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The brain and the spinal cord make up the central nervous system (CNS), which
regulates important sensory, motor, cognitive, and autonomic functions. Evidence is accruing to
the fact that high-fat diets (HFDs) play a significant role in the development and progression of
neurological diseases. HFDs are unhealthy since the chronic use leads to metabolic imbalances
that result in insulin resistance, dyslipidemia, and systemic inflammation with adverse effects
on the well-being of the brain. Some of the most severe pathophysiological events caused by such
metabolic changes include neuroinflammation, oxidative stress(OS), mitochondrial dysfunction,
and gut-brain axis dysfunction. These mechanisms enhance the deposition of amyloid-b and
hyperphosphorylations of tau in the case of Alzheimer disease(AD) which results in dysfunction
of the synapses and impairment of cognition. HFD causes oxidative lesions and inflammation
which increase the death of dopaminergic neurons in the substantia nigra when it occurs in
the case of Parkinson disease. In addition to this, HFD may modify the homeostasis of the
neurotransmitters particularly those of serotonin and hence one becomes more susceptible to
depression. The review provides a detailed explanation of the molecular mechanisms of the
relationship between the application of high-fat diets and the development of neurological
problems and identifies the potential treatment strategies that can be used as prevention and
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treatment options.
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The present trends of diet have undergone
a paradigm shift over the past few decades and are
characterized by increased consumption of high
energy content processed foodstuffs that contain
high amounts of saturated fats and refined sugars.
Such a shift in diet to the consumption of high-
fat diets (HFDs), that is usually associated with
western-style dietary practices, has been closely
linked to adverse health outcomes. The dynamic
urbanization process, the sedentary lifestyle and
the easy access to the food products rich in high
calories have further contributed to the fact that the
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world has adapted to such a pattern of dieting at
an accelerated rate and this has raised a question
to the long-term effects of these diets on the health
of citizens."?

With these nutritional modifications,
obesity and metabolic diseases, including
insulin resistance, type 2 diabetes mellitus, and
dyslipidemia, have become especially sharp
everywhere in the world. According to the recent
epidemiological literature, obesity has become
pandemic and this has been a significant burden
to the healthcare systems across the world.**
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These metabolic disorders not only
affect peripheral organs but the effect on the brain
structure and functioning is great.

Based on the emerging evidence, metabolic
dysfunction is strongly correlated with neurological
disorders. Some of the mechanisms that mediate
the relationship between neurodegeneration and
psychiatric conditions and metabolic disturbances
include chronic low-grade inflammation, oxidative
stress, dysfunctional insulin signaling, and
mitochondrial dysfunction.*¢

The most common neurodegenerative
disease is termed as Alzheimer disease (AD),
progressive and has cognitive impairment as
well as the usual pathologic alterations, including
amyloid-a plaques and neurofibrillary tangles of
hyperphosphorylated tau protein.” In the second
most prevalent neurodegenerative condition
Parkinson situation (PD), is primarily associated
with the depletion of dopaminergic neurons
found in the substantia nigra, resulting in motor
impairment, and or non-motor symptoms.®

Depression is a psychiatric condition,
which is among the most prevalent, and is
characterized by lowered mood, anhedonia, and
disregulation of the neurotransmitter systems,
particularly the serotonin signalling.’ It is
increasingly becoming evident that metabolic and
dietary factors, especially, the consumption of high-
fat diet, could play a major part in the pathogenesis
and progression of these neurological diseases.

The central nervous system (CNS)
consists of the brain and spinal cord and is used
in the control of vital sensory, motor, cognitive,
and autonomic activity. A Central nervous
system disease is any such disease that affects
the structure and functioning of the brain and the
spinal cord, leading to neurological, psychiatric, or
neurodegenerative disorders like encephalopathy,
myelopathy, Alzheimer’s disease, Parkinson’s
disease, epilepsy, depression and stroke. All
these are diseases that cumulatively lead to
nervous system disorders.'” A high- fat diet is a
diet containing 35 per cent and above of the total
calories that is consumed of saturated as well as
unsaturated fat. Over the last few years research
proves that high-fat diet causes neuroinflammation
of brain leading to neural impairment affecting
cognition of an individual."" There is growing
evidence that a high-fat diet (HFD) leads to the

