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Craving Is an Affective State and Its Regulation Can Be Understood
in Terms of the Extended Process Model of Emotion Regulation

Nicole R. Giuliani and Elliot T. Berkman
Department of Psychology, University of Oregon, Eugene, Oregon

We argue that craving is an affective state per the def-

inition offered in the target article, and as such the

extended process model provides a strong theoretical

framework to understand the self-regulation of crav-

ing. First, we briefly define craving in general and

food craving in particular and relate those constructs

to the definitions of affect and emotion in the target

article. We then apply the extended process model to

cognitive strategies for self-regulation of food crav-

ing and related clinical interventions. In doing so, we

illustrate how the extended process model of emotion

regulation is a useful tool for bridging related topics

within affective science (e.g., craving and emotion)

and for analyzing and improving programs that target

affective states (e.g., dietary interventions).

What Is Food Craving and Is It an Affective State?

Food craving can be defined as the subjective

sense of wanting a certain food and features both

food-related affective/motivational components (e.g.,

wanting to eat the food, being motivated to approach

it) and cognitions (e.g., intrusive thoughts about the

food; see Kavanagh, Andrade, & May, 2005). The

“definitional chaos” noted in the target article that

plagues affective science (Buck, 1990) is echoed in

the field of craving. Craving and related constructs

have been given an assortment of names, including

urges, motivated behavior, incentive motivation,

reward, and wanting, each with subtly different

meanings that vary from study to study and subdisci-

pline to subdiscipline, but all referring to phenomena

that are more similar than dissimilar. Although peo-

ple can crave a broad range of stimuli, research has

largely focused on craving for two of these: drugs

(e.g., nicotine, cocaine) and food. The degree to

which food and drug craving are similar is up for

debate: The underlying neurobiology is apparently

quite similar (e.g., Blum, Liu, Shriner, & Gold, 2011;

Volkow, Wang, Fowler, Tomasi, & Baler, 2012), but

psychological models of food craving are not neces-

sarily applicable to drug craving (Weingarten &

Elston, 1990). There are also important qualitative

differences in the substances themselves that differ-

entiate the two types. For example, consuming drugs

isn’t essential to sustain life, but consuming food is

(Hill, 2007). To simplify the present argument, we

limit our focus here to food craving, but we note that

several studies have applied an emotion regulation

approach to the study of drug craving as well (e.g.,

Kober et al., 2010; Sayette et al., 2000).

Like stress and mood, craving also maps well onto

Gross’s working definition of affect. Craving, too, is

a psychological state that involves valuation, unfolds

over time; can be helpful or harmful; and involves

loosely coupled changes in the domains of subjective

experience, behavior, and peripheral physiology. We

and others have shown that cravings can be rated via

self-report, motivate behavior toward the craved

food, and involve changes in central physiology (e.g.,

Giuliani, Mann, Tomiyama, & Berkman, 2014). Criti-

cally, craving is not necessarily followed by increased

eating (Hill, 2007), suggesting that craving can be

regulated much like other affective states. Indeed, the

neural bases of craving regulation appear to overlap

considerably with those underlying the regulation of

negative emotion, including the dorsolateral prefron-

tal cortex, inferior frontal gyrus, and dorsal anterior

cingulate cortex (Buhle et al., 2013; Giuliani et al.,

2014). Based on this evidence, we believe that greater

integration between the fields of affective science and

craving could be mutually beneficial and potentially

transformative to both.

The Process Model of Emotion Regulation Applied

to Food Craving

One direct way to leverage the high degree of con-

ceptual overlap between craving and other affective

states is to apply the process model of emotion regula-

tion to food craving. There exists a growing body of

evidence suggesting that cravings can be down-regu-

lated using cognitive techniques (e.g., Giuliani, Cal-

cott, & Berkman, 2013; Giuliani et al., 2014;

Hollmann et al., 2011; Kober et al., 2010; Siep et al.,

2012; Yokum & Stice, 2013), including some that are

explicitly included in the “cognitive change” step of

the process model. If craving is an affective state, then

the process model may be a useful framework to better

understand the various ways that craving may be regu-

lated. Here, we apply this model to craving and review
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select evidence that different food-craving regulation

strategies fit within this model.

