
I N T R O D U C T I O N
Stress is increasingly recognized as a factor leading 
to overeating and obesity. Here we present the evi-
dence that stress-related eating follows well-defined 
neural pathways that involve control over volitional 
behavior (prefrontal cortex [PFC]), and subcortical 
areas controlling stress arousal and energy storage 
(limbic hypothalamic-pituitary-adrenal [L-HPA] 
axis) and strong motivational drive and impulsivity 
(nucleus accumbens [NAcc]). The PFC and limbic 
system inhibit activity in each other, promoting a 
balance between slower reflective analytic reason-
ing, necessary to promote goal-directed behav-
ior, and quick reactive survival instincts. Shifts in 
activity of this neural network, what we call here 
the “PFC/limbic balance,” has well-demonstrated 
effects on cognition and behavior during acute 
stress.1 It is now becoming clear that this neural 
network shapes eating behavior. We propose that a 
low PFC/limbic balance can lead to energy imbal-
ance and, in particular, abdominal obesity.

We first review neural and hormonal control 
of eating during basal conditions and then under 
stressful circumstances, showing that in large 
part = stress affects activation of reward pathways 
and impairs attempts to control eating. We con-
clude with suggestions for treatment of this wide-
spread common behavior.

B A S I C  M E C H A N I S M S 
U N D E R LY I N G 

H O M E O S TAT I C  E AT I N G 
A N D  S T R E S S - R E L AT E D 

OV E R E AT I N G
We are equipped with highly evolved regulatory 
systems that monitor the amount of stored energy 
and are attuned to the need to find and eat more 

calories. In chordates, this system resides primar-
ily in the brainstem and hypothalamus, and it is 
sensitive to hormonal and nutrient signals act-
ing directly on receptors decorating the neurons 
within this network. Regulation of homeostatic 
eating is covered in detail elsewhere.2 Left alone, 
the homeostatic regulation of feeding behaviors is 
remarkably accurate and over weeks, months, and 
years the organism neither gains nor loses much 
weight. Despite the complex coordination between 
gut, pancreas, vagus, and brain, this regulatory sys-
tem is easily overridden by our emotions. As more 
brain was added to mammals, such as limbic and 
cortical networks, regulation of food intake became 
far more complicated and far less driven by mainte-
nance of energy stores. Higher brain structures also 
innervate the brainstem and hypothalamic network 
and, at each level, can subvert or reinforce their nor-
mal operations of maintaining energy homeostasis. 
In particular, eating for reward, or hedonic eating, 
contributes to a large proportion of our caloric 
intake. We posit that stress is a major factor that 
promotes hedonic eating and strengthens networks 
toward tonic hedonic overeating. This makes sense 
in that the stress response is likely a mere subset of 
the metabolic networks that maintain caloric bal-
ance, our primary survival need.3 The focus of this 
review is the mechanisms for stress eating and the 
outcomes of energy balance and fat distribution.

Stress Drives Specific Intake 
of Comfort Food

Both acute, single stressors and chronic, sustained 
stressors are likely to change feeding behaviors in 
people and rats. Roughly 40% of people reduce and 
40% increase their total caloric intake during stres-
sors, with only 20% maintaining intake at normal 
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levels.4,5 Rats and mice, given only chow to eat, 
uniformly decrease food intake during stressors. 
This is an important observation to note, as histori-
cally it was assumed that stress led to weight loss 
in animals. However, if supplied with highly palat-
able foods to eat, rats still decrease chow intake but 
maintain intake of the same or more palatable food, 
as people do. Whether they decrease or increase 
caloric intake, people change the type of food 
ingested, with negative emotion driving a shift away 
from healthy foods toward highly palatable food—
usually sweet, sometimes salty, and high fat, and 
sometimes moderated by high dietary restraint.6–9

T H E  S T R E S S - H E D O N I C 
E AT I N G  M O D E L

In Figure 40.1, we pose a simplified version of the 
neural networks regulating stress-induced hedonic 
eating. There are interactive connections between 
structures regulating eating—the limbic system, 
reward system, basal ganglia, and PFC. Differen-
tial patterns of activation shape two distinct types 
of eating behavior—stress-induced hedonic eat-
ing (S-EAT) versus homeostatic eating (H-EAT), 
which is eating solely in response to caloric need.

