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Abstract

Purpose of Review This narrative review aims to examine the neurobiological consequences of high-fat, high-sugar (HFHS)
diets on the mesocorticolimbic reward system. Emphasis is placed on how dopamine and opioid signaling interact to drive
maladaptive behaviors such as compulsive eating and food addiction.

Recent Findings High-fat, high-sugar (HFHS) diets have a profound impact on the mesocorticolimbic reward system, alter-
ing the function of both dopamine and opioid signaling. Evidence from animal and human studies shows that acute con-
sumption of HFHS foods produces supra-additive effects, boosting dopamine release in the Ventral Tegmental Area-Nucleus
Accumens (VTA-NAc) pathway and enhancing pleasure through p-opioid receptor activation, which reinforces repeated
intake. Chronic exposure, however, results in maladaptive neuroplasticity, including downregulation of D2 receptors, weak-
ened dopamine signaling, synaptic desensitization, and structural impairments in the prefrontal cortex. These changes par-
allel neural adaptations observed in substance use disorders, manifesting as tolerance, loss of control, and cue-induced
craving. The opioid system also contributes to stress-related comfort eating. In contrast, individual variability in response
to treatments such as the opioid antagonist naltrexone has been linked to genetic factors, including Opioid Receptor Mu 1
(OPRM1) polymorphisms.

Summary HFHS diets profoundly reshape the brain’s reward circuitry, promoting tolerance, craving, and compulsive con-
sumption that mirror substance addiction. These findings support the conceptualization of food addiction as a neurobiologi-
cal condition and highlight the importance of personalized treatment approaches. A better understanding of dopaminergic
and opioid system interactions will inform targeted interventions to prevent and manage diet-related obesity and eating
disorders.
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Introduction high levels of refined carbohydrates and additives, as well

as significant concentrations of polyunsaturated fatty acids,

Over the last half-century, changes in industrial food pro-
duction have profoundly influenced dietary habits, steering
people away from traditional, natural eating patterns and
toward a growing dependence on ultra-processed foods [1].
These foods are generally high in energy density but low in
nutritional value. Ultra-processed foods are characterized by
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particularly n-6 linoleic acid [2]. This fatty acid is a primary
lipid component in many industrial seed oils utilized in
food processing. Linoleic acid is highly prone to oxidation
during processing and storage, leading to the formation of
bioactive lipid oxidation products. Recent studies show that
consuming excessive amounts of oxidized n-6 fatty acids
can disrupt metabolic signaling, increase inflammation, and
impair the brain’s control of food intake [3]. This may also
affect reward-driven eating behavior.

In this context, it has been suggested that today’s eat-
ing habits are not only responsible for the increase in meta-
bolic diseases such as obesity and type 2 diabetes, but also
for the spread of neuropsychiatric problems such as poor
cognitive control, impulsivity, and compulsive eating [4, 5].
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Excessive dopaminergic stimulation caused by foods high
in fat and glycemic load is considered one of the underlying
mechanisms of these behavioral tendencies [6].

The behavioral and neurochemical similarities between
substance use disorders and overeating were the basis for
the original formulation of the term “food addiction” [7].
According to this viewpoint, eating can transcend a homeo-
static need and develop into a hedonistic phenomenon char-
acterized by impulsivity [5, 8]. According to functional
neuroimaging research and clinical observations, some peo-
ple experience addiction-like reactions to extremely appetiz-
ing foods, especially those high in fat and sugar [9]. In these
situations, people are predisposed to compulsive patterns of
consumption due to a combination of hypersensitivity of the
reward circuitry and a lack of cognitive control [4].

The mesolimbic dopamine pathway is a key part of this
framework. The functional connectivity among the ven-
tral tegmental area (VTA), nucleus accumbens (NAc), and
prefrontal cortex (PFC) regulates the processes of reward
anticipation, motivational drive, and reinforcement learning
[10]. Prolonged overstimulation of this system may lead to
neuroplastic changes that result in tolerance, desensitization,
and loss of control characteristics of addictive behavior.

The main goal of this review is to look at how high-fat,
high-sugar (HFHS) diets affect the brain’s reward system
on a neurobiological level, with a focus on how dopamine
and opioid signaling lead to destructive behavior. Using
recent research to identify possible neurobiological targets
for therapeutic intervention, a secondary goal is to assess
how HFHS diets contribute to the pathophysiology of eating
disorders and food addiction.

