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Abstract
Purpose of Review  Food addiction posits that the nature of ultra-processed food (UPF) contributes to addiction. Tolerance 
and withdrawal are core addiction symptoms that have received little attention in the food addiction literature. This review 
aimed to summarize evidence for tolerance and withdrawal in the UPF context.
Recent Findings  Following repeated UPF consumption, animals show mesolimbic dopamine receptor downregulation and 
behavioral changes consistent with tolerance. Humans show weaker neural reward responses to UPF following frequent 
consumption. Following abstinence from UPF after heavy consumption, animals exhibit behavioral and neural indicators 
consistent with withdrawal. Humans report withdrawal symptoms when reducing UPF consumption, with the exception of 
a recent study that demonstrated symptom improvement during early abstinence.
Summary  Preliminary evidence suggests that tolerance and withdrawal may occur in response to UPF. However, human 
research has been mostly limited to self-report and retrospective recall. Future experimental research is needed to further 
evaluate these constructs’ validity.
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Introduction

Ultra-processed food (UPF; industrially created food that 
contains high levels of refined carbohydrates, fats, and 
other additives such as flavor enhancers) dominates the cur-
rent food environment [1]. Once considered novelty items 
reserved for special occasions, UPFs are now part of the eve-
ryday repertoire for people of all ages. UPF consumption is 
associated with several negative physical and mental health 
outcomes, including obesity [2], cardiovascular disease [3], 
metabolic syndrome [4], and depressive symptoms [5, 6].

Food addiction theory posits the addictive nature of 
UPF contributes to its overconsumption and rising rates of 
associated negative health outcomes. UPF activates neural 
reward systems more strongly than naturally occurring, 

minimally processed foods, even those with relatively 
high levels of carbohydrates (e.g., fruit) or fat (e.g., avo-
cado) [7–9]. Intake of UPF is associated with indicators 
of addiction in a subset of vulnerable individuals [10]. 
The Yale Food Addiction Scale 2.0 (YFAS), which applies 
the substance-use disorder criteria in the Diagnostic and 
Statistical Manual of Mental Disorders (DSM-5) to UPF, 
is the primary measure for these addictive indicators [10, 
11]. Substance-use disorders (and thus, food addiction) 
are indicated by eleven possible symptoms [11]. One 
must endorse at least two of these symptoms, in addition 
to clinically significant impairment and/or distress, in 
order to meet criteria for a substance-use disorder [11]. 
Approximately 3–15% of adults in community samples 
and 20–50% of samples with obesity, and up to 60% of 
samples with eating disorders meet criteria for “diagnos-
able” food addiction [12]. There is currently strong evi-
dence that some symptoms of addiction occur with UPF, 
including loss of control over consumption (e.g., eating 
much more UPF than intended in one sitting) and repeated 
unsuccessful attempts to cut down (e.g., attempting to 
reduce consumption of UPF, but returning to baseline 
levels after a period of days or weeks). Approximately 
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94% of adolescents seeking weight loss treatment and 98% 
of adults with obesity and binge eating disorder endorse 
being unable to cut down or stop consuming UPF [13, 14].

Tolerance and withdrawal, which are other substance-use 
disorder symptoms, have received relatively less attention 
in food addiction research. Although tolerance and with-
drawal are not necessary or sufficient for a substance-use 
disorder (there are nine other potential indicators), toler-
ance and withdrawal are key elements of addiction for sev-
eral substances [11]. Tolerance refers to the tendency to 
need more and more of an addictive substance to achieve 
the same desired effect [15, 16]. Withdrawal refers to the 
cascade of unpleasant physical and psychological symp-
toms that emerge when trying to reduce or abstain from use 
of an addictive substance [17, 18]. Withdrawal symptoms 
often have qualities opposite of the substance (e.g., hyper-
somnia during cocaine withdrawal, anxiety during alcohol 
withdrawal) [11]. Tolerance and withdrawal are considered 
related, as they are driven by the body seeking to maintain 
equilibrium in the context of repeated administrations of an 
addictive substance [19, 20]. These adaptations can lessen 
the cognitive, affective, and physical effects of taking the 
substance over time, which can then lead to more and more 
of the substance being needed to achieve the same effects 
(i.e., tolerance) [20]. The development of tolerance may 
have clinically important implications by driving increas-
ingly larger quantities of the drug (or more potent forms 
of the drug) to be consumed, which may then increase the 
likelihood of advancing the progression of addiction and 
increasing the harm associated with intake [11]. Abstaining 
from or reducing intake of the substance can reverse toler-
ance-related adaptations and lead to a loss of tolerance to 
the substance. When the substance intake is initially reduced 
or stopped, withdrawal can result from the removal of the 
substance from the biopsychological system that has become 
accustomed to functioning with the substance [20].

However, withdrawal and tolerance are not thought to be 
driven by identical mechanisms. The incentive sensitization 
theory of addiction posits that although both tolerance and 
withdrawal are associated with downregulation of neural 
receptors in response to continued use of an addictive sub-
stance, withdrawal is additionally driven by sensitization to 
substance cues (i.e., increased “wanting” despite stable or 
decreased “liking”) [19]. This can lead to enhanced cravings 
and urges for the substance during withdrawal. Although the 
word “withdrawal” often conjures images of severe physical 
symptoms observed in opioid and alcohol withdrawal, many 
withdrawal symptoms relevant for relapse are psychological 
(e.g., dysphoric mood, irritability, increased cravings) [21]. 
These aversive withdrawal symptoms contribute to relapse 
because resuming use of the addictive substance can quickly 
ameliorate them. Withdrawal also predicts greater substance-
use disorder severity and increased rates of relapse [22–24].

