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SUMMARY. Background. Obesity, inactivity, and being overweight
are leading causes of morbidity and mortality in the United States. The
relationship between eating, overeating, and addiction have been dis-
cussed, debated, and more recently investigated. We have hypothesized
that drugs of abuse compete with food for brain reward sites. Overeating
and obesity may act as protective factors reducing drug reward and ad-
diction.
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Methods. In the first part of this study, 374 charts of all active weight
management patients in a 12-month period were examined. Demo-
graphic information, laboratory testing, psychiatric diagnostic inter-
view, alcohol and drug history were reviewed. A detailed alcohol use,
abuse, dependence history was present in 298 charts as part of the
pre-bariatric evaluation. The relationship between BMI and alcohol use
among female patients (n = 298) was then analyzed.

Results. We found a significant (p < .05) inverse relationship between
BMI and alcohol consumption. The more obese the patient was, the less
alcohol they consumed. The percentage of women who consumed alco-
hol in the past year decreased as BMI level increased. These results con-
firmed our surgeons’ perception that it is rare to find a morbidly obese
patient excluded for bariatric surgery because of excessive alcohol con-
sumption.

Conclusions. Obese patients have lower rates of alcohol use than
found in the general population of women. As BMI increases, lower
rates of alcohol consumption are found. Overeating may compete with
alcohol for brain reward sites, making alcohol ingestion less reinforcing.
[Article copies available for a fee from The Haworth Document Delivery Ser-
vice: 1-800-HAWORTH. E-mail address: <docdelivery@haworthpress.com>
Website: <http://www.HaworthPress.com>  2004 by The Haworth Press, Inc.
All rights reserved.]
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INTRODUCTION

Obesity is a multi-factorial disease that is escalating in epidemic pro-
portions nationally and internationally.1 Recently, obesity has been
identified as the most chronic health problem in the Western world.2
According to the CDC, in 2000 nearly 39 million adults in the U.S. met
the criteria for a diagnosis of obesity, defined as having a Body Mass In-
dex score of 30 or more3 (Table 1). From 1960 to1999, there was a sig-
nificant increase in the number of overweight and obese adult Americans,
increasing from 44% to 61%.4,5 Moreover, the prevalence of obesity
during this time more than doubled from 13% to 27%.4,5

These escalating rates have made obesity and being overweight lead-
ing causes of morbidity and mortality in the United States, second only
to tobacco in the number of attributable deaths each year. The medical
complications associated with obesity are significant and vast, includ-
ing, but not limited to sleep apnea, hypertension, osteoarthritis, diabetes
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TABLE 1. Body mass index table.

Normal Overweight Obese Extreme Obesity

BMI 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54

Height
(inches) Body Weight (pounds)

58 91 96 100 105 110 115 119 124 129 134 138 143 148 153 158 162 167 172 177 181 186 191 196 201 205 210 215 220 224 229 234 239 244 248 253 258

59 94 99 104 109 114 119 124 128 133 138 143 148 153 158 163 168 173 178 183 188 193 198 203 208 212 217 222 227 232 237 242 247 252 257 262 267

60 97 102 107 112 118 123 128 133 138 143 148 153 158 163 168 174 179 184 189 194 199 204 209 215 220 225 230 235 240 245 250 255 261 266 271 276

61 100 106 111 116 122 127 132 137 143 148 153 158 164 169 174 180 185 190 195 201 206 211 217 222 227 232 238 243 248 254 259 264 269 275 280 285

62 104 109 115 120 126 131 136 142 147 153 158 164 169 175 180 186 191 196 202 207 213 218 224 229 235 240 246 251 256 262 267 273 278 284 289 295

63 107 113 118 124 130 135 141 146 152 158 163 169 175 180 186 191 197 203 208 214 220 225 231 237 242 248 254 259 265 270 278 282 287 293 299 304

64 110 116 122 128 134 140 145 151 157 163 169 174 180 186 192 197 204 209 215 221 227 232 238 244 250 256 262 267 273 279 285 291 296 302 308 314

65 114 120 126 132 138 144 150 156 162 168 174 180 186 192 198 204 210 216 222 228 234 240 246 252 258 264 270 276 282 288 294 300 306 312 318 324

