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Abstract: As GLP-1 receptor agonists, like semaglutide, emerge as effective treatments for weight
management, anecdotal reports from patients and clinicians alike point to a reduction in what has
been colloquially termed “food noise”, as patients report experiencing less rumination and obsessive
preoccupation about food. In this narrative review, we discuss concepts used in studies to investigate
human eating behavior that can help elucidate and define food noise, particularly food cue reactivity.
We propose a conceptual model that summarizes the main factors that have been shown to determine
the magnitude of the reactivity elicited by external and internal food cues and how these factors can
affect short- and long-term behavioral and clinical outcomes. By integrating key research conducted
in this field, the Cue–Influencer–Reactivity–Outcome (CIRO) model of food cue reactivity provides a
framework that can be used in future research to design studies and interpret findings related to food
noise and food cue reactivity.
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1. Introduction

In the past decade, important advancements have been made in improving the med-
ical treatment of obesity, including the more widespread use of bariatric surgery and
obesity-related medications [1]. These changes have become particularly apparent with the
widespread use of glucagon-like peptide-1 receptor agonists (GLP-1RAs). Two GLP-1RAs
that were originally developed and approved for treating type 2 diabetes are now approved
by the U.S. Food and Drug Administration (FDA) for weight management—namely, li-
raglutide and the more effective semaglutide [2,3]. For instance, in the STEP 1 clinical
trial, which included 1961 adults with a body mass index above 27 kg/m2, semaglutide
2.4 mg in addition to a lifestyle intervention was associated with a mean change in body
weight of −14.9% after 68 weeks [4], as well as a reduction in total and visceral fat mass
and an increase in the proportion of lean body mass [5]. Other GLP-1RAs—like the dual
and triple agonists tirzepatide and retratutide [6–8]—are currently being studied for the
same application. This new generation of medications has shown substantial results for
the treatment of obesity, leading to dose-dependent weight loss effects that surpass 20% of
total body weight, accompanied by marked improvements in cardiometabolic health when
paired with lifestyle interventions [1,9].

There are several theorized reasons for the success of GLP-1RAs in the treatment of
obesity. For example, GLP-1RAs have been shown to activate GLP-1 receptors in numerous
tissues and organs in the human body, three of which are believed to be of particular
relevance for weight management: the gastrointestinal tract, the pancreas, and parts of
the central nervous system [2]. In the gastrointestinal tract, GLP-1RAs can delay gastric
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emptying and glucose absorption, promoting greater satiety between meals [10]. In the
pancreas, they promote the release of insulin, which, in turn, helps regulate blood glucose
and appetite [11].

Although GLP-1 receptors are expressed in many regions of the brain [12,13], there
are conflicting results regarding whether GLP-1RAs can consistently cross the blood–brain
barrier and affect the central nervous system as a whole [14]. However, drugs like semaglu-
tide have been shown to affect areas of the brain involved in the regulation of appetite
and reward-seeking behaviors, including the hypothalamus, which can be exposed to
semaglutide through tanycytes lining the ventricle wall that may help to regulate eating
behaviors, thus contributing to an overall reduction in energy intake [15,16]. Similarly, in
a recent study with rodent models, semaglutide reduced alcohol drinking, potentially by
modulating GABA neurotransmission in the central amygdala and infralimbic cortex [17],
suggesting that GLP-1RAs might also have an impact on addictive behaviors, which share
many neural pathways with eating behaviors [18–20].

In addition to these mechanisms proposed by researchers as potential drivers of the
weight loss effects of these drugs in clinical trials [4,21], patient-reported anecdotal evidence
points to a construct that could be either the direct culmination of such aforementioned
mechanisms or a separate effect of GLP-1RAs; patients have noted a reduction in what has
colloquially been termed “food noise”. This suggests that there are likely psychological
benefits to the use of these medications for the treatment of obesity, which may allow for
additional intervention and treatment strategies to further enhance patient weight loss. In
this narrative review, we will attempt to elucidate the construct of “food noise” as well as
the methods available in the literature to assess it.

2. The Anecdotal Evidence on “Food Noise”

With the widespread use of GLP-1RAs and the positive results observed in real-life
clinical settings [22], news articles have been documenting such anecdotal evidence from
patients reporting that, after using GLP-1RAs (particularly semaglutide) for weight man-
agement, the “food noise” inside their heads has quieted. Such patients report previously
experiencing constant and persistent thoughts about foods and eating that were difficult
to suppress, to the point of feeling as if their lives revolved around food [23–25]. A few
examples of anecdotal accounts of what patients call “food noise” are as follows: thinking
about foods all the time (particularly highly palatable and energy-dense foods), feeling
tempted to check food delivery applications multiple times a day, and thinking about the
next meal they will consume when eating a meal [26,27]. This kind of rumination and
obsessive preoccupation about food has been recently referred to as food-related intrusive
thoughts (FRITs), which are believed to be experienced by people with and without clini-
cally diagnosed eating disorders alike, particularly when struggling with their body weight
or body image [28]. Such a phenomenon might pose a significant barrier to successful
lifestyle changes, contributing to overeating and maladaptive eating behaviors, including
emotional eating [29].

Although patient and clinician testimonies pointing to a reduction in FRITs seem to be
a promising additional benefit that might help explain the effectiveness of GLP-1RAs on
the treatment of obesity, there is still a need for systematically investigating this kind of
effect and conceptualizing this construct, or collection of distinct constructs, that patients
refer to as “food noise” so that scientists might be able to measure how it varies and to
elucidate its role in weight management. While “food noise” may be a new concept to
the public, we argue herein that researchers have been utilizing alternative terminology to
describe an intimately related construct that can help explain “food noise”, namely, food
cue reactivity.
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3. Food Cue Reactivity: An Adaptive Characteristic That Can Lead to Maladaptive
Eating Behaviors

Humans possess an extensive mesocorticolimbic circuitry that is exceptionally efficient
at eliciting motivational responses upon exposure to food cues [30,31]. In plain language,
our brains are experts at making us desire the foods and beverages we see, smell, and hear
(e.g., the sound of bacon sizzling in a skillet). These motivational responses that arise from
reactivity to food cues are consciously experienced as food-related cognitions and food
cravings, defined as intense desires or urges to consume food. These responses can manifest
regardless of physiological hunger levels and ultimately lead to increased food-seeking
and consumption behaviors [30,32].