Situation Selection

For many people, food-craving regulation begins

and ends with situation selection. In these cases, indi-

viduals might avoid purchasing craved foods to pre-

vent themselves from having a lapse during a

moment of weakness or avoid dining at places where

their craved food is found (e.g., fast-food restaurants).

Interventions at this step have been used to decrease

exposure to situations that will trigger other cravings,

such as those for drugs (Kober & Bolling, 2014), but

to our knowledge there are no systematic interven-

tions that focus on situation selection to reduce food

craving and intake.

Situation Modification

Situation modification is an alternative strategy for

food-craving regulation when being around a craved

food is unavoidable. This strategy can take many

forms, including eating a substitute food (e.g., order-

ing a side salad instead of French fries) or moving a

serving container of a craved food to the other end of

the table to avoid reaching for more. As with situation

selection, we are not aware of formal interventions

aimed at increasing usage of this strategy. It may be

that combining the two contextually focused techni-

ques (situation selection and modification) could

form a potent and flexible food-craving regulation

strategy. In any case, it was only when applying the

process model to food-craving regulation that this

gap in scientific knowledge became apparent, illus-

trating one kind of utility the model has in this area.

Attentional Deployment

Attentional deployment refers to regulating food

cravings by focusing attention away from the craved

food. This strategy has received more empirical inves-

tigation than the first two, beginning with the delay of

gratification work mentioned in the target article (Mis-

chel & Ebbesen, 1970), which consistently finds that

children who spontaneously engage in distraction are

able to wait longer to eat the delicious marshmallow

in front of them than those who do not distract their

attention away (Rodriguez & Mischel, 1987). The

degree to which personally craved foods distract atten-

tion correlate with self-reported craving levels

(Smeets, Roefs, & Jansen, 2009), suggesting that

attentional bias training away from food may affect its

consumption. However, the story seems to be more

complicated. Training attention away from food words

can decrease caloric intake (Boutelle, Kuckertz, Carl-

son, & Amir, 2014), but not always (Hardman,

Rogers, Etchells, Houstoun, & Munafo, 2013), and

chronically restrained eaters—who, for the most part,

are successful in their regulation—actually display

attentional biases toward their craved foods (Papies,

Stroebe, & Aarts, 2008). These mixed findings may be

attributable to attentional accuracy: Among chocolate

lovers, individuals with high attentional accuracy con-

sumed more chocolate when they were trained to

attend to chocolate, but low-accuracy individuals con-

sumed more chocolate when they were trained to

attend to a nonfood item (Werthmann, Field, Roefs,

Nederkoorn, & Jansen, 2014). This indicates that

attention bias interventions away from food may be

more affective in reducing food consumption only

among individuals with high attentional accuracy and

that those lower in attentional accuracy may benefit

from interventions at different stages in the process

model or even training toward the food. In any case,

attentional deployment seems to be a promising if

nuanced strategy for food-craving regulation that is

quickly garnering empirical support.

Cognitive Change

Reappraising desire for a craved food, or thinking

about the food in a different way, can effectively

decrease food craving. Focusing on the “cool,”

descriptive qualities as compared to the “hot,” appeti-

tive qualities of an otherwise attractive food increased

delay of gratification time among preschoolers (Mis-

chel, Shoda, & Peake, 1988). We and others have also

found that focusing on the negative consequences of

consuming the food (e.g., a stomachache) or the bene-

ficial consequences of not consuming the food (e.g.,

weight loss) also function as powerful ways of

decreasing food craving through cognitive change in

adolescents and adults (e.g., Giuliani et al., 2013;

Kober et al., 2010; Yokum & Stice, 2013). The con-

siderable knowledge from emotion regulation about

cognitive change strategies could easily be leveraged

to refine parallel strategies to reduce food craving.

Response Modulation

As a last resort, people have the option to simply

“gut it out,” to sit in front of their craved food and

try not to eat it. With craving as with emotion, the

efficacy of this strategy is mixed. The paradoxical

effect of restriction on consumption—that restric-

tion goals generally lead to increased consumption

in many cases (Polivy, 1998; Soetens, Braet, Van

Vlierberghe, & Roets, 2008; Stirling & Yeomans,

2004)—fits with the finding that attempting to

ignore a craved food is less effective for decreasing

consumption than attending to the food (Mischel &

Ebbesen, 1970). In process model terms, these

results support the increased efficacy of cognitive
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change over distraction or response modulation for

reducing food craving, which parallels the general

pattern in the emotion regulation literature. How-

ever, and as with emotions, there are individual dif-

ferences in the efficacy of this strategy to reduce

craving. For example, when contrasted with normal

weight adolescents and low-restraint individuals,

only highly restrained obese adolescents showed the

paradoxical rebound after suppressing thoughts

about food and eating (Soetens & Braet, 2006), sug-

gesting the presence of important moderators. A

key contribution of the process model in this area is

to provide theoretical structure to a complex set of

findings that are otherwise difficult to

conceptualize.