development of depressive-like behaviour due
to chronic neuro-inflammatory processes in the
brain.'? Experimental research proves that HFD
triggers microglia and increases pro-inflammatory
cytokines like IL-14a, IL-6, and TNF-a within
the hippocampus and prefrontal cortex, which
play a very critical role in mood regulation.'*!'
Metabolic changes caused by HFDs such as insulin
resistance, and lipid signalling interfere with brain
energy homeostasis and disrupt monoaminergic
neurotransmission, specifically serotonergic
neurotransmission.'* Moreover, chronic exposure
to HFD changes the gut microbiota and intestinal
permeability which activates gut-brain axis
and worsens depression symptoms.'® HFD also
further impairs neuroplasticity by decreasing
the expression of brain-derived neurotrophic
factor (BDNF) and disrupting the remodelling of
synapses, which predisposes individuals to mood
disorders related to stress.'” The role of high-fat
diet in the pathogenesis of Alzheimer disease (AD)
has become a well-defined issue due to its role in
neuro-inflammation and metabolic dysregulation.'®
Research in transgenic AD mouse models has
shown that HFD increases the speed of deposition
of amyloid-a plaques and stimulates tau hyper-
phosphorylation, which worsens the hallmark AD
pathology.'® The insulin resistance caused by HFD
in the brain suppresses the glucose metabolism
and the functioning of the mitochondria, which
is associated with the impairment of the synaptic
functions and cognitive deterioration.?’ Moreover,
high amounts of dietary fats interfere with integrity
of blood-brain barriers and increase microglial
activation to promote neurotoxic inflammatory
cascades that promote neuronal death.?! HFD-
induces changes in gut microbiota and lipid
metabolism also mediate the effects of amyloid
genic processing and inflammatory signals
associating peripheral metabolic dysfunction with
central neurodegeneration.”? There is growing
experimental evidence that high-fat diet can
worsen the development and progression of
Parkinson disease (PD) by promoting dopaminergic
neurodegeneration.”*** HFD food further enhances
oxidative stress and dysfunction in the mitochondria
within the substantia nigra, resulting in greater
susceptibility to dopaminergic neurons. Animal
experiments have demonstrated that HFD increases
neuro-inflammatory and microglial functions of
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the nigrostriatal pathway, which increases the
rate at which a-synuclein aggregates and neuronal
loss occurs.”® Moreover, the obesity caused by
HFD increases vulnerability to neurotoxins like
6-hydroxydopamine that further deteriorates
motor coordination and dopamine transmission.?
Changes in the composition of gut microbiota
and intestinal inflammation linked to HFD also
play a role in PD pathology via the gut-brain
axis by supporting peripheral inflammation and
4-synuclein spread to the brain.?’
Pathophysiology of Depression

HFD intake led to the depletion of
serotonin in the brain and even to the reduction
of the serotonin-related proteins, which is a
signal of emotional dysregulation and depression
like behaviour. Another effect of HFD is that
it is associated with interference of the energy

metabolism with the increased quantity of glucose
in the blood, larger quantity of fatty acids, reactive
oxygen species, and suppresses or inhibits the
citric acid cycle or Krebs cycle in the brain.
Further, any variation of the gut microbiome or gut
bacteria is attributed to depression that typically
happens due to the induction of high-fat in the diet.
Ruminococcus gnavus evenly increased on high-fat
diet and is primarily linked with depression like
symptoms due to a lowering of the serotonin levels.
The restricted high-fat diet that is calorie-dense
served to preserve the healthy gut bacteria that
lead to normal serotonin levels and could prevent
symptoms caused by depression.?32
Pathophysiology of Parkinson’s

The high-fat diets (HFD) predispose to
obesity, cardiovascular diseases, and can lead
to cognitive dysfunction. Research has revealed
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that HFD decreases the hippocampal volume,
memory, decreases the synaptic plasticity, and
accelerates tau protein hyperphosphorylation in
the brain. HFD is composed of saturated fatty
acids, and unsaturated fatty acids. Therefore,
eating such high fatty acids could result in more
inflammation, more gut permeability, oxidative
stress, and also impaired BBB functions in the
brain and all these activities may affect the nervous
system, and damage the dopamine-producing
neurons in the brain. All these contribute to the
abnormal accumulation of 4-synuclein proteins in
the neurons. These proteins are then fused together
to form oligomers and insoluble fibrils known as
the Lewy bodies. It predominantly impacts the
dopaminergic neurons found in the substantia
nigra resulting in reduced dopamine release in the
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brain. This leads to neuronal damage and depletion
of dopamine-producing neurons and causes the
typical symptoms of Parkinson’s disease (tremors,
impaired movements, and rigidity).*
Pathophysiology of Alzheimer’s.