66 118 124 130 136 142 148 155 161 167 173 179 186 192 198 204 210 216 223 229 235 241 247 253 260 266 272 278 284 291 297 303 309 315 322 328 334

67 121 127 134 140 146 153 159 166 172 178 185 191 198 204 211 217 223 230 236 242 249 255 261 268 274 280 287 293 299 306 312 319 325 331 338 344

68 125 131 138 144 151 158 164 171 177 184 190 197 203 210 216 223 230 236 243 249 256 262 269 276 282 289 295 302 308 315 322 328 335 341 348 354

69 128 135 142 149 155 162 169 176 182 189 196 203 209 216 223 230 236 243 250 257 263 270 277 284 291 297 304 311 318 324 331 338 345 351 358 365

70 132 139 146 153 160 167 174 181 188 195 202 209 216 222 229 236 243 250 257 264 271 278 285 292 299 306 313 320 327 334 341 348 355 362 369 376

71 136 143 150 157 165 172 179 186 193 200 208 215 222 229 236 243 250 257 265 272 279 286 293 301 308 315 322 329 338 343 351 358 365 372 379 386

72 140 147 154 162 169 177 184 191 199 206 213 221 228 235 242 250 258 265 272 279 287 294 302 309 316 324 331 338 346 353 361 368 375 383 390 397

73 144 151 159 166 174 182 189 197 204 212 219 227 235 242 250 257 265 272 280 288 295 302 310 318 325 333 340 348 355 363 371 378 386 393 401 408

74 148 155 163 171 179 186 194 202 210 218 225 233 241 249 256 264 272 280 287 295 303 311 319 326 334 342 350 358 365 373 381 389 396 404 412 420

75 152 160 168 176 184 192 200 208 216 224 232 240 248 256 264 272 279 287 295 303 311 319 327 335 343 351 359 367 375 383 391 399 407 415 423 431

76 156 164 172 180 189 197 205 213 221 230 238 246 254 263 271 279 287 295 304 312 320 328 336 344 353 361 369 377 385 394 402 410 418 428 435 443

Source: Adapted from Clinical Guidelines on the Identification, Evaluation, and Treatment of Overweight and Obesity in Adults: The Evidence Report.
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mellitus, gall bladder disease, heart disease, and other degenerative con-
ditions including certain types of cancer.6-19 Not surprisingly, the health-
care costs directly associated with obesity and these complications have
also significantly increased and are presently estimated to be $70 billion
or 9.4% of all health care costs.20

In order to comprehend this “so-called” epidemic, the relationship
between eating, overeating, and addiction has been explored. Interest-
ingly, some striking similarities have been discovered.21 These findings
suggest that eating for pleasure is distinct from eating when hungry and
that in this way, food has the potential to act as a controlling substance.
Consequently, we hypothesize that drugs of abuse can compete with
food for brain reward sites, both ultimately providing the experience of
pleasure. We have also noted that as a result of this relationship, over-
eating and obesity may act as protective factors reducing drug reward
and addictions.

METHODS

In the first part of this study, charts of all weight management pa-
tients in a 12-month period were examined. Demographic data, BMI
and substance use history were collected from 374 charts. We found se-
verely obese patients with a Body Mass Index (BMI) of 55 or more were
significantly less likely than those with a BMI of 45 or less to consume
alcohol in the past year.22 We then analyzed the relationship between
BMI and alcohol use among female patients (n = 298) referred for weight
management.

RESULTS

Mean age was 40.6 ± 11.64 years (range, 16 to 79). Mean BMI was
46.1 ± 11.8 kg/m2 (range, 27 to 107) and mean initial weight was 276.4 ±
70 pounds (range 154 to 611). Analysis was done to compare four
groups, those with BMI less than or equal to 29, those with a BMI from
30 through 39, from 40 through 49, and those with a BMI of 50 or more.
We found an inverse relationship between BMI and alcohol consump-
tion, such that the percentage of women who consumed alcohol in the
past year decreased as BMI level increased. While 62.5% of the sample
with BMI � 29 (n = 8) used alcohol in the past year, only 47.6% of
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those with BMI 30-39 (n = 84), 41.8% of those with BMI 40-49 (n =
110), and only 35.4% (n = 96) of those with BMI � 50 used alcohol in
the past year. Pearson’s correlation was �.115, p-value < .05. We con-
cluded that alcohol use was significantly decreased for severely obese
patients compared with previously collected telephone survey data
within Florida and also national prevalence data (Figure 1).

