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Abstract

Background: The escalating prevalence of chronic stress in modern lifestyle dismantles the body’s adaptive capacity leading to a
spectrum of significant cognitive anomalies. This compromised cognitive state diminishes individuals' ability to make rational and
health-promoting dietary choices, creating a predisposition for the consumption of junk food, which, in turn, exacerbates cognitive

deficits and perpetuates a self-reinforcing loop of maladaptive dietary patterns and cognitive deterioration.

Objective: The present study, based on existing literature, explores the complex interplay encompassing stress-induced cognitive

disruption, suboptimal dietary patterns, and micronutrient deficiencies.

Methods: The present work undertook extensive literature review to synthesize the findings of literature retrieved from searches of

computerized databases, hand searches and authoritative texts.

Results: The study revealed confounding yet simultaneously occurring dual feedback loops which brings on surface the issues how
appeal of unhealthy food is reinforced and taste-driven stress alleviation strengthens inclination toward such dietary choices. The
neural circuitries in the whole affair unquestionably involve the mostly studied CNS areas, which collectively mediate their responses

through dopamine in shaping reward-based motivation, emotional associations, and decision-making.

Conclusion: Although information in the current context is available in pieces, a comprehensive and consolidated presentation is
lacking. The present review is engrossed to cater the deeper psycho-physiological crosstalk intelligibly satisfying an overall objective

of reaching the common readers and to generate public awareness.

Highlights: Cognitive Perturbation Stemming Differentially from Stress in One Hand and Micronutrient Imbalance Due to Junk Food
Consumption on the Other Hand Have Common Mediator Though Follow Different Neural Loops. Cognition is representative of brain
functions which psychology refers to as mental processes involving tasks like- thinking, attention and language, learning, memory,
perception and motor skill. None of the processes, in isolation, claims to be discrete ability rather they are all intimately interactive
elements in a web. Collective, systematic and sequential interactions of the mental functions allow individuals to perform as healthy
adults as evident from the Abilities of solving problems, retrieval of memory and decision making. Lifestyle denotes the mode of
living either of an individual or a group with all the inherent sensations and characters namely- habits, attitudes, emotion, morality,
economic status, likings and disliking etc. All these attributes assemble under an umbrella called cognition. Thus, it is somewhat ob-
vious that lifestyle factors will influence cognition. The present review aims to discuss cognitive effects under situations of life stres-
sors and stress-driven unhealthy eating habit(s). Overlapping reports are available from extensive literature search that emphasize
the involvement of brain regions starting from the prefrontal cortex, hippocampus, amygdala to areas of the mesolimbic system and
explore the magic role of dopamine neurotransmitter in either mechanism. However, the present work describes comprehensively

the novel stimulus-effect circuitry through which the ultimate result of cognitive perturbation ensues.
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Introduction

A stressful cognitive state frequently manifests cognitive per-
turbation which is nothing but a visible cognitive deficit represent-
ing a stressful personal or social lifestyle [1]. Lifestyle is a modifi-
able factor with immense impact (positive or negative) on cognitive
attributes [2]. Addiction to food is a frequently experienced ele-
ment of lifestyle showing an irresistible inclination to some spe-
cific food choices. Mood, behavior, emotion, stress, thoughts, and
health awareness are all known lifestyle modifiers that directly or
indirectly govern food intake patterns including food choices. Food
choice is indeed a serious issue in terms of determining physical
and mental health because food elements, both macro and micro,
dictate health and well-being for which their quantity and quality
both are important [3]. The requirements of micronutrients vary
during periods of the life cycle. Such variation is based on func-
tional challenges during different phases of the cycle [4]. Tissue
constructions or re-constructions, different phases of growth and
differentiation during the initial 1000 days of life starting from
conception, altered/elevated metabolism, compromised digestive
functions and above all various diseased states are indicative of
increased demand for micronutrients [5]. The silent increased de-
mand for micronutrients is referred to as ‘hidden hunger’ which, if

not addressed properly, will display deficiency symptoms.