Despite the ongoing debate about whether UPFs are truly 
“addictive,” it is widely accepted that they are difficult to 
quit despite contributing to widespread negative health out-
comes—most diets fail and attrition rates for diet change 
interventions are high [25, 26]. Tolerance and withdrawal 
may be key overlooked contributors to diet change failure. 
This review will discuss preliminary evidence that with-
drawal and tolerance occur in the context of UPF.

Current Evidence for UPF Tolerance

Animal Models

Animal models provide a useful scientific approach to 
understanding the impact of UPF intake, as they provide 
controlled settings where dietary exposures can be tightly 
manipulated. Further, animal models of addiction have 
strong face validity for understanding addiction in humans, 
as the neurochemical and neuroanatomical systems impacted 
by addictive substances appear to be similar in non-human 
animals and humans [27]. Animal models provide evi-
dence of the development of tolerance in response to UPF 
(or ingredients common in UPFs like sugar) in biological 
and behavioral domains. Animals exposed to UPF dem-
onstrate changes in the mesolimbic dopaminergic system, 
which plays a key role in reward and motivational processes 
[28–33]. Frequent UPF intake leads to downregulation of 
striatal dopamine D2 receptors, which is an adaptation that 
also occurs with addictive drugs [34]. This dopamine D2 
receptor reduction in response to UPF intake was associated 
with deficits in brain reward functioning [34]. Behaviorally, 
these animals would no longer consume their standard chow 
even when it was easily accessible to them in their cage, but 
they would risk aversive consequences (i.e., electric shock) 
to seek out UPF [34]. These animals may have exhibited tol-
erance to the reward level provided by standard chow, which 
may have contributed to their increased motivation to seek 
out the more highly rewarding UPF options. Other animal 
models that focus on specific ingredients are also consistent 
with the development of tolerance. Research by Avena and 
colleagues [35] has demonstrated that rats exposed to sugar 
will show a progressive increase in binge intake of sugar 
over time, potentially demonstrating the need for larger and 
larger quantities of intake in response to tolerance. Thus, 
there is evidence of hedonic adaptations in response to UPF 
and sugar intake that is consistent with the development of 
tolerance in animal models.

Human Studies

The literature on the development of tolerance in response 
to UPF in humans is relatively small and has focused 
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predominantly on adults. Given that initial exposure to UPF 
occurs in the first years of life and the majority of children 
receive a large proportion of their daily calories from UPF 
[36, 37], it is likely that measurable tolerance effects to UPF 
occur much earlier than adulthood. The ability to detect 
additional tolerance effects in adulthood after decades of 
UPF exposure may be limited by a ceiling effect. Despite 
this limitation, studies in adults have still found evidence 
consistent with tolerance. In addiction research, one piece 
of evidence for tolerance is that frequent substance users 
experience less hedonic impact from the substance than 
occasional or infrequent users [38]. Consistent with this 
idea, adolescents who frequently consume ice cream (com-
pared to infrequent consumers) exhibited a weaker reward-
related neural response (i.e., activation in the striatum) when 
consuming a milkshake [39]. This study was followed by 
a within-subject experimental design where 20 individuals 
who did not frequently consume sugar-sweetened bever-
ages (SSB) were asked to have daily intake for 21 weeks 
[40]. After this increased exposure, individuals exhibited 
less striatal response when consuming an SSB compared 
to their baseline scans [40]. Further, a larger study of 100 
young adults found that higher consumption of sugar calo-
ries from SSBs was related to decreased activation of dopa-
mine-related brain regions (posterior midbrain, dorsolateral/
orbitofrontal cortices) during receipt of an SSB (relative 
to a rinse) [41•]. Thus, repeated exposure to at least some 
types of UPF appears to lead to adaptations in hedonic neu-
ral systems in a manner consistent with the development of 
tolerance.

Taste-related adaptations may be particularly associated 
with the development of tolerance in response to UPF intake. 
The taste of palatable UPFs (as well as sugar and fat) are 
capable of rapidly inducing dopamine release in the striatum 
at a magnitude that is similar to substances like nicotine and 
ethanol [28–31]. The chemosensory system involved in taste 
is plastic and changes based on patterns of dietary intake 
[42•]. In humans, intake of higher sodium foods can lead 
to a greater preference for more intense salty tastes [43]. 
Reducing exposure to salty foods can reverse this adapta-
tion and people can learn to enjoy less salty foods over time 
[42•]. Diets high in fat are also associated with a decrease 
in fat sensation and an increased preference for higher fat 
foods in humans [42•, 44]. A higher level of sugar intake 
also appears to alter taste preferences in humans to increase 
preferences for more intense sweetness [42•]. Thus, it is 
plausible that repeated exposure to UPFs with unnaturally 
intense levels of salt, fat, and sugar shape taste preferences 
over time. This may reduce the hedonic impact of natu-
rally occurring tastes associated with minimally processed 
foods that have lower levels of salt, fat, and sugar (as well 
as artificial flavor enhancers). These adaptations may drive 
food preferences away from nutritious, minimally processed 

foods and towards UPFs with intense tastes. However, more 
research is needed to investigate this possibility.