DISCUSSION

Addiction

Addiction is a chronic disease that involves both biological and envi-
ronmental variables.23 Specifically it is characterized by compulsive
self-administration without apparent regard to the consequences of con-
suming the addictive substance. The process of addiction is mediated
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through brain mechanisms underlying reward or reinforcement. Rein-
forcement itself can be accomplished through both positive and negative
mechanisms.

Addiction and the Human Brain

Recently, attempts to understand addiction and the way in which the
biological and environmental factors interact have relied heavily on im-
aging studies such as positron emission tomography (PET) and func-
tional magnetic resonance imaging (fMRI). Specifically these studies
involve examining the neurochemical and functional changes in the
brains of drug-addicted subjects.24 The most impressive findings have
shown that the reinforcing effects of frequently abused drugs are associ-
ated with large and rapid increases in dopamine.24 Moreover, during
drug withdrawal, the brain of an addict has significant deficits in dopa-
mine function associated with deficits in the prefrontal regions. Since
dopamine is additionally involved in the reinforcing effects of natural
reinforcers, it has been suggested that this fluctuation in brain dopamine
function subsequently decreases the sensitivity of natural reinforcers.
Additionally, disruption in the frontal cortical functions may transpire
which ultimately may result in disturbance in inhibitory control.

The functional imaging studies have proven that it is both drug crav-
ing and drug intoxication that cause direct dopaminergic activation of
the brain circuitry involved in the reward (nucleus accumbens) path-
way. The motivation (orbitofrontal cortex), memory (amygdala and
hippocampus), and cognitive control (prefrontal cortex and cingulated
gyrus) pathways also reveal some activation.24 Thus, the consequence
of chronic drug use is modification of multiple brain circuits in addition
to loss of inhibitory control. This is believed to be the underlying mech-
anism which makes drugs of abuse addicting substances.25,26

Animal studies indicate that neurobiological mechanisms, which are
involved in reinforcement, do in fact promote certain behaviors. Dopa-
mine D2 receptor levels mediate reinforcing responses to drugs of abuse
such that there is a decrease in the reinforcing effects of alcohol and
morphine in mice that lack dopamine D2 receptors.27,28 Moreover, the
animal studies have shown a decrease in the reinforcing effects of co-
caine in animals whose dopamine D2 receptors are blocked.

The human studies, however, are not as transparent. For example,
whereas the mice show a reduction in self-administration of alcohol
when given a dopamine agonist, humans show no effect when given
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long-acting bromocriptine, a D(2) agonist. This suggests the complex-
ity of dependence-related behaviors in humans.29

Neurobiological Theories of Etiology of Obesity

Eating for Pleasure

Like many illicit drugs, anticipation and ingestion of food causes an
increase in the extracellular level of dopamine in the nucleus accumbens,
a major target of the mesolimbic dopaminergic system.30-35 It is in this
way that eating behaviors can mimic addiction behaviors. In effect, the
brain does not seem to differentiate whether the reward is provoked by
licit or illicit drugs or extreme environmental manipulations or fasting.

There is a significant amount of research suggesting that it is this re-
inforcing dopaminergic neurotransmission that may be involved in obe-
sity. Specifically, there is a high prevalence of the Taq I A allele for the
dopamine D2 receptors in obese subjects.36 This Taq I A allele has itself
been linked with lower levels of dopamine D2 receptors.37 Thus indi-
viduals with the A1 allele may use food to elevate dopamine stimulation
and subsequently, the reinforcement desired.38 These findings suggest
that this is the likely mechanism by which low dopamine brain activity
may contribute to dysfunctional eating behaviors.