The present review emphasizes micronutrient issues - their de-
ficiencies, link with wrong food choices and overall impact on cog-
nitive activity. The work further envisages the possible interplay of
integrated circuit(s) in the whole affair involving one or more sig-
naling molecule(s). Authors in the current work target to present
the piecemeal information in a wholesome comprehensive pack-

age for better understanding of a serious lifestyle phenomenon.

Methodology

This review article was developed to explain comprehensively
the mechanism how stress creates an irresistible inclination to-
ward junk food and junk food subsequently handle efficiently two
simultaneously occurring vicious cycles, itself occupying the cen-
tre, and getting help from a single mediator dopamine (Figure 3).
The diagram (Figure 3) is self explanatory which clearly depicts
the co-occurrence of the positive and negative loops highlighting
the central theme of the study.

44

The search was carried out in the months of October and No-
vember 2019, using the electronic database PubMed, through the
medical subject headings (MeSH) combinations: (“caloric restric-
tion” OR “calorie restriction”) AND (cognition OR “cognitive func-
tion” OR “clinical evaluation of dementia” OR “cognitive psycho-
therapies” OR “Mental Status and Dementia Tests” OR “cognitive
therapies”). We identified 175 studies initially. Then, we decided to
select only studies published between 2009 and 2019, in order to
analyze a reasonable sample of works and more recent ones. Thus,
were exclude studies not published in the last ten years and per-
formed in vitro and with humans (n = 106), remaining only studies
performed with experimental animals in vivo (n = 69). Publications
such as reviews, comments, media, protocols, as well as duplicate
articles, were excluded, resulting in the selection of 46 publications
manuscripts. Then, we excluded studies addressing CR effects on
humans, which still remained selected due to some error in the al-

gorithm. Thus, 39 studies were analyzed in this review (Figure 1).
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Figure 1: Stress-Induced Cognitive Perturbation: Impact on

Dietary Behaviour.
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Stress-induced cognitive perturbation: impact on dietary be-
haviour

The term ‘cognition’ encompasses different processes essen-
tially connected with survival which make living organisms un-
derstand their environment [6]. Interaction between an organism
and its environment starts with the input. As signals from the en-
vironment impinge upon the organism, sensations are detected
by sense organs which end up with perception. Perception finally
drives appropriate organismal response based on previous learn-
ing/current context. As we fit our everyday living into this general
framework of stimulus-perception-response, we observe a subset
of processes that make social living meaningful through appropri-
ate motor movement, facial expressions, social decision making
etc. [7]. The intricate interplay between these cognitive processes
not only facilitates individual adaptation but also underpins the
foundation of complex social interactions, allowing organisms to

navigate and thrive within their ecological niches [8,9].

Modern lifestyles are often characterized by chronic stress
stemming from various sources such as work pressure, finan-
cial burdens, interpersonal conflicts, and societal demands [10].
Chronic stress triggers a cascade of physiological responses, in-
cluding the release of stress hormones (cortisol and adrenaline),
oxidative stress, and inflammatory processes [11]. These respons-
es, when prolonged, can lead to a state of “allostatic load,” wherein
the body’s adaptive capacity is overwhelmed, leading to negative
health outcomes, including cognitive impairment (Figure 2) [10].
For example, depression and anxiety are the leading causes of
mental disability in all societies worldwide, [12] no matter if it is
visible or beyond diagnosis. Subclinical symptoms of depression
and anxiety affect the mental well-being of a far greater population
than those suffering from similar conditions appropriately diag-
nosed [13]. Depression, anxiety and lifestyle (particularly eating
habits) are seemingly correlated in a neural network as causal and

consequences [14].

Amygdala and emotional reactivity

Central to the stress response is the amygdala, a vital brain re-
gion implicated in the processing of emotional and fear-related
stimuli [15]. In response to stress, the amygdala undergoes height-
ened activation, leading to increased emotional reactivity and vigi-
lance [16]. This heightened emotional state can enhance the moti-
vational value of food, making unhealthy options more appealing
(Figure 2) [17].