The development of tolerance to the aversive experi-
ences of a substance is also important and can allow for 
greater substance intake. For example, initial experiences 
of using tobacco products can trigger aversive experiences, 
like nausea and dizziness, which can serve as obstacles to 
continued use [45]. However, repeated tobacco intake causes 
tolerance adaptations that diminish these aversive effects, 
thus minimizing a potential obstacle to continued tobacco 
use [46]. In the context of UPF, there is evidence that the 
stomach adapts to the large quantities of foods (typically 
UPFs) [47] consumed in binge eating episodes by increasing 
gastric capacity [48]. This may lead individuals to consume 
a larger amount of food prior to feeling physical discom-
fort from gastric distention. Further, many UPFs are high 
in rapidly absorbed sugar and refined carbohydrates, which 
have a high glycemic load (i.e., can lead to elevated blood 
glucose levels) [49]. Binge intake of UPFs can cause spikes 
in blood glucose, which have been implicated in aversive 
experiences, such as increased negative affect, headaches, 
and fatigue [50]. Insulin is a hormone released to stabilize 
blood glucose levels and bring the body back to homeosta-
sis (although this process can become dysregulated in the 
context of diabetes and metabolic syndrome) [51]. There 
is some evidence that insulin levels may be higher for indi-
viduals with binge eating disorder relative to controls [48], 
which may be an adaptive response developed to diminish 
the disruptive impact of high blood glucose levels result-
ing from binge eating episodes. Investigating how blood 
glucose, insulin, and other gut hormones are impacted by 
binge eating and other addictive patterns of UPF intake is 
an important future direction.

Future Directions

Overall, there is evidence in both animals and humans 
that adaptations can occur in response to frequent intake 
of UPF (and ingredients in UPFs) that is consistent with 
the development of tolerance. Tolerance may shift hedonic 
and taste preferences away from nourishing minimally pro-
cessed foods and towards more intensely rewarding UPF that 
negatively impact health. There is also evidence of adapta-
tions that reduce the aversive experiences associated with 
overeating (e.g., gastric distention), which may allow for 
greater UPF intake.

There are several important future directions to more 
fully understand the role of tolerance in addictive eating. 
It is essential to investigate whether adaptations related to 
tolerance occur in children, given the high levels of UPF 
intake within the first years of life [36, 37]. It is also impor-
tant to consider that there are individual differences in the 
propensity to develop tolerance and not all individuals with 
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addictive patterns of intake of a substance will clearly dem-
onstrate evidence of tolerance [52]. In contrast, some indi-
viduals are especially prone to develop tolerance. For exam-
ple, individuals with a family history of alcohol problems 
are more likely to exhibit an innate tolerance to the sedative 
effects of alcohol and may be able to consume greater quan-
tities of alcohol during initial drinking episodes (before tol-
erance would be acquired) [53]. Familial history of alcohol 
problems is also associated with increased sweet preferences 
and reward-driven eating [54, 55]. Thus, a family history of 
alcohol problems may be a potential predictor of individual 
differences to develop tolerance to UPF intake.

An understudied domain is the role of opponent-pro-
cess responses to UPF. For addictive substances, cues that 
become coupled with intake of a substance can elicit the 
opposite physiological reaction in an attempt to diminish 
the degree of disturbance to the body (i.e., opponent-process 
responses) [56]. For example, cues repeatedly associated 
with the ingestion of stimulants (that increase heart rate and 
autonomic activity) will trigger a slowing of the heart rate 
and other physiological systems even before the drug is con-
sumed [56]. This opponent-process can lead to a diminished 
effect of the substance, which may then motivate greater 
intake of the substance to overcome this reduction [20]. If 
the opponent-process response is triggered by substance-
related cues, but the substance is not consumed, this places 
the body out of equilibrium and can induce withdrawal-like 
symptoms [56]. There is evidence that the body begins to 
prepare for the disequilibrium associated with food intake 
by secreting insulin in response to cues that have previously 
predicted eating behavior (prior to the food actually being 
consumed) [57]. It is plausible that UPFs (particularly those 
with a higher glycemic load) may be more likely to cause 
opponent-process responses to cues, which may contribute 
to the development of tolerance and addictive eating. How-
ever, limited research has been conducted on this topic.

Finally, it is clearly documented that on a population level 
the portion sizes of UPFs have increased over time [58]. In 
contrast, there has been little evidence that the portion sizes 
of minimally processed foods (e.g., bags of salads, cans of 
beans) have had notable increases in portion size. There are 
many factors that contribute to increasing UPF portion size 
(e.g., consumer demand, marketing strategies, shelf stabil-
ity), but one potentially overlooked contributor is tolerance. 
If UPFs are associated with adaptations in hedonic, taste, 
and hormonal systems that lead to tolerance, this would lead 
individuals to seek out greater quantities of UPF to receive 
the same effects. This could contribute to the desire for 
larger UPF portion sizes. In contrast, minimally processed 
foods may not lead to tolerance-based adaptations, which 
may contribute to the relative stability in their portion sizes. 
Systematic research is needed to investigate the ability of 
different food types to be able to trigger tolerance processes.