From an evolutionary perspective, such mechanisms have contributed to the survival
of our species in times of scarcity, allowing humans to respond to opportunities to meet
their nutritional needs whenever resources were available [33]. However, in most current
food environments in industrialized countries, people are constantly presented with such
opportunities to consume and are surrounded by food cues associated with highly palatable
and energy-dense foods, which can contribute to overeating and obesity [34,35].

One example of such changes in the food environment that can contribute to constant
exposure to food cues is the multiple media channels through which individuals are ex-
posed to food advertisements. Digital and social media platforms have been specifically
designed to be attention-grabbing and yield the highest possible reactivity to ultimately
elicit intense food cravings, shape attitudes, and increase consumption [36]. Exposure to
food advertisements on social media and video game streaming platforms [37,38] are rela-
tively recent additions to the arsenal of means of communication employed by advertisers
and can arguably extend the reach of food marketing and the number of food cues an
individual may encounter in their physical and digital environments.

Individual differences in reactivity to food cues might help to partially explain why
some people are more susceptible than others to overeating and developing obesity when
living in similar environments. For example, heightened cue reactivity, which is often
assessed as self-reported preoccupation with food or measured using changes in brain
response to food cues, has been observed in overweight individuals [39] and those living
with a binge-eating disorder [40]. These data seem to indicate that similar levels of exposure
to food cues might lead to different levels of food noise experienced by individuals, which
manifest as rumination and obsessive preoccupation with food (i.e., FRITs) and can lead to
overeating and maladaptive eating behaviors. If the anecdotal evidence that “food noise”
is dampened with the use of GLP-1RAs is confirmed through systematic investigation, it is
possible that food cue reactivity can be modified with pharmacological therapy, preventing
the occurrence of food noise. For the sake of a definition, food noise could be described
as heightened and/or persistent manifestations of food cue reactivity, often leading to
food-related intrusive thoughts and maladaptive eating behaviors (Table 1).

Table 1. Definitions of terms and constructs mentioned in this paper.

Term Definition

Food cue

External and internal conditioned stimuli that can elicit food-related responses, including
sensorial (e.g., seeing and smelling food), environmental (e.g., walking by one’s favorite

restaurant), and social (e.g., seeing people eating) cues, as well as internal hunger cues (e.g.,
one’s stomach growling).

Food cue reactivity Conditioned responses to food cues, including physiological and psychological manifestations
that favor food-seeking behaviors.

Food noise Heightened and/or persistent manifestations of food cue reactivity, often leading to
food-related intrusive thoughts and maladaptive eating behaviors.

4. The Cue–Influencer–Reactivity–Outcome (CIRO) Model of Food Cue Reactivity

While many researchers have studied and described food cue reactivity, as docu-
mented in a literature review by Kanoski and Boutelle [40], there is currently no unifying
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model that maps out the evidence regarding the range of contributing factors and how those
factors are manifested. Therefore, we sought to assess and summarize the current state of
the literature and concepts related to food cue reactivity, including its determinants and
manifestations within and beyond the context of overweight and maladaptive eating behav-
iors. This process resulted in the development of the Cue–Influencer–Reactivity–Outcome
(CIRO) model of food cue reactivity (Figure 1).
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In this model, the presence of food cues elicits varying degrees of food cue reactivity,
which is influenced by constant and transient influencers and, when heightened, ultimately
contributes to overeating and weight gain [40]. Most importantly, this model highlights
that cue reactivity is likely to be influenced by many factors, some of which are constantly
present and others that are continually changing, which can help to explain the dynamic
nature of food cue reactivity. To account for this high level of potential variability, our
conceptual model considers two categories of potential cues: external food cues, which
arise from the physical and social environment (e.g., seeing and smelling palatable foods),
and internal food cues, such as those that might arise from homeostatic hunger signals (e.g.,
noticing that your stomach is growling) and thoughts about food and eating [41].

In addition to the food cue itself, we consider factors that may modify the strength of
the responses elicited in response to it, including constant (e.g., genetics) and transient (e.g.,
time of day) factors. Constant factors such as certain appetitive traits (e.g., those assessed
by the Adult and Children Eating Behavior Questionnaires) [42,43], a person’s genetic
makeup, usual food preferences, and weight status are all associated with different levels
of reactivity to food cues [44–49]. We also considered skills related to emotion regulation
and coping as constant influencers, since previous research has shown that employing
strategies such as cognitive reappraisal can help manage neural reactivity to food cues and
self-reported cravings for energy-dense foods [50].

Similarly, transient factors and states, such as the time of day, surrounding environ-
ment, sleep duration, level of psychological stress, emotional state, physical activity, and
levels of appetite-regulating hormones (e.g., circulating levels of leptin, ghrelin, PYY, en-
dogenous GLP-1, and GLP-1RAs), have been associated with varying levels of food cue
reactivity [46,51–61].
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5. Methods for Assessing Food Cue Reactivity

After considering these modifying factors, we then mapped to our model how food cue
reactivity manifests and how it can be assessed, so that researchers interested in studying
food cue reactivity and food noise are presented with an array of options to choose from
when measuring such constructs. We, therefore, compiled examples of methods that have
been previously employed in the broader literature to assess food cue reactivity in humans.
We then divided these measures into two groups of manifestations based on how they are
typically measured in these studies.

6. Biological Manifestations of Food Cue Reactivity

The first group of manifestations of food cue reactivity is biological (or physiological)
manifestations, which include a range of measurable cephalic phase responses to food
cues, including changes in heart rate, blood pressure, skin conductance, gastric activity,
and salivation [41,53,62]. Other important biological manifestations of food cue reactivity
that have been extensively studied are changes in brain activity that can be measured
with functional magnetic resonance imaging (fMRI) [48,63], electroencephalography (EEG),
functional near-infrared spectroscopy (fNIRS), and magnetoencephalography (MEG) [49].
The most widely employed of such methods in the context of food cue reactivity is fMRI.

With fMRI, researchers can measure brain responses to food cues in laboratory settings
using either an exploratory approach (with whole-brain fMRI) or focusing on brain regions
associated with different aspects of eating behavior by conducting region-of-interest (ROI)
analyses [64]. The use of fMRI to assess food cue reactivity presents several strengths,
such as providing an objective measure of brain activity and allowing for investigating
the responses of different regions of interest to food cues, which can help understand
how distinct aspects of food cue-related brain responses might change due to individual
differences and in response to treatments [65]. The downside of this approach is the high
cost of equipment and trained personnel and the low ecological validity, as assessing
responses to food cues in a laboratory setting while wearing a brain scanner is contextually
very different from free-living conditions [66]. Despite the measurement of such biological
manifestations of food cue reactivity being inherently limited in ecological validity and not
feasible when considering conducting a dense repeated measure field study, they could
be of great value to elucidating changes in food cue reactivity before and after different
treatments in clinical settings, such as in patients being treated with GLP-1RAs.