Limbic Structures, Stress, and Regulation 
by the Stress Hormone Cortisol

Stressors engage a network of limbic (phylogeneti-
cally ancient) structures that reflect interoceptive as 
well as exteroceptive inputs: the insula, extended 
amygdala, and anterior cingulate cortex, as well as 
thalamic, hypothalamic, and lower brainstem sites.10 
This recruitment of the stress network appears to 
depend on the actions of glucocorticoids secreted 

from the adrenal cortex in response to stressors, and 
the network is engaged to a large extent through the 
positive actions of glucocorticoids on corticotropin 
releasing factor (CRF) expression in extrahypotha-
lamic neurons. Acute cortisol reactivity appears to 
acutely promote comfort food intake both in the 
lab and naturalistically.11,12

Both acute and chronic stressors increase syn-
apses and dendritic bushing in the amygdala and 
anterior cingulate cortex, and they reduce synaptic 
contacts with dendritic atrophy in the hippocampus 
and PFC,13–15 further sculpting the chronic stress 
network toward limbic-biased stress responses. 
Chronic stress effects on the brain may alter eat-
ing tonically toward greater comfort food. Women 
reporting greater chronic stress report greater hun-
ger drive and greater high-fat intake.16

Stress Stimulates the Reward System
Exposure to psychological stressors can induce a 
hefty immediate stress response. Stress activates 
limbic CRF, in particular from the amygdala and 
hypothalamus, and consequently the L-HPA axis. 
Activation of the L-HPA is linked to activation of 
the mesolimbic reward area activity. There are sev-
eral examples of the tight interconnection between 
stress and reward areas. Anatomically, increased 
CRF secretion resulting from activation of this cen-
tral stress response network impinges on dopamine 
neurons in the ventral tegmental area and increases 
dopamine secretion over the NAcc that is stimu-
lated by drugs, and possibly stressors.17,18 Stress is 
linked to craving and drug addiction in people (see 
Chapter 9). In humans exposed to a lab stressor 
during a positron emission tomography study, stress 

FIGURE 40.1. Stress-induced hedonic 
eating. PFC, prefrontal cortex.
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of outcome, and in the basal ganglia, where habit 
is expressed, and a learned response follows the 
stimulus.31–33

Stress Subjugates the Prefrontal 
Cortex: Impaired Prefrontal 

Cortex/Limbic Balance
The PFC is a key player in stress neural networks. 
During normal conditions, the PFC reigns, and cog-
nition is dominated by reflective cognition. During 
stress, however, the thoughtful PFC activity is damp-
ened and the amygdala and limbic circuitry domi-
nate, promoting automatic behavior geared toward 
survival, including being vigilant for food cues. In 
rats, PFC neurons inhibit both dopamine from the 
NAcc and the L-HPA axis cortisol response.34

Conversely, stressors lead both to reduction of 
PFC function and increased habit expression,1,30,13 
thus reinforcing the likelihood of seeking and 
eating sweet foods after a stressor regardless of 
whether the stressed individual ranks highly on 
dietary restraint.6,26 The stressed brain expresses 
both strong drive to eat and impaired capacity to 
inhibit eating—a potent formula for obesity.

D I E TA RY  R E S T R A I N T : 
A DA P T I V E  R E G U L ATO R  O R 

A D D I T I O N A L  S T R E S S O R ?
The construct of dietary restraint is an important 
individual difference that moderates many of the 
relationships in Figure 40.1. Dietary restraint is 
defined as voluntary cognitive control over one’s 
eating to restrict food intake to control body 
weight.35 Some restraint is necessary to have in our 
abundantly palatable food environment, but high 
levels are linked to overeating in states of stress.