Involvement of prefrontal cortex in decision-making

The dorsolateral area within the prefrontal cortex has a partici-
patory role in an array of cognition related functions namely mobi-
lization of working memory, decision-making and similar control-
ling functions related to cognition [18]. During stress, however, the
delicate balance between the amygdala and the prefrontal cortex

is disrupted (Figure 2). The prefrontal cortex’s inhibitory control
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over the amygdala is attenuated, leading to heightened amygdala-

driven reactivity and emotional responses [19]. Consequently, the
DLPFC’s (Dorsolateral Prefrontal Cortex) capacity for effective top-
down control over cognitive processes is compromised, contribut-
ing to impaired decision-making, impulsivity, and the inability to
consider long-term consequences [20]. This can lead individuals to
seek immediate gratification through the consumption of reward-
ing foods, notably junk food (Figure 2,3) [21].

Hippocampus and memory impairment

The hippocampus, a critical hub for memory formation and
consolidation is also intricately affected by stress [22]. The chronic
release of stress hormones, particularly glucocorticoids like corti-
sol, can lead to structural alterations in the hippocampus, includ-
ing dendritic retraction and reduced neurogenesis. These changes
culminate in impairments in spatial memory, episodic memory,
and context-dependent learning, thereby exacerbating cognitive
perturbations (Figure 2) [23]. The HPA (hypothalamic-pituitary-
adrenal) axis, is a functionally well-known system that regulates
stress with which the hippocampus has an intimate association
and the circuitry is the element that mediates stress-induced al-
tered cognitive functions by feedback mechanisms [24]. Impaired
regulation of this axis can lead to changes in appetite-regulating
hormones like leptin and ghrelin, potentially contributing to over-
eating (Figure 2) [25].

Neuroplasticity and long-term effects

Chronic stress can cause enduring modifications to cognitive
functions by altering synaptic plasticity within the corresponding
neural circuits. Repeated activation of the stress response systems
can lead to maladaptive plasticity, contributing to the persistence of
cognitive perturbations even after the stressor has subsided [26].
This can create a predisposition for heightened emotional reactiv-

ity, cognitive biases, and difficulties in regulating emotions [26].

llustration Fig-2: The schematic diagram delineates the neural
dynamics that propels the consumption of junk food in the face of
stress in contemporary lifestyles. Stress activates the amygdala to
its heightened state of activity and influences food motivation. The
prefrontal cortex loses inhibitory control, impairing executive func-
tions and fostering impulsive decision-making. Chronic stress also
impacts the hippocampus, compromising memory functions. The
depicted negative reinforcement loop illustrates how the brain as-
sociates junk food consumption with stress relief, reinforcing a pat-

tern of seeking comfort through unhealthy eating behaviors.

The negative reinforcement loop

Negative reinforcement represents a behavioral phenomenon in
which certain behaviour is strengthened by the removal/avoidance
of an aversive or unpleasant stimulus. In the context of stress-in-

duced consumption of junk food, negative reinforcement operates
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Figure 2: The Neural Symphony of Emotional Eating.

through a learned association between the consumption of such
foods and the alleviation of stress [27]. Chronic stress triggers the
release of stress hormones like cortisol by activating the brain’s
stress response systems (Figure 2) [28]. The consumption of high-
calorie, palatable foods, often referred to as “comfort foods,” can
activate brain reward pathways, including the release of dopamine
in the striatum (Figure 2) [29-31]. This activation provides a tem-
porary relief from the physiological and psychological effects of
stress, establishing a negative reinforcement loop where the act
of consuming junk food is reinforced by the reduction in stress-
related discomfort (Figure 2,3) Over time, this association can be-
come ingrained, leading to a pattern of seeking out and consuming
unhealthy foods as a way to cope with stress [32-34].

Dopamine and desire: Understanding the pull of junk food
Junk food, scientifically referred to as “energy-dense, nutrient-
poor” food, is a category of consumable products that are char-
acterized by their high caloric content relative to their minimal
nutritional value [35]. These mainly include convenience food, for
example, high sugar-containing cereals, foods with saturated fats,
junk items like chicken nuggets even soft drinks- which are all ba-
sically packaged foods. The phenomenon of positive reinforcement
from junk food is intricately rooted in the neurobiology of reward

processing (Figure 3) [35].

