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INTRODUCTION
Following the industrialisation of food systems, the human diet — 
including dietary patterns, eating habits and food processing — has 
seen signicant alterations⁹⁰. Consumption of food products with 
attractive appearances, striking colours, low fat, sugar-free and 
nutraceutical properties has become increasingly prevalent, especially 
in western diets¹⁴. In order to preserve their previously mentioned high 
sensory qualities and provide a supercial appearance, these types of 
foods often contain avour enhancers, articial sweeteners, 
emulsiers, food additives, synthetic colourants, and foaming as well 
as anti-foaming agents¹⁴.  Having risen dramatically in developing 
countries across the world, ultra-processed foods account for 
approximately 50 percent to 60 percent of the daily energy intake in 
several high-income nations²⁶. 

A High-UPF diet is positively correlated with clinical diagnoses of 
food addiction, incipient food addiction symptomatology, and 
relatively high average body fat and cholesterol³⁹. A diet rich in fats and 
sugar, for instance, has been demonstrated in obesity pathogenesis by 
primarily modifying the gut microbiota diversity and increasing the 
proportion of gram-negative bacteria rich in endotoxin 
lipopolysaccharides or LPS. UPF diets, which commonly comprise 
added sugars, salt, saturated fats, and myriad food additives, may 
provoke dysbacteriosis, impaired gut barrier operations, as well as 
disrupt neurotransmitter metabolism in the intestines and brain, 
therefore impacting the behaviour and functioning of the brain⁵⁹. 

Apart from being a sensory organ, the gut is an essential component of 
the enteric nervous system which makes up an extensive section of the 
autonomic nervous system and comprising roughly 200 to 600 million 
neurons⁴⁶. The gut microbiota, specically the metabolites released by 
the symbiotic microbes (such as SCFAs, lipopolysaccharides, 
methane, and trimethylamine oxide), are implicated in the aetiology of 
obesity¹⁴⁵. With research indicating the gut microbiota's contribution to 
obesity as well as being involved in insulin signalling and low-grade 
inammation, the relationship connecting Type 2 diabetes and the gut 
microbiota is also becoming increasingly apparent⁶.

Globally, obesity and metabolic diseases were predicted to afict 500 
million individuals in 2020. It is essential to evaluate the possible 
interventions targeting the gut-microbiota given their mediating effect 
on Obesity, T2D, and other neuropsychiatric decits that are becoming 
increasingly prevalent with the overwhelming adoption of Western 
diets. 

To the best of the researcher's knowledge, there is very little collation 
of research on this. Therefore, this study aims to review the effect of 
UPF on obesity especially through its effect on the GBA. More 
specically, the study addresses the following research questions:
RQ1: What is the impact of ultra-processed foods on the gut brain 
axis?
RQ2. What is the impact of disruption of the gut brain axis on human 

health?
RQ3. What are the interventions that can help minimise or mitigate 
these effects?

The paper is organised as follows. The next section deals with an in-
depth literature review about ultra-processed food and its effect on the 
gut brain axis. The next section discusses the effect of disruptions in 
gut brain axis on various human systems and processes, followed by 
some interventions that can help mitigate these effects. Finally, the 
discussion section provides the practical implications of the study and 
further scope for research.

The Rise of Ultra-Processed foods and Implications for Public 
Health
Following the industrialisation of food systems, the human diet — 
including dietary patterns, eating habits and food processing — has 
seen signicant alterations⁹⁰. Consumption of food products with 
attractive appearances, striking colours, low fat, sugar-free and 
nutraceutical properties has become increasingly prevalent, especially 
in western diets¹⁴. 

On the basis of degree and purpose in the modern food industry, the 
NOVA classication system categorises food items into one of four 
categories: foods with little to no processing, processed food 
ingredients, processed foods and ultra-processed foods (UPF). 
(Gibney, 2019). UPF falls under the bracket of foods that are not 
typically used in conventional food preparation. These ultra-processed 
food items include salty and high-fat packaged snacks, confectionery 
and candied sweets, pastry products, powdered instant noodles, soups, 
cereals, children's medications and, in some instances, even baby 
formula⁵³. In order to preserve their previously mentioned high sensory 
qualities and provide a supercial appearance, these types of foods 
often contain avour enhancers, articial sweeteners, emulsiers, 
food additives, synthetic colourants, and foaming as well as anti-
foaming agents¹⁴.

UPFs have a higher calorie density as opposed to fresh or minimally 
processed foods (Forde et al.), and they may contribute to a higher 
energy consumption rate⁶¹. With a diet rich in UPFs, these properties 
can lead to energy overconsumption as well as weight gain²⁶. 
Commonly characterised to be high in energy density, fats, sugars, and 
salt but minimal in nutrients and dietary bre, UPF has also been linked 
to an increase the risk of chronic diseases such as obesity, Type 2 
diabetes, and cardiovascular diseases¹¹⁶.

According to an analysis of market sales data from 2007 to 2019, per 
person quantities of articial sweeteners in beverages increased 36 
percent globally, whereas added sugars in packaged foods increased by 
9 percent¹³². Having risen dramatically in developing countries across 
the world, ultra-processed foods account for approximately 50 percent 
to 60 percent of the daily energy intake in several high-income 
nations²⁶. Furthermore, such sales of ultra-processed foods have 
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escalated in tandem with global obesity rates, prominently in middle-
income nations¹⁰⁸.

It is worth noting, however, that a high UPF diet poses a mounting 
public health crisis as it inuences energy homeostasis, body weight 
regulation and metabolism³⁴. It may also disrupt the overall 
composition of the Gut Microbiota – promoting inammation, gut 
dysbiosis, and negatively impacting cognitive function and processes 
from a Microbiota-gut-brain axis frame of reference¹⁴⁴. A diet rich in 
fats and sugar, for instance, has been demonstrated in obesity 
pathogenesis by primarily modifying the gut microbiota diversity and 
increasing the proportion of gram-negative bacteria rich in endotoxin 
lipopolysaccharides or LPS. This, in consequence, propels intestinal 
permeability and LPS translocation from the interstitium to the 
bloodstream, causing endotoxemia and inducing CNS inammation⁷⁵.

A meta-analysis of prospective and observational studies implicated a 
correlation between UPF consumption and depression and anxiety 
symptoms⁸³. Moreover, owing to interactions occurring in the MGB 
axis, a heightened exposure to dietary additives has been associated 
with behavioural and degenerative neurological disorders including 
memory and locomotive disorders¹⁴⁸.

Intake of dietary additives including E171, E172, E174 and E175 
commonly found in UPF foods is known to instigate gastrotoxicity and 
hepatotoxicity along with modication of the gut microbiome. It is 
speculated that the accumulation of the aforementioned additives in 
the gut and liver following oral exposure paired with their ability to 
permeate highly selective barriers like the Blood-Brain barrier causes 
alterations in the brain and the liver¹⁰². Furthermore, articial 
sweeteners contained in UPF products including saccharin, sucralose, 
aspartame, and acesulfame are suspected to be an etiologic 
determinant linked to the onset of Inammatory bowel disease 
(IBD)¹²⁶. Chronic intake of such sweeteners also caused alterations in 
hippocampal function and may prove to have deleterious impact on rat 
cognition⁴³. A High-UPF diet is positively correlated with clinical 
d iagnoses  of  food addic t ion,  incipient  food addic t ion 
symptomatology, and relatively high average body fat and 
cholesterol³⁹. This may be attributed, in part, to an altered gut 
microbiota and low-grade gut inammation induced by the constituent 
dietary emulsiers which have been linked to insulin resistance and 
higher food consumption resulting in higher body weight¹⁷.

Overall, a disruption in the host-microbiota relationship mediated by 
one's diet can result in a range of inammatory diseases, neurological 
and cognitive impairment, metabolic dysfunction, hepatotoxicity, and 
food addiction pathogenesis. 

Despite the growing cognizance of the harmful effects of Ultra-
processed foods, such diets remain fundamentally indispensable in our 
daily lives. Being remarkably palatable, accessible, affordable and 
conveniently addictive – UPF products are extensively 
commercialised and distributed in enormous quantities: accounting for 
a substantial share of many individuals' whole diets, notably in high-
income nations¹¹⁰.

Avoiding consumption of food additives such as dietary emulsiers, 
for instance, may prove difcult owing to their pervasiveness in an 
array of food items including coffee, juice, yoghurt, ice cream and 
meat based products¹¹⁸. Similarly, it may be challenging to avoid food-
grade synthetic colourants given their critical function of inhibiting the 
development of contaminants and preserving the product's optimal pH 
as well as texture².

The Classification of Food Addiction and the Impact of 
Neuroticism
Food addiction is classied by analogous trends of substance-
dependent behaviours towards highly palatable foods⁵⁰. Several 
studies have used various terms to dene Food Addiction (FA) as a 
substance use disorder including high fat, high sugar (HFHS) foods, 
rened foods, processed foods, highly processed foods, and ultra-
processed foods¹²⁰ ⁷⁴ ¹¹¹ ¹³⁸. FA, manifesting itself in maladaptive 
dietary patterns, is essential in the pathophysiology of obesity⁵¹.