Main Structures of the Mesocorticolimbic
Circuit

The mesocorticolimbic dopamine pathway is central to the
reward system, controlling both motivational and reinforce-
ment-based actions. This circuit is made up of three primary
structures: the VTA, the NAc, and the PFC [11]. The VTA is
the main region in the rostral section of the mesencephalon
that contains the cell bodies of most dopamine neurons. The
VTA links the reward circuit using mesolimbic and meso-
cortical pathways. It sends dopamine signals to parts of the
limbic system, like the nucleus accumbens, amygdala, and
hippocampus, which help control motivation, emotion, and
memory. It also connects to the prefrontal cortex, which is
important for executive control and decision-making [11].
These projections are crucial for both the creation of learnt
reward expectations and the maintenance of goal-directed
behaviors.
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The NAc, located in the ventral striatum, serves as a hub
that translates motivational signals into behavior. By pro-
cessing dopaminergic input especially through D1 receptors
it helps shape appropriate responses and influences how
strongly external rewards are experienced. In this case, the
NAc serves as the neuronal substrate of the “wanting” sys-
tem, processing the motivational drive to obtain the reward
rather than evaluating its actual value [12, 13].

The third key component of the circuit is the PFC, the
highest-level cognitive region in charge of regulating exec-
utive functions. The dorsolateral PFC is crucial for atten-
tion regulation, goal-oriented actions, and working memory,
whereas the orbitofrontal cortex (OFC) is essential for
assessing reward value and evaluating reward-punishment
outcomes [14]. Dopaminergic input regulates both areas,
harmonizing impulsive decision-making with behavioral
regulation. Structural or functional abnormalities in the
PFC can result in clinical problems such as excessive eat-
ing, addictive behavior, and loss of cognitive control.

The synchronized interaction of these three structures
forms the neurobiological basis of pleasure and reinforce-
ment-based behaviors, not limited to merely meeting physi-
ological needs. An overview of the mesocorticolimbic
structures and their interactions is illustrated in Fig. 1.

Neurobiological Differences between
Homeostatic and Hedonic Eating Behaviors

Eating behavior is primarily controlled by two major moti-
vational systems: homeostatic and hedonic. Homeostatic
eating is a behavior that develops in response to physiologi-
cal hunger to maintain the organism’s energy and nutritional
balance. This system is regulated by energy-sensing mecha-
nisms in the hypothalamus and operates when combined
with metabolic signals such as leptin and ghrelin [15, 16].
On the contrary, hedonic eating is characterized by the con-
tinuous consumption of highly rewarding foods for plea-
sure, even after calorie requirements have been satisfied
[17]. This behavior is mainly independent of homeostatic
cues and is primarily regulated by the mesolimbic dopa-
mine system [18]. Foods heavy in fat and sugar activate
this hedonic process by increasing dopamine release above
physiological limitations [19].

Extended overstimulation induces neuroadaptive altera-
tions in the dopaminergic system. Regular consumption
of high-calorie, high-fat diets reduce dopamine signaling,
resulting in diminished motivational responses to rewards,
disruptions in synaptic transmission, and lower expression
of D2 receptors [20]. There is a significant overlap between
these adaptations and the observed neurological changes.
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Fig. 1 High-Fat High-Sugar Diets
and Reward Circuitry
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These adaptations largely overlap with the neurobiological
changes observed in the addiction process and suggest that
excessive eating behavior can be framed within a pathologi-
cal context.

Research on animals provides an appropriate model
for understanding the impact of HFHS diets on the
brain’s reward system. Experimental studies, especially
in rodents, have shown that these diets can profoundly
alter both the structure and function of the dopami-
nergic system [21-23]. A study by Johnson and Kenny
(2010) indicated that rats consuming a diet rich in fat and
sugar exhibited markedly reduced dopamine D2 recep-
tor expression. With fewer receptors available, stronger
stimulation is needed to reach the same level of reward,
leading to the development of tolerance. The findings
additionally showed that these rats exhibited decreased
interest in natural rewards during reward motivation
assessments, however displayed increased sensitivity to
pharmaceutical stimulants like cocaine. The results sug-
gest that HFHS diets affect both feeding behavior and the
propensity for establishing addicted behaviors [20]. More
recent research supports this by showing that long-term
exposure to high-fat diets changes synaptic transmission
in the NAc, which interferes with the regulation of dopa-
mine release in adolescent rats [23]. These diets impact
both the structural and functional integrity of the reward
system, as demonstrated by Han et al.’s (2021) findings
that young mice fed an HFHS diet showed dopaminergic
changes, behavioral abnormalities, and weight gain [22].
Consistent, uncontrolled consumption of high-calorie
foods causes neuroplastic changes in the reward system

Tolerance
Desensitization

PFC

Wanting

like those produced by addictive substances, increasing
susceptibility to these foods on both behavioral and neu-
robiological levels. This provides support for the argu-
ment that food addiction shares neurobiological features
with substance addictions, but more research is required
before drawing definitive conclusions.