Neurotransmitters and reward pathways
Food is a versatile reward element to the animal world includ-
ing humans [36]. Reward is a desired target of all living creatures.

Reward feeling is a signal-dependent perception processed by a

specific neural network in the CNS. Dopamine is the key player in
the arousal of reward sensation and its release reinforces the causal

stimulus to maintain the great subjective feeling (Figure 2,3) [37].

Mesolimbic system

The mesolimbic system, responsible for reward processing,
plays a key role in generating the final perception of reward [38].
The system includes several diverse structures involved in coop-
erative activity for a single output in the form of ‘reward feeling’.
‘Reward’ is a natural process that drives an individual’s behavior
in search of a known positive stimulus [37]. Neurotransmitters be-
ing ultimate scorers of neural functions often play in combination
to generate the desired output. In reward perception, the various
structures and neurotransmitters of the mesolimbic system play
under the captaincy of dopamine which recognizes food, drink, sex,
social interaction, substance abuse etc. as positive stimuli [39]. The
ventral striatum, specially the NAcc (Nucleus Accumbens) have a
major contribution in the event of reward processing (Figure 3)
[40]. However certain other brain substrates such as the striatal
GABAergic neurons cannot be overlooked as they carry out the
overall striatal output [41-43]. It is enough relevant to explain the
fact of addiction owing to substance abuse where the mesolimbic
reward producing system is hijacked without any obvious biologi-
cal significance resulting in the development of a villainous cycle

of irresistible inclination toward the substance of abuse [44-46].

Motivation: Rationale of doing things we do
The ‘brain reward system’ is constituted of a complex neural

network displaying sophisticated circuit functions [47]. These cir-
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cuitries amazingly make us capable of differentiating between ne-

cessities and rewards [48].

When junk food is consumed, sensory cues associated with
taste and smell activate the VTA (Ventral Tegmental Area) (Figure
3), prompting the release of dopamine. This dopamine surge is
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then transmitted to the NAcc, where it binds to dopamine recep-
tors [49]. The activation of these receptors gives rise to an intense
feeling of pleasure, effectively reinforcing the behavior that led to
the release of dopamine - in this case, consuming junk food. This
process forms the basis of positive reinforcement, where the plea-
surable effects of consuming junk food serve to increase the likeli-
hood of repeating the behavior (Figure 2,3).

Hippocampus

Nucleus Accumbens

VTA

< 5| Amygdala I

Figure 3: Dopamine Dynamics: The Neuroscience of Pleasure.

Illustration Fig-3: A simplified schematic illustrates the intri-
cate network of reciprocal connections among several key brain
regions, namely the hippocampus, amygdala, Prefrontal Cortex
(PFC), Ventral Tegmental Area (VTA), and Nucleus Accumbens
(NAc) in the context of dopamine signaling. In standard physiologi-
cal conditions, this circuit regulates an individual’s motivation and
incentive drive, prompting to repeat actions that lead to reward,
thus forming the basis of positive reinforcement. The primary re-
ward circuit involves dopaminergic projections from the VTA to
the NAc, where dopamine release is triggered by reward-related
cues, notably the consumption of “junk food”. Dopamine’s influ-
ence also extends beyond the reward pathway as it enhances the
reward-associated memories, intensifies the emotional associa-
tion between reward and pleasure, and influences decision-mak-
ing through the multifaceted interplay among the hippocampus,
amygdala and PFC, thus contributing to the development of strong

emotional cravings for such indulgent food choices over time.