Given the lack of longitudinal research focussing on FA, Raymond et 
al. postulated that if FA mechanisms are comparable to other 
Substance Use Disorders, then diagnosing FA in its early stages, i.e. 

mild or moderate FA, may prove benecial in minimising the onset of 
severe FA as well as comorbid chronic diseases like diabetes, 
hypertension, heart disease, stroke and respiratory concerns¹²⁷.

The relationship between FA and BMI is speculated to be susceptible 
to  Neurot ic ism.  Neurot ic ism is  a  key mediator  in  the 
neuropsychological as well as gut microbial indicators implicated in 
dopamine synthesis, inammation, anxiety, and FA. The relationship 
associating FA and Neuroticism has not been thoroughly explored. 
However, given its relevance in Bariatrics, it becomes critical to 
elucidate the underlying principles entailed. The brain-gut-
microbiome system serves as one potential fundamental mechanism 
that may be investigated⁶⁰.

A body of evidence has underpinned the idea that neuroticism and 
psychiatric disorders, including depression and anxiety, can 
potentially be linked to the changes occurring in the gut microbiome. 
These alterations have the capacity to inuence brain processes and 
behaviour, chiey via the neuronal, endocrine, and immunological 
pathways⁹⁰. Indeed, those diagnosed with food addiction, obesity or a 
high level of neuroticism exhibited a modied microbial composition, 
which has been associated with elevated stress and inammatory 
mechanisms⁶⁰. Similarly, with regard to neuroticism, it is also 
important to consider the dysregulation of the hypothalamic-pituitary-
adrenal axis (HPA), the body's central stress response system¹¹⁷.   
Identifying mechanisms underlying FA in obesity thus require 
transdiagnostic approaches that take into consideration extraneous 
factors. It may also prove advantageous in the innovation of 
multimodal therapeutic strategies to treat symptoms¹⁶⁴.

FA is not only limited to individuals with obesity, however. 
Considering the relationship between neuroticism and maladaptive 
psychological or eating disorders, it is only reasonable to assume that 
FA also occurs in underweight individuals⁶⁴. Therefore, conicting 
variables of psychological and eating disorders, such as emotional 
eating, must be addressed in order to thoroughly examine the 
connection between FA and neuroticism¹⁶⁴.

Parental Diet and Offspring Shortfalls
Owing to the shift to sedentary lifestyles and the consumption of 
manufactured high-sugar, high-calorie, and low-bre foods, there has 
been a heightened incidence of obesity in women in their reproductive 
years⁶³. It has been established that maternal obesity, before and during 
gestation, have both short- and long-term negative health implications 
that impact the offspring as well as the mother. 

Recently published studies conducted across the UK and the US have 
demonstrated that kids who were born to women having obesity prior 
to pregnancy had a greater risk of poor cognitive results and autism 
spectrum disorders (ASDs)⁸ ¹²⁴. Research conducted in rodents too has 
concluded that a maternal high-fat diet or mHFD causes long-term 
cognitive impairments transcending multiple generations¹³⁴. Obesity 
in the mother has been shown to affect the gut microbiome of the 
child²⁵, and microbial reinstitution has proven to be effective at 
reversing the social deciencies¹².

The gut microbiota, a population of bacteria inhabiting the 
gastrointestinal (GI) tract that regulate the growth and functioning of 
the immunological, metabolic, and neural systems, may be a non-
genetic yet heritable driver in determining behaviour²². The 
development of this gut ecosystem is presumed to be at or shortly after 
birth and is stimulated by vertical transfer and interaction with/or 
absorption of environmental microorganisms¹⁵⁹. Therefore, the 
maternal state of nutrition and corresponding interactions are 
understood to impact the offspring's microbiome and have signicant 
implications for their susceptibility to mental decits. Indeed, given 
the recent research linking the gut microbiota to brain functionality, it 
appears conceivable that such alterations in the offspring gut 
microbiome, as a result of maternal obesity, may be connected to 
offspring cognitive deciencies⁹².

In a study by Liu, Xiaoning et al., Students born to overweight or obese 
Chinese mothers demonstrated signicantly lower scores in social 
subjects and overall school performance, indicating low level of social 
and learning aptitude. These children also showed poorer cognitive 
performance and a greater likelihood for ASD as compared to those of 
children with normal-weight mothers in results that were signicant at 
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the 5 percent level⁹².

Maternal exposure to Titanium Dioxide (TiO2) has further been 
reported to inuence learning and memory in offspring. Huang et al. 
evaluated offspring memory and learning after pregnant rats were 
administered TiO2 via gavage (100 mg/kgbw) for three weeks. They 
discovered that the offspring exhibited poor hippocampal cell 
proliferation along with learning and memory decits and an impaired 
spatial recognition memory. Moreover, Heidari et al. investigated the 
effect of administering TiO2 at 10, 25, and 50 mg/kgbw by gavage to 
mice over 45 days. They observed that greater dosage of TiO2 not only 
reduced the amount of tyrosine hydroxylase neurons, a key enzyme in 
dopamine synthesis, but also augmented dark neurons in the substantia 
nigra pars compacta, which develop following brain damage and 
impair the animals' motor abilities⁶⁵.

Also, as found by César et al., High-Fat, High-Sugar diet in parents 
indicated endotoxemia, lowered 'ZO1' gene expression in colon, and 
decreased serum Ghrelin. Parental HFS diet seems to have an impact 
on Gut-Brain-Axis programming in male offspring until adulthood, 
which might be related to increased adiposity later in life¹⁵.

The Relationship Between Neuropsychiatric Health and the Gut-
Brain Axis in the Context of an Ultra-Processed Food Diet
Apart from being a sensory organ, the gut is an essential component of 
the enteric nervous system, constituting an extensive section of the 
autonomic nervous system and comprising roughly 200 to 600 million 
neurons⁴⁶.

A bidirectional system of communication encompassing the immune, 
endocrine, and neuronal channels of mechanism across the gut and the 
brain, the MGB axis facilitates the gut microbiota and associated 
chemical metabolites to have direct or indirect inuence on the brain, 
thus articulating the system of the gut-brain impact³⁶.

As a result of the effective link adjoining dysbiosis of the gut microbial 
populations and behavioural and neurophysical impairment, research 
has rapidly been gearing towards the development of novel therapeutic 
approaches targeting the gut microbiota to treat psychiatric illnesses. 
Whilst there are several factors, including medical status, genetics, and 
method of birth delivery, that determine the composition of the gut 
microbiota from infancy to late adulthood, nutrition is thought to be 
one of the most signicant¹¹⁵.

Regulating the intestinal epithelial barrier, the gut microbiota oversee 
the absorption of bacterial endotoxins or live bacteria  into the 
bloodstream¹⁰.

A disturbance in the gut microbiome and metabolism triggered by diet 
or other environmental stimuli can induce dysbiosis, a condition 
distinguished by an overgrowth of likely pathogenic microbes known 
as pathobionts¹¹⁵. An imbalance of symbionts and pathobionts in the 
gut can then induce a weakened intestinal barrier function, commonly 
referred to as leaky gut syndrome along with chronic inammation. 
This dysbiosis may also contribute to a number of metabolic and 
inammatory conditions, visceral discomfort, as well as disturbances 
in the central nervous system (CNS) operations¹³⁹.Therefore, the 
connection interlinking the gut microbiota, chronic inammation and  
the CNS signies that gut dysbiosis could inuence cognitive function 
and therefore effectuate behavioural as well as cognitive 
dysfunctions²⁷. An increased intestinal permeability can increase the 
concentration of lipopolysaccharides (LPS) in the bloodstream, 
increasing the inammatory response. Long-term inammation has 
also been associated with a variety of neurological conditions, 
including dementia and depression¹⁵⁵; As a result, chronic 
inammation linked to the microbiota could impact the likelihood to 
develop such conditions¹¹⁵.

Changes in the composition of the microbiome may also potentially 
induce changes in animal behaviour. As an instance, entero 
bacteriaceae, a broad species of gram-negative bacteria, and Alistipes 
are more abundant in people with depression than in those without. 
Faecalibacterium, on the other hand, indicates a negative correlation 
with indicators of depression⁷⁶.

By promoting benecial bacteria proliferation and inhibiting 
pathogenic bacteria reproduction, bioactive compounds including 

polyphenols ,  which have ant i- inammatory act ion and 
neuroprotective effects, retain the ability to inect microbiota 
patterns¹⁴³.

Neurotransmitters such as dopamine, serotonin, and their chemical 
precursors are signicant in the regulation of energy metabolism, 
enhancement of behaviour, movement, affect and motivation⁴⁷. The 
incidence of obesity, food addiction, and psychological disorders 
including neuroticism, depression, and anxiety have all been afliated 
with abnormalities in the aforementioned neurotransmitters or their 
metabolites, which include tyrosine and tryptophan, among other 
amino acids³³. 