7. Psychological Manifestations of Food Cue Reactivity

The second category of methods we have compiled pertains to psychological man-
ifestations of food cue reactivity, which includes changes in attentional bias (most often
measured with eye-tracking and reaction-time-based paradigms and the emotional Stroop
task) [59,67,68] and questionnaires that measure trait- and state-level constructs that can
influence eating behaviors [69]. One example of a questionnaire that can be used to assess
psychological manifestations of food cue reactivity is the Food Cue Responsivity Scale [70],
which was recently developed by Sim and colleagues by combining items from pre-existing
scales aimed at assessing reactivity to distinct types of food cues across two subdomains:
uncontrolled eating behavior and cognitive rumination.

Another useful tool for studying psychological manifestations of food cue reactivity
is a set of questionnaires widely employed in eating behavior research that allow for
distinguishing between reactivity to food cues as a trait and a state—the state and trait
versions of the Food Craving Questionnaire [69,71]. This distinction could be particularly
useful in studies aiming at evaluating reactivity to food cues in a dynamic manner and
allowing for identifying within-subject variation after repeated measures. There are also
adaptations of the state and trait versions of the Food Craving Questionnaire focusing on
general food cravings rather than craving specific foods, developed by Nijs et al. [72]. It is
worth noting that, although the name of these questionnaires might suggest they are limited
to assessing food craving, their scores are computed under five subdomains, which assess
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much broader manifestations of food cue reactivity. Table 2 provides an example question,
which is rated on a scale ranging from 1 (strongly disagree) to 5 (strongly agree), from each
of the five subdomains of the General Food Cravings Questionnaire–State (G-FCQ-S).

Table 2. G-FCQ-S items [72].

Subscale Domain Example Question

An intense desire to eat I’m craving tasty food
Anticipation of relief from negative states If I ate something, I wouldn’t feel so sluggish and lethargic

Craving as a physiological state If I ate right now, my stomach wouldn’t feel as empty
Obsessive preoccupation with food My desire to eat something tasty seems overpowering

Anticipation of positive reinforcement If I were to eat what I’m desiring, I am sure my mood would improve

Yet another example of a measure that can be employed to assess psychological
manifestations of food cue reactivity is the Visual Analog Scale (VAS). VAS can be easily
adapted, giving researchers the ability to utilize or adapt different questions that might be
related to food cue reactivity and eating behavior. VAS can be used to rate an individual’s
thoughts and feelings by marking a point in a straight line or slider with two opposite
answers as anchors on its extreme sides. One example of this approach is the following set
of six questions [73], employed by Masterson et al. [51], to evaluate participants’ perceptions
of hunger and preoccupation with food at different times of the day: (i) How hungry do
you feel?; (ii) How full do you feel?; (iii) How strong is your desire to eat?; (iv) How
much do you think you could eat now?; (v) What is your urge to eat?; and (vi) What is
your preoccupation with thoughts of food? In this example, Masterson et al. found that
preoccupation with food was higher in the evening compared to the morning, although
hunger levels were similar.

8. Outcomes of Increased Food Cue Reactivity

In the final portion of the model, we classified the effects of increased food cue reactiv-
ity into short-term and long-term outcomes. The former represents behavioral responses
elicited immediately or shortly after acute exposure to food cues, including increased food-
seeking behaviors and food intake. Long-term outcomes, on the other hand, represent the
results of repeated instances of exposure to food cues accompanied by heightened food cue
reactivity and behavioral outcomes over prolonged periods, which can lead to the strength-
ening of the effectiveness of food cues on eliciting overeating through learning processes,
including incentive sensitization [74,75], Pavlovian conditioning (i.e., a direct association
between food cues and food intake), and operant conditioning (i.e., a reinforcement of
food-seeking behaviors due to the rewarding nature of palatable foods) [40]. On top of
these learning processes, increased food cue reactivity is associated, over time, with impor-
tant health-related outcomes, including weight gain or regain [50,65,76], disordered eating
behaviors and eating disorders [77–79], and, consequently, loss of quality of life [45,80].

In this paper, we used the example of how GLP-1RAs can mimic the appetite-regulating
hormone GLP-1 and, thus, might influence food cue reactivity as one of its potential mech-
anisms that can help explain its remarkable results in weight management. Therefore,
the anecdotal evidence from patients reporting the “silencing” of the “food noise” that
constantly occupied their minds before obesity treatment using GLP-1RAs might repre-
sent a reduction in extreme forms of food cue reactivity, in which the magnitude of the
food cue reactivity generated by exposure to food cues and their persistent nature is such
that individuals struggle with food-related intrusive thoughts—FRITs. This reduction, in
turn, might help explain the reduction in overeating and the positive clinical outcomes
experienced by individuals undergoing obesity treatment with GLP-1RAs.
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9. GLP-1RAs and Their Possible Role in Managing Behavioral Addictions and Substance
Use Disorders: Additional Insights from the CIRO Model of Food Cue Reactivity

The CIRO model of food cue reactivity includes multiple manifestations of food cue
reactivity under one construct (“R”) while acknowledging that the degree of these mani-
festations will vary between individuals and within individuals across time. Specifically,
individual and environmental influencers that might be either constant or transient (“I”)
modify the degree of food cue reactivity, and manifestations will be amplified by positive
feedback after food consumption (“O”). “Food noise” thus reflects an advanced stage of
food cue reactivity marked by a heightened and/or persistent preoccupation with food,
a stage of reactivity that can lead to the occurrence of FRITs and have a negative impact
on daily life (Table 1). That progression from typical to disordered food cue responsivity
mirrors the development of preoccupation and disordered thinking in other behavioral
addictions and substance use disorders [81]. Anecdotal evidence supports that treatment
with semaglutide is related to reductions in substance use or compulsive behaviors other
than eating (e.g., alcohol use, smoking, compulsive shopping) [82,83], suggesting that this
drug may dampen maladaptive “noise” related to other rewarding behaviors. Animal
models support that GLP-1RA treatment causally reduces alcohol intake, and GLP-1RAs
may dampen the release of dopamine in the nucleus accumbens in response to alcohol
intake as well as increase the breakdown of dopamine [17,84–86]. Alterations in dopamin-
ergic pathways in the brain likely contribute to substance misuse [87,88] and play a role in
compulsive behaviors [89]. Thus, it is possible that, in addition to acting upon pathways
typically implicated in appetite regulation, GLP-1RAs dampen food noise by disrupting
the development and reinforcement of disordered thought processes about food by acting
on reward pathways in the brain.