Additional research supporting this theory has been provided by pos-
itron emission tomography (PET) and [11c]raclopride, which both mea-
sure dopamine D2 receptor levels. Studies have shown that obese
subjects have significantly lower amounts of striatal dopamine D2 re-
ceptor availability than control subjects.39 Given that dopamine D2 re-
ceptors mediate reinforcing responses, these findings suggest that obesity
reflects a “reward deficiency syndrome.”40 Since dopamine has a role in
regulating food intake by modulating food reward via the meso-limbic
circuitry and nucleus accumbens, it is suspected that dopamine D2 re-
ceptors regulate compulsiveness in pathological eaters. Additional stud-
ies are needed to determine if low dopamine D2 levels are associated
with obesity due to the fact that they contribute to a higher vulnerability
for addictive behaviors or if there is another neurobiological mecha-
nism at play.

Animal studies have further demonstrated the similarities and rela-
tionship between illicit drugs and food. Carroll41 and Specker and col-
leagues42 showed that rats self administer drugs too a much greater
extent when they are food deprived.41,42 Furthermore, studies using rhe-
sus monkeys have revealed that non-drug alternative reinforcers, such
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as saccharin, reduce drug self-administration.43 These findings have
been replicated with phencyclidine (PCP)41,44-46 ethanol,47 and smoked
cocaine base.48 Human studies have noted that other non-drug reinforc-
ers, such as material items and money, work in a similar fashion and,
when available, result in a reduction in drug self-administration.49-52

PET and 2-deoxy-2[18F]fluro-D-glucose have also been used in hu-
man subjects to assess whether or not obese subjects have an enhanced
sensitivity in the brain region associated with sensory processing of
food.53 It was found that, in fact, obese subjects did have significantly
greater glucose metabolism in the postcentral gyrus of the left and right
parietal cortex.53 This is where the somatosensory maps of the mouth,
lips, and tongue are located and it is also the area in which taste percep-
tion occurs. The increased activity in these regions may explain how
food is more rewarding and thus, more salient to obese individuals.

Several laboratory animal and human studies have examined factors
that influence the choice between eating or engaging in alternative be-
haviors.54-58 These studies have shown that, like other reinforcers, eat-
ing is subject to the same factors such as the amount of work required to
obtain the reinforcer, the quantity and timing of consumption of the re-
inforcer, and the alternative activities available other than eating.54-58

The relative reinforcing value of eating food as opposed to engaging
in alternative activities can be determined by providing subjects the op-
portunity to work for access to the alternatives. The relative reinforcing
value is determined based on the amount of work done to obtain one vs.
another alternative. Overwhelmingly, the studies show that whichever
alternative the subject works harder for, the more rewarding that alter-
native is. Johnson found that obese subjects consumed more calories
and worked harder to obtain food than non-obese subjects when food
cues were visible during a food-directed reinforcement task.59 Similar
findings include that overweight adults reporting a higher reinforce-
ment value for eating on reinforcement surveys compared to adults who
were not overweight.59,60

Eating Due to Hunger

Neuropeptide Y (NPY), agouti related peptide (AgrP) and γ-amino-
butyric acid (GABA) are other neuromodulators that promote feeding
behavior. These substances, however, seem to be related to the appetitive
drive due to hunger as opposed to pleasure. Nevertheless, disturbances
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in these substances, may also play a role in the pathological eating be-
haviors that lead to obesity.

NPY stimulates food intake by activation of NPY Y1 and Y5 recep-
tors in the medial paraventricular nucleus.61 Studies show that hyper-
phagia, increased rates of body weight gain, and ultimately morbid
obesity result when there is continuous stimulation of NPY receptors.61,62

Moreover both fasting and dieting readily increased NPY synthesis in
the arcuate nucleus (ARC) and release in the paraventricular nucleus
(PVN) to sustain the appetitive drive needed for energy replenish-
ment.62,63 Interestingly, reduction in NPY availability at target sites in
the PVN and possibly in the ARC enhanced NPY Y1 receptor sensitiv-
ity resulting in hyperphagia among these rats and overt obesity.62,64

Thus, it appears that an imbalance in NPY signaling locally in the ARC
and PVN results in unregulated phagia involving distinctive molecular
sequalae.65