Dopamine, memory enhancement, and emotion processing
Dopamine signaling extends beyond the confines of the reward
pathway; it is also characteristically involved in the enhancement
of memories associated with reward and this is accomplished
through the strengthening of synapses within the hippocampus
(Figure 2,3) [50]. Consequently, experiences associated with plea-
sure, such as the consumption of highly palatable junk food, are
more likely to be sculpted into memory, further reinforcing the
preference for such foods [51]. Dopamine also significantly influ-
ences the amygdala and prefrontal cortex (Figure 2,3) [52]. The
amygdala, a key structure for processing emotions, is deeply in-
volved in the emotional aspect of reward perception. The influx of
dopamine in the amygdala during junk food consumption strength-

ens the emotional association between the act of eating junk food

and the pleasure derived from it [15]. As a result, the brain begins
to link the consumption of junk food with positive emotional states,
reinforcing the desire to repeat this behavior to recreate those feel-
ings of pleasure (Figure 3) [53]. Concurrently, reasoning, planning,
executive functions and the regulation of emotions are remarkable
higher order cognitive functions which essentially involve the pre-
frontal cortex. The heightened dopamine levels within this region
during the consumption of junk food can not only lead to the cre-
ation of emotional associations with the rewards derived from junk
food, but it can also affect decision-making processes by biasing in-
dividuals toward seeking out rewarding experiences, such as con-
suming junk food (Figure 2,4) [54]. Over time, this neural interplay
contributes to the development of strong emotional cravings for
and associations with these unhealthy foods, making it challenging

for individuals to resist their allure [55].

Remarkably, this intricate interplay between the brain’s reward
system and junk food consumption aligns with the concept of re-
ward learning in neuroscience, where it is well-established that the
anticipation of a reward often exerts a more substantial influence
on emotional reactions and memories than the reward itself [37].
In this context, the unexpected or greater-than-expected pleasure
derived from junk food consumption serves to increase dopamine
signaling, further reinforcing the development of unhealthy food
habits and cravings [56]. However, it is worth mentioning that the
dopamine response varies from person to person [57]. Some in-
dividuals exhibit heightened reward sensitivity, with their brains
releasing more dopamine in response to pleasurable stimuli, in-
cluding the sensory experience of junk food. For them, this height-
ened dopamine release creates a potent positive reinforcement
loop, making junk food consumption exceptionally rewarding.

Consequently, they may develop a stronger preference and craving
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for such foods, potentially leading to habit formation. Conversely,
individuals more sensitive to punishment might experience guilt
or discomfort after consuming junk food, acting as a hindrance

against such dietary choices [50].

Hedonic Overdrive and Craving

Junk food’s composition triggers a release of dopamine that
surpasses the levels elicited by natural, nutrient-dense foods. This
intense dopamine release creates what is often termed a “hedonic
overdrive,” wherein the brain perceives the experience as excep-
tionally pleasurable. The result is a potent reinforcement loop -
individuals come to associate the consumption of junk food with a
heightened sense of reward, motivating them to seek out and con-

sume these foods repeatedly (Figure 2,4) [56].

Classical conditioning and neural associations

Beyond the immediate biochemical effects, junk food consump-
tion becomes intertwined with environmental cues and contextual
factors through classical conditioning [58]. The brain forms strong
associations between the act of consuming junk food and the cir-
cumstances in which it occurs. These associations are established
through neural connections that link the sensory experiences of
consuming junk food with the release of dopamine and the ensuing

pleasure (Figure 2) 59].

Over time, these connections lead to the formation of neural
pathways, creating an intricate web of associations between cues
like sight, smell, or even emotional states and the pleasurable expe-
rience of consuming junk food. Consequently, encountering these
cues triggers cravings and anticipatory responses, even when the
individual is not hungry. This further solidifies the preference for
junk food and perpetuates the cycle of positive reinforcement (Fig-
ure 2,3) [60].

Neuroplasticity prepares the ground of habit formation

With repeated consumption, the brain’s neuroplasticity - its
capacity to reorganize and adapt - plays a crucial role in habit for-
mation. The positive reinforcement loop (Figure 2,3) reinforces
the neural pathways that underlie the behavior of seeking out
and consuming junk food. These pathways become increasingly
entrenched, making the act of consuming junk food an automatic,
habit-driven behavior [61].