10. Research and Public Health Implications

Based on the literature included in this narrative review, we theorize that the health-
related outcomes of heightened and persistent food cue reactivity (i.e., “food noise”)
portrayed in the CIRO model of food cue reactivity can be modified by intervening in
the first two components of our model: a) people’s exposure to food cues, by modifying
food environments, and b) factors that can influence food cue reactivity. While some
of the factors that influence food cue reactivity are not currently modifiable in humans,
such as their genetic makeup, others can be managed through medical and behavioral
treatments. A combination of strategies is most likely to yield clinically significant benefits
by addressing multiple influencers as well as the level of exposure to external food cues.

Furthermore, despite the compelling evidence of the benefits of GLP-1RAs as adjunct
treatments to intensive behavioral therapy in weight management and their currently
anecdotal effect on managing food noise, these drugs should not be regarded as standalone
treatments, and care should be exercised when prescribing such pharmacological treatments
and monitoring patients receiving them. As discussed by Powell et al. [90], semaglutide
may display suboptimal results in real-world settings when used in isolation without the
use of interventions to promote lifestyle changes, such as nutrition and psychological
counseling, and adequate support to increase levels of physical activity. Additionally,
concerns regarding a possible link between semaglutide use and depressive symptoms
and suicidal ideation have recently emerged through case reports [91]. Despite the lack
of statistically significant evidence for such association in clinical trials conducted so
far [4,92], it is worth noting that the main trials for which data have been published (STEP
1 through STEP 5, STEP 8, and STEP TEENS) did not include participants who reported
having symptoms of major depressive disorder within 2 years before screening, which
limits their ability to assess psychiatric adverse events in people with a recent history of
depression [3,4,93–97]. The European Medicines Agency (EMA) is currently reviewing data
on about 150 reports of possible cases of suicidal thoughts and self-injury from patients
treated with GLP-1RAs [98]. Although there is no evidence that these events have been
directly caused by GLP-1RAs, these concerns reinforce the need for careful consideration



Nutrients 2023, 15, 4809 8 of 14

and close monitoring of patients by obesity medicine teams, particularly for those with a
history of major depressive disorder and suicidal ideation.

In order to maximize public health benefits, individuals, clinicians, public administra-
tors, and policymakers should work together to address the biological, behavioral, social,
and environmental determinants of health that lead to the development and maintenance
of obesity by employing a socioecological approach to health promotion [99–101]. For ex-
ample, it might be necessary to adopt multilevel, multicomponent strategies that combine
individual-level interventions such as pharmacological and behavioral treatments that can
help address influencers of food cue reactivity with community-level interventions and
public policies that improve our food environments and regulate mass exposure to external
food cues through media and advertisement, which are likely contributing to experiences
of food noise [102]. Another essential goal should be improving equity in access to both
medical and behavioral treatments through increased availability and insurance coverage,
given that there are significant socioeconomic determinants of obesity and the gap is likely
to become wider with the emergence of new treatments that are prohibitively costly for
people of lower income [103,104].

As well as developing policies that can limit exposure to food cues and improving
access to treatments that can modify influencers of food cue reactivity, it might also be
necessary to address motivational barriers regarding seeking such treatments. At the
same time, as our environments shift toward favoring overeating and obesity due to
constant exposure to food cues, the societal standards in industrialized countries also
tend to promote widespread weight stigma and body shame [105], which, in addition to
leading to stress and favoring emotional eating [106], can contribute to the avoidance of
treatment-seeking behaviors due to fear of experiencing weight discrimination in healthcare
settings [107]. This fear of discrimination and embarrassment due to one’s body weight
and/or eating behaviors is commonly experienced by people suffering from binge-eating
disorder, for whom such fear manifests as attempts to hide one’s behavior from others
and eat in isolation [108]. Such attempts can make maladaptive eating behaviors harder to
identify and treat. The same might occur with experiences of food noise, which can remain
undisclosed by patients due to fear of judgment.

There are plenty of promising areas for future research on understanding and manag-
ing food cue reactivity. A few examples include investigating which of the determinants
of food cue reactivity present in the literature have the greatest impact on human eating
behavior and how clinically and demographically distinct populations are affected by them
in different contexts. For instance, understanding the impact of emerging weight man-
agement drugs (e.g., GLP-1RAs, like semaglutide, and the newer dual and triple agonists
tirzepatide and retratutide) [6–8] on food cue reactivity and systematically investigating
their ability to halt the progression of food cue reactivity to food noise and what happens
once patients stop using such medications is yet another promising area of research, as the
anecdotal evidence from such effects promoted by GLP-1RAs adds yet another layer of
complexity to the interplay between the psychosocial and biological influencers of food cue
reactivity. Particularly, extending laboratory findings to ecologically valid contexts should
also be a research priority, given that the way people experience food cue reactivity might
differ in free-living conditions. Lastly, research should focus on improving current medical
and behavioral treatments to manage food cue reactivity and food noise (e.g., developing
and testing non-pharmacological treatments that could also contribute to reducing food
noise, such as environmental enrichment and the use of rewarding activities other than
eating) [109,110], as well as public policies that can yield significant clinical and public
health impacts.

It is important to note that the CIRO model of food cue reactivity does not aim to work
as an all-encompassing model that explains all the possible variables and relationships that
influence how humans respond to food cues. Instead, the constructs and directions of the
arrows displayed in the model are meant to provide a simplified visual representation of
the current research describing how different measurable factors impact food cue reactivity.
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The actual relationships between variables are likely much more complex than those
represented in the CIRO model. For example, certain influencers, like circulating levels of
appetite-regulating hormones and time of the day, are likely to trigger internal food cues
(e.g., feelings of hunger and thoughts about food and eating) on their own, in addition to
influencing the magnitude of the food cue reactivity elicited by those cues, and can even
influence each other (in this example, the time of the day can also affect the level of appetite-
circulating hormones due to influences of circadian rhythm and eating patterns) [111].
Similarly, emotion regulation and coping skills are likely to also affect the degree to which
food cue reactivity determines behavioral outcomes, as even individuals experiencing food-
related intrusive thoughts might be less likely to engage in maladaptive eating behaviors
when using the right coping strategies. Additionally, the distinction between constant
and transient influencers can be blurred in situations where transient influencers that can
increase food cue reactivity, such as stress, might become chronic—like that experienced
within food insecure households and by individuals from minority groups who face day-to-
day discrimination, both of which have been shown to experience increased levels of food
cue reactivity compared to those living in food secure households and those who report
lower levels of experienced discrimination [112,113]. This nuanced interplay of factors
should be taken into consideration by researchers when designing studies and interpreting
their findings, and future research could lead to updating the proposed model. The model
may also be expanded in the future as new evidence points to additional factors that can
influence food cue reactivity and food noise.