GABA has been shown to stimulate feeding via GABAA receptor ac-
tivation or locally in the ARC itself, which reduces anorexigenic mel-
anocortin signaling to the PVN, resulting in enhanced feeding.66

AgrP, an endogenous antagonist at melanocortin 4 (MC4) receptors,
stimulates feeding by a distinct mode of signal relay in the PVN. The
MC4 receptors mediate the tonic restraint on feeding.61,67,68

Additionally, the neuromodulators α-MSH and cocaine-and-ampheta-
mine regulating transcript (CART) are involved in promoting satiety
and inhibiting feeding, and therefore, disturbances of these also have
the potential to be involved in obesity. These peptides are released in the
PVN where they act to inhibit feeding.61,66,69 The inhibitatory effects of
α-MSH are mediated by MC4 receptors, the same receptors which nor-
mally mediate the tonic restraint on feeding. In fact, studies have shown
that mice with a null mutation for MC4 receptors develop hyperphagia
and obesity.61,66,70

It is important to note that Pirola and Lieber reported on the hyper-
metabolic effect of alcohol more than thirty years ago, however this ap-
plies only to higher consumption rates.71,72 In their study, Pirola and
Lieber found that when a group of alcoholics had fifty percent of carbo-
hydrate calories replaced with ethanol, a small but significant decrease
in body weight was noted.71 They also compared adding 2000 kcal/day
of ethanol or chocolate to the diet. The additional calories from choco-
late resulted in significant weight gain (approximately six pounds in
two week), however mean change in weight with the additional calories
from ethanol, even after 30 days, was less than half a pound.71 In a later
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paper, they describe the possible role of hepatic microsomal enzymes in
the energy wastage found in alcoholism.72

CONCLUSIONS

Obese female patients (BMI � 30) have lower rates of alcohol use
than found in the general population of women (56.4% recently re-
ported by the CDC).73 As BMI increases, lower rates of alcohol con-
sumption are found. Conversely, BMI increases during supervised
abstinence.74 Overeating may compete with alcohol for brain reward
sites and result in reduced alcohol intake and dependence rates. Drugs
of abuse may hijack existing reward pathways as suggested by Volkow
and others,24 but of these pathways, the food pathways are primary.

REFERENCES

1. Mokdad AH, Serdula MK, Dietz WH, Bowman BA, Marks JS, Koplan JP. The
spread of obesity epidemic in the United States, 1991-1998. JAMA. 1999; 282:1519-1522.

2. O’Brien PE, Dixon JB. Laparoscopic adjustable gastric banding in the treatment
of morbid obesity. Arch Surg. 2003;138(4):376-382.

3. Centers for Disease Control. Obesity Trends. Available online at http://www.
cdc.gov/nccdphp/dnpa/obesity/trend/index.htm. Accessed July 8, 2003.

4. Frank A. Futility and avoidance. Medical professionals in the treatment of obe-
sity. JAMA 1993;269:2132-2133.

5. McTigue KM, Garrett JM, Popkin BM. The natural history of the development
of obesity in a cohort of young U.S. adults between 1981 and 1998. Annals of Internal
Medicine 2002;136:857-864.

6. Allison DB, Fontaine KR, Manson JE, Stevens J, VanItallie TB. Annual deaths
attributable to obesity in the United States. JAMA. 1999;282:1530-1538.

7. Must A, Spadano J, Coakley EH, Field AE, Colditz G, Dietz WH. The disease
burden associated with overweight and obesity. JAMA. 1999;282:1523-1529.

8. Allison DB, Zannolli R, Narayan KM. The direct health care costs of obesity in
the United States. Am J Public Health. 1999;89:1194-1199.

9. Bray GA. Complications of obesity. Ann Intern Med. 1985;103:1052-1062.
10. Bray GA. Health hazards of obesity. Endocrinol Metab Clin North Am. 1996;

25:907-919.
11. Calle EE, Rodriguez C, Walker-Thurmond K, Thun MJ. Overweight, obesity,

and mortality from cancer in a prospectively studied cohort of U.S. adults. NEJM.
2003;348:1625-1638.