Micronutrient issues: Long-term impact of junk food con-
sumption - mechanisms and consequences

Energy Generation and cellular functioning are the two aspects
that are met by macro and micronutrients for the sustenance of
the life cycle [62]. For humans, the principal source of nutrients
(both macro and micro) is our diet [63]. The requirements of the
macro and micronutrients are keenly associated with the lifestyle
[62]. In a broader perspective the various micronutrients are ir-

replaceable owing to their individual discrete properties and
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functions. Contrary to this macronutrients can transiently substi-
tute one another until the internal milieu gets deranged [63]. But
surprisingly modern dietary landscape is characterized by an un-
precedented abundance of ultra-processed products that, while
often fulfilling macronutrient requirements, tend to fall short in
delivering adequate levels of essential micronutrients, namely vi-
tamins and minerals [64]. These micronutrients play pivotal roles
in numerous physiological processes, supporting immune function,
cellular metabolism, and overall well-being. However, the preva-
lence of ultra-processed foods, characterized by their convenience,
extended shelf life, and palatability, has led to a concerning trend
of inadequate micronutrient intake among individuals [65]. While
the immediate pleasures of indulging in such foods are undeniable,
their long-term consequences on human health justify closer exam-
ination. This comprehensive exploration searches for the intricate
mechanisms through which the persistent habit of consuming junk

food can lead to a chronic micronutrient imbalance.

Diminished nutrient density

Junk foods are often high in calories but low in vital nutrients.
These foods are typically laden with unhealthy fats, refined sugars,
and sodium while being deficient in essential vitamins, minerals,
and dietary fiber. Consequently, individuals who predominantly
consume junk food may inadvertently ingest an excess of calories

without meeting their micronutrient requisites [66].

Inadequacy of essential vitamins and minerals
Junk food is deficient in several essential vitamins and minerals
that are indispensable for the sustenance of diverse bodily func-

tions. For instance:

e Vitamins: Junk food tends to be deficient in vitamins
such as A, C, D, EK, and various B vitamins (B1, B2, B3,
B6, B12), all of which play integral roles in supporting
the immune system, energy metabolism, bone health, and
overall cellular functionality.

e  Minerals: These foods often lack minerals including cal-
cium, magnesium, potassium, iron, zinc, and selenium, all
of which are pivotal for bone integrity, nerve and muscu-

lar function, and antioxidant defense mechanisms [67].

Impact on digestion and absorption

The extensively processed nature of junk food can negatively
impact the digestive system, impeding the absorption of vital nutri-
ents. Prolonged consumption of unhealthy fats and refined sugars
can lead to gut inflammation and compromise the integrity of the

gut lining, ultimately reducing nutrient absorption [68].

Enhanced nutrient excretion

The excessive sodium content commonly found in junk food
can lead to increased excretion of critical minerals such as calcium,
magnesium, and potassium. This exacerbates the propensity for

micronutrient imbalances within the body [69].
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Displacement of nutrient-rich foods

Regular consumption of junk food may supersede the inclusion
of nutrient-rich whole foods in the diet. Opting for junk food over
fruits, vegetables, whole grains, and other nutrient-dense options
can lead to a dearth of essential micronutrients that are abundant
in whole foods [70].

Detrimental effects on gut microbiota

The lack of dietary fiber in junk food can perturb gut health,
diminishing the diversity and population of beneficial gut bacteria.
A thriving gut microbiome is essential for optimal nutrient absorp-

tion and overall well-being [71].

Development of poor eating habits

Habitual consumption of junk food can lead to a preference for
unhealthy, nutrient-poor foods. This can create a cycle of poor di-
etary choices, perpetuating micronutrient deficiencies over time
[72]. Over time, the combination of these factors can culminate in
various micronutrient deficiencies or imbalances, which may man-
ifest in symptoms such as fatigue, weakened immune system, poor
skin health, decreased cognitive function, bone-related issues, and

an increased risk of chronic diseases.

Micronutrient imbalance and cognitive perturbation
Micronutrients are essential for brain development, neu-
rotransmitter synthesis, and maintenance of neuronal integrity
[73]. Functions such as the synthesis of diverse neurotransmitters,
the metabolic breakdown of macromolecules, and the subsequent
elimination of resulting by-products underscore the indispens-
able need for micronutrients in brain tissue [74]. Symptoms like
amnesia, ataxia, confusion, psychosis etc. associated with thiamin
deficiency as seen in Wernicke-Korsakoff syndrome, dementia in
pellagra which is characterized by niacin and tryptophan deficien-
cy are examples of cognitive impairment associated with specific

micronutrient deficiency [75].