11. Conclusions

Despite the lack of systematic research on the phenomenon of “food noise”, there is
growing anecdotal evidence that the use of GLP-1RAs, particularly semaglutide, might
reduce “food noise”. We have defined “food noise” as “heightened and/or persistent
manifestations of food cue reactivity, often leading to food-related intrusive thoughts and
maladaptive eating behaviors”. Ultimately, this narrative review aimed to define “food
noise” and discuss how it relates to the more widely studied construct of food cue reactivity.
Moreover, based on the key literature on human eating behavior, we proposed a more
unified conceptual model of food cue reactivity that can help researchers understand
the factors that affect food cue reactivity and its outcomes on human eating behavior
and health—the Cue–Influencer–Reactivity–Outcome (CIRO) model of food cue reactivity.
This model provides a helpful scaffold for the study of food cue reactivity and food-
related cognitions.

Author Contributions: Conceptualization, D.H., T.D.M., C.E. and D.G.-D.; methodology, D.H. and
T.D.M.; writing—original draft preparation, D.H.; writing—review and editing, T.D.M., C.E., J.A.E.,
A.R., D.G.-D. and M.B.; supervision, T.D.M.; project administration, T.D.M. All authors have read
and agreed to the published version of the manuscript.

Funding: D.H. received financial support in the form of a scholarship from the Brazilian Coordination
for the Improvement of Higher Education Personnel (CAPES; grant number 88881.625387/2021-01),
administered by the Brazilian Fulbright Commission.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Blüher, M.; Aras, M.; Aronne, L.J.; Batterham, R.L.; Giorgino, F.; Ji, L.; Pietiläinen, K.H.; Schnell, O.; Tonchevska, E.; Wilding, J.P.H.

New insights into the treatment of obesity. Diabetes Obes. Metab. 2023, 25, 2058–2072. [CrossRef]
2. Wang, J.Y.; Wang, Q.W.; Yang, X.Y.; Yang, W.; Li, D.R.; Jin, J.Y.; Zhang, H.C.; Zhang, X.F. GLP-1 receptor agonists for the treatment

of obesity: Role as a promising approach. Front. Endocrinol. 2023, 14, 1085799. [CrossRef]

https://doi.org/10.1111/dom.15077
https://doi.org/10.3389/fendo.2023.1085799


Nutrients 2023, 15, 4809 10 of 14

3. Rubino, D.M.; Greenway, F.L.; Khalid, U.; O’Neil, P.M.; Rosenstock, J.; Sørrig, R.; Wadden, T.A.; Wizert, A.; Garvey, W.T. Effect of
Weekly Subcutaneous Semaglutide vs. Daily Liraglutide on Body Weight in Adults with Overweight or Obesity without Diabetes:
The STEP 8 Randomized Clinical Trial. JAMA 2022, 327, 138–150. [CrossRef]

4. Wilding, J.P.H.; Batterham, R.L.; Calanna, S.; Davies, M.; Van Gaal, L.F.; Lingvay, I.; McGowan, B.M.; Rosenstock, J.; Tran, M.T.;
Wadden, T.A.; et al. Once-Weekly Semaglutide in Adults with Overweight or Obesity. N. Engl. J. Med. 2021, 384, 989–1002.
[CrossRef]

5. Wilding, J.P.H.; Batterham, R.L.; Calanna, S.; Van Gaal, L.F.; McGowan, B.M.; Rosenstock, J.; Tran, M.T.D.; Wharton, S.; Yokote, K.;
Zeuthen, N.; et al. Impact of Semaglutide on Body Composition in Adults with Overweight or Obesity: Exploratory Analysis of
the STEP 1 Study. J. Endocr. Soc. 2021, 5 (Suppl. S1), A16–A17. [CrossRef]

6. Nauck, M.A.; D’Alessio, D.A. Tirzepatide, a dual GIP/GLP-1 receptor co-agonist for the treatment of type 2 diabetes with
unmatched effectiveness regrading glycaemic control and body weight reduction. Cardiovasc. Diabetol. 2022, 21, 169. [CrossRef]

7. de Mesquita, Y.L.L.; Pera Calvi, I.; Reis Marques, I.; Cruz, S.A.; Padrao, E.M.H.; de Paula Carvalho, P.E.; da Silva, C.H.A.; Cardoso,
R.; Moura, F.A.; Rafalskiy, V.V. Efficacy and safety of the dual GIP and GLP-1 receptor agonist tirzepatide for weight loss: A
meta-analysis of randomized controlled trials. Int. J. Obes. 2023, 47, 883–892. [CrossRef]

8. Rosenstock, J.; Frias, J.; Jastreboff, A.M.; Du, Y.; Lou, J.; Gurbuz, S.; Thomas, M.K.; Hartman, M.L.; Haupt, A.; Milicevic, Z.; et al.
Retatrutide, a GIP, GLP-1 and glucagon receptor agonist, for people with type 2 diabetes: A randomised, double-blind, placebo
and active-controlled, parallel-group, phase 2 trial conducted in the USA. Lancet 2023, 402, 529–544. [CrossRef]

9. Abdi Beshir, S.; Ahmed Elnour, A.; Soorya, A.; Mohamed, A.P.; Goh, S.S.L.; Hussain, N.; Al Haddad, A.H.I.; Hussain, F.; Khidir,
I.Y.; Abdelnassir, Z. A narrative review of approved and emerging anti-obesity medications. Saudi Pharm. J. 2023, 31, 101757.
[CrossRef]

10. Shaefer, C.F., Jr.; Kushner, P.; Aguilar, R. User’s guide to mechanism of action and clinical use of GLP-1 receptor agonists. Postgrad.
Med. 2015, 127, 818–826. [CrossRef]

11. Collins, L.; Costello, R.A. Glucagon-Like Peptide-1 Receptor Agonists; StatPearls Publishing: Tampa, FL, USA, 2023.
12. Farr, O.M.; Sofopoulos, M.; Tsoukas, M.A.; Dincer, F.; Thakkar, B.; Sahin-Efe, A.; Filippaios, A.; Bowers, J.; Srnka, A.; Gavrieli,

A.; et al. GLP-1 receptors exist in the parietal cortex, hypothalamus and medulla of human brains and the GLP-1 analogue
liraglutide alters brain activity related to highly desirable food cues in individuals with diabetes: A crossover, randomised,
placebo-controlled trial. Diabetologia 2016, 59, 954–965.

