example, as body weight declines, people and other species be- 
come more active. In addition to variation in body weight, the evidence 
suggests that the meal schedule may have independent effects on level of ac- 
tivity. In rats, a single-daily meal of 1-2 hours duration generates substantial 
increases in wheel running. The importance of a ”single daily meal” for in- 
duced activity in humans has not been demonstrated. However, animal re- 
search implies that human meal schedules play some role in generating 
excessive activity. 

THE BIOLOGICAL BASIS OF ACTIVITY ANOREXIA 

A theory of activity anorexia must explain the tendency to exercise under 
conditions of food restriction and the interrelation between exercise and eating. 
In addition, the theory must show how this kind of self-starvation generalizes 
to humans. Our interpretation rests on the assumption that activity anorexia 
depends on basic biological processes (Epling et al., 1983). 

Evolutionary Basis 

An evolutionary account of the interrelation between eating and running 
points to the survival value of such behavior. During times of food scarcity, 
organisms can either stay and conserve energy (e.g., hibernate) or become mo- 
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bile and travel to another location (e.g., migration). The particular strategy 
adopted by a species depends on natural selection. Thus, if travel leads to 
reinstatement of food supply and remaining leads to starvation, then those 
animals that travelled would reproduce and increase the likelihood of this be- 
havior in the population. Many species increase locomotor activity in times of 
food shortage (Vincent & Pare, 1976), and this appears to extend to Homo sa- 
piens. 

The fact that increasing energy expenditure (e.g., by running) is accompa- 
nied by decreasing caloric intake violates common sense. From a homeostatic 
perspective, food intake and energy expenditure should be positively related. 
In fact, this is the case if an animal is given time to adjust to the new level of 
activity and food is not restricted (Tokuyama, Saito, & Okuda, 1982). However, 
during periods of food scarcity, travel should not stop when food is infre- 
quently contacted, since stopping to eat may be negatively balanced against 
getting to a richer-food patch. Increasing contact with food would indicate a 
replenished supply, and travel should reduce or stop at this time. This as- 
sumption has tentative support since wheel running by anorexic animals is 
reduced when meal frequency is increased, but the total time of access to food 
is held constant (Kanarek & Collier, 1983). In humans, sociocultural facors (see 
below) can produce and maintain conditions of food depletion even though 
food is readily available (e.g., dieting to lose weight). Thus, anorexics may not 
experience increased contact with food, activity continues to spiral upward, 
and food consumption remains low or declines. 

An evolutionary analysis provides a useful heuristic for behavioral research 
on activity anorexia. However, the explanation is based on "ultimate" causa- 
tion, and the phylogenetic history if only indirectly inferred. Another kind of 
biological explanation is based on "proximate" causation involving specific 
physiological mechanisms. 

Physiological Basis 

Pierce et al. (1986) have shown that food deprivation increases the reinforc- 
ing effectiveness of running and that running decreases the reinforcing effec- 
tiveness of food. These behavioral observations suggest that some 
physiological mechanism(s) links the motivational value of eating and running. 
Recent evidence points to the role of endogenous opiates as mediators of the 
relationship between running and eating. One hypothesis is that excessive 
physical activity activates one or more endogenous opioids that reduce appe- 
tite. In support of this conjecture, Davis, Lamb, Yim, and Malven (1985) found 
that exercise-trained rats ate less following injection with an endogenous 
opioid stimulus (2-deoxy-~-glucose). Additionally, Sanger and McCarthy (1980) 
have shown that food-deprived animals eat less when injected with morphine. 
This suggests that exercise-induced opiate release would decrease eating under 
conditions of food deprivation. 

Research with humans also supports an opioid hypothesis. Appenzeller, 
Standefer, Appenzeller, and Atkinson (1980) found elevated endorphin levels 
in endurance runners that lasted 2 hours following a marathon. Farrell, Gates, 
Maksud, Morgan, and Tseng (1981) showed that intense exercise in humans 
was related to increases in plasma beta-endorphin. Elevated opiate levels have 
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also been measured in diagnosed anorexics (Kaye, Pickar, Naber, & Ebert, 
1982). Nakai, Kinoshita, Koh, Tsujii, and Tsukada (1987) reported that 2-deoxy- 
D-glucose increased judgements of hunger in normal-weight subjects but de- 
creased these ratings in anorexics. This effect is in accord with animal research 
(see above). Finally, naloxone, an opioid antagonist, results in weight gain by 
anorexics (Moore, Mills, & Forster, 1981). This suggests an opiate suppression 
of eating induced by the intense exercise reported for these patients (Beaumont 
et al., 1983). Although the effects of running on eating may be mediated by 
endogenous opiates, no mechanism has been identified to explain the effects 
of food deprivation on physical activity. 