Dopamine-Opioid Interaction

Although the brain’s dopaminergic and opioid pathways
operate independently, they work together within an inter-
connected network that brings together the motivational
(‘wanting’) and hedonic (‘liking”) aspects of reward [18].
The neurochemical interaction between these two systems
is significant for explaining, at the neurobiological level, the
persistent and compulsive consumption of stimuli with high
reward value such as foods rich in sugar and fat [13].

The brain’s endogenous opioid system, primarily through
p-opioid receptors, plays a crucial role in regulating our
pleasure and enjoyment (liking). More than that, it acts as
a higher-level control mechanism that indirectly modulates
the dopamine system. This interaction is most clearly seen
in the VTA. Normally, the activity of dopamine neurons in
the VTA is kept in check by inhibitory GABAergic inter-
neurons. However, opioids put a brake on these GABAer-
gic neurons [24]. By doing so, they lift the inhibition on
dopamine neurons, which then leads to an increase in dopa-
mine release into the NAc through a process called disinhi-
bition [25]. This neurophysiological mechanism highlights
the pro-motor effect of the opioid system, showing how it
boosts dopaminergic activity.
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This mutual interaction creates a feedback loop that
feeds the reinforcement cycle in both directions. While the
dopamine system sustains our motivational drive (or want-
ing) for food, the opioid system enhances the pleasure we
get from eating, which in turn strengthens the behavior
[26]. For this reason, foods that are HFHS trigger a syner-
gistic activation of these two systems because of their both
pleasurable and desirable qualities.

Ultimately, the dopamine-opioid interaction is a
critical mechanism that explains not only the holistic
function of the reward system but also the creation of
neurobiological conditions that can lead to food addic-
tion. Over time, this cycle can trigger pathological pro-
cesses associated with addiction, such as desensitization
and the development of compulsive behaviors. There-
fore, a closer examination of the interaction between
these two neurotransmitter systems is a significant area
of research that can contribute to both our understanding
of eating disorders and the development of new treatment
strategies.

Effects of High-Fat and High-Sugar Diets on
the Dopamine System

Effects of Acute Consumption

Foods high in fat and sugars strongly activate the dopa-
mine system, particularly after acute consumption, creat-
ing intense dopaminergic responses in the brain’s reward
system [27, 28]. This process, much like with psychoactive
substances, generates a “reward surge” that boosts reward
anticipation and motivational drive.

Evidence from both animal models and human fMRI
studies shows that the combination of sugar and fat leads
to a significantly stronger dopamine release in the striatum
compared to sugar or fat alone [29-32]. This synergistic
effect triggers dopamine release from the VTA to the NAc,
causing the individual to exhibit an increased drive and a
tendency to consume the food again [29].

Especially in obesogenic environments, as the frequency
of exposure to such foods increases, an individual’s reward
sensitivity is further stimulated. This, on a behavioral
level, sets the stage for more frequent and automatic eating
behaviors. Human neuroimaging studies have shown that
exposure to images of fast food or sweet treats increases
dopamine-related activation in the NAc and orbitofrontal
cortex, and this activation correlates with subjective “crav-
ing” scores [33].
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Effects of Chronic Consumption

Prolonged consumption of HFHS diets leads to a series of
maladaptive neuroplastic changes within the dopaminergic
system, causing both structural and functional impairments.
This process is commonly described in addiction literature
by the concepts of “reward hyposensitivity” and “incentive
disengagement” [19].

Research with animals consistently shows that extended
exposure to high-fat, high-sugar diets affect dopaminergic
transmission, particularly through decreased availability of
D2 receptors and modified reward sensitivity. Han and col-
leagues (2021) indicated that mice exposed to a high-fat,
high-sugar diet developed behavioral deficits with signifi-
cant changes in dopamine function, implying that prolonged
consumption compromises both the structural and functional
integrity of the reward system [22]. Fritz et al. (2017) noted
that mice consuming a Western-style high-fat, high-sugar
diet had modifications in striatal dopamine transmission,
supporting the idea that sustained intake results in reduced
reward response and tolerance-like adaptations [30].

Furthermore, chronic HFHS consumption is believed to
weaken both the tonic and phasic components of dopamine
release. This could lead individuals to exhibit a blunted
response to environmental rewards and even show signs of
hedonic fatigue (anhedonia) [32]. In this context, the dopa-
mine system’s persistent “overload” from constant high
stimulation eventually causes the system to desensitize and
its motivational capacity to decline. These adaptive impair-
ments strengthen the neurobiological evidence that HFHS
diets are not merely a source of short-term pleasure but can,
over time, create addiction-like alterations in an individual’s
reward system.