12. Calle EE, Thun MJ, Petrelli JM, Rodriguez C, Heath CW Jr. Body-mass index
and mortality in a prospective cohort of US adults. NEJM. 1999;341:1097-1105.

114 Eating Disorders, Overeating, and Pathological Attachment to Food

http://www


13. Manson JE, Willett WC, Stampfer MJ, et al. Body weight and mortality among
women [see “Comment” section]. NEJM. 1995;333:677-685.

14. Pi-Sunyer FX. Medical hazards of obesity. Ann Intern Med. 1993;119:655-660.
15. Quesenberry CP Jr, Caan B, Jacobson A. Obesity, health services use, and

health care costs among members of a health maintenance organization. Arch Intern
Med. 1998;158:466-472.

16. Stevens J, Cai J, Pamuk ER, Williamson DF, Thun MJ, Wood JL. The effect of
age on the association between body-mass index and mortality [see “Comment” sec-
tion]. NEJM. 1998;338:1-7.

17. Thompson D, Edelsberg J, Colditz GA, Bird AP, Oster G. Lifetime health and
economic consequences of obesity. Arch Intern Med. 1999;159:2177-2183.

18. National Institute of Health News Release. First Federal Obesity Clinical
Guidelines Released. 1998. Available online at http://www.nhlbi.nih.gov/error_messages/
nhlbi.htm. Accessed on July 22, 2003.

19. Stunkard AJ, Wadden TA, eds. Obesity Theory and Therapy. New York: Raven
Press; 1993:179-195.

20. Livingston EH, Fink AS. Quality of life: Cost and future of bariatric surgery.
Arch Surg. 2003;138(4):383-388. Review.

21. Gold MS, Frost-Pineda K, Jacobs, WS. Overeating, binge eating, and eating dis-
orders as addictions. Psych Annals. 2003;33(2):117-122.

22. Jacobs WS, Perri M, Gold MS, Frost-Pineda K, Lenz-Brunsman, B. Body mass
index and alcohol use. Biol Psych. 2003;53:16.

23. Leshner AI. Addiction is a brain disease, and it matters. Science. 1997;278:
45-47.

24. Volkow ND, Fowler JS, Wang G. The addicted human brain: insights from im-
aging studies. Journal of Clinical Investigation. 2003;111:1444-1451.

25. Chiara GD. Nucleus accumbens shell and core dopamine: Differential role in
behavior and addiction. Behavioural Brain Research. 2002;137:75-114.

26. Wise RA. Neuroleptics and operant behavior: The anhedonia hypothesis. Behav
Brain Sci. 1982;5:39-87.

27. Phillips, RG, Hill, AJ. Fat, plain, but not friendless: Self-esteem and peer accep-
tance of obese pre-adolescent girls. Int J Obes Relat Metab Disord. 1998;22: 287-293.

28. Maldonado R, Saiardi A, Valverde O, Samad TA, Roques BP, Borrelli E. Ab-
sence of opiate rewarding effects in mice lacking dopamine D2 receptors. Nature 1997;
388:586-589.

29. Naranjo CA, Chu AY, Tremblay LK. Neurodevelopmental liabilities in alcohol
dependence: Central serotonin and dopamine dysfunction. Neurotox Res. 2002;4(4):
343-361.

30. Hernandez L, Hoebel B. Feeding and hypothalamic stimulation increase dopa-
mine turnover in the accumbens. Physio Behav. 1988;44:599-606.

31. Hernandez L, Hoebel BG. Feeding can enhance dopamine turnover in the
prefrontal cortex. Brain Res Bull. 1990;25:975-979.

32. Mogenson GJ. Studies of the nucleus accumbens and its mesolimbic dopaminergic
affects in relation to ingestive behaviors and reward. In: Hoebel GB, Novin D, eds. The
Neural Basis of Feeding and Reward. Brunswick, ME. Haer Institute; 1982: 275-506.

Kleiner et al. 115

http://www.nhlbi.nih.gov/error_messages/


33. Radhakishun FS, van Ree JM, Westerink BH. Scheduled eating increases dopa-
mine release in the nucleus accumbens of food-deprived rats as assessed with on-line
dialysis. Neuroscience Letters 1988;85:351-356.