Current Evidence for UPF Withdrawal

Animal Models

Animal models provide strong experimental evidence that 
cessation of UPF consumption can induce withdrawal. 
Although several specific methodologies have been used 
to examine withdrawal in this context, the core method 
involves measuring animal behavior while exposed to a 
high-UPF diet over time and then switched to a more nutri-
tionally balanced diet. Animals exhibit physical symptoms 
during UPF withdrawal, including paw tremors, teeth 
chattering, and head shaking [59]. Animals also display 
affective indicators of withdrawal during UPF withdrawal, 
including indicators of anxiety (e.g. decreased time spent 
on the open arm of an elevated plus-maze), depression 
(e.g., increased immobility during the tail suspension test), 
and anhedonia (e.g., decreased spontaneous exploration) 
[60–62]. Interestingly, although animals exhibit general 
signs of low motivation during UPF withdrawal, they show 
enhanced motivational drive/craving to consume UPF [34, 
63, 64]. One other interesting behavior that animals exhibit 
during UPF withdrawal is increased binge eating behavior 
[65]. Although this behavior does not directly map onto a 
withdrawal symptom for substances currently recognized 
in the DSM-5, each substance has unique withdrawal indi-
cators for that substance (e.g., nose running in opioids) 
DSM-5. Binge eating may be a symptom that is unique to 
withdrawal from UPF.

Animal research has also examined the biological 
mechanisms of withdrawal in the context of UPF. Animals 
show neural reward dysfunction during UPF withdrawal 
[34, 60, 62, 65]. As in humans and animals withdrawing 
from other substances, animals withdrawing from UPF 
show decreased dopamine in the nucleus accumbens, a 
key neural reward region [34, 60, 62, 65]. Animals sub-
jected to UPF withdrawal also show increased expression 
of the corticotropin-releasing factor (CRF) system, which 
is responsible for the body’s stress response [66].

In sum, current animal evidence for UPF withdrawal is 
strong. The credibility and reliability of this research are 
bolstered by strong experimental designs and the replica-
tion of several findings by independent research groups.

Human Research

Research regarding UPF withdrawal in humans has only 
recently begun. However, several qualitative and quantita-
tive studies suggest that UPF withdrawal warrants further 
study in humans. In a recent qualitative study examin-
ing consumer messages about diet change in an online 
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community setting, consumers referred to withdrawal 
symptoms in personal narratives and when advising other 
community members on how to reduce their sugar intake 
[67]. A recent qualitative study that interviewed individu-
als with food addiction found that several participants 
reported experiences of withdrawal when trying to reduce 
their consumption of UPF [68]. Further, parents who were 
interviewed about their experiences trying to restrict their 
children’s SSB intake reported withdrawal-like symptoms 
in their children (i.e., headaches, social withdrawal, irri-
tability) [69].

Quantitative research also suggests UPF withdrawal may 
be relevant for humans.

Research in community samples has found that 
18.5–29.7% of participants endorse questions on the Yale 
Food Addiction Scale (YFAS) designed to capture with-
drawal [10, 70]. In more clinical samples (e.g., individuals 
with binge eating disorder and obesity), endorsement rates 
of withdrawal items have ranged from 26 to 54.9% [13, 14]. 
Another study of adults in a community setting found that 
participants reported strong UPF cravings (a key withdrawal 
symptom) when trying to limit their consumption [10]. Evi-
dence is conflicting regarding whether these findings gener-
alize to adolescents. A study of adolescent withdrawal from 
SSB found that participants reported increased craving for 
sugar-sweetened beverages and decreased motivation for 
schoolwork during the early period of abstinence [71••]. 
However, another recent study with similar methods found 
that adolescents reported overall improvements in symptoms 
during the period when withdrawal would be expected to 
occur [72••].

Preliminary evidence suggesting withdrawal may be 
an important element of UPF addiction has driven inter-
est in creating measures to specifically assess UPF with-
drawal symptoms. The Highly Processed Food Withdrawal 
Scale (ProWS) is a self-report measure that was developed 
based on measures of withdrawal from tobacco to assess 
for UPF withdrawal symptoms in adults [73]. In a prelimi-
nary validation study, the ProWS showed good convergent, 
discriminant, and incremental validity. Importantly, ProWS 
scores were associated with more failed lifetime weight loss 
attempts and less self-reported success at reducing UPF 
consumption. A second measure was recently developed to 
measure UPF withdrawal in children. The Highly Processed 
Food Withdrawal Scale for Children (ProWS-C) utilizes par-
ent-report to assess for common indicators of withdrawal in 
children when parents attempt to restrict their UPF intake 
[74]. The ProWS-C has also demonstrated good psycho-
metric properties in a preliminary validation study and was 
associated with lower parent-reported success at changing 
their child’s diet. The preliminary validation studies for each 
of these measures asked participants to report the timeline 
during which withdrawal symptoms peaked following the 

reduction of UPF. Each study found that self-reported UPF 
withdrawal symptoms appeared to follow a similar time 
course to withdrawal from other addictive substances (e.g., 
peaking around days 2–5 on average) [73, 74].