The Extended Process Model of Emotion

Regulation Applied to Food Craving Interventions

In the previous section, we applied the process

model of emotion regulation to food craving to gener-

ate new testable predictions, identify gaps in the liter-

ature, and organize disparate results. Here, we

illustrate how the extended process model of emotion

regulation presented in the target article can be addi-

tionally useful as a tool to evaluate and improve exist-

ing food-craving interventions, and perhaps even to

develop new ones. Understanding how to regulate

food craving and refining new ways to do so is highly

significant because many of the most pervasive and

costly health problems faced by society today, includ-

ing diabetes, heart disease, and many cancers, can be

traced directly or indirectly to consumption of

unhealthy food (Jenkins et al., 2002). Therefore, tools

that can help scholars analyze the strengths and weak-

nesses of the interventions designed to reduce crav-

ings for unhealthy foods from a theoretical

perspective are critically important.

Valuation

The first way that Gross extends the process model

of emotion regulation is by segmenting emotion regu-

lation into three components of a second-level system

that takes the emotion itself as the target: perception,

valuation, and action. In this view, the process of reg-

ulating cravings involves first perceiving the craving,

then placing a value upon it vis-�a-vis other ongoing
goals, and finally acting (or not) in some way to mod-

ify the craving, all in an iterative loop that evolves

over time. The model represents a lens through which

to view and understand the processes and systems tar-

geted by various food craving interventions (which

themselves can be seen as external second-level valu-

ation systems) and to provide insight into when, why,

and for whom the interventions succeed or fail.

Perception. A common first line of attack of die-

tary interventions is to merely increase awareness of

cravings for unhealthy food, such as interventions that

include food diaries and suggestions for healthy food

“swaps” (e.g., “if you notice that you’re craving this

unhealthy food, try this healthier version”). Indeed,

people assigned to monitor their consumption of an

unhealthy target food consume less of it than those

who are assigned to restrict their consumption

(Tomiyama et al., 2010). Other perception-based inter-

ventions have sought to alter the intrusive thoughts

that lead to craving by directing attention away from

those thoughts. The elaborated intrusion theory of

desire states that intrusive thoughts depend on the

salience of the intrusion relative to competing atten-

tional demands (Kavanagh et al., 2005), suggesting

that distraction might be an effective way to minimize

cravings. However, experimental research evaluating

techniques to reduce intrusive thoughts has found

mixed evidence for this idea (e.g., Hamilton, Fawson,

May, Andrade, & Kavanagh, 2013; May, Andrade,

Batey, Berry, & Kavanagh, 2010). The extended pro-

cess model might suggest that these interventions

could be bolstered with additional components that tar-

get the subsequent two steps in the regulation process.

Valuation. The next stage where interventions

may act to reduce food cravings is in changing the eval-

uation of the craving. There are two common routes to

this in the literature, and both involve some degree of

cognitive reappraisal. One is to amplify the evaluation

of the craving as undesirable by juxtaposing it with

ongoing dieting goals, thereby highlighting its negative

value with respect to those goals. This may be accom-

plished by activating alternative, competing goals (e.g.,

health, appearance; Fishbach, Zhang, & Trope, 2009).