A critical distinction is the difference between 
flexible versus rigid restraint.36 We propose that 
high PFC/limbic balance is related to high levels of 
“adaptive restraint,” or the type of flexible dietary 
restraint behaviors that promote appropriate control 
over eating. This high balance allows the volitional 
flexible control needed to self-monitor and adjust 
to changes in one’s food environment and behavior, 
such as awareness of how much one has eaten and 
then adjusting accordingly. Flexible restraint is asso-
ciated with less disinhibited eating, less frequent/
severe binge eating, lower weight, and lower energy 
intake.36 In contrast, maladaptive or “rigid restraint” 
reflects severe behaviors to control eating, based on 

exposure, as well as cortisol release, both enhanced 
dopamine release from the NAcc.19 In another 
study on acute stress, those who responded with 
greater cortisol reactivity released more dopamine 
in the ventral striatum, showing a very strong cou-
pling of the two.20

In turn, the experience of dopamine stimulation 
is one of craving or drive for pleasure, and food is 
the most available and inexpensive drug around—
a “natural” reward. For example, rats that had opi-
oids injected into their reward area respond by 
overeating.21

Stress Eating Is Maintained through 
Negative Feedback: Short-Term 

Gain to Well-Being with Long-Term 
Cost to Health

Stress eating may be motivated by negative 
 reinforcement, seeking distraction from distress 
or a stressful situation,22 or seeking reward and 
relaxation. In rat studies, eating palatable foods 
reduces both subsequent stress-induced behav-
ioral and neuroendocrine responses23–26 and eating 
also makes people feel better.27,28 Eating palatable 
foods triggers increased dopamine secretion in the 
mesolimbic pathway, from the ventral tegmental 
area to the NAcc—a highly rewarding pleasurable 
experience, activating dopamine and opioid secre-
tion from neurons throughout the homeostatic 
feeding network. Thus, as shown in Figure 40.1, 
eating palatable foods after a stressor reduces activ-
ity in the central stress response network and serves 
as feedback to sharpen the activity of the network 
and reduce the duration of its activity. Indeed, peo-
ple who eat more comfort food have damped down 
HPA axis responses.29 The long-term cost of S-EAT 
is high: abdominal fat deposition and related meta-
bolic derangements.

Stress Eating Can Promote Habit-Driven 
Comfort Food Eating in the Absence of 

Active Stress
These strong opioid and dopamine responses in 
the reward center during stress promote encoding 
of habits in the basal ganglia, the home of habit.30 
Thus, either acute or chronic stressors might aug-
ment wanting, pleasure, and memories associated 
with palatable food intake. Memories of responses 
to stimuli are stored both in the cortex, where flex-
ibility of response is engendered by the knowledge 
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inflexible cognitive rules such as having forbidden 
foods, and skipping meals. Rigid restraint is asso-
ciated with disinhibited eating, higher body mass 
index, greater binge eating, and greater chronic 
stress16,36 Those high in rigid restraint, therefore, 
may reflect low PFC/limbic balance and be par-
ticularly vulnerable to S-EAT processes.37,38

Rigid restraint may itself serve as a stressor, 
since rigid restraint represents frequent cognitive 
load or demands on attention and working mem-
ory, and violations of one’s desires to eat less. Gen-
eral measures of restraint have been associated with 
perceived stress as well as increased cortisol.39,40 
Furthermore, subjective and objective indices of 
chronic stress are associated with greater rigid and 
lower flexible restraint.16 While high stress may 
promote more rigid restraint, it is also likely that 
high levels of rigid restraint chronically activate the 
L-HPA pathways, leading to physiological stress 
and strengthening the low PFC/high limbic imbal-
ance, promoting a vicious cycle of overcontrol and 
loss of control.

P U T T I N G  I T  A L L 
T O G E T H E R :  C O N T R A S T I N G 

S T R E S S  E AT I N G  V E R S U S 
H O M E O S TAT I C  E AT I N G

Ingestive behavior can involve many processes, 
from hunger and satiety detection, to food choice, 
to cessation of eating. Given that eating is largely a 
habitual behavior, often done unintentionally with 
little awareness,41 it is regulated in part by the PFC/
limbic balance, and thus it is affected by states of 
stress. Table 40.1 summarizes how eating processes 

are regulated differently under stress versus nonde-
manding conditions.