Dietary food-derived chemicals have been postulated to serve as 
endocrine-regulators promoting the production of intestinal hormones 
or neurotransmitters in order to increase satiety, alter metabolic 
pathways, and reduce food intake¹⁴⁴. UPF diets, which commonly 
comprise salts, saturated fats, added sugars and myriad food additives, 
may provoke dysbacteriosis, impaired gut barrier operations, as well 
as disrupt neurotransmitter metabolism in the intestines and brain, 
therefore impacting the behaviour and functioning of the brain⁵⁹.

A longitudinal cohort study discovered a link between UPF intake and 
an elevated risk of dementia. A daily 10 percent increase in UPF 
consumption was found to raise the risk for dementia by 25 percent 
whereas, replacing the 10 percent UPF consumption with an equal 
portion of minimally processed or unprocessed foods lowered the risk 
of dementia by approximately 20 percent⁸⁷.

Diets rich in fats and sugar can have adverse consequences on the 
permeability of the gut and the blood-brain barrier (BBB) integrity¹⁴⁴. 
The BBB is distinguished by its highly specialised membrane, which 
regulates systemic circulation by safeguarding the brain from 
undesirable compounds.¹⁵¹ UPF diets, however, have been associated 
with reduced concentrations of Short-Chain Fatty Acids (SCFAs). 
SCFAs serve as essential for maintaining BBB integrity and regulating 
neurotransmitters. SCFAs disruption, on the other hand, may promote 
intestinal permeability and stimulate inammatory responses⁵².

Long-term HFD consumption reduces BBB integrity⁵⁸ and induces an 
elevated production of pro-inammatory cytokines including tumour 
necrosis factor alpha (TNF-α), interleukin 1 beta (IL-1β), and 
supplementary products of oxidative stress such as malondialdehyde, 
in addition to low antioxidant efcacy in the brain. The latter point is 
especially relevant given that brain inammation and oxidative stress 
play a decisive part in the onset of neurodegenerative conditions such 
as Parkinson's disease, Alzheimer's disease, lateral amyotrophic 
atherosclerosis, and mental health conditions such as depression 
disorders and anxiety¹⁶.

Numerous investigations have also demonstrated that titanium 
dioxide, silicon dioxide, silver, gold, and iron oxide nanoparticles are 
translocated into the bloodstream and can penetrate the BBB in rats 
and mice, compromising various brain processes⁷.

Sweeteners are implicated in obesity and speculated to be linked to 
other conditions such as neurodegenerative disorders and cancers. A 
popular articial sweetener scrutinised for its impact on the 
neurochemicals and behaviours in the brain, Aspartame is broken 
down into 50 percent phenylalanine, 40 percent aspartic acid, and 10 
percent methanol in the GI tract, affecting the brain's levels of 
neurotransmitters⁷². The sweetener's use has also been linked to 
neurophysiological indicators such as mood, learning and cognitive 
decline. However, these ndings remain inconclusive given individual 
variations, dosage and metabolic activity²³. Functioning as a chemical 
agent, aspartame is also capable of raising plasma cortisol levels. Its 
inuence on the composition of gut microbiota also increases the 
production of corticosterone along with the adrenocorticotropic 
hormone²⁴.

Food additives enter numerous tissues via the bloodstream, with the 
liver having the largest buildup, succeeding the spleen and the kidney. 
It has also been theorised that nanoparticles can potentially damage the 
blood-testis barrier and accumulate in the testicles¹⁰². To elucidate, oral 
ingestion of silver nanoparticles culminates in long-term memory 
degradation along with impaired cognitive coordination, disturbing 
the brain's neuroplasticity¹⁵⁶. Similarly, as indications of animal 
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behavioural changes, non-food grade nanosized equivalents of food 
additives E551, E171, E172, E174 and E175 have been connected to 
mental health conditions such as stress, cognitive and eating disorders 
and depression. However, no studies have been conducted to assess the 
impact of these dietary additives on neurotoxicity or behavioural 
changes in animals¹⁰².

Several investigations have demonstrated that titanium dioxide, 
silicon dioxide, silver, gold, and iron oxide nanoparticles are 
transported into the bloodstream and have the ability to penetrate the 
BBB in rats and mice, compromising various brain processes⁷.

Furthermore, the neurotoxicity brought on by TiO2 nanoparticles has 
traditionally been attributed to particle accumulation in the brain. 
Interestingly, the gut-brain axis offers a potential technique to 
investigate this neurotoxicity, as it has been established that TiO2 
nanoparticles disrupt locomotor activity by lowering the diversity and 
uniformity of the gut microbiota. As a result, enteric neuron 
excitability is intensied and may travel, through the vagal pathway, to 
the brain¹⁶³.

Additionally, in a 2021 study, children's hyperactive behaviours were 
reduced when benzoate preservatives and articial colorings were 
restricted for a week. Three weeks of drinking beverages containing 
colourants and sodium benzoate, however, demonstrated a noticeably 
higher level of hyperactivity¹. Moreover, emulsier exposure has been 
correlated with a rise in anxiety behaviours and a decline in social 
behaviours in mice⁶⁹. Due to a lack of exhaustive research on the 
subject, it is inconclusive whether these ndings can be extrapolated to 
humans.

Understanding Obesity 
I. In the context of Ultra-Processed Foods

Posing a substantial threat to public health and quality of life, obesity 
has recently been identied as an epidemic in developed and 
developing nations⁷³. Obesity imposes a major worldwide 
socioeconomic burden, with a signicant share of healthcare expenses 
resulting from management measures employed to treat obesity-
related diseases⁶³.

Obesity, along with other metabolic diseases including diabetes, 
hypertension, and nonalcoholic fatty liver disease, is now considered a 
pandemic in China as a consequence of dietary habits and lifestyle 
changes⁹⁴. Individual dietary choices are inuenced by a myriad of 
inherent and external variables. Energy intake is inuenced by food 
choices and food cue sensitivity, which in effect, impacts body 
weight⁹³.  The adoption of Western diets and sedentary lifestyles has 
been linked to alterations in gut microbiota, which may be implicated 
in the heightened prevalence of chronic inammatory diseases, 
including diabetes, autoimmune diseases, obesity, depression, and 
heart disease¹⁶⁷.  Obesity is also regarded as a key predictor of several 
medical conditions: type 2 diabetes, ischaemic heart disease, cancer as 
well as stroke¹⁶⁵.

Marked by a high caloric density, salt, fats, and sugars and a lack of 
dietary bre and nutrients, UPF has traditionally been recognised as a 
key contributor to the growth in the prospect of chronic diseases that 
involve diabetes, obesity and circulatory disease¹¹⁶. Consumption of 
highly processed foods was found to be related with higher BMI and a 
higher incidence of both excess body weight and obesity after 
controlling for socio demographics, physical activity and smoking⁹⁶.

A principal investigator (PI) implemented one-on-one interviews with 
each participant of a qualitative research design to gain an 
understanding of each participant's perspectives, opinions, and 
attitudes⁹³ and to learn how they visually perceive food cue images as 
well as their food preferences while fasting¹¹².

They discovered that participants' hunger ratings were greater in the 
presence of food cue visuals of cereals and cereal products (92.86 
percent) and sweets (97.14 percent); participants' satiety ratings were 
greater for milk and dairy products (87.14 percent), cereals and cereal-
based goods, and savoury meals (78.57 percent).

Studies have shown that animals administered a high-fat diet (HFD) 
experience shifts in gastrointestinal function, specically in the 

signalling and secretion of GI hormones, which can lead to increased 
caloric intake, weight gain, and obesity⁹¹. Research has also 
demonstrated that transplantation of an obese-type microbiota, 
brought about by high-fat feeding, into healthy rodents resulted in 
cognitive disruptions,¹¹ including a remarkable surge in anxiety-like 
behaviours while performing in the elevated plus maze, marble 
burying test and open eld¹¹⁵.

Because our gut microbiota is particularly sensitive to the foods we eat, 
we are capable of inuencing our gut microbiota by our dietary 
choices⁸⁹. Along with our external environment, our internal 
environment within the gut has also seen drastic modications in the 
previous several decades. Namely, changes in bre intake, and 
increased consumption of highly processed, rened and sterilised 
foods have considerable impact on our gut ora, with potentially 
unfavourable implications on metabolism and appetite management⁶³. 
Obesity has been closely linked to a microbial diversity imbalance, 
with Firmicutes outnumbering Bacteroidetes in abundance¹⁴³.

II. In the context of the Microbiota-gut-brain Axis
Adult humans possess over ten times the number of microbial cells 
than the cells that make up the human body⁶. The intestinal microbiota 
generates a number of metabolites that are intimately connected to 
several quantitative and qualitative changes and play a role in the 
pathophysiological facets of obesity and metabolic disorder¹²⁵. It was 
established that dietary metabolites derived from the gut microbiota 
govern the liver, adipose tissue and brain via the MGBA, thus 
promoting the onset of obesity. The gut microbiota, specically the 
metabolites released by the symbiotic microbes (such as SCFAs, 
lipopolysaccharides, methane, and trimethylamine oxide), are 
implicated in the aetiology of obesity¹⁴⁵.