For example, cognitive reappraisal can be used to focus

either on the negative aspects of consuming a unhealthy

desired food, or the positive aspects of not consuming a

unhealthy desired food (Yokum & Stice, 2013). The

other route is to mentally decouple the association

between craving and eating—the undesired behavior

typically linked with craving—thereby robbing craving

of its relevance (and value) with respect to ongoing

goals. This route is the central feature of interventions

including or based on mindfulness acceptance, which

uncouples craving from consumption and changes the

valuation of the craving from harmful to innocuous

(e.g., Alberts, Mulkens, Smeets, & Thewissen, 2010;

Forman et al., 2007). These two possibilities for alter-

ing the value of craving are not likely to be exhaustive;

future work in this area could borrow insights from

other parts of affective science that have focused

more extensively on the valuation process (e.g., inter-

temporal choice; Kable & Glimcher, 2007) to create

innovative new interventions.
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Action. Many classic dietary interventions act on

the last stage in the valuation process, acting to

decrease the gap between the perceived (“I am crav-

ing that food!”) and desired (“I do not want to eat that

food!”) states of the world. These interventions typi-

cally use one or more emotion regulation strategies

that were reviewed in the previous section (e.g., dis-

traction and cognitive restructuring; Forman et al.,

2007), though to our knowledge there has been no

systematic attempt to survey dietary interventions in

terms of the process model strategies to identify gaps

in the literature and avenues for growth. Such a

review is beyond the scope of this commentary, but

in our view it is where the food-craving intervention

field could benefit most from the extended process

model. For example, though reappraisal is an effec-

tive means of reducing food craving (Giuliani et al.,

2013; Giuliani et al., 2014), emotion intensity moder-

ates the relative effectiveness of reappraisal versus

distraction for regulating negative emotion (Sheppes,

Scheibe, Suri, & Gross, 2011), suggesting that pro-

viding people with a range of regulation strategies

would be the most robust intervention across a range

of intensity levels. An intervention that imparts an

assortment of techniques may be the most effective

by enabling each individual to build his or her own

idiosyncratic toolkit with which to address situations

in the most adaptive way possible.

Stages

Another way that Gross extends the process model

is by proposing three separate stages of the emotion

regulation cycle at which interventions may act: iden-

tification, selection, and implementation. These

stages exist at every stage named in the process

model and reveal vulnerable points in the process

where regulation strategies can fail. Because little

work has investigated food-craving regulation at this

level of granularity, we suggest ideas for future inter-

ventions at each of these stages.

Identification. In the identification stage, individ-

uals detect that they are experiencing a craving and

become concerned with whether to regulate their

cravings. As in emotion regulation, where emotion

awareness is useful for emotion regulation (Barrett,

Gross, Conner, & Benvenuto, 2001), craving aware-

ness is also useful for craving regulation. Individual

differences in levels of interoceptive awareness corre-

late with sensitivity for gastric fullness (Herbert,

Muth, Pollatos, & Herbert, 2012), but no one has yet

explored how interoceptive awareness relates to crav-

ing awareness. This suggests two new potential tar-

gets for intervention: the awareness that a craving is

being experienced (perception), and the decision

whether to regulate those cravings (valuation, action).

Mindfulness-based craving interventions may act on

both of these targets. Craving precipitates binge eat-

ing (Gendall, Joyce, Sullivan, & Bulik, 1998), and

interventions aimed at improving awareness of crav-

ing among individuals who binge or overeat have

shown that mindfulness techniques reduce both crav-

ings and binge-eating episodes. These findings have

been attributed to increased awareness of hunger and

satiety cues (Kristeller & Hallett, 1999; Kristeller &

Wolever, 2011), as well as food cravings (Alberts,

Thewissen, & Raes, 2012). The mindfulness-based

interventions just discussed, which are aimed at

increasing nonjudgmental acceptance of cravings,

appear to impact precisely the identification pro-

cess—the decision whether to regulate the craving.

Their focus is to change the valuation from harmful

to innocuous, thereby removing the need to engage in

a regulation action. Alternatively, in nonmindfulness-

based interventions, successful termination of the

identification stage ideally consists of the “action” to

trigger the selection phase, in which a strategy to

reduce food cravings is chosen.