Future Directions

Overall, findings from human research suggest the construct 
validity of UPF withdrawal. Participants report experiencing 
withdrawal when they have attempted to reduce their or their 
children’s consumption of UPFs. However, there is some 
conflicting evidence regarding the occurrence of withdrawal 
in adolescents when attempting to reduce their SSB con-
sumption. Most prior research has utilized self-report and 
retrospective recall. The current lack of controlled experi-
mental research leaves many remaining questions regarding 
the true validity of the construct. Future research should use 
experimental and longitudinal methods to examine whether 
withdrawal symptoms emerge in response to a controlled 
intervention and whether the time course follows a simi-
lar pattern to addictive substances. Future research should 
also aim to experimentally investigate whether self-reported 
symptoms of withdrawal may indicate some other process 
(e.g., hunger due to caloric restriction, responses to feeling 
deprived that would manifest if another pleasant stimulus 
was reduced in individuals’ lives). To help rule out poten-
tial alternative explanations, future experimental research 
should examine whether withdrawal symptoms emerge when 
UPFs are removed from the diet, while maintaining isoca-
loric intake of foods not implicated in food addiction (i.e., 
minimally processed, naturally occurring whole foods).

Conclusions

Preliminary evidence, especially in animal models, suggests 
that tolerance and withdrawal are important components of 
UPF addiction. The investigation of how foods may differ-
entially trigger tolerance adaptations, particularly in chil-
dren, is an important area of future study. Human evidence 
supports the construct validity of UPF withdrawal but is 
limited to self-report and retrospective recall. If tolerance 
and withdrawal do occur with UPFs, this has important 
implications for prevention and treatment of food addiction. 
Tolerance and withdrawal may play key roles in maintain-
ing widespread overconsumption of UPFs and their associ-
ated negative health outcomes. Well-designed experimental 
and longitudinal research with human participants is vital 
for understanding the role of tolerance and withdrawal in 
food addiction. Further understanding of these processes is 
a key part of resolving the ongoing debate regarding whether 
UPFs can be addictive, and an important step for identifying 
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individual and systemic interventions to reduce the negative 
impact of UPF on human health.

Declarations 

Conflict of Interest  The authors declare no competing interests.

Human and Animal Rights and Informed Consent  This article does not 
contain original data from any studies with human or animal subjects 
performed by the authors.

References

Papers of particular interest, published recently, have 
been highlighted as:  
• Of importance  
•• Of major importance

	 1.	 Monteiro CA, Moubarac JC, Cannon G, Ng SW, Popkin B. 
Ultra-processed products are becoming dominant in the global 
food system. Obes Rev. 2013;14:21–8.

	 2.	 Askari M, Heshmati J, Shahinfar H, Tripathi N, Daneshzad E. 
Ultra-processed food and the risk of overweight and obesity: a 
systematic review and meta-analysis of observational studies. 
Int J Obes. 2020;44(10):2080–91.

	 3.	 Srour B, Fezeu LK, Kesse-Guyot E, Allès B, Méjean C, Andri-
anasolo RM, et al. Ultra-processed food intake and risk of 
cardiovascular disease: prospective cohort study (NutriNet-
Santé). BMJ. 2019;365.

	 4.	 Ivancovsky-Wajcman D, Fliss-Isakov N, Webb M, Bentov I, 
Shibolet O, Kariv R, et al. Ultra-processed food is associated 
with features of metabolic syndrome and non-alcoholic fatty 
liver disease. Liver Int. 2021;41(11):2635–45.

	 5.	 Adjibade M, Julia C, Allès B, Touvier M, Lemogne C, Srour 
B, et al. Prospective association between ultra-processed food 
consumption and incident depressive symptoms in the French 
NutriNet-Santé cohort. BMC Med. 2019;17(1):1–13.

	 6.	 Gómez-Donoso C, Sánchez-Villegas A, Martínez-González 
MA, Gea A, Mendonça RdD, Lahortiga-Ramos F, et al. Ultra-
processed food consumption and the incidence of depression 
in a Mediterranean cohort: the SUN Project. Eur J Nutr. 
2020;59(3):1093–103.

	 7.	 Killgore WD, Young AD, Femia LA, Bogorodzki P, Rogowska 
J, Yurgelun-Todd DA. Cortical and limbic activation dur-
ing viewing of high-versus low-calorie foods. Neuroimage. 
2003;19(4):1381–94.

	 8.	 Tang D, Fellows L, Small D, Dagher A. Food and drug cues 
activate similar brain regions: a meta-analysis of functional MRI 
studies. Physiol Behav. 2012;106(3):317–24.

	 9.	 Schulte EM, Yokum S, Jahn A, Gearhardt AN. Food cue reactiv-
ity in food addiction: a functional magnetic resonance imaging 
study. Physiol Behav. 2019;208: 112574.

	10.	 Gearhardt AN, Corbin WR, Brownell KD. Development of the 
Yale Food Addiction Scale version 2.0. Psychol Addict Behav. 
2016;30(1):113–21.

	11.	 American Psychiatric Association. Diagnostic and statistical 
manual of mental disorders (DSM-5®). American Psychiatric 
Pub; 2013.

	12.	 Meule A, Gearhardt AN. Ten years of the Yale Food Addic-
tion Scale: a review of version 2.0. Curr Addict Rep. 
2019;6(3):218–28.

	13.	 Gearhardt AN, White MA, Masheb RM, Morgan PT, Crosby 
RD, Grilo CM. An examination of the food addiction construct 
in obese patients with binge eating disorder. Int J Eat Disord. 
2012;45(5):657–63.