Neurobiological Parallels with Substance Addiction

The dopaminergic effects of HFHS diets are frequently com-
pared to those of psychoactive substance addiction in the
literature. It is well-established that substances like cocaine,
amphetamine, and nicotine target the dopamine system,
causing an immediate and intense dopamine release. Inter-
estingly, HFHS foods have been shown to activate similar
neurochemical pathways, triggering the same circuits within
the mesolimbic dopamine system [4].

For example, a study by Winterdahl et al. (2019) reported
that sugar water consumption in rats, like cocaine, reduced
dopamine D2/3 receptor binding capacity and affected
p-opioid receptor activity [34]. Such findings suggest that
food consumption leaves traces that overlap with addiction,
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not just on a behavioral but also on a neurochemical level.
This parallel supports the “food addiction” hypothesis,
which suggests that compulsive eating disorders and obe-
sity are maintained not only by psychological or environ-
mental factors but also by mechanisms like addiction on a
neurobiological level. Consequently, these similarities have
opened a research area focused on adapting pharmacologi-
cal or behavioral treatments known to be effective for sub-
stance use disorders to the treatment of food addiction.

Effects of HFHS Diets on the Endogenous Opioid
System

The endogenous opioid system is a neurotransmitter system
that regulates pleasure and motivational processes through
three main receptor types: p (mu), 6 (delta), and « (kappa).
The key components of this system endorphins, enkepha-
lins, and dynorphins play an active role in both emotional
and physiological reward processes [35]. The opioid system,
in contrast to the dopamine system, is largely linked to the
hedonic (pleasure-giving) component of a reward (liking),
which establishes the person’s subjective degree of satisfac-
tion from the interaction [36]. The main structures influenced
by this system include the nucleus accumbens (especially its
shell region), the amygdala, the insula, and the orbitofrontal
cortex. Opioid activation in these areas intensifies significantly
during the consumption of highly palatable foods. This moves
a person’s relationship with food beyond a simple homeostatic
need, giving it an emotional and reinforcing dimension [35].
Foods high in fat and sugars have a strong neurochemi-
cal impact on the opioid and dopaminergic systems. Eating
foods high in HFHS causes an increase in p-opioid receptor
activation, which can result in a pleasurable experience as
well as momentary emotional regulation [37]. The neurobe-
havioral manifestation of this is often called “comfort eat-
ing” in the literature [38]. A person may turn to high-calorie
foods to suppress or regulate emotions such as stress, anx-
iety, or emotional fluctuations, even when they are physi-
ologically full [39]. This behavioral pattern may also be
linked to the opioid system’s buffering effect against stress.
Animal studies have shown that subjects under stress are
more likely to seek out high-fat foods, and this consumption
increases endorphin levels in the brain [40]. Furthermore,
human studies support these findings. fMRI-based research
has observed an increase in p-opioid receptor activation in
pleasure-related brain regions like the insula and orbitofron-
tal cortex during HFHS food consumption [41]. According
to Ziauddeen and Fletcher (2013), this activation implies that
eating behavior is sustained not only on a metabolic level
but also on an emotional and addiction-like level [42]. The
endogenous opioid system has been one of the primary tar-
gets of pharmacological intervention. The p-opioid receptor

antagonist naltrexone reduces cravings for calorie-dense
foods, according to studies on both humans and animals. In
animal models, naltrexone treatment dramatically reduced
the intake of high-fat foods and blocked opioid signaling
in areas of the brain linked to rewards [18, 26]. Naltrexone
has been shown in human studies to lessen food cravings
and impulsive eating behaviors, particularly in people with
a history of eating disorders [43]. Nevertheless, naltrexone’s
effects can differ from person to person, and a person’s reac-
tion to this treatment can be influenced by genetic factors,
particularly polymorphisms in the OPRM1 gene [44]. This
emphasizes how crucial tailored treatment strategies will be
in the future.

Neuroplasticity and Behavioral Changes

Neuroplasticity is the process of permanent neural reorgani-
zation where synaptic connections strengthen or weaken in
response to new experiences or environmental stimuli. This
process forms the neurobiological basis for cognitive func-
tions like learning and memory [45]. Food-related cues such
as taste, smell, and visual signals can be transformed into
automatic behavioral patterns through reinforcement learn-
ing in the reward system.