Selection. Selection involves choice among possi-

ble response options to regulate the craving. Here, fail-

ures may result from the lack of perception or

availability of strategies, improper valuation of the

strategies in light of the available situational demands

or cognitive resources, and/or selection of a subopti-

mal action. Interventions may act at any of these

points. When asked to generate a reappraisal that

would help them reduce their desire to consume a

craved target food, all of the participants in one of our

studies were able to generate at least one reappraisal

strategy they thought would work well for them (Giu-

liani et al., 2013). In the case of that study, we inten-

tionally restricted participants only to reappraisal

strategies, but it follows that participants would be

able to generate idiosyncratic food-craving regulation

strategies across the spectrum of the process model

when given the freedom to do so. In the same way

that people seem to know to select reappraisal when

their emotional intensity is low but prefer distraction

when intensity is high (Sheppes et al., 2011), individu-

als may also know to choose more upstream food-

craving regulation strategies when cravings are high or

resources are low. For example, if a person has had a

very hard day and knows that she wouldn’t be able to

resist a sweet pastry on her walk home from work, she

may decide to take a different route to avoid having to

engage in the hard work of reappraising her craving

for the pastry. But this may not necessarily always be

the case—perhaps people have very little metaknowl-

edge about which regulation strategies might be appro-

priate for a given context or possess only a limited

number of strategies from which to select. Interven-

tions that specifically teach individuals how to identify
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which strategies are available to them, balance the fea-

tures of their present situation with the resources that

are presently available, and select the most adaptive

strategy may be particularly powerful in reducing

unhealthy food cravings.

Implementation. In the implementation stage,

individuals are concerned with enacting the selected

tactic in a way that suits their present situation. As in

the previous stage, interventions may target perceptions

of the various ways of implementing the selected strat-

egy, valuations of these various ways, and execution of

the chosen regulatory action. Although these steps can

in theory be differentiated from those in the selection

stage, interventions targeting both the selection and

implementation stages may in practice be the most

effective, because selecting the most adaptive regula-

tion strategy depends on an accurate assessment of the

available strategies based on the features of the situa-

tion. For example, if a person has a birthday party to

attend and his goal is to not eat sweets, the strategy he

selects will depend on an accurate assessment of the sit-

uation (“How important is it for me to attend this

party?”), his internal state (“How strong will my crav-

ings for that cake be?”), his resources (“How effective

do I think my reappraisal of focusing on my long-term

goals will be?”), and his available regulation strategies

(“Could I sit far away from the cake?”). Further, the

food-craving regulation strategy he chooses will

depend greatly on the craved food itself. If he knows

that he craves sweets, then he could employ situation

selection and not purchase any sweet foods to keep in

the house. However, if his craved food is fast food, it

may be quite hard to avoid all fast-food establishments

as he navigates through his day. Therefore, as selecting

a strategy depends so heavily on situational and other

fluctuating factors, teaching the selection and imple-

mentation stages in concert may be the most effective

form of practical intervention based on this model.

Conclusion

Applying the extended process model of emotion

regulation to food-craving regulation is a useful way

to organize and understand food-craving interven-

tions and to build new ones based on the model. Like

other affective states, food-craving regulation strate-

gies can be engaged at many points along the unfold-

ing affective trajectory, depend greatly on the

idiosyncratic nature of the individual and the situa-

tion, and may vary based on the precise nature of the

affective state. The extended model allows us to bet-

ter understand how these strategies, and the interven-

tions based on them function at different levels of

valuation and stages in the regulatory process. As

with the regulation of other affective states, the

ability to successfully regulate food cravings in ser-

vice of weight loss or healthy eating goals depends

on accurately identifying situational, personal, and

affective factors influencing the craving, and flexibly

engaging one or several regulatory strategies. As

such, successful new interventions will likely involve

broadening the set of response options beyond those

typically included in current interventions and teach-

ing people how to switch between those options

depending on the nature of the changing context.

We’ve focused so far on the ways in which craving

and its regulation are similar to other affective states,

but there may be key ways in which craving is differ-

ent. For example, cravings are enmeshed within a

reinforcement learning system to a far greater degree

than emotions are; few people are born with cravings

for cocaine, but most people are born with emotions.

That, in turn, may imply a key difference in the possi-

bility for their regulation. For instance, like other

learned responses, cravings are subject to extinction

(see Berkman, Dickenson, Falk, & Lieberman, 2011,

for an example with nicotine craving), but it is

unlikely that suppressing sadness will eventually lead

to its demise within a person. As the field advances,

an important direction of growth will be to learn how

and when ideas and constructs from emotion regula-

tion can and cannot be applied to the area of craving.

A more detailed map of the boundaries between the

fields will facilitate a robust and productive inter-

change between them. We hope that this commentary

will serve as a chart of the initial contours.

Note

Address correspondence to Elliot Berkman, 1227

University of Oregon, Eugene, OR 97403-1227. E-

mail: berkman@uoregon.edu
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