Such metabolites can lead to long-term inammatory responses by 
stimulating calorie intake, lowering the bowel movements, and 
boosting the accrual of intracellular cholesterol, which can culminate 
in obesity, insulin resistance, as well as atherosclerosis³². Intestinal 
microbiota-derived metabolites, primarily SCFAs, Bile-Acids and 5-
Hydroxyryptamine can be transported to the central nervous system 
via the immune system, enteric-cerebral nerve system and circulation 
channels, consequently modulating obesity¹⁴³.

Also entwined in the onset of obesity and related metabolic diseases is 
inammation⁷⁹. Obesity-associated pathophysiological changes are 
aggravated by chronic neuroinammation¹⁴⁹. According to a 
substantial body of research, gut microbial dysbiosis is a major 
contributor in the emergence of obesity and metabolic disorders¹⁴⁵. 
Alterations in the composition of the gut faecal ora can result in a 
disruption of the protective epithelial barrier in the gut wall, leading to 
the development of intestinal inammation. This imbalance of the gut 
microbiota has been linked to the erroneous bacterial translocation into 
the bowel wall²¹. This translocation of bacteria can modify how the 
hypothalamus regulates metabolism and appetite through the MGB 
axis, which can impact body weight⁶³.

It has also been demonstrated that the neurotransmitter GABA can 
affect the gut microbiota, intestinal immunity, and intestinal amino 
acid proles when administered as a supplement²⁰. Additionally, 
studies have shown that GABA may enhance the quality of sleep⁷⁰; it is 
also widely acknowledged that obesity has been tied to short sleep 
duration, evidenced by a number of epidemiological investigations¹¹⁴ 
¹⁴⁷.
Type 2 Diabetes
Foods with the labels "sucrose-free," "calorie-free sugar," and "low 
sugar" are becoming more prevalent as substitutes to appeal to 
consumers who are health-conscious¹⁴⁴. Due to their enticing 
characteristics of cheaper prices, lower calorie consumption, and 
normalised blood sugar levels, consumption of these non-nutritive/ 
non-caloric articial sweeteners has greatly increased in popularity. 
Chronic non-caloric articial sweetener intake, however, has been 
associated in human studies to a heightened incidence of Type 2 
diabetes as well as weight gain¹⁵⁰.

With research indicating the gut microbiota's contribution to obesity as 
well as being involved in insulin signalling and low-grade 
inammation, the relationship connecting Type 2 diabetes (T2D) and 
the gut microbiota is becoming increasingly apparent⁶. According to 

76  INDIAN JOURNAL OF APPLIED RESEARCH

Volume - 13 | Issue - 11 | November - 2023 |  . PRINT ISSN No 2249 - 555X | DOI : 10.36106/ijar



Qin et al., patients with T2D exhibited a moderate degree of intestinal 
microbial dysbiosis, which resulted in a decline in the bacteria that 
produce universal butyrate and a rise in  opportunistic infections¹²⁵.

Interventions Targeting the Gut Microbiota
Over the past few years, there has been growing evidence linking the 
gut microbiota to various diseases, including metabolic syndrome and 
its associated complications such as diabetes, obesity, non-alcoholic 
fatty liver disease (NAFLD), insulin resistance, and atherosclerosis⁸⁶, 
inammatory bowel diseases (IBDs)⁴ ⁹⁵, neuropsychiatric traits such as 
anxiety, depression, and autism,¹⁰¹ and cancer, including its 
progression, prognosis, complications, and the effects of radiotherapy 
and chemotherapy¹³¹.

Bariatric surgery currently serves as the sole therapeutic intervention 
for obesity that has shown a long-term and consistent reduction in body 
weight,¹⁵⁴ as well as a decrease in morbidity and death rates¹⁴¹.

It has also been widely reported that post gastric bypass, a weight loss 
surgery, a modication occurs in the production of several gut 
hormones pertaining to appetite, satiety and energy expenditure 
functions⁹ ⁸⁵.

A prospective strategy in treatment is to target the microbiome. Faecal 
microbiota transplantation has been shown to provide short-term 
benets in patients having metabolic syndrome⁸². Consuming 
fermented foods has also proven effective at alleviating anxiety 
symptoms in individuals with severe neuroticism⁶⁷. Calorie restriction 
has been found to promote weight reduction and mood by altering 
bacterial composition and overall metabolism⁹⁹.

I. Gut Hormones
As of now, the only efcacious intervention to combat morbid obesity, 
with a proven reduction in mortality, is surgery. Although the 
underlying processes of these surgical procedures are indeterminate, 
uctuations in the amounts of gut hormones present in circulation have 
been revealed to be involved. The alterations in gut hormones 
including GLP-1, PYY, PP, and oxyntomodulin observed post-
operation are presumed to be, at least partially, responsible for the 
benecial outcomes of this surgical therapy¹⁵⁴.

Peptide YY or PYY is categorised as a member of the 'PP fold' peptide 
family, which encompasses pancreatic polypeptide (PP) and 
neuropeptide Y (NPY). PYY is a peptide consisting of 36 amino acids, 
secreted by enteroendocrine L cells in the distal gut in response to oral 
consumption of nutrients. In order to obtain a successful PYY 
treatment, it is essential to retain stable and consistent quantities of the 
peptide throughout the term so as to prevent sudden spikes that could 
induce nausea¹⁵⁴.

Similar to PYY, the pancreatic polypeptide (PP) is also a peptide 
composed of 36 amino acids, secreted following the consumption of 
food. PP, however, is produced by PP cells situated in the pancreatic 
islets of Langerhans³.

PP reduces gastric emptying as well as food consumption,⁵ presumably 
transmitting feedback to the satiety regulating system through the 
vagus nerve¹⁵⁴.

A peptide hormone that functions as an incretin, GLP-1 increases the 
production of pancreatic β cell-produced insulin in response to oral 
consumption of nutrients. The entero-endocrine L cells of the small 
intestine constitute the primary source of GLP-1 secretion⁶⁶. GLP-1 
also serves as the most effective gut hormone to be implemented for 
medicinal uses in humans to date. Owing to its incretin action, it has 
also been employed, with numerous formulations, for the treatment of 
Type 2 diabetes. In fact, for more than 20 years, the pharmaceutical 
R&D landscape for Type 2 diabetes has been monopolised by GLP-1-
based therapies, particularly GLP-1 analogues and DPP-4 inhibitors¹²⁸. 
The predominant side effect associated with these GLP-1 receptor 
agonists is nausea, which renders it  challenging to administer stronger 
doses that may have a more substantial effect on body weight loss¹⁵⁴.

Oxyntomodulin or OXM is a 37-amino-acid peptide hormone which, 
upon intravenous administration, has been found to suppress both 
gastric acid production and pancreatic enzyme production, as well as 
to prolong gastric emptying¹³⁶. OXM has also been shown to 

dramatically reduce dietary intake as well as body weight gain in rats 
upon peripheral administration²⁹. OXM boosts energy expenditure 
without having any of the deleterious effects on glycemia that may be 
expected from glucagon receptor agonism, considering it operates at 
the glucagon receptor site. As a result of its twofold impact on dietary 
intake reduction and higher energy expenditure, OXM offers a 
compelling potential of facilitating the management of obesity¹⁵⁴.

As the only orexigenic hormone known to science, ghrelin enables 
both lean and obese human subject volunteers to consume more food 
following administration of the hormone⁴⁰ ⁴¹.The presence of receptors 
for ghrelin in the hypothalamus, similar to those for PP, PYY, and 
various other gut hormones, may help elucidate how it regulates 
appetite¹⁰⁵. The production of ghrelin increases in individuals who are 
on restrictive dieting to lose weight or have been diagnosed with 
anorexia nervosa, whereas they are lower in obese individuals²⁸.

It would be viable to implement ghrelin as a treatment for obesity if its 
concentration could be suppressed or its receptor inhibited. Therefore, 
ghrelin antagonists and receptor blockers have drawn interest for 
research and innovation as prospective anti-obesity targets¹³⁵. By 
administering ghrelin immunoconjugates to rats, researchers  have 
also succeeded in developing a "vaccine" that targets the hormone. The 
results were positive, with an overall decrease in body weight gain and 
a preferential fall in body fat¹⁶⁶.

II. Probiotics and Prebiotics
Pursuant to a prebiotics expert group, a prebiotic is "a substrate that is 
used by the host microorganisms selectively in order to confer a health 
benet"⁵⁵. Prebiotics can be used directly or indirectly to promote the 
development of gut microora¹⁴³. Prebiotics are anticipated to be 
separated in the future. Fenugreek⁸¹, gold-based nanomaterials¹⁴⁶, 
compounds made of selenium¹¹³, and pertinent nanoceria are a few 
examples of prospective choices. The bre found in diets is a 
prominent prebiotic renowned for its ability to promote the growth of 
good bacteria in the colon.  For the prevention or treatment for some 
specic obesity-related diseases, different prebiotic bres must be 
preferentially chosen for administration based on their metabolic 
action in the colon as distinct prebiotics generate differing metabolic 
substances after microbiota; fermentation¹⁴³.