13. López-Ferreras, L.; Richard, J.E.; Noble, E.E.; Eerola, K.; Anderberg, R.H.; Olandersson, K.; Taing, L.; Kanoski, S.E.; Hayes, M.R.;
Skibicka, K.P. Lateral hypothalamic GLP-1 receptors are critical for the control of food reinforcement, ingestive behavior and
body weight. Mol. Psychiatry 2018, 23, 1157–1168. [CrossRef]

14. Gabery, S.; Salinas, C.G.; Paulsen, S.J.; Ahnfelt-Rønne, J.; Alanentalo, T.; Baquero, A.F.; Buckley, S.T.; Farkas, E.; Fekete, C.;
Frederiksen, K.S.; et al. Semaglutide lowers body weight in rodents via distributed neural pathways. JCI Insight 2020, 5, e133429.
[CrossRef]

15. Trapp, S.; Brierley, D.I. Brain GLP-1 and the regulation of food intake: GLP-1 action in the brain and its implications for GLP-1
receptor agonists in obesity treatment. Br. J. Pharmacol. 2022, 179, 557–570. [CrossRef]

16. Dong, M.; Wen, S.; Zhou, L. The Relationship between the Blood-Brain-Barrier and the Central Effects of Glucagon-Like Peptide-1
Receptor Agonists and Sodium-Glucose Cotransporter-2 Inhibitors. Diabetes Metab. Syndr. Obes. 2022, 15, 2583–2597. [CrossRef]

17. Chuong, V.; Farokhnia, M.; Khom, S.; Pince, C.L.; Elvig, S.K.; Vlkolinsky, R.; Marchette, R.C.; Koob, G.F.; Roberto, M.; Vendruscolo,
L.F.; et al. The glucagon-like peptide-1 (GLP-1) analogue semaglutide reduces alcohol drinking and modulates central GABA
neurotransmission. JCI Insight 2023, 8, e170671. [CrossRef]

18. Schreiber, L.R.N.; Odlaug, B.L.; Grant, J.E. The overlap between binge eating disorder and substance use disorders: Diagnosis
and neurobiology. J. Behav. Addict. 2013, 2, 191–198. [CrossRef]

19. Giacomini, J.L.; Sadeghian, K.; Baldo, B.A. Eating driven by the gustatory insula: Contrasting regulation by infralimbic vs.
prelimbic cortices. Neuropsychopharmacology 2022, 47, 1358–1366. [CrossRef]

20. Douglass, A.M.; Kucukdereli, H.; Ponserre, M.; Markovic, M.; Gründemann, J.; Strobel, C.; Morales, P.L.A.; Conzelmann, K.-K.;
Lüthi, A.; Klein, R. Central amygdala circuits modulate food consumption through a positive-valence mechanism. Nat. Neurosci.
2017, 20, 1384–1394. [CrossRef]

21. Pi-Sunyer, X.; Astrup, A.; Fujioka, K.; Greenway, F.; Halpern, A.; Krempf, M.; Lau, D.C.W.; Le Roux, C.W.; Ortiz, R.V.; Jensen,
C.B.; et al. A Randomized, Controlled Trial of 3.0 mg of Liraglutide in Weight Management. N. Engl. J. Med. 2015, 373, 11–22.
[CrossRef]

22. Ghusn, W.; De la Rosa, A.; Sacoto, D.; Cifuentes, L.; Campos, A.; Feris, F.; Hurtado, M.D.; Acosta, A. Weight Loss Outcomes
Associated with Semaglutide Treatment for Patients with Overweight or Obesity. JAMA Netw. Open 2022, 5, e2231982. [CrossRef]

23. Cassata, C. Drugs Like Ozempic and Wegovy Cut Cravings and Turn down “Food Noise”; Healthline Media: San Francisco, CA, USA,
2023. Available online: https://www.healthline.com/health-news/drugs-like-ozempic-and-wegovy-cut-cravings-and-turn-
down-food-noise (accessed on 5 September 2023).

24. Blum, D. People on Drugs Like Ozempic Say Their “Food Noise” Has Disappeared. The New York Times, 21 June 2023. Available
online: https://www.nytimes.com/2023/06/21/well/eat/ozempic-food-noise.html (accessed on 5 September 2023).

25. O’Neill, M. What Is “Food Noise”? How Drugs Like Ozempic and Wegovy Quiet Obsessive Thoughts about Food. Health, 3 July
2023. Available online: https://www.health.com/food-noise-ozempic-wegovy-7555112 (accessed on 5 September 2023).

https://doi.org/10.1001/jama.2021.23619
https://doi.org/10.1056/NEJMoa2032183
https://doi.org/10.1210/jendso/bvab048.030
https://doi.org/10.1186/s12933-022-01604-7
https://doi.org/10.1038/s41366-023-01337-x
https://doi.org/10.1016/S0140-6736(23)01053-X
https://doi.org/10.1016/j.jsps.2023.101757
https://doi.org/10.1080/00325481.2015.1090295
https://doi.org/10.1038/mp.2017.187
https://doi.org/10.1172/jci.insight.133429
https://doi.org/10.1111/bph.15638
https://doi.org/10.2147/DMSO.S375559
https://doi.org/10.1172/jci.insight.170671
https://doi.org/10.1556/JBA.2.2013.015
https://doi.org/10.1038/s41386-022-01276-7
https://doi.org/10.1038/nn.4623
https://doi.org/10.1056/NEJMoa1411892
https://doi.org/10.1001/jamanetworkopen.2022.31982
https://www.healthline.com/health-news/drugs-like-ozempic-and-wegovy-cut-cravings-and-turn-down-food-noise
https://www.healthline.com/health-news/drugs-like-ozempic-and-wegovy-cut-cravings-and-turn-down-food-noise
https://www.nytimes.com/2023/06/21/well/eat/ozempic-food-noise.html
https://www.health.com/food-noise-ozempic-wegovy-7555112


Nutrients 2023, 15, 4809 11 of 14

26. Hohman, M. Some Ozempic Patients Report Less “Food Noise”. Here’s What That Means. Yahoo News, 23 June 2023. Available
online: https://news.yahoo.com/ozempic-brain-4-patients-share-190933574.html (accessed on 9 November 2023).