34. Yoshida M Yokoo H, Mizoguchi K, et al. Eating and drinking cause increased
dopamine release in the nucleus accumbens and ventral tegmental area in the rat: mea-
surement by in vivo microdialysis. Neurosci Lett. 1992;139:73-76.

35. Young AM, Joseph MN, Gray JA. Increased dopamine release in vivo in nu-
cleus accumbens an caudate nucleus of the rat during drinking: A microdialysis study.
Neuroscience 1992;48:871-876.

36. Noble EP, Noble RE, Ritchie T, et al. D2 dopamine receptor gene and obesity.
Int J Eat Disord. 1994;15:205-217.

37. Noble EP, Blum K, Ritchie T, et al. Allelic association of the D2 dopamine re-
ceptor gene with receptor-binding characteristics in alcoholism. Arch Gen Psychiatry
1991;48:648-654.

38. Noble EP, Fitch RJ, Ritchie T, et al. The D2 dopamine receptor gene: Obesity,
smoking and mood. In: St. Jeor ST, Koop CE, eds. Obesity Assessment: Tools, Meth-
ods, Interpretations. New York, NY: Chapman and Hall; 1997:522-533.

39. Wang GJ, Volkow ND, Logan J, et al. Brain dopamine and obesity. Lancet
2001;357:354-357.

40. Blum K, Cull JG, Braverman ER, Comings DE. Reward deficiency syndrome.
American Scientist 1996;84:132-145.

41. Carroll ME. Concurrent phencyclidine and saccharin access: presentation of an
alternative reinforcer reduces drug intake. J Exp Anal Behav. 1985;43:131-144.

42. Specker SM, Lac ST, Carroll ME. Food deprivation history and cocaine self-ad-
ministration: An animal model of binge eating. Pharmacol Biochem Behav. 1994;48(4):
1025-1029.

43. Campbell UC, Carroll ME. Reduction of drug self-administration by an alterna-
tive non-drug reinforcer in rhesus monkeys: Magnitude and temporal effects. Psycho-
pharmacology (Berl). 2000;147: 418-425.

44. Carroll ME, Carmona GG, May SA. Modifying drug-reinforced behavior by al-
tering the economic conditions of the drug and a nondrug reinforcer. J Exp Anal Behav.
1991;56:361-376.

45. Carroll ME, Rodefer JS. Income alters choice between drug and an alternative
nondrug reinforcer in monkeys. Exp Clin Psychopharm 1993;1:10-120.

46. Rodefer JS, Carroll ME. A comparison of progressive ratio schedules versus be-
havioral economic measures: Effect of an alternative reinforcer on the reinforcing effi-
cacy of phencyclidine. Psychopharmacology 1997;132:95-103.

47. Carroll ME, Rodefer JS, Rawleigh JM. Concurrent self-administration of etha-
nol and an alternative nondrug reinforcer in monkeys: Effects of income (session
length) on demand for drug. Psychopharmacology 1995;120:1-9.

48. Comer SD, Hunt VR, Carroll ME. Effects of concurrent saccharin availability
and buprenorphine pretreatment on demand for smoked cocaine base in rhesus mon-
keys. Psychopharmacology 1994;115:15-23.

49. Higgins ST, Budney AJ, Bickel WK, Hughes JR, Foerg BA, Badger G. Achiev-
ing cocaine abstinence with a behavioral approach. Am J Psychiatry 1993;150:763-769.

116 Eating Disorders, Overeating, and Pathological Attachment to Food



50. Zacny JP, Divane WT, de Wit H. Assessment of magnitude and availability of a
non-drug reinforcer on preference for a drug reinforcer. Hum Psychopharmacol. 1992;
7:281-286.

51. Foltin RW, Fischman MW. Cocaine self-administration research: Treatment
implications. NIDA Res Monogr. 1994;145:139-162.

52. Hatsukami DK, Thompson TN, Pentel PR, Flygare BK, Carroll ME. Self-ad-
ministration of smoked cocaine. Exp Clin Psychopharm. 1994;2:115-125.