Probiotics are living bacteria that, when given in sufcient quantities, 
promote the host's health⁸⁸. Probiotics encompass a variety of species 
which have been heavily studied. Lactobacillus rhamnosus LRH05 
substantially decreases white adipose tissue, declines weight gain, and 
enhances hepatic steatosis along with glucose intolerance¹⁹.  It has also 
been reported that the probiotic strains Lactobacillus plantarum 
KY1032 and Lactobacillus curvatus HY7601 coupled show greater 
efciency in blocking the gene expressions of numerous of the liver's 
fatty acid synthesis enzymes,  in tandem with drops in fatty acid 
oxidation-related enzyme function and the corresponding gene 
expressions¹⁶⁰.

It has also been suggested that "psychobiotics," which are living 
microorganisms that have a positive impact on mental health when 
ingested, may hold promise as a therapy for psychiatric disorders by 
targeting the gut microbiota³⁷.

Probiotic products' effectiveness has a number favourable facets, 
including strain- and disease-specicity. Tailoring the strain(s) to the 
targeted illness in order to develop an adapted individual strategy 
represents one of the primary criteria in identifying a suitable 
probiotic¹⁴².

III. Nutrition
Given the strong association between diet and gut microora, a long-
term nutrition disorder can disrupt the individual gut microbiota. A 
disruption in the gut microbiome interferes with the GBA , causing an 
aberration in the host's physiology. As a consequence,  interventions 
targeting the diet should be viewed as a major strategy for treating 
persons with gut microbiota dysbiosis¹⁴³.

A number of preclinical studies currently suggests the prospect of 
treating dysbiosis with dietary modications for the purpose of 
bettering cognitive and behavioural results¹¹⁵. Gender, age, dietary 
habits, geographical traits, individual genetic predispositions, and 
lifestyle choices are only a few of the aspects of the personalised 
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decisions that people who want to decrease their weight can make¹⁴³.

Ketogenic Diet: 
esearch has demonstrated that after adopting a ketogenic diet, 
participants experienced a substantial rise in Enterococcus, 
Anaerostipes, Bidobacterium, Bacteroides, and Blautia at the level of 
genus in addition to Actinobacteria at the level of phylum⁵⁶.  The ratio 
of Firmicutes/Bacteroidetes in patients is likewise lowered by the anti-
inammatory and regulatory effects of a Mediterranean diet⁴⁹.

Mediterranean diet: 
This diet emphasises an array of vegetables, grains, fruits, and mono- 
or n-3 polyunsaturated fats. It is therefore viewed as the ideal diet for 
maintaining good health. In a recent study, De Filippis et al. discovered 
that Italian subjects with a great compliance to the Mediterranean diet 
had higher levels of short chain fatty acids as well as Prevotella³⁰. 
Contrarily, those with poor compliance had higher concentrations of 
the substance trimethylamine oxide (TMAO), which has been 
connected with colorectal cancer, heart disease, and gastrointestinal 
disorders¹¹⁵.

Vegetarian diets: 
These have been proven effective as a nutritious and therapeutic 
dietary regimen for a number of chronic illnesses. Vegan diets, on the 
other hand, may be benecial in the prevention of both inammatory 
and metabolic disorders. Furthermore, they seem to produce a distinct 
intestinal microbiota prole with lower levels of pathobionts⁵⁴.

Fibre-rich diets: 
These ameliorate microglial maturation abnormalities and synaptic 
dysfunction. Diet-derived bre has been frequently cited to modulate 
the gut microbiome, presenting a vital substrate to the distal gut 
microbial colony. Several studies  underpin the view that consuming 
substantial amounts of plant bres stimulates the proliferation of 
hydrolytic bacteria and short chain fatty acids and  contributes to the 
diversication of the gut microbiota³¹. Additionally, actinobacteria and 
bacteroidetes have been observed to positively correlate with high-
bre diets¹⁵⁸. A study conducted on mice also revealed that behavioural 
deciencies, synaptic impairment, and abnormal spliceosome 
modications in the offspring were alleviated by increased bre 
consumption in the dietary regimen of either the dam or the offspring. 
Moreover, three different diets high in bre whole grains, that is, 
barley, brown rice, and an amalgam of the two, increased the 
Firmicutes to Bacteroidetes ratio, the diversity of microbes, as well as 
the abundance of the species Blautia as found in faecal samples¹⁰⁰. The 
considerable inuence of diet-derived bres on numerous facets of the 
host's physiology arise through modications to the diversity of the gut 
microbiome⁹².

According to research, dietary bre consumption in the offspring of 
obese mothers could also potentially restore their microbiome 
depletion. By altering the gut microbiota and promoting the production 
of microbial metabolites, a high-bre diet may be able to prevent 
behavioural deciencies in the offspring.  Moreover, a modication in 
the overall composition of the mother's gut microbiota appears to be 
causally related to behavioural alterations in their offspring¹³.

Fermented Foods: 
Recent research has postulated that eating kimchi could represent an 
alternate approach for managing obesity. Kimchi is a typical Korean 
meal made from fermented vegetables. Kimchi offers a substantial 
amount of functional ingredients including lactic acid microbes (≤ 109 
CFU/g) among a range of nutrients that could benet health, such as 
minerals, dietary bres, vitamins, phytochemicals (gingerol, β-
carotene, capsaicin, and chlorophylls).⁷⁹ Kim et al. determined that 
kimchi lowers weight gain and minimises neuroinammation in the 
hypothalamus area, which regulates appetite and energy expenditure. 
Furthermore, researchers proved through the use of a gnotobiotic 
mouse model that kimchi directly increases A. muciniphila abundance 
in the GI tract and strengthens BBB integrity⁷⁹.

CONCLUSION
Overall, research suggests that UPF consumption has a detrimental 
effect on the gut-brain axis and its function which consequently may 
contribute to the onset of food addiction and neuroticism, 
neurocognitive decits, neurodegenerative diseases, mental health 
conditions, T2D, metabolic syndrome and obesity. While more 

research is needed to fully understand the mechanisms underlying the 
UPF-GBA-obesity link, the available evidence highlights the 
importance of reducing UPF intake and promoting a whole foods-
based diet for optimal health.

The implications of this paper can benet a wide range of readers, 
including researchers, healthcare professionals, and dietary policy-
makers in the eld. This review provides a comprehensive exploration 
of the current state of knowledge on the connection adjoining UPFs, 
the Gut Microbiota and public-health implications which allows 
readers to understand the topic and be wary of its signicance given the 
current surge in Ultra-Processed diets.

Studies in the future should investigate the mechanisms by which food 
additives and emulsiers affect individuals' neurophysiological 
composition via the Gut-Brain axis. Moreover, it is suggested that 
future research focuses on the long-term efcacy and development of 
gut-targeted interventions, specically gut metabolites including 
GLP-1, PYY, PP, Oxyntomodulin and Ghrelin, given their mediating 
role in numerous chronic diseases. Studies should investigate the 
efciency of combination therapy and the optimal dosage of these gut 
metabolites and determine pertinent side effects. Further research 
should also consider the regenerative effects of probiotics, prebiotics 
and fermented foods via oral administration for their anti-
neuroinammatory effects in alleviating obesity and comorbid 
conditions.

REFERENCES
1. Abd El Baaki, O. M., Abd El Hamid, E. R., Zaki, S. T., Alwakkad, A. S. E. D., Sabry, R. 

N., & Elsheikh, E. M. (2021, January 9). Diet modication impact on ADHD outcome. 
Bulletin of the National Research Centre, 45(1). https://doi.org/10.1186/s42269-020-
00466-x

2. Abiega-Franyutti, P., & Freyre-Fonseca, V. (2021, December). Chronic consumption of 
food-additives lead to changes via microbiota gut-brain axis. Toxicology, 464, 153001. 
https://doi.org/10.1016/j.tox.2021.153001

3. Adrian, T. E., Bloom, S. R., Bryant, M. G., Polak, J. M., Heitz, P. H., & Barnes, A. J. 
(1976, December 1). Distribution and release of human pancreatic polypeptide. Gut, 
17(12), 940–944. https://doi.org/10.1136/gut.17.12.940

4. Aleksandrova, K., Romero-Mosquera, B., & Hernandez, V. (2017, August 30). Diet, Gut 
Microbiome and Epigenetics: Emerging Links with Inammatory Bowel Diseases and 
P r o s p e c t s  f o r  M a n a g e m e n t  a n d  P r e v e n t i o n .  N u t r i e n t s ,  9 ( 9 ) ,  9 6 2 . 
https://doi.org/10.3390/nu9090962

5. Asakawa, A., Inui, A., Yuzuriha, H., Ueno, N., Katsuura, G., Fujimiya, M., Fujino, M. 
A., Niijima, A., Meguid, M. M., & Kasuga, M. (2003, May). Characterization of the 
effects of pancreatic polypeptide in the regulation of energy balance. Gastroenterology, 
124(5), 1325–1336. https://doi.org/10.1016/s0016-5085(03)00216-6