27. Kuhn, C. Patients Say Drugs Like Ozempic Help with “Food Noise.” Here’s What That Means. PBS, 25 September 2023.
Available online: https://www.pbs.org/newshour/health/patients-say-drugs-like-ozempic-help-with-food-noise-heres-what-
that-means (accessed on 9 November 2023).

28. Ain, H.U. Food Related Intrusive Thoughts: A Pilot Study; University of Richmond: Richmond, VA, USA, 2023. Available online:
https://scholarship.richmond.edu/honors-theses/1676/ (accessed on 5 September 2023).

29. Kornacka, M.; Czepczor-Bernat, K.; Napieralski, P.; Brytek-Matera, A. Rumination, mood, and maladaptive eating behaviors in
overweight and healthy populations. Eat. Weight. Disord. 2021, 26, 273–285. [CrossRef]

30. Morales, I.; Berridge, K.C. “Liking” and “wanting” in eating and food reward: Brain mechanisms and clinical implications.
Physiol. Behav. 2020, 227, 113152. [CrossRef]

31. Berridge, K.C. “Liking” and “wanting” food rewards: Brain substrates and roles in eating disorders. Physiol. Behav. 2009, 97,
537–550. [CrossRef]

32. Reichenberger, J.; Richard, A.; Smyth, J.M.; Fischer, D.; Pollatos, O.; Blechert, J. It’s craving time: Time of day effects on momentary
hunger and food craving in daily life. Nutrition 2018, 55–56, 15–20. [CrossRef]

33. Volkow, N.D.; Wang, G.J.; Baler, R.D. Reward, dopamine and the control of food intake: Implications for obesity. Trends Cogn. Sci.
2011, 15, 37–46. [CrossRef]

34. Meule, A.; Kübler, A.; Blechert, J. Time course of electrocortical food-cue responses during cognitive regulation of craving. Front.
Psychol. 2013, 4, 669. [CrossRef]

35. Belfort-DeAguiar, R.; Seo, D. Food Cues and Obesity: Overpowering Hormones and Energy Balance Regulation. Curr. Obes. Rep.
2018, 7, 122–129. [CrossRef]

36. Smith, R.; Kelly, B.; Yeatman, H.; Boyland, E. Food Marketing Influences Children’s Attitudes, Preferences and Consumption: A
Systematic Critical Review. Nutrients 2019, 11, 875. [CrossRef]

37. Pollack, C.C.; Gilbert-Diamond, D.; Emond, J.A.; Eschholz, A.; Evans, R.K.; Boyland, E.J.; Masterson, T.D. Twitch user perceptions,
attitudes and behaviours in relation to food and beverage marketing on Twitch compared with YouTube. J. Nutr. Sci. 2021, 10, e32.
[CrossRef]

38. Evans, R.; Christiansen, P.; Masterson, T.; Pollack, C.; Albadri, S.; Boyland, E. Recall of food marketing on videogame livestreaming
platforms: Associations with adolescent diet-related behaviours and health. Appetite 2023, 186, 106584. [CrossRef]

39. Tetley, A.; Brunstrom, J.; Griffiths, P. Individual differences in food-cue reactivity. The role of BMI and everyday portion-size
selections. Appetite 2009, 52, 614–620. [CrossRef]

40. Kanoski, S.E.; Boutelle, K.N. Food cue reactivity: Neurobiological and behavioral underpinnings. Rev. Endocr. Metab. Disord.
2022, 23, 683–696. Available online: https://link.springer.com/article/10.1007/s11154-022-09724-x (accessed on 12 October 2023).
[CrossRef]

41. Nederkoorn, C.; Smulders, F.T.; Jansen, A. Cephalic phase responses, craving and food intake in normal subjects. Appetite 2000,
35, 45–55. [CrossRef]

42. Wardle, J.; Guthrie, C.A.; Sanderson, S.; Rapoport, L. Development of the Children’s Eating Behaviour Questionnaire. J. Child.
Psychol. Psychiatry 2001, 42, 963–970. [CrossRef]

43. Hunot, C.; Fildes, A.; Croker, H.; Llewellyn, C.H.; Wardle, J.; Beeken, R.J. Appetitive traits and relationships with BMI in adults:
Development of the Adult Eating Behaviour Questionnaire. Appetite 2016, 105, 356–363. [CrossRef]

44. Rapuano, K.M.; Zieselman, A.L.; Kelley, W.M.; Sargent, J.D.; Heatherton, T.F.; Gilbert-Diamond, D. Genetic risk for obesity
predicts nucleus accumbens size and responsivity to real-world food cues. Proc. Natl. Acad. Sci. USA 2017, 114, 160–165.
[CrossRef]

45. Boutelle, K.N.; Manzano, M.A.; Eichen, D.M. Appetitive traits as targets for weight loss: The role of food cue responsiveness and
satiety responsiveness. Physiol. Behav. 2020, 224, 113018. [CrossRef]

46. Paquet, C.; de Montigny, L.; Labban, A.; Buckeridge, D.; Ma, Y.; Arora, N.; Dubé, L. The moderating role of food cue sensitivity in
the behavioral response of children to their neighborhood food environment: A cross-sectional study. Int. J. Behav. Nutr. Phys.
Act. 2017, 14, 86. [CrossRef]

47. Serrano-Gonzalez, M.; Herting, M.M.; Lim, S.L.; Sullivan, N.J.; Kim, R.; Espinoza, J.; Koppin, C.M.; Javier, J.R.; Kim, M.S.; Luo, S.
Developmental Changes in Food Perception and Preference. Front. Psychol. 2021, 12, 654200. [CrossRef]

48. Pursey, K.M.; Stanwell, P.; Callister, R.J.; Brain, K.; Collins, C.E.; Burrows, T.L. Neural responses to visual food cues according
to weight status: A systematic review of functional magnetic resonance imaging studies. Front. Nutr. 2014, 1, 7. [CrossRef]
[PubMed]

49. Poghosyan, V.; Ioannou, S.; Al-Amri, K.M.; Al-Mashhadi, S.A.; Al-Mohammed, F.; Al-Otaibi, T.; Al-Saeed, W. Spatiotemporal
profile of altered neural reactivity to food images in obesity: Reward system is altered automatically and predicts efficacy of
weight loss intervention. Front. Neurosci. 2023, 17, 948063. [CrossRef]