Specifically, with repeated consumption of HFHS foods,
stimulus-sensitivity increases within the networks connect-
ing the nucleus accumbens, amygdala, and orbitofrontal
cortex. This process causes cues associated with a reward
(like seeing a dessert in a store or a hamburger in an ad) to
trigger dopaminergic activation. This means an individual
may engage in eating behavior even without experiencing
physiological hunger, which results in the eating behavior
moving beyond cognitive control [46].

This cue-based drive is defined in addiction literature
as “cue-induced craving” and is a neural mechanism that
directly overlaps with substance use disorders [47]. Human
fMRI studies have shown that activation of the anterior cin-
gulate cortex (ACC), insula, and NAc in obese individuals
is significantly higher in response to food images compared
to healthy individuals [48]. This indicates that neuroplastic
changes modulate not only biological hunger but also the
automatic responses given to environmental cues.

It has been shown that HFHS diets affect not only synaptic
transmission but also brain volume, gray matter density, and
structural integrity. These changes are concentrated in the
PFC, anterior cingulate cortex, and insula, which are areas
involved in the reward system and executive function [49].
In animal models, participants on a diet rich in fat and sugar
had reduced levels of Brain-Derived Neurotrophic Factor
(BDNF) in the frontal cortex and hippocampus. This decline
was shown to negatively impact learning performance and
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synaptic plasticity [50]. Additionally, behavioral outcomes
like impaired inhibitory control and increased impulsivity
are facilitated by the decline in BDNF.

Studies on humans have documented similar structural
alterations. Neuroimaging studies of obese individuals have
revealed a reduction in gray matter volume, particularly
in the orbitofrontal cortex, associated with impairments in
cognitive functions like risk assessment, self-regulation,
and decision-making [51]. These findings suggest that long-
term consumption of HFHS diets structurally affects not
just the acute reward system, but also cognitive control and
behavioral regulation functions.

When these neuroplastic changes are combined with
the automatization of eating behaviors, hypersensitivity to
environmental cues, and loss of cognitive control, they can
result in clinical-level compulsive eating and food addic-
tion. In this cycle, an individual may eat without feeling
hungry, lose control over the amount they eat, develop feel-
ings of regret and withdrawal after consumption, and then
be inclined to repeat the same behavior.

This pattern of behavior presents a strong case that it
meets most of the addiction criteria defined in the DSM-5,
particularly with negative reinforcement where the motiva-
tion is driven more by seeking relief and stress regulation
than by pleasure [2]. Neuroplasticity is a key factor in the
permanence of these behavioral patterns and stands out as a
neurobiological process that should be targeted in treatment
approaches.

This review has several limitations. As this is a narra-
tive review, the choice of studies may reflect some selection
bias, and the findings should therefore be interpreted with
caution. Much of the evidence comes from animal research,
which provides valuable insights but does not always trans-
late directly to humans. In addition, the studies vary widely
in their dietary protocols, genetic models, and environmen-
tal conditions, making it difficult to draw direct compari-
sons. Finally, there is still a lack of long-term, large-scale
data to clearly establish causal links between HFHS diets
and neurobiological changes.

Conclusion

This review comprehensively evaluated the effects of HFHS
diets on the brain’s reward system, focusing on dopaminer-
gic and opioid mechanisms. The research suggests that these
diets significantly activate the mesocorticolimbic system,
increasing motivational and hedonic processes that promote
habitual intake. Short-term exposure increases dopamine
release and pleasure reactions, however long-term use leads
to pathological changes including D2 receptor downregu-
lation, synaptic desensitization, neuroplastic modifications,
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and structural impairments in the prefrontal cortex. These
changes collectively reflect the neurological and behavioral
characteristics of drug addiction, confirming the perspective
that “food addiction” possesses both a clinical and mecha-
nistic basis.

While current literature has made significant progress in
understanding the effects of HFHS diets on the reward sys-
tem, some fundamental questions remain unanswered. Our
understanding of how both systems work simultaneously is
still limited. The temporal dynamics of dopamine and opi-
oid release during HFHS consumption, how these systems
synchronize with each other, and how one system modulates
the other need to be investigated in more detail. Genetic vari-
ants (e.g., DRD2, OPRM1) and hormonal states (e.g., leptin
resistance, cortisol levels) may shape an individual’s neuro-
logical response to HFHS diets. Therefore, identifying indi-
vidual neurobiological sensitivities is crucial, especially for
personalized treatment strategies. Whether the neuroplastic
changes caused by HFHS diets can be reversed remains a
critical unanswered question. Further research is needed to
clarify how methods like cognitive behavioral therapies,
dopamine modulators, or opioid antagonists affect these
changes and whether they can reorganize brain circuits.
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