The PFC, particularly the right frontal PFC, 
plays a crucial role in eating behavior, as demon-
strated by certain neurological conditions.42 Intero-
ceptive awareness of hunger and satiety cues uses 
somatosensory perception, relying on the anterior 
insula cortex10 and, for satiety, the orbitofrontal cor-
tex.43 PFC also promotes inhibition of undesired 
responses, so it is crucial in controlling over eat-
ing. Those with successful weight loss maintenance 
have higher activity in certain frontal regions and 
secondary visual cortex in response to food images 
than those who are obese.44–46 The dorsolateral PFC 
also drives top-down decision making about food 
choices, enabling one to plan for healthy choices 
based on goals and nutrition knowledge.

In contrast, stress can disinhibit aspects of PFC 
circuitry that are so necessary for self-regulation of 
eating. Emotional states can be misinterpreted as 
hunger. The limbic brain, amygdala, and hypothala-
mus drive salience for survival-related cues, making 
food cues salient and increasing the arousal drive to 
consume.2 Stress may thwart careful self-regulation 
(flexible control) over food portions. Conversely, 
people with rigid control tend to lose that control 
under stress, and overeat, at least in laboratory 
studies.38 Instead of being a result of thoughtful 
decisions, S-EATing is driven by ventral tegmental 
area–driven impulse, and habit circuitry, housed in 
the basal ganglia.31,47 For the stressed brain, food 
“choices” seem to become predetermined or habit-
ual search for dense calories or highly palatable 
food, rather than a conscious choice.

TABLE 40.1.  CONTR A STING E ATING -RELEVANT BEHAVIOR IN HOMEOSTATIC 
E ATING VER SUS STRESS E ATING

Process
Homeostatic Eating (H-EAT) 
(PFC Driven, Somatosensory Cortex)

Stress Eating (S-EAT) (Amygdala, 
Limbic, Hypothalamus Driven)

Hunger Awareness of hunger level, sensitivity 
to somatosensory cues

Confusion of emotions with hunger 
(arousal drive), blunted awareness of 
somatosensory cues

Control over onset and 
cessation of eating

Flexible restraint Rigid restraint and loss of control

Decision making about 
food choices

Reflective eating enables healthy 
choices (goal-directed behavior)

Reflexive eating of highly palatable food, pur-
suit of comfort food (habit-driven behavior)

Satiety Awareness of sensations of satiety, 
physical cues

Blunted sensitivity to satiety and physical cues
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C O N S E Q U E N C E S  O F 
A  C H R O N I C A L LY 

S T R E S S E D  S O C I E T Y  A N D 
I N T E RV E N T I O N S  F O R 

S T R E S S  E AT I N G
Living in increasingly stressful times creates a potent 
formula for low PFC/limbic balance, impaired flex-
ible restraint, and sustained excess energy intake, 
preferentially stored as “stress fat,” in the visceral 
area. Although it is hard to determine how per-
vasive S-EATING versus H-EATING may be, it 
could account for a large proportion of our societal 
caloric excess and the obesity epidemic. Given that 
S-EAT patterns may be maintained by historical 
stressors, or provoked by the mildest of daily stres-
sors, and masquerade as habit, it is hard to identify 
the unique contribution of S-EATING to one’s 
total caloric intake, at least in humans.