50. Boswell, R.G.; Kober, H. Food cue reactivity and craving predict eating and weight gain: A meta-analytic review. Obes. Rev. 2016,
17, 159–177. [CrossRef] [PubMed]

https://news.yahoo.com/ozempic-brain-4-patients-share-190933574.html
https://www.pbs.org/newshour/health/patients-say-drugs-like-ozempic-help-with-food-noise-heres-what-that-means
https://www.pbs.org/newshour/health/patients-say-drugs-like-ozempic-help-with-food-noise-heres-what-that-means
https://scholarship.richmond.edu/honors-theses/1676/
https://doi.org/10.1007/s40519-020-00857-z
https://doi.org/10.1016/j.physbeh.2020.113152
https://doi.org/10.1016/j.physbeh.2009.02.044
https://doi.org/10.1016/j.nut.2018.03.048
https://doi.org/10.1016/j.tics.2010.11.001
https://doi.org/10.3389/fpsyg.2013.00669
https://doi.org/10.1007/s13679-018-0303-1
https://doi.org/10.3390/nu11040875
https://doi.org/10.1017/jns.2021.22
https://doi.org/10.1016/j.appet.2023.106584
https://doi.org/10.1016/j.appet.2009.02.005
https://link.springer.com/article/10.1007/s11154-022-09724-x
https://doi.org/10.1007/s11154-022-09724-x
https://doi.org/10.1006/appe.2000.0328
https://doi.org/10.1111/1469-7610.00792
https://doi.org/10.1016/j.appet.2016.05.024
https://doi.org/10.1073/pnas.1605548113
https://doi.org/10.1016/j.physbeh.2020.113018
https://doi.org/10.1186/s12966-017-0540-9
https://doi.org/10.3389/fpsyg.2021.654200
https://doi.org/10.3389/fnut.2014.00007
https://www.ncbi.nlm.nih.gov/pubmed/25988110
https://doi.org/10.3389/fnins.2023.948063
https://doi.org/10.1111/obr.12354
https://www.ncbi.nlm.nih.gov/pubmed/26644270


Nutrients 2023, 15, 4809 12 of 14

51. Masterson, T.D.; Kirwan, C.B.; Davidson, L.E.; LeCheminant, J.D. Neural reactivity to visual food stimuli is reduced in some
areas of the brain during evening hours compared to morning hours: An fMRI study in women. Brain Imaging Behav. 2016, 10,
68–78. [CrossRef] [PubMed]

52. Demos, K.E.; Sweet, L.H.; Hart, C.N.; McCaffery, J.M.; Williams, S.E.; Mailloux, K.A.; Trautvetter, J.; Owens, M.M.; Wing, R.R. The
Effects of Experimental Manipulation of Sleep Duration on Neural Response to Food Cues. Sleep 2017, 40, zsx125. [CrossRef]

53. Rauch, H.G.L.; Hume, D.J.; Howells, F.M.; Kroff, J.; Lambert, E.V. Food Cue Reactivity and the Brain-Heart Axis During Cognitive
Stress Following Clinically Relevant Weight Loss. Front. Nutr. 2018, 5, 135. [CrossRef]

54. Tryon, M.S.; Carter, C.S.; Decant, R.; Laugero, K.D. Chronic stress exposure may affect the brain’s response to high calorie food
cues and predispose to obesogenic eating habits. Physiol. Behav. 2013, 120, 233–242. [CrossRef]

55. Schneider-Worthington, C.R.; Smith, K.E.; Roemmich, J.N.; Salvy, S.J. External food cue responsiveness and emotional eating in
adolescents: A multimethod study. Appetite 2022, 168, 105789. [CrossRef]

56. Arend, A.K.; Schnepper, R.; Lutz, A.P.C.; Eichin, K.N.; Blechert, J. Prone to food in bad mood-Emotion-potentiated food-cue
reactivity in patients with binge-eating disorder. Int. J. Eat. Disord. 2022, 55, 564–569. [CrossRef]

57. Jastreboff, A.M.; Sinha, R.; Lacadie, C.; Small, D.M.; Sherwin, R.S.; Potenza, M.N. Neural correlates of stress- and food cue-induced
food craving in obesity: Association with insulin levels. Diabetes Care 2013, 36, 394–402. [CrossRef]

58. Luo, S.; O’Connor, S.G.; Belcher, B.R.; Page, K.A. Effects of Physical Activity and Sedentary Behavior on Brain Response to
High-Calorie Food Cues in Young Adults. Obesity 2018, 26, 540–546. [CrossRef] [PubMed]

59. Flack, K.D.; Anderson, R.E., 3rd; McFee, K.F.; Kryscio, R.; Rush, C.R. Exercise increases attentional bias towards food cues in
individuals classified as overweight to obese. Physiol. Behav. 2022, 247, 113711. [CrossRef] [PubMed]

60. De Silva, A.; Salem, V.; Long, C.J.; Makwana, A.; Newbould, R.D.; Rabiner, E.A.; Ghatei, M.A.; Bloom, S.R.; Matthews, P.M.;
Beaver, J.D.; et al. The gut hormones PYY 3-36 and GLP-1 7-36 amide reduce food intake and modulate brain activity in appetite
centers in humans. Cell Metab. 2011, 14, 700–706. [CrossRef] [PubMed]

61. Wever, M.C.M.; van Meer, F.; Charbonnier, L.; Crabtree, D.R.; Buosi, W.; Giannopoulou, A.; Androutsos, O.; Johnstone, A.M.;
Manios, Y.; Meek, C.L.; et al. Associations between ghrelin and leptin and neural food cue reactivity in a fasted and sated state.
Neuroimage 2021, 240, 118374. [CrossRef]

62. Keesman, M.; Aarts, H.; Vermeent, S.; Häfner, M.; Papies, E.K. Consumption Simulations Induce Salivation to Food Cues. PLoS
ONE 2016, 11, e0165449. [CrossRef]

63. Zheng, L.; Miao, M.; Gan, Y. A systematic and meta-analytic review on the neural correlates of viewing high- and low-calorie
foods among normal-weight adults. Neurosci. Biobehav. Rev. 2022, 138, 104721. [CrossRef]

64. Ghobadi-Azbari, P.; Mahdavifar Khayati, R.; Ekhtiari, H. Habituation or sensitization of brain response to food cues: Temporal
dynamic analysis in an functional magnetic resonance imaging study. Front. Hum. Neurosci. 2023, 17, 1076711. [CrossRef]

65. Hermann, P.; Gál, V.; Kóbor, I.; Kirwan, C.B.; Kovács, P.; Kitka, T.; Lengyel, Z.; Bálint, E.; Varga, B.; Csekő, C.; et al. Efficacy of
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