6. Baothman, O. A., Zamzami, M. A., Taher, I., Abubaker, J., & Abu-Farha, M. (2016, June 
18). The role of Gut Microbiota in the development of obesity and Diabetes. Lipids in 
Health and Disease, 15(1). https://doi.org/10.1186/s12944-016-0278-4

7. Baranowska-Wójcik, E., Szwajgier, D., Oleszczuk, P., & Winiarska-Mieczan, A. (2019, 
April 13). Effects of Titanium Dioxide Nanoparticles Exposure on Human Health—a 
R e v i e w.  B i o l o g i c a l  Tr a c e  E l e m e n t  R e s e a rc h ,  1 9 3 ( 1 ) ,  11 8 – 1 2 9 . 
https://doi.org/10.1007/s12011-019-01706-6

8. Basatemur, E., Gardiner, J., Williams, C., Melhuish, E., Barnes, J., & Sutcliffe, A. (2013, 
January 1). Maternal Prepregnancy BMI and Child Cognition: A Longitudinal Cohort 
Study. Pediatrics, 131(1), 56–63. https://doi.org/10.1542/peds.2012-0788

9. Beckman, L. M., Beckman, T. R., Sibley, S. D., Thomas, W., Ikramuddin, S., Kellogg, T. 
A., Ghatei, M. A., Bloom, S. R., le Roux, C. W., & Earthman, C. P. (2011, March). 
Changes in Gastrointestinal Hormones and Leptin After Roux฀en฀Y Gastric Bypass 
Surgery. Journal of Parenteral and Enteral Nutrition, 35(2), 169–180. 
https://doi.org/10.1177/0148607110381403

10. Bischoff, S. C., Barbara, G., Buurman, W., Ockhuizen, T., Schulzke, J. D., Serino, M., 
Tilg, H., Watson, A., & Wells, J. M. (2014, November 18). Intestinal permeability – a 
new target for disease prevention and therapy. BMC Gastroenterology, 14(1). 
https://doi.org/10.1186/s12876-014-0189-7

11. Bruce-Keller, A. J., Salbaum, J. M., Luo, M., Blanchard, E., Taylor, C. M., Welsh, D. A., 
& Berthoud, H. R. (2015, April). Obese-type Gut Microbiota Induce Neurobehavioral 
Changes in the Absence of Obesity. Biological Psychiatry, 77(7), 607–615. 
https://doi.org/10.1016/j.biopsych.2014.07.012

12. Bufngton, S. A., Di Prisco, G. V., Auchtung, T. A., Ajami, N. J., Petrosino, J. F., & 
Costa-Mattioli, M. (2016, June). Microbial Reconstitution Reverses Maternal Diet-
Induced Social and Synaptic Decits in Offspring. Cell, 165(7), 1762–1775. 
https://doi.org/10.1016/j.cell.2016.06.001

13. Buhmann, H., le Roux, C. W., & Bueter, M. (2014, August). The gut–brain axis in 
obesity. Best Practice & Research Clinical Gastroenterology, 28(4), 559–571. 
https://doi.org/10.1016/j.bpg.2014.07.003

14. Carocho, M., Barreiro, M. F., Morales, P., & Ferreira, I. C. (2014, June 21). Adding 
Molecules to Food, Pros and Cons: A Review on Synthetic and Natural Food Additives. 
Comprehensive Reviews in Food Science and Food Safety, 13(4), 377–399. 
https://doi.org/10.1111/1541-4337.12065

15. César, H., Nascimento Sertorio, M., Santamarina, A., Alves de Souza, E., Valles 
Mennitti, L., Jamar, G., Jucá, A., Picin Casagrande, B., Estadela, D., & Pellegrini Pisani, 
L. (2022, October). The inuence of parental high-fat high-sugar diet on the gut-brain 
axis  in  male  offspr ing.  Food Research Internat ional ,  160 ,  111706. 
https://doi.org/10.1016/j.foodres.2022.111706

16. Chan, K. L., Cathomas, F., & Russo, S. J. (2019, March 1). Central and Peripheral 
Inammation Link Metabolic Syndrome and Major Depressive Disorder. Physiology, 
34(2), 123–133. https://doi.org/10.1152/physiol.00047.2018

17. Chassaing, B., Koren, O., Goodrich, J. K., Poole, A. C., Srinivasan, S., Ley, R. E., & 
Gewirtz, A. T. (2015, February 25). Dietary emulsiers impact the mouse gut microbiota 
promoting colitis and metabolic syndrome. Nature, 519(7541), 92–96. 
https://doi.org/10.1038/nature14232

18. Chassaing, B., Van de Wiele, T., De Bodt, J., Marzorati, M., & Gewirtz, A. T. (2017, 
March 21). Dietary emulsiers directly alter human microbiota composition and gene 
expression ex vivo potentiating intestinal inammation. Gut, 66(8), 1414–1427. 

78  INDIAN JOURNAL OF APPLIED RESEARCH

Volume - 13 | Issue - 11 | November - 2023 |  . PRINT ISSN No 2249 - 555X | DOI : 10.36106/ijar



https://doi.org/10.1136/gutjnl-2016-313099
19. Chen, Y., Chiou, S., Hsu, A., Lin, Y., & Lin, J. (2021, December 2). Lactobacillus 

rhamnosus Strain LRH05 Intervention Ameliorated Body Weight Gain and Adipose 
Inammation via Modulating the Gut Microbiota in High฀Fat Diet฀Induced Obese 
M i c e .  M o l e c u l a r  N u t r i t i o n  &  F o o d  R e s e a r c h ,  6 6 ( 1 ) . 
https://doi.org/10.1002/mnfr.202100348

20. Chen, Y., Essner, R. A., Kosar, S., Miller, O. H., Lin, Y. C., Mesgarzadeh, S., & Knight, 
Z. A. (2019, April 29). Sustained NPY signaling enables AgRP neurons to drive feeding. 
ELife, 8. https://doi.org/10.7554/elife.46348

21. Chiriac, M. T., Mahapatro, M., Neurath, M. F., & Becker, C. (2017). The Microbiome in 
Visceral Medicine: Inammatory Bowel Disease, Obesity and Beyond. Visceral 
Medicine, 33(2), 153–162. https://doi.org/10.1159/000470892

22. Cho, I., & Blaser, M. J. (2012, March 13). The human microbiome: at the interface of 
h e a l t h  a n d  d i s e a s e .  N a t u re  R e v i e w s  G e n e t i c s ,  1 3 ( 4 ) ,  2 6 0 – 2 7 0 . 
https://doi.org/10.1038/nrg3182

23. Choudhary, A. K., & Lee, Y. Y. (2017, February 15). Neurophysiological symptoms and 
aspartame: What is the connection? Nutritional Neuroscience, 21(5), 306–316. 
https://doi.org/10.1080/1028415x.2017.1288340

24. Choudhary, A. K., & Lee, Y. Y. (2018, October). The debate over neurotransmitter 
interaction in aspartame usage. Journal of Clinical Neuroscience, 56, 7–15. 
https://doi.org/10.1016/j.jocn.2018.06.043

25. Chu, D. M., Antony, K. M., Ma, J., Prince, A. L., Showalter, L., Moller, M., & Aagaard, 
K. M. (2016, August 9). The early infant gut microbiome varies in association with a 
maternal high-fat diet. Genome Medicine, 8(1). https://doi.org/10.1186/s13073-016-
0330-z

26. Cordova, R., Kliemann, N., Huybrechts, I., Rauber, F., Vamos, E. P., Levy, R. B., 
Wagner, K. H., Viallon, V., Casagrande, C., Nicolas, G., Dahm, C. C., Zhang, J., Halkjær, 
J., Tjønneland, A., Boutron-Ruault, M. C., Mancini, F. R., Laouali, N., Katzke, V., Srour, 
B., . . . Freisling, H. (2021, September). Consumption of ultra-processed foods 
associated with weight gain and obesity in adults: A multi-national cohort study. Clinical 
Nutrition, 40(9), 5079–5088. https://doi.org/10.1016/j.clnu.2021.08.009

27. Cryan, J. F., & Dinan, T. G. (2012, September 12). Mind-altering microorganisms: the 
impact of the gut microbiota on brain and behaviour. Nature Reviews Neuroscience, 
13(10), 701–712. https://doi.org/10.1038/nrn3346

28. Cummings, D. E., Weigle, D. S., Frayo, R. S., Breen, P. A., Ma, M. K., Dellinger, E. P., & 
Purnell, J. Q. (2002, May 23). Plasma Ghrelin Levels after Diet-Induced Weight Loss or 
Gastric Bypass Surgery. New England Journal of Medicine, 346(21), 1623–1630. 
https://doi.org/10.1056/nejmoa012908

29. Dakin, C. L., Small, C. J., Batterham, R. L., Neary, N. M., Cohen, M. A., Patterson, M., 
Ghatei, M. A., & Bloom, S. R. (2004, June). Peripheral Oxyntomodulin Reduces Food 
Intake and Body Weight Gain in Rats. Endocrinology, 145(6), 2687–2695. 
https://doi.org/10.1210/en.2003-1338