Psychoeducational strategies are not enough 
to counter the strong habitual forces of S-EAT, 
especially when the food environment is likely the 
most powerful influence on eating behavior. Exer-
cise improves function of the PFC,42 but it may 
not be enough to counter the epidemic. Retrain-
ing of the brain to pay effortful attention to eating 
and to emotions is probably a necessary but not 
sufficient component in any obesity intervention. 
Experimental work supports the potential role of 
techniques that work on reappraisal of emotional 
stressors, and even simply labeling emotions ver-
bally, in establishing a stronger PFC/limbic bal-
ance and control over eating. Mindfulness, or 
nonjudgmental attention to the present moment, 
promotes more reflective cognition, awareness of 
emotions, and separation of emotions from hunger. 
Mindful eating can reduce binge eating.48 People 
high on dispositional mindfulness show stronger 
PFC/limbic balance (high PFC, low amygdala 
activity) when simply labeling emotions.49 Struc-
tural data show that meditation is associated with 
greater volume of right orbital prefrontal cortex, 
insula, and hippocampus, which are important in 
self-control.50,51 We are currently testing whether 
mindful eating and mindful stress reduction can 
reduce S-EAT in obesity. However, given the per-
vasive exposure of both the toxic food environ-
ment and societal-wide chronic stress, it is likely 
that policies that reduce the toxic food environ-
ment and societal stress are both necessary to tide 
the epidemic.

R E F E R E N C E S
 1.  Arnsten AF. Stress signalling pathways that impair 

prefrontal cortex structure and function. Nat Rev 
Neurosci 2009;10:410–422.

 2.  Dallman MF. Stress-induced obesity and the emo-
tional nervous system. Trends Endocrinol Metab 
2010;21(3):159–165.

 3.  Dallman MF, Hellhammer DH. Stress and the brain: 
hormonal and autonomic regulation. In: Contrada 
R, Baum A, eds. The Handbook of Stress Science: Psy-
chology, Medicine, and Health. New York: Springer; 
2010: 11–36.

 4.  Mikolajczyk RT, El Ansari W, Maxwell AE. Food 
consumption frequency and perceived stress and 
depressive symptoms among students in three Euro-
pean countries. Nutr J 2009;8:31.

 5.  Block JP, He Y, Zaslavsky AM, Ding L, Ayanian JZ. 
Psychosocial stress and change in weight among US 
adults. Am J Epidemiol 2009;170:181–192.

 6.  Habhab S, Sheldon JP, Loeb RC. The relationship 
between stress, dietary restraint, and food prefer-
ences in women. Appetite 2009;52:437–444.

 7.  Adam TC, Epel ES. Stress, eating and the reward sys-
tem. Physiol Behav 2007;91:449–458.

 8.  Wardle J, Steptoe A, Oliver G, Lipsey Z. Stress, 
dietary restraint and food intake. J Psychosom Res 
2000;48:195–202.

 9.  Torres SJ, Nowson CA. Relationship between stress, 
eating behavior, and obesity. Nutrition 2007;23:
887–894.

10.  Craig AD. How do you feel—now? The anterior 
insula and human awareness. Nat Rev Neurosci 2009;
10:59–70.

11.  Epel E, R. Lapidus, et al. Stress may add bite to appe-
tite in women: a laboratory study of stress-induced 
cortisol and eating behavior. Psychoneuroendocrinol 
2001;26:37–49.

12.  Newman E, O’Connor D B, Conner M. Daily hassles 
and eating behaviour: the role of cortisol reactivity 
status. Psychoneuroendocrinol 2007;32(2):125–132.

13.  Holmes A, Wellman CL. Stress-induced prefrontal 
reorganization and executive dysfunction in rodents. 
Neurosci Biobehav Rev 2009;33:773–783.

14.  Vyas A, Mitra R, Shankaranarayana Rao BS, Chattarji 
S. Chronic stress induces contrasting patterns of den-
dritic remodeling in hippocampal and amygdaloid 
neurons. J Neurosci 2002;22:6810–6818.

15.  Wellman CL. Dendritic reorganization in pyramidal 
neurons in medial prefrontal cortex after chronic 
corticosterone administration. J Neurobiol 2001;49:
245–253.

16.  Groesz L, McCoy S, Carl J, Saslow L, Adler N, Laraia 
B, Epel E. What’s eating you? Stress and the drive to 
eat. Appetite, 2012;58:17–21.