53. Wang GJ, Volkow ND, Fowler JS, et al. Enhanced resting activity of the
somatosensory cortex in obese subjects. Neuroreport. 2002;13:1151-1155.

54. Foltin RW. An economic analysis of “demand” for food in baboons. Journal of
the Experimental Analysis of Behavior. 1991;56:445-454.

55. Foltin RW Economic analysis of the eVects of caloric alternatives and rein-
forcer magnitude on “demand” for food in baboons. Appetite. 1992;19:255-271.

56. Foltin RW, Fischman MW. The effects of varying procurement costs on food
intake in baboons. Physiology and Behavior. 1988;43:493-499.

57. Lappalainen R, Epstein LH. A behavioral economics analysis of food choice in
humans. Appetite. 1990;14:81-93.

58. Smith JA, Epstein LH. Behavioral economic analysis of food choice in obese
children. Appetite 1991;17:91-95.

59. Johnson WG. Effect of cue prominence and subject weight on human food-di-
rected performance. Journal of Personality and Social Psychology 1974;29:843-848.

60. Jacobs SB, Wagner MK. Obese and nonobese individuals: Behavioral and per-
sonality characteristics. Addictive Behaviors. 1984;9:223-226.

61. Kalra SP, Dube MG, Pu S, Xu B, Horvath TL, Kalra PS. Interacting appe-
tite-regulating pathways in the hypothalamic regulation of body weight. Endocr Rev.
1999;20:68-100.

62. Kalra SP, Kalra PS. Nutritional infertility: The role of the interconnected hypo-
thalamic neuropeptide Y-galanin-opioid network. Front Neuroendocrinol. 1996;17:
371-401.

63. Kalra SP, Dube MG, Sahu A, Phelps, CP, Kalra PS. Neuropeptide Y secretion
increases in the paraventricular nucleus in association with increased appetite for food.
Proc Natl Acad Sci USA 1991;88:10931-10935.

64. Kalra PS, Dube MG, Xu B, Kalra SP. Increased receptor sensitivity to neuro-
peptide Y in the hypothalamus may underlie transient hyperphagia and body weight
gain. Regul Pept. 1997;72:121-130.

65. Kalra SP, Kalra PS. Overlapping and interactive pathways regulating appetite
and craving. Journal of Addictive 2004;23(3):5-21.

66. Cowley MA, Smart JL, Rubinstein M, Cerdan MG, Diano S, Horvath TL, Cone
RD, Low MJ. Leptin activates anorexigenic POMC neurons through a neural network
in the arcuate nucleus. Nature 2001;411:480-484.

67. Ollmann MM, Wilson BD, Yang YK, Kerns JA, Chen Y, Gantz I, Barsh GS.
Antagonism of central melanocortin receptors in vitro and in vivo by agouti-related
protein. Science 1997;278:135-138.

68. Hahn TM, Breininger JF, Baskin DG, Schwartz MW. Coexpression of Agrp and
NPY in fasting-activated hypothalamic neurons. Nat Neurosci. 1998;1:271-272.

Kleiner et al. 117



69. Broberger C, Hokfelt T. Hypothalamic and vagal neuropeptide circuitries regu-
lating food intake. Physiol Behav. 2001;74:669-682.

70. Saper CB, Chou TC, Elmquist JK. The need to feed: Homeostatic and hedonic
control of eating. Neuron 2002;36:199-211.

71. Pirola RC, Lieber CS. The energy cost of the metabolism of drugs, including
ethanol. Pharmacology 1972;7:185-196.

72. Pirola RC, Lieber CS. Hypothesis: Energy wastage in alcoholism and drug
abuse: Possible role of hepatic microsomal enzymes. Am J Clin Nutr. 1976;29:90-93.

73. Schoenborn CA, Adams FA. Alcohol use among adults: United States, 1997-98.
Advance Data From Vital and Health Statistics. CDC 2002.

74. Hodgkins CC, Cahill KS, Seraphine AE, Frost-Pineda K, Gold MS. Adolescent
drug addiction treatment and weight gain. J Addict Dis. 2004;23(3):55-65.

118 Eating Disorders, Overeating, and Pathological Attachment to Food