30. De Filippis, F., Pellegrini, N., Vannini, L., Jeffery, I. B., La Storia, A., Laghi, L., 
Serrazanetti, D. I., Di Cagno, R., Ferrocino, I., Lazzi, C., Turroni, S., Cocolin, L., 
Brigidi, P., Neviani, E., Gobbetti, M., O'Toole, P. W., & Ercolini, D. (2015, September 
28). High-level adherence to a Mediterranean diet benecially impacts the gut 
m i c r o b i o t a  a n d  a s s o c i a t e d  m e t a b o l o m e .  G u t ,  6 5 ( 11 ) ,  1 8 1 2 – 1 8 2 1 . 
https://doi.org/10.1136/gutjnl-2015-309957

31. De Filippo, C., Cavalieri, D., Di Paola, M., Ramazzotti, M., Poullet, J. B., Massart, S., 
Collini, S., Pieraccini, G., & Lionetti, P. (2010, August 2). Impact of diet in shaping gut 
microbiota revealed by a comparative study in children from Europe and rural Africa. 
Proceedings of the National Academy of Sciences, 107(33), 14691–14696. 
https://doi.org/10.1073/pnas.1005963107

32. De Vadder, F., Kovatcheva-Datchary, P., Goncalves, D., Vinera, J., Zitoun, C., 
Duchampt, A., Bäckhed, F., & Mithieux, G. (2014, January). Microbiota-Generated 
Metabolites Promote Metabolic Benets via Gut-Brain Neural Circuits. Cell, 156(1–2), 
84–96. https://doi.org/10.1016/j.cell.2013.12.016

33. DeYoung, C. G. (2010, December). Personality Neuroscience and the Biology of Traits. 
S o c i a l  a n d  P e r s o n a l i t y  P s y c h o l o g y  C o m p a s s ,  4 ( 1 2 ) ,  11 6 5 – 11 8 0 . 
https://doi.org/10.1111/j.1751-9004.2010.00327.x

34. Díaz-Urbina, D., Escartín-Pérez, R. E., López-Alonso, V. E., & Mancilla-Díaz, J. M. 
(2017). Efectos de una dieta con alto contenido de grasas sobre patrones conductuales 
a l i m e n t a r i o s .  A c t a  C o l o m b i a n a  D e  P s i c o l o g í a ,  9 5 – 1 1 5 . 
https://doi.org/10.14718/acp.2018.21.1.5

35. Diling, C., Yinrui, G., Longkai, Q., Xiaocui, T., Yadi, L., Jiaxin, F., Xiangxiang, Z., 
Miao, Z., Ou, S., Dongdong, W., Yizhen, X., Yang, B. B., & Qingping, W. (2020, 
February). Metabolic regulation of Ganoderma lucidum extracts in high sugar and fat 
diet-induced obese mice by regulating the gut-brain axis. Journal of Functional Foods, 
65, 103639. https://doi.org/10.1016/j.jff.2019.103639

36. Dinan, T. G., & Cryan, J. F. (2017, October). Brain-Gut-Microbiota Axis and Mental 
H e a l t h .  P s y c h o s o m a t i c  M e d i c i n e ,  7 9 ( 8 ) ,  9 2 0 – 9 2 6 . 
https://doi.org/10.1097/psy.0000000000000519

37. Dinan, T. G., Stanton, C., & Cryan, J. F. (2013, November). Psychobiotics: A Novel 
C l a s s  o f  P s y c h o t r o p i c .  B i o l o g i c a l  P s y c h i a t r y ,  7 4 ( 1 0 ) ,  7 2 0 – 7 2 6 . 
https://doi.org/10.1016/j.biopsych.2013.05.001

38. Doguc, D. K., Ceyhan, B. M., Ozturk, M., & Gultekin, F. (2012, February 9). Effects of 
maternally exposed colouring food additives on cognitive performance in rats. 
Toxicology and Industrial Health, 29(7), 616–623. https://doi.org/10.1177/ 
0748233712436638

39. Dolwick, A. P., & Persky, S. (2021, September). Parental reward-based eating drive 
predicts parents' feeding behaviors and Children's ultra-processed food intake. Appetite, 
164, 105241. https://doi.org/10.1016/j.appet.2021.105241

40. Druce, M. R., Neary, N. M., Small, C. J., Milton, J., Monteiro, M., Patterson, M., Ghatei, 
M. A., & Bloom, S. R. (2005, October 25). Subcutaneous administration of ghrelin 
stimulates energy intake in healthy lean human volunteers. International Journal of 
Obesity, 30(2), 293–296. https://doi.org/10.1038/sj.ijo.0803158

41. Druce, M. R., Wren, A. M., Park, A. J., Milton, J. E., Patterson, M., Frost, G., Ghatei, M. 
A., Small, C., & Bloom, S. R. (2005, May 24). Ghrelin increases food intake in obese as 
well as lean subjects. International Journal of Obesity, 29(9), 1130–1136. https://doi. 
org/10.1038/sj.ijo.0803001

42. DuPont, A. W., & DuPont, H. L. (2011, August 16). The intestinal microbiota and 
chronic disorders of the gut. Nature Reviews Gastroenterology & Hepatology, 8(9), 
523–531. https://doi.org/10.1038/nrgastro.2011.133

43. Erbaş, O., Erdoğan, M. A., Khalilnezhad, A., Solmaz, V., Gürkan, F. T., Yiğittürk, G., 
Eroglu, H. A., & Taskiran, D. (2018, April 16). Evaluation of long฀term effects of 
articial sweeteners on rat brain: a biochemical, behavioral, and histological study. 
Journal of Biochemical and Molecular Toxicology, 32(6). https://doi.org/10. 
1002/jbt.22053

44. Ferretti, P., Pasolli, E., Tett, A., Asnicar, F., Gorfer, V., Fedi, S., Armanini, F., Truong, D. 
T., Manara, S., Zolfo, M., Beghini, F., Bertorelli, R., De Sanctis, V., Bariletti, I., Canto, 
R., Clementi, R., Cologna, M., Crifò, T., Cusumano, G., . . . Segata, N. (2018, July). 
Mother-to-Infant Microbial Transmission from Different Body Sites Shapes the 
Developing Infant Gut Microbiome. Cell Host & Microbe, 24(1), 133-145.e5. 
https://doi.org/10.1016/j.chom.2018.06.005

45. Forde, C. G., Mars, M., & de Graaf, K. (2020, March). Ultra-Processing or Oral 
Processing? A Role for Energy Density and Eating Rate in Moderating Energy Intake 
from Processed Foods. Current Developments in Nutrition, 4(3), nzaa019. 
https://doi.org/10.1093/cdn/nzaa019

46. Furness, J. B., Rivera, L. R., Cho, H. J., Bravo, D. M., & Callaghan, B. (2013, September 
24). The gut as a sensory organ. Nature Reviews Gastroenterology & Hepatology, 
10(12), 729–740. https://doi.org/10.1038/nrgastro.2013.180

47. Gainetdinov, R. R., Hoener, M. C., & Berry, M. D. (2018, June 25). Trace Amines and 
Their Receptors. Pharmacological Reviews, 70(3), 549–620. https://doi.org/10. 
1124/pr.117.015305

48. Gao, Y., Li, C., shen, J., Yin, H., An, X., & Jin, H. (2011, August). Effect of Food Azo Dye 
Tartrazine on Learning and Memory Functions in Mice and Rats, and the Possible 
Mechanisms Involved. Journal of Food Science, 76(6). https://doi.org/10.1111/j.1750-
3841.2011.02267.x

49. Garcia-Mantrana, I., Selma-Royo, M., Alcantara, C., & Collado, M. C. (2018, May 7). 
Shifts on Gut Microbiota Associated to Mediterranean Diet Adherence and Specic 
Dietary Intakes on General Adult Population. Frontiers in Microbiology, 9. 
https://doi.org/10.3389/fmicb.2018.00890

50. Gearhardt, A. N., Corbin, W. R., & Brownell, K. D. (2009, March). Food Addiction. 
Journal of Addiction Medicine, 3(1), 1–7. https://doi.org/10.1097/adm. 
0b013e318193c993

51. Gearhardt, A. N., Roberto, C. A., Seamans, M. J., Corbin, W. R., & Brownell, K. D. 
(2013, December). Preliminary validation of the Yale Food Addiction Scale for children. 
Eating Behaviors, 14(4), 508–512. https://doi.org/10.1016/j.eatbeh.2013.07.002

52. Gentile, F., Doneddu, P. E., Riva, N., Nobile-Orazio, E., & Quattrini, A. (2020, October 
10). Diet, Microbiota and Brain Health: Unraveling the Network Intersecting 
Metabolism and Neurodegeneration. International Journal of Molecular Sciences, 
21(20), 7471. https://doi.org/10.3390/ijms21207471

53. Gibney, M. J. (2019, February). Ultra-Processed Foods: Denitions and Policy Issues. 
Current Developments in Nutrition, 3(2), nzy077. https://doi.org/10.1093/cdn/nzy077