	14.	 Meule A, Hermann T, Kübler A. Food addiction in overweight 
and obese adolescents seeking weight-loss treatment. Eur Eat 
Disord Rev. 2015;23(3):193–8.

	15.	 Elvig SK, McGinn MA, Smith C, Arends MA, Koob GF, Ven-
druscolo LF. Tolerance to alcohol: A critical yet understud-
ied factor in alcohol addiction. Pharmacol Biochem Behav. 
2021;204: 173155.

	16.	 Colizzi M, Bhattacharyya S. Cannabis use and the develop-
ment of tolerance: a systematic review of human evidence. 
Neurosci Biobehav Rev. 2018;93:1–25.

	17.	 McKeon A, Frye MA, Delanty N. The alcohol withdrawal syn-
drome. J Neurol Neurosurg Psychiatry. 2008;79(8):854–62.

	18.	 McLaughlin I, Dani JA, De Biasi M. Nicotine withdrawal. 
Neuropharmacol Nicotine Dependence. 2015:99–123.

	19.	 Berridge KC, Robinson TE. Liking, wanting, and the 
incentive-sensitization theory of addiction. Am Psychol. 
2016;71(8):670.

	20.	 Ballantyne JC, Koob GF. Allostasis theory in opioid tolerance. 
Pain. 2021;162(9):2315–9.

	21.	 Kenford SL, Smith SS, Wetter DW, Jorenby DE, Fiore MC, 
Baker TB. Predicting relapse back to smoking: Contrasting 
affective and physical models of dependence. J Consult Clin 
Psychol. 2002;70(1):216.

	22.	 Wemm SE, Sinha R. Drug-induced stress responses and addic-
tion risk and relapse. Neurobiol Stress. 2019;10: 100148.

	23.	 Coloma-Carmona A, Carballo JL, Rodríguez-Marín J, Pérez-
Carbonell A. Withdrawal symptoms predict prescription 
opioid dependence in chronic pain patients. Drug Alcohol 
Depend. 2019;195:27–32.

	24.	 Piasecki TM, Jorenby DE, Smith SS, Fiore MC, Baker TB. 
Smoking withdrawal dynamics: II. Improved tests of with-
drawal-relapse relations. J Abnorm Psychol. 2003;112(1):14.

	25.	 Moroshko I, Brennan L, O’Brien P. Predictors of dropout in 
weight loss interventions: a systematic review of the literature. 
Obes Rev. 2011;12(11):912–34.

	26.	 Hall KD, Kahan S. Maintenance of lost weight and long-term 
management of obesity. Med Clin N Am. 2018;102(1):183–97. 
https://​doi.​org/​10.​1016/j.​mcna.​2017.​08.​012.

	27.	 Spanagel R. Animal models of addiction. Dialogues Clin Neu-
rosci. 2022.

	28.	 Hajnal A, Smith GP, Norgren R. Oral sucrose stimulation 
increases accumbens dopamine in the rat. Am J Physiol Regul 
Integr Comp Physiol. 2004;286(1):R31–7.

	29.	 Bassareo V, Di Chiara G. Differential influence of associative 
and nonassociative learning mechanisms on the responsiveness 
of prefrontal and accumbal dopamine transmission to food 
stimuli in rats fed ad libitum. J Neurosci. 1997;17(2):851–61.

	30.	 Bassareo V, De Luca MA, Di Chiara G. Differential expression 
of motivational stimulus properties by dopamine in nucleus 
accumbens shell versus core and prefrontal cortex. J Neurosci. 
2002;22(11):4709–19.

	31.	 De Luca MA. Habituation of the responsiveness of mesolimbic 
and mesocortical dopamine transmission to taste stimuli. Front 
Integr Neurosci. 2014;8:21.

	32.	 Oginsky MF, Ferrario CR. Eating’junk-food’has opposite 
effects on intrinsic excitability of nucleus accumbens core neu-
rons in obesity-susceptible vs.-resistant rats. J Neurophysiol. 
2019;122:1264–73.

287Current Addiction Reports  (2022) 9:282–289

1 3

https://doi.org/10.1016/j.mcna.2017.08.012


	33.	 Oginsky MF, Goforth PB, Nobile CW, Lopez-Santiago LF, 
Ferrario CR. Eating ‘junk-food’produces rapid and long-last-
ing increases in NAc CP-AMPA receptors: implications for 
enhanced cue-induced motivation and food addiction. Neu-
ropsychopharmacology. 2016;41(13):2977–86.

	34.	 Johnson PM, Kenny PJ. Dopamine D2 receptors in addiction-
like reward dysfunction and compulsive eating in obese rats. 
Nat Neurosci. 2010;13(5):635.

	35.	 Avena NM, Rada P, Hoebel BG. Evidence for sugar addiction: 
behavioral and neurochemical effects of intermittent, excessive 
sugar intake. Neurosci Biobehav Rev. 2008;32(1):20–39.

	36.	 Neri D, Martinez-Steele E, Monteiro CA, Levy RB. Consump-
tion of ultra-processed foods and its association with added 
sugar content in the diets of US children, NHANES 2009–
2014. Pediatr Obes. 2019;14(12): e12563.