Consumption of high-fat food leads to
obesity. Obesity is primarily identified by the
proliferation of adipose tissue that acts as a body
fatty acid storage organ and it is also an endocrine
tissue. Some of the bioactive molecules that are
secreted by adipose tissue are termed adipokines.
These adipokines exhibit pro-inflammatory
mediators, including leptin, interleukin (IL)
A/7, angiotensinogen, resistin, and visfatin that
induce neuronal inflammation. Dementia is a
progressive cognitive dysfunction marked by
the ageing of the population. The development
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of the deposition of the amyloid-a plaques is the
outcomes of cleavage of amyloid precursor proteins
and hyperphosphorylation of the tau proteins,
loss of synapses or communication between the
neurons, and neurotoxic events that cause cognitive
impairment, leading to Alzheimer’s. Alzheimer’s
disease is mainly caused by unhealthy diets. AD
is characterized by a reduction in the availability
of acetylcholine primarily by acetylcholinesterase.
Numerous studies have demonstrated that HFDs
cause a lot of risk of cognitive dysfunctions. A
High-fat diet also produces AD-like findings
like amyloid-beta depositions and tau protein
phosphorylation.**3

DISCUSSION

The present review recognizes the
significant role of high-fat diets (HFDs) to the
central nervous system (CNS) disorders as the

.
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most important point of its significance given
the significance of the number of modifiable
risk factors in the pathogenesis of Alzheimer
disease, Parkinson disease, and depression. HFD
in the long-run causes obesity and metabolic
unbalance characterized by insulin resistance,
dyslipidemia, and adipokine signaling disruption
which in combination cause systemic inflammation.
The resultant metabolic dysbalance triggers
pathophysiological mechanisms containing
neuroinflammation, oxidative stress, mitochondria
dysfunction, and gastrointestinal tract-brain axis
dysfunction that ultimately intercept neuronal
physiological functioning and existence. HFD
alters important signaling pathways, neurotrophic
support, synaptic plasticity, and inflammatory
signatures at the molecular scale by modulating
including CREB, PI3K/Akt, and NF-kB. Such
disease-specific phenomena as accumulation
of amyloid-4 and hyperphosphorylation of
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Fig. 5. Pathophysiology of Alzheimer’s disease (Created using biorender)

tau in Alzheimer’s disease, degeneration of
dopaminergic neurons and a-synuclein aggregation
in Parkinson’s disease, neurotransmitter imbalance
and reduced neuroplasticity in depression are
involved in the processes. It is important to
note that in such observations the applicability
of dietary interventions where less saturated
fats, improved metabolic status, and a proper
mixture of intestinal microbiota can be applied to
abate neuroinflammatory and neurodegenerative
processes. However, further research is required to
improve a more precise comprehension of target
molecular pathways, use multi-omics technique,
and develop particular nutritional and therapeutic
interventions to prevent and treat neurological
disorders due to HFD.

CONCLUSION

Lastly, neurodegeneration is also
induced by high-fat diets (HFD) since significant
processes of metabolic dysregulation and oxidative
stress, mitochondrial dysfunction, and chronic
neuroinflammation are triggered and that can
impair neuronal functions and cause pathogenesis
of Alzheimer, Parkinson and depression. These
findings justify the importance of dietary

interventions as a modifiable intervention, where
a saturated fat lowering and metabolic health
would lower or alleviate neuroinflammatory and
neurodegenerative pathways. The identification
of specific molecular pathways, multi-omics, and
development of specific nutritional and therapeutic
interventions require further research to understand
the neurological disorders related to HFD better
and how to control them with the help of the latter.
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