Vitamin B complex, along with vitamin C and several key miner-
als like zinc, magnesium, and calcium, plays a vital role in ensuring
optimal cognitive functions through their metabolic interdepen-
dence [76]. Each member participates actively to maintain a chain
of biochemical reactions. Members of the B complex family are
known to function as cofactors of a good number of enzymes in-
volved in intermediary metabolism. Apart from the role of vitamin
C in collagen synthesis of the skin,[77] its prevalence in the brain
tissue [78] justifies the role in the maintenance of cognitive behav-
ior [79]. The minerals, in addition to their role as cofactors in met-
abolic reactions are also crucial in the elicitation and maintenance
of membrane excitability and neurotransmission [67]. Unlike cal-
cium, other minerals characteristically associated with cognitive
performance cannot be stored in the tissues, hence dietary supple-
mentation of those minerals appears to be essential. Mechanisms
by which micronutrients influence cognitive functions can be cat-

egorized into four groups: (a) by influencing brain energy require-
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ments; (b) by neuronal membrane and receptor modification; (c)
via their role in homocysteine metabolism; and (d) through their

role in neurotransmitter synthesis [76].

e Influencing Brain Energy Requirements: Micronutrients
participate in energy metabolism within the brain, which is
highly energy-demanding. Vitamin B complex, particularly
thiamine (B1), riboflavin (B2), niacin (B3), and pantothenic
acid (B5), are important co-factors in energy-producing
pathways such as the Kreb’s cycle and glycolysis [80].

e Neuronal Membrane and Receptor Modification: Micro-
nutrients like omega-3 fatty acids, vitamin E, and zinc are
instrumental in maintaining the integrity of neuronal mem-
branes and modulating neurotransmitter receptor function.
In view of signal transmission and receptor sensitivity, the
importance of Omega-3 fatty acids in the cell membrane is
well known [81]. Vitamin E’s antioxidant properties protect
neuronal membranes from oxidative stress. Zinc is implicat-
ed in synaptic plasticity and receptor signaling. Deficiencies
in these micronutrients can disrupt neuronal communica-
tion and increase vulnerability to neurodegenerative dis-
eases [81].

e  Homocysteine Metabolism: Homocysteine is an amino acid
derived from methionine metabolism, and its accumulation
in the blood is associated with cognitive decline and neu-
rodegenerative disorders. Micronutrients such as folate,
vitamin B12, and vitamin B6 are crucial for homocysteine
metabolism. These vitamins participate in converting ho-
mocysteine to other beneficial molecules, thereby reducing
its neurotoxic effects. Deficiencies in these vitamins contrib-
ute to elevated homocysteine levels and increase the risk of
cognitive impairment and neurodegenerative diseases [82].

e Neurotransmitter Synthesis:Micronutrients, such as vi-
tamins and minerals, are crucial for the synthesis of neu-
rotransmitters. For instance, vitamin B6 (pyridoxine) is
essential for the synthesis of dopamine, serotonin and nor-
epinephrine, which are involved in mood regulation, reward
mechanisms, and focus. Deficiencies in vitamin B6 can lead

to mood disorders and cognitive impairment [67].

The influence of micronutrient imbalances on cognitive per-
turbation thus extends deeply into the intricate neural circuitry of
the brain, notably in regions focal for cognitive and emotional pro-
cesses. The prefrontal cortex, responsible for executive functions
and decision-making, is susceptible to compromised function due
to inadequate micronutrient intake, potentially leading to impul-
sivity and decision-making impairments [76]. The hippocampus,
crucial for memory and spatial navigation, is highly sensitive to
oxidative stress and inflammation which get worse due to micro-
nutrient inadequacy, ultimately leading to potential memory defi-
cits. Furthermore, the amygdala, critical for emotional processing,
can experience dysregulation of neurotransmitter systems due to
micronutrient deficiencies, potentially intensifying stress-induced

cognitive perturbation (Figure 2-4) [15].
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Therefore, the accrued information strongly suggests that op-
timum nourishment is the key factor to fight stress. The “hidden
brain hunger,” which encompasses the cognitive and emotional
deficits resulting from nutrient (both micro and macro) imbal-
ances, is fundamental to cause aggression and emotional outbursts

sometimes well beyond courteousness in public speaking.