17.  Wanat MJ, Hopf FW, Stuber GD, Phillips PE, Bonci 
A. Corticotropin-releasing factor increases mouse 

OUP UNCORRECTED PROOF – FIRST-PROOF, 05/09/12, NEWGEN

40_Brownell_CH40.indd   27040_Brownell_CH40.indd   270 5/9/2012   4:44:16 PM5/9/2012   4:44:16 PM



 Stress and Reward 271

ventral tegmental area dopamine neuron firing 
through a protein kinase C-dependent enhancement 
of Ih. J Physiol 2008;586:2157–2170.

18.  Lodge DJ, Grace AA. Acute and chronic corticotro-
pin-releasing factor 1 receptor blockade inhibits 
cocaine-induced dopamine release: correlation with 
dopamine neuron activity. J Pharmacol Exp Ther 2005;
314:201–206.

19.  Wand GS, Oswald LM, McCaul ME, et al. Asso-
ciation of amphetamine-induced striatal dopamine 
release and cortisol responses to psychological stress. 
Neuropsychopharmacol 2007;32:2310–2320.

20.  Pruessner JC, Champagne F, Meaney MJ, Dagher A. 
Dopamine release in response to a psychological stress 
in humans and its relationship to early life maternal 
care: a positron emission tomography study using 
[11C]raclopride. J Neurosci 2004;24:2825–2831.

21.  Kelley AE, Bakshi VP, Fleming S, Holahan MR. A 
pharmacological analysis of the substrates underly-
ing conditioned feeding induced by repeated opioid 
stimulation of the nucleus accumbens. Neuropsychop-
harmacol 2000;23:455–467.

22.  Macht M, Haupt C, Ellgring H. The perceived func-
tion of eating is changed during examination stress: a 
field study. Eat Behav 2005;6:109–112.

23.  la Fleur SE, Houshyar H, Roy M, Dallman MF. 
Choice of lard, but not total lard calories, damps 
adrenocorticotropin responses to restraint. Endocri-
nology 2005;146:2193–2199.

24.  Minor TR, Saade S. Poststress glucose mitigates 
behavioral impairment in rats in the “learned help-
lessness” model of psychopathology. Biol Psychiatry 
1997;42:324–334.

25.  Pecoraro N, Reyes F, Gomez F, Bhargava A, Dall-
man MF. Chronic stress promotes palatable feed-
ing, which reduces signs of stress: feedforward and 
feedback effects of chronic stress. Endocrinology 
2004;145(8):3754–3762.

26.  Foster MT, Warne JP, Ginsberg AB, et al. Palatable 
foods, stress, and energy stores sculpt corticotropin-
releasing factor, adrenocorticotropin, and corticos-
terone concentrations after restraint. Endocrinology 
2009;150:2325–2333.

27.  Dallman MF, Pecoraro NC, la Fleur SE. Chronic 
stress and comfort foods: self-medication and 
abdominal obesity. Brain Behav Immun 2005;19:
275–280.

28.  Kotz CM, Glass MJ, Levine AS, Billington CJ. Regional 
effect of naltrexone in the nucleus of the solitary tract 
in blockade of NPY-induced feeding. Am J Physiol 
Regul Integr Comp Physiol 2000;278:R499–R503.

29.  Tomiyama A J, Dallman MF, Epel ES. Comfort food 
is comforting to those most stressed: Evidence of 
the chronic stress response network in high stress 
women. Psychoneuroendocrinol 2010;36:1513–1519, 
PMID: 21906885.

30.  Wickens J, Horvitz J, Costa R, Killcross S. Dopamin-
ergic mechanisms in actions and habits. J Neurosci 
2007;27:8181–8183.

31.  Schwabe L, Wolf OT. Stress prompts habit behavior 
in humans. J Neurosci 2009;29:7191–7198.

32.  Yin HH, Knowlton BJ. The role of the basal gan-
glia in habit formation. Nat Rev Neurosci 2006;7:
464–476.

33.  Graybiel AM. Habits, rituals, and the evaluative 
brain. Annu Rev Neurosci 2008;31:359–387.

34.  Brake W, Flores G, Francis D, Meaney M, Srivasta L, 
Gratton A. Enhanced nucleus accumbens dopamine 
and plasma corticosterone stress responses in adult 
rats with neonatal excitotoxic lesions to the medial 
prefrontal cortex. Neuroscience 2000;96:687–695.