	37.	 Neri D, Steele EM, Khandpur N, Cediel G, Zapata ME, Rauber 
F, et al. Ultraprocessed food consumption and dietary nutri-
ent profiles associated with obesity: a multicountry study of 
children and adolescents. Obes Rev. 2022;23: e13387.

	38.	 Ramaekers J, Mason N, Theunissen E. Blunted highs: pharma-
codynamic and behavioral models of cannabis tolerance. Eur 
Neuropscyhopharmacol. 2020;36:191–205.

	39.	 Burger KS, Stice E. Frequent ice cream consumption is associ-
ated with reduced striatal response to receipt of an ice cream-
based milkshake. Am J Clin Nutr. 2012;95(4):810–7.

	40.	 Burger KS. Frontostriatal and behavioral adaptations to daily 
sugar-sweetened beverage intake: a randomized controlled 
trial. Am J Clin Nutr. 2017;105(3):555–63.

	41.•	 Papantoni A, Burger KS. Increased consumption of sugar 
in beverages is associated with blunted dopaminergic brain 
response to high sugar taste. Curr Dev Nutr. 2021;5(Supple-
ment_2):914. This study found that a higher percentage 
of daily intake of sugar from sugar-sweetened beverages 
(SSB) was associated with decreased activation of neural 
reward regions during receipt of an SSB. This is consistent 
with neural reward changes associated with tolerance to 
addictive substances.

	42.•	 May CE, Dus M. Confection confusion: interplay between diet, 
taste, and nutrition. Trends Endocrinol Metab. 2021;32(2):95–
105. This review concluded that animal models and human 
research show that foods with elevated concentrations of 
sugar (common among UPFs) alter taste sensation and 
increase preferences for sweeter foods. This pattern is 
consistent with tolerance to the effects of unnaturally high 
levels of palatable ingredients in UPFs.

	43.	 Bertino M, Beauchamp GK, Engelman K. Increasing 
dietary salt alters salt taste preference. Physiol Behav. 
1986;38(2):203–13.

	44.	 Liu D, Archer N, Duesing K, Hannan G, Keast R. Mechanism 
of fat taste perception: Association with diet and obesity. Prog 
Lipid Res. 2016;63:41–9.

	45.	 Koop CE. Health consequences of smoking: nicotine addiction 
a report of the Surgeon General 1988. DIANE Publishing; 
1988.

	46.	 West R, Cox S. The 1988 US Surgeon General's report Nico-
tine Addiction: how well has it stood up to three more decades 
of research? Addiction. 2021.

	47.	 Ayton A, Ibrahim A, Dugan J, Galvin E, Wright OW. Ultra-
processed foods and binge eating: A retrospective observa-
tional study. Nutrition. 2020:111023.

	48.	 Geliebter A, Yahav EK, Gluck ME, Hashim SA. Gastric capac-
ity, test meal intake, and appetitive hormones in binge eating 
disorder. Physiol Behav. 2004;81(5):735–40.

	49.	 Fardet A. Minimally processed foods are more satiat-
ing and less hyperglycemic than ultra-processed foods: a 

preliminary study with 98 ready-to-eat foods. Food Funct. 
2016;7(5):2338–46.

	50.	 Presseller EK, Parker MN, Lin M, Weimer J, Juarascio AS. 
The application of continuous glucose monitoring technology 
to eating disorders research: An idea worth researching. Int J 
Eat Disord. 2020;53(12):1901–5.

	51.	 Rahman MS, Hossain KS, Das S, Kundu S, Adegoke EO, Rah-
man M, et al. Role of insulin in health and disease: an update. 
Int J Mol Sci. 2021;22(12):6403.

	52.	 Mercadante S, Arcuri E, Santoni A. Opioid-induced tolerance 
and hyperalgesia. CNS Drugs. 2019;33(10):943–55.

	53.	 Morean ME, Corbin WR. Subjective response to alcohol: 
a critical review of the literature. Alcohol Clin Exp Res. 
2010;34(3):385–95.

	54.	 Cummings JR, Lumeng JC, Miller AL, Hyde LW, Siada R, 
Gearhardt AN. Parental substance use and child reward-driven 
eating behaviors. Appetite. 2020;144: 104486.

	55.	 Kampov-Polevoy AB, Garbutt JC, Khalitov E. Family history 
of alcoholism and response to sweets. Alcohol Clin Exp Res. 
2003;27(11):1743–9.

	56.	 Koob GF, Caine SB, Parsons L, Markou A, Weiss F. Opponent 
process model and psychostimulant addiction. Pharmacol Bio-
chem Behav. 1997;57(3):513–21.

	57.	 Woods SC. The eating paradox: how we tolerate food. Psychol 
Rev. 1991;98(4):488.

	58.	 Young LR, Nestle M. Portion sizes of ultra-processed foods 
in the United States, 2002 to 2021. Am J Public Health. 
2021;111(12):2223–6.

	59.	 Colantuoni C, Rada P, McCarthy J, Patten C, Avena NM, 
Chadeayne A, et  al. Evidence that intermittent, excessive 
sugar intake causes endogenous opioid dependence. Obes Res. 
2012;10(6):478–88.

	60.	 Kim S, Shou J, Abera S, Ziff EB. Sucrose withdrawal induces 
depression and anxiety-like behavior by Kir2.1 upregulation in 
the nucleus accumbens. Neuropharmacology. 2018;130:10–7. 
https://​doi.​org/​10.​1016/j.​neuro​pharm.​2017.​11.​041.