Conclusion

Chronic stress, stemming from the relentless demands and pace
of modern lifestyle, has become an increasingly prevalent concern.
The constant exposure to environmental stressors, work-related
pressures, societal expectations and a lack of time for relaxation
and self-care pushes individuals into prolonged unphysiological
stress leading to manifestations of multiple adverse consequences
on physical health and mental well-being. Cognitive perturbation
or cognitive dysfunction as a result of such persistent activation of
the body’s stress response system has emerged as one of the most
serious concerns. In the present review authors have made an at-
tempt to highlight the complex relationships encompassing stress-
induced cognitive perturbation, dopamine-driven unhealthy di-

etary habits and micronutrient imbalance.

Chronic stress-induced cognitive perturbation imposes pro-
nounced down-modulation of various cognitive performances in-
cluding executive dysfunction, reduced working memory capacity,
and impaired cognitive flexibility, rendering individuals less capa-
ble of making rational and health-conscious dietary choices. Such
cognitive deficits, marked by compromised information process-
ing, impulse control and prospective planning, set the stage for the
allure of junk food consumption (Figure 2 and 4). Consequently,

the allure of immediate gratification conferred by the consumption

—
Cognitive
Perturbation

O —

50
of junk food becomes even more potent within the context of cogni-
tive perturbation. Junk food provides a readily accessible means to

mitigate cognitive discomfort (Figure 4).

As individuals persist in their consumption of nutritionally de-
ficient, yet palatable foods, micronutrient deficiencies continue to
compound. Essential vitamins and minerals, integral for synaptic
plasticity, neurotransmission, and neuroprotection, remain subop-
timal, further compromising cognitive performance and emotional
regulation. The synergy involving cognitive perturbation, maladap-
tive dietary patterns, and micronutrient deficiencies begets a self-
reinforcing loop, wherein cognitive deficits not only perpetuate but
intensify the proclivity towards unhealthy dietary habits, and the
continuation of such dietary habits further solidifies cognitive de-
terioration (Figure 3). Such interdependence results in a pernicious
cycle that poses formidable challenges to interruption without the

implementation of targeted, multidimensional interventions.

[llustration Fig-4: The schematic depiction captures the complex
relationship between stress-induced cognitive perturbation, un-
healthy dietary habits, and micronutrient deficiencies. The cogni-
tive disruption sets the stage for an increased attraction to junk
food. Consequently, the sustained consumption of nutritionally
deficient yet palatable foods perpetuates micronutrient deficien-
cies, further compromising cognitive functions. The diagram also
elucidates the reinforcement dynamics between cognitive states
and dietary choices through dual feedback loops: a positive loop
wherein the allure of junk food (R) is strengthened by the pleasur-
able effects (S) it induces, and a negative loop where the inclination
towards junk food (R) is reinforced by the ameliorative impact (S)

stemming from stress alleviation.

Micronutrient
Deficiency

- Inclination to ¢

Junk Food
( > B
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Y
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Figure 4: Dietary Dystopia: A Ballet of Stress, Dietary Choice and Cognitive Health.
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In this context, it is highly relevant to mention that doctors even
confronted with stressed patients complaining of non-specific, es-
pecially cognitive symptoms, should consider the possibility of
marginal micronutrient deficiency and the potential benefits of
micronutrient supplementation. Recognizing the role of micro-
nutrients in cognitive health underscores the importance of a bal-
anced and nutrient-rich diet in maintaining cognitive function and
overall well-being, offering a potential avenue for intervention to
break this detrimental cycle. This not only promotes cognitive re-
silience but also contributes to fostering a more harmonious and
emotionally balanced society, where individuals are better pre-
pared to navigate the challenges of modern life while upholding

civil and rational discourse.
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