35.  Lowe MR, Kral TV. Stress-induced eating in restrained 
eaters may not be caused by stress or restraint. Appe-
tite 2006;46:16–21.

36.  Westenhoefer J, Broeckmann P, Munch AK, Pudel V. 
Cognitive control of eating behaviour and the disin-
hibition effect. Appetite 1994;23:27–41.

37.  Greeno C, Wing R. Stress-induced eating. Psychol 
Bull 1994;115:444–464.

38.  Gibson LE. Emotional influences on food choice: 
sensory, physiological and psychological pathways. 
Physiol Behav 2006;89(1):53–61.

39.  Rutters F, Nieuwenhuizen AG, Lemmens SG, Born 
JM, Westerterp-Plantenga MS. Hyperactivity of the 
HPA axis is related to dietary restraint in normal 
weight women. Physiol Behav 2009;96:315–319.

40.  McLean JA, Barr SI, Prior JC. Cognitive dietary 
restraint is associated with higher urinary cortisol 
excretion in healthy premenopausal women. Am J 
Clin Nutr 2001;73:7–12.

41.  Cohen D, Farley TA. Eating as an automatic behav-
ior. Prev Chronic Dis 2008;5:A23.

42.  Alonso-Alonso M, Pascual-Leone A. The right brain 
hypothesis for obesity. JAMA 2007;297:1819–1822.

43.  Rolls ET. Sensory processing in the brain related to the 
control of food intake. Proc Nutr Soc 2007;66:96–112.

44.  Le DS, Pannacciulli N, Chen K, et al. Less activation 
in the left dorsolateral prefrontal cortex in the reanal-
ysis of the response to a meal in obese than in lean 
women and its association with successful weight 
loss. Am J Clin Nutr 2007;86:573–579.

45.  Del Parigi A, Chen K, Reiman EM. Is the brain rep-
resentation of hunger normal in the Prader-Willi syn-
drome? Int J Obes 2007;31:390–391.

46.  McCaffery JM, Haley AP, Sweet LH, et al. Differen-
tial functional magnetic resonance imaging response 
to food pictures in successful weight-loss maintainers 
relative to normal-weight and obese controls. Am J 
Clin Nutr 2009;90:928–934.

47.  Everitt BJ, Robbins TW. Neural systems of reinforce-
ment for drug addiction: from actions to habits to com-
pulsion. Nat Neurosci 2005;8:1481–1489.

OUP UNCORRECTED PROOF – FIRST-PROOF, 05/09/12, NEWGEN

40_Brownell_CH40.indd   27140_Brownell_CH40.indd   271 5/9/2012   4:44:16 PM5/9/2012   4:44:16 PM



272 research on food and addiction

50.  Lazar SW, Kerr CE, Wasserman RH, et al. Medita-
tion experience is associated with increased cortical 
thickness. Neuroreport 2005;16:1893–1897.

51.  Luders E, Toga AW, Lepore N, Gaser C. The under-
lying anatomical correlates of long-term meditation: 
larger hippocampal and frontal volumes of gray mat-
ter. Neuroimage 2009;13:13.

48.  Kristeller J, Wolever R, Sheets V. Mindfulness-Based 
Eating Awareness Treatment (MB-EAT) for binge eat-
ing disorder: a randomized clinical trial. In press 2009.

49.  Creswell JD, Way BM, Eisenberger NI, Lieberman 
MD. Neural correlates of dispositional mindful-
ness during affect labeling. Psychosom Med 2007;69:
560–565.

AQ1

AU:  A Google search does not return an article with this title, but you list it as 2009? Please update 
Reference [48] with publication details or else cite as unpublished data.

OUP UNCORRECTED PROOF – FIRST-PROOF, 05/09/12, NEWGEN

40_Brownell_CH40.indd   27240_Brownell_CH40.indd   272 5/9/2012   4:44:16 PM5/9/2012   4:44:16 PM



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