	61.	 Lalanza JF, Caimari A, Del Bas JM, Torregrosa D, Cigarroa I, 
Pallàs M, et al. Effects of a post-weaning cafeteria diet in young 
rats: metabolic syndrome, reduced activity and low anxiety-like 
behaviour. PLoS One. 2014;9(1): e85049.

	62.	 Avena NM, Bocarsly ME, Rada P, Kim A, Hoebel BG. After 
daily bingeing on a sucrose solution, food deprivation induces 
anxiety and accumbens dopamine/acetylcholine imbalance. 
Physiol Behav. 2008;94(3):309–15.

	63.	 Pickering C, Alsiö J, Hulting A-L, Schiöth HB. Withdrawal from 
free-choice high-fat high-sugar diet induces craving only in obe-
sity-prone animals. Psychopharmacology. 2009;204(3):431–43.

	64.	 Teegarden SL, Bale TL. Decreases in dietary preference produce 
increased emotionality and risk for dietary relapse. Biol Psychia-
try. 2007;61(9):1021–9.

	65.	 Carlin JL, McKee SE, Hill-Smith T, Grissom NM, George R, 
Lucki I, et al. Removal of high-fat diet after chronic exposure 
drives binge behavior and dopaminergic dysregulation in female 
mice. Neuroscience. 2016;326:170–9. https://​doi.​org/​10.​1016/j.​
neuro​scien​ce.​2016.​04.​002.

	66.	 Cottone P, Sabino V, Roberto M, Bajo M, Pockros L, Frihauf JB, 
et al. CRF system recruitment mediates dark side of compulsive 
eating. Proc Natl Acad Sci. 2009;106(47):20016–20.

	67.	 Rodda SN, Booth N, Brittain M, McKean J, Thornley S. I was 
truly addicted to sugar: a consumer-focused classification sys-
tem of behaviour change strategies for sugar reduction. Appetite. 
2020;144: 104456. https://​doi.​org/​10.​1016/j.​appet.​2019.​104456.

	68.	 Schiestl ET, Wolfson JA, Gearhardt AN. The qualitative evalua-
tion of the Yale Food addiction scale 2.0. Appetite. 2022;106077. 
https://​doi.​org/​10.​1016/j.​appet.​2022.​106077.

288 Current Addiction Reports  (2022) 9:282–289

1 3

https://doi.org/10.1016/j.neuropharm.2017.11.041
https://doi.org/10.1016/j.neuroscience.2016.04.002
https://doi.org/10.1016/j.neuroscience.2016.04.002
https://doi.org/10.1016/j.appet.2019.104456
https://doi.org/10.1016/j.appet.2022.106077


	69.	 Sylvetsky AC, Visek AJ, Turvey C, Halberg S, Weisenberg JR, 
Lora K, et al. Parental concerns about child and adolescent caf-
feinated sugar-sweetened beverage intake and perceived barriers 
to reducing consumption. Nutrients. 2020;12(4):885.

	70.	 Hauck C, Weiss A, Schulte EM, Meule A, Ellrott T. Prevalence 
of ‘food addiction’ as measured with the Yale Food Addiction 
Scale 2.0 in a Representative German Sample and Its Asso-
ciation with Sex, Age and Weight Categories. Obes Facts. 
2017;10(1):12–24.

	71.••	Falbe J, Thompson HR, Patel A, Madsen KA. Potentially 
addictive properties of sugar-sweetened beverages among ado-
lescents. Appetite. 2019;133:130–7. This was the first pro-
spective study of UPF withdrawal in humans, which found 
that adolescents reported increased craving and decreased 
motivation to do schoolwork during the first few days fol-
lowing cessation of SSB consumption. Importantly, similar 
results were found for adolescents who consumed high and 
low levels of caffeine.

	72.••	Kaidbey JH, Ferguson K, Halberg SE, Racke C, Visek AJ, 
Gearhardt AN, et al. Stop the pop: a mixed-methods study exam-
ining children’s physical and emotional responses during three 
days of sugary drink cessation. Nutrients. 2022;14(7):1328. This 
study used similar methods to Falbe and colleages (2019), but 
found that adolescents reported improved symptoms during 
the first few days following cessation of SSB consumption. 
These conflicting results highlight the need for further exper-
imental research investigating UPF withdrawal, particularly 
in adolescents.

	73.	 Schulte EM, Smeal JK, Lewis J, Gearhardt AN. Development of 
the highly processed food withdrawal scale. Appetite. 2018.

	74.	 Parnarouskis L, Schulte EM, Lumeng JC, Gearhardt AN. Devel-
opment of the highly processed food withdrawal scale for chil-
dren. Appetite. 2020:104553.

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

289Current Addiction Reports  (2022) 9:282–289

1 3


	Preliminary Evidence that Tolerance and Withdrawal Occur in Response to Ultra-processed Foods
	Abstract
	Purpose of Review 
	Recent Findings 
	Summary 

	Introduction
	Current Evidence for UPF Tolerance
	Animal Models
	Human Studies
	Future Directions

	Current Evidence for UPF Withdrawal
	Animal Models
	Human Research
	Future Directions

	Conclusions
	References