There are interesting links between endogenous opiates, exercise, and men- 
strual problems that suggest the possibility of a human activity anorexia me- 
diated by the opioid system. A prominent feature of anorexia nervosa in 
women is the cessation or delay of menstruation (Brown, 1983; Garfinkel & 
Garner, 1982). Similar menstrual problems have been reported for women ath- 
letes (Dale, Gerlach, & Wilhile, 1979; Feicht, Johnson, Martin, & Wagner, 1978; 
Frisch, Gotz-Welbergen, McArthur, Albright, Witschi, Bullen, Birnholtz, Reed, 
& Hermann, 1981; Speroff & Redwine, 1980). Physiological mechanisms con- 
trolling menstrual cycle are well known and involve endocrine changes arising 
from the “hypothalamic-pituitary-gonadal axis.” Research has shown that 
strenuous exercise may reduce pulsatile-luteinizing hormone (LH) that contrib- 
utes to the regulation of menstrual cycle and ovulation (Cumming, Vickovic, 
Wall, Fluker, & Belcastro, 1985; Cumming, Vickovic, Wall & Fluker, 1985). Im- 
portantly, increases in endogenous opiates appear to reduce LH levels (Robert, 
Quickley, & Yen, 1981). 

In summary, exercise increases endorphin levels. Increased level of endor- 
phin appears to decrease appetite when food is restricted. Anorexia-nervosa 
patients, and women athletes, show elevated opiate levels. Both women ath- 
letes and anorexics have a high incidence of menstrual problems. Elevated op- 
iate levels reduce LH and this hormone is associated with the control of 
menstrual cycle. Thus, women who are diagnosed as having “anorexia ner- 
vosa” on the basis of reduced eating and menstrual problems may actually be 
exhibiting a form of activity-based anorexia. 

EXTERNAL VALIDITY, CULTURE, AND 
CONTINGENCIES OF REINFORCEMENT 

The most convincing evidence for activity-based anorexia comes from labo- 
ratory research with animals. In the laboratory situation, the experimenter con- 
trols food allocation and access to activity. In contrast, humans seem to ”self- 
regulate’’ food intake and exercise. Given this difference, there is some reason 
to question the generality of the animal model. Recently, Mrosovsky (1984) 
commented on our animal model of self-starvation and stated that “since the 
experimenter, not the rat, imposes the l-h feeding regimen, the term self-star- 
vation is silly. To the extent that the phenomenon has a human counterpart, 
the patient herself adopts the role of the experimenter in setting the eating 
patterns. The animal analogy offers no insight into why she does this (p. 26). 

The animal model describes a basic biobehavioral process that may extend to 
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humans. The model does not, and cannot, depict the complex sociocultural 
conditions that predispose some individuals to contact the basic process. There 
is, however, reasonable evidence that socioculture factors set the conditions 
that predispose some individuals to diet and exercise (Gamer, Garfinkel, & 
Olmstead, 1983). The person who is subjected to strong ”social pressure” to 
diet does not “willfully” restrict food intake. In both rats and humans, food 
restriction is imposed. Based on this observation, if ”self-starvation” is an in- 
appropriate description of the animal’s behavior, it is also an inappropriate 
label for the human phenomenon. Also, the patient is not the “experimenter”; 
rather, social contingencies of reinforcement encourage and maintain dieting 
to lose weight (Bachrach, Erwin, & Mohr, 1965; Hallsten, 1965). In this sense, 
the diet and exercise culture is the ”experimenter.” 

This viewpoint suggests that choosing to diet or exercise is determined by 
biological and environmental conditions. The social environment consists of 
the practices of other people and is a major determinant of human behavior. 
What a person eats or drinks, how and when the person exercises, what ”in- 
ner” feelings are reported, how persons describe themselves, and what kinds 
of personal relationships are formed all depend in part on contingencies of 
reinforcement set by the group. Such behavior becomes ”appropriate” to the 
community when specific responses are socially reinforced while others are 
punished or ignored (e.g., extinction). 

People learn many things from the social environment both by direct expe- 
rience and by observation (Bandura, 1977). Those who share common demo- 
graphic and social attributes often have similar learning experiences (Ullman 
and Krasner, 1975). However, some experiences and social models in a per- 
son’s life are unique. One person may learn to eat in moderation, another 
individual may learn to eat to excess. In Western culture, the mass media con- 
veys values of thinness and physical fitness (Bruch, 1978; Kurman, 1978; 
Wooley & Wooley, 1980). There is, however, considerable variability in the 
degree of acceptance of these values. Such variation relates to differential ex- 
posure to “the message,” subcultural membership, community and family 
characteristics, and differences in social expectations by age and sex (Schwartz, 
Thompson, & Johnson, 1983). 

CONCLUSION 

Anorexia nervosa is a diagnostic category that is based upon the medical 
disease model of abnormal behavior. From this perspective, the anorexic’s be- 
havior is symptomatic of an underlying personality disturbance or distorted 
cognitive schemata. In contrast, the biobehavioral perspective adopted here 
suggests that classification of anorexias should be based on the environmental 
or biological conditions that control food regulation. Activity anorexia may be 
viewed as one type of self-starvation that may occur in humans. 

There are other kinds of anorexias. Mrosovsky and Sherry (1980) described 
“animal anorexias” in several species that occur when biologically significant 
activities (molting, defense of territory, incubating eggs, etc.) interfere with 
obtaining and eating food. Although these natural anorexias may not extend 
to humans, there may be other types that do. At the very least, researchers 
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should consider the possibility that human self-starvation may not be a unitary 
disorder. Severe food restriction can be the result of diverse biobehavioral pro- 
cesses. 
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anorexia has been supported by a grant from Alberta Mental Health Research Council, 
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