54. Glick-Bauer, M., & Yeh, M. C. (2014, October 31). The Health Advantage of a Vegan 
Diet: Exploring the Gut Microbiota Connection. Nutrients, 6(11), 4822–4838. 
https://doi.org/10.3390/nu6114822

55. Golubnitschaja, O. (Ed.). (2019). Flammer Syndrome. Advances in Predictive, 
Preventive and Personalised Medicine. https://doi.org/10.1007/978-3-030-13550-8

56. Gong, X., Cai, Q., Liu, X., An, D., Zhou, D., Luo, R., Peng, R., & Hong, Z. (2021, June). 
Gut ora and metabolism are altered in epilepsy and partially restored after ketogenic 
diets. Microbial Pathogenesis, 155, 104899. https://doi.org/10.1016/j.micpath. 
2021.104899

57. Granero, R., Hilker, I., Agüera, Z., Jiménez฀Murcia, S., Sauchelli, S., Islam, M. A., 
Fagundo, A. B., Sánchez, I., Riesco, N., Dieguez, C., Soriano, J., Salcedo฀Sánchez, C., 
Casanueva, F. F., De la Torre, R., Menchón, J. M., Gearhardt, A. N., & 
Fernández฀Aranda, F. (2014, August 20). Food Addiction in a Spanish Sample of 
Eating Disorders: DSM฀5 Diagnostic Subtype Differentiation and Validation Data. 
European Eating Disorders Review, 22(6), 389–396. https://doi.org/10.1002/erv.2311

58. Guillemot-Legris, O., Masquelier, J., Everard, A., Cani, P. D., Alhouayek, M., & 
Muccioli, G. G. (2016, August 26). High-fat diet feeding differentially affects the 
development of inammation in the central nervous system. Journal of 
Neuroinflammation, 13(1). https://doi.org/10.1186/s12974-016-0666-8

59. Guo, Y., Zhu, X., Zeng, M., Qi, L., Tang, X., Wang, D., Zhang, M., Xie, Y., Li, H., Yang, 
X., & Chen, D. (2021, May 27). A diet high in sugar and fat inuences neurotransmitter 
metabolism and then affects brain function by altering the gut microbiota. Translational 
Psychiatry, 11(1). https://doi.org/10.1038/s41398-021-01443-2

60. Gupta, A., Osadchiy, V., & Mayer, E. A. (2020, August 27). Brain–gut–microbiome 
interactions in obesity and food addiction. Nature Reviews Gastroenterology & 
Hepatology, 17(11), 655–672. https://doi.org/10.1038/s41575-020-0341-5

61. Hall, K. D., Ayuketah, A., Brychta, R., Cai, H., Cassimatis, T., Chen, K. Y., Chung, S. T., 
Costa, E., Courville, A., Darcey, V., Fletcher, L. A., Forde, C. G., Gharib, A. M., Guo, J., 
Howard, R., Joseph, P. V., McGehee, S., Ouwerkerk, R., Raisinger, K., . . . Zhou, M. 
(2019, July). Ultra-Processed Diets Cause Excess Calorie Intake and Weight Gain: An 
Inpatient Randomized Controlled Trial of Ad Libitum Food Intake. Cell Metabolism, 
30(1), 67-77.e3. https://doi.org/10.1016/j.cmet.2019.05.008

62. Handakas, E., Lau, C. H., Alfano, R., Chatzi, V. L., Plusquin, M., Vineis, P., & Robinson, 
O. (2021, November 19). A systematic review of metabolomic studies of childhood 
obesity: State of the evidence for metabolic determinants and consequences. Obesity 
Reviews, 23(S1). https://doi.org/10.1111/obr.13384

63. Hanson, M., Barker, M., Dodd, J. M., Kumanyika, S., Norris, S., Steegers, E., 
Stephenson, J., Thangaratinam, S., & Yang, H. (2017, January). Interventions to prevent 
maternal obesity before conception, during pregnancy, and post partum. The Lancet 
Diabetes & Endocrinology, 5(1), 65–76. https://doi.org/10.1016/s2213-
8587(16)30108-5

64. Hauck, C., Weiß, A., Schulte, E. M., Meule, A., & Ellrott, T. (2017). Prevalence of 'Food 
Addiction' as Measured with the Yale Food Addiction Scale 2.0 in a Representative 
German Sample and Its Association with Sex, Age and Weight Categories. Obesity 
Facts, 10(1), 12–24. https://doi.org/10.1159/000456013

65. Heidari, Haeri, & Ebrahimzadeh-Bideskan. (2019). The effect of titanium dioxide 
nanoparticles on mice midbrain substantia nigra. Iranian Journal of Basic Medical 
Sciences .

66. Herrmann, C., Göke, R., Richter, G., Fehmann, H. C., Arnold, R., & Göke, B. (1995). 
Glucagon-Like Peptide-1 and Glucose-Dependent Insulin-Releasing Polypeptide 
Plasma Levels in Response to Nutrients. Digestion, 56(2), 117–126. https://doi.org/10. 
1159/000201231

67. Hilimire, M. R., DeVylder, J. E., & Forestell, C. A. (2015, August). Fermented foods, 
neuroticism, and social anxiety: An interaction model. Psychiatry Research, 228(2), 
203–208. https://doi.org/10.1016/j.psychres.2015.04.023

68. Holder, M. (2019). The Contribution of Food Consumption to Well-Being. Annals of 
Nutrition and Metabolism, 74(Suppl. 2), 44–52. https://doi.org/10.1159/000499147

69. Holder, M. K., Peters, N. V., Whylings, J., Fields, C. T., Gewirtz, A. T., Chassaing, B., & 
de Vries, G. J. (2019, January 17). Dietary emulsiers consumption alters anxiety-like 
and social-related behaviors in mice in a sex-dependent manner. Scientific Reports, 9(1). 
https://doi.org/10.1038/s41598-018-36890-3

70. Hong, K. B., Park, Y., & Suh, H. J. (2016, September). Sleep-promoting effects of the 
GABA/5-HTP mixture in vertebrate models. Behavioural Brain Research, 310, 36–41. 
https://doi.org/10.1016/j.bbr.2016.04.049

71. Huang, F., & Wu, X. (2021, March 11). Brain Neurotransmitter Modulation by Gut 
Microbiota in Anxiety and Depression. Frontiers in Cell and Developmental Biology, 9. 
https://doi.org/10.3389/fcell.2021.649103

72. Humphries, P., Pretorius, E., & Naudé, H. (2007, August 8). Direct and indirect cellular 
effects of aspartame on the brain. European Journal of Clinical Nutrition, 62(4), 
451–462. https://doi.org/10.1038/sj.ejcn.1602866

73. Hurt , Kulisek, Buchanan, & McClave. (2010). The obesity epidemic: Challenges, 
health initiatives, and implications for gastroenterologists. . Gastroenterology & 
Hepatology, 6(12), 780–792.

74. Iand, J., Preuss, H., Marcus, M., Rourke, K., Taylor, W., Burau, K., Jacobs, W., Kadish, 
W., & Manso, G. (2009, May). Rened food addiction: A classic substance use disorder. 

 INDIAN JOURNAL OF APPLIED RESEARCH 79

Volume - 13 | Issue - 11 | November - 2023 |  . PRINT ISSN No 2249 - 555X | DOI : 10.36106/ijar



Medical Hypotheses, 72(5), 518–526. https://doi.org/10.1016/j.mehy.2008.11.035
75. Jamar, G., Ribeiro, D. A., & Pisani, L. P. (2020, April 8). High-fat or high-sug,ar diets as 

trigger inammation in the microbiota-gut-brain axis. Critical Reviews in Food Science 
and Nutrition, 61(5), 836–854. https://doi.org/10.1080/10408398.2020.1747046

76. Jiang, H., Ling, Z., Zhang, Y., Mao, H., Ma, Z., Yin, Y., Wang, W., Tang, W., Tan, Z., Shi, 
J., Li, L., & Ruan, B. (2015, August). Altered fecal microbiota composition in patients 
with major depressive disorder. Brain, Behavior, and Immunity, 48, 186–194. 
https://doi.org/10.1016/j.bbi.2015.03.016

77. Johnson, K. V. A. (2020, March). Gut microbiome composition and diversity are related 
to human personality traits. Human Microbiome Journal, 15, 100069. https://doi. 
org/10.1016/j.humic.2019.100069

78. Kim, H. N., Yun, Y., Ryu, S., Chang, Y., Kwon, M. J., Cho, J., Shin, H., & Kim, H. L. 
(2018, March). Correlation between gut microbiota and personality in adults: A cross-
sectional study. Brain, Behavior, and Immunity, 69, 374–385. https://doi.org/10. 
1016/j.bbi.2017.12.012

79. Kim, N., Lee, J., Song, H. S., Oh, Y. J., Kwon, M. S., Yun, M., Lim, S. K., Park, H. K., 
Jang, Y. S., Lee, S., Choi, S. P., Roh, S. W., & Choi, H. J. (2022, August). Kimchi intake 
alleviates obesity-induced neuroinammation by modulating the gut-brain axis. Food 
Research International, 158, 111533. https://doi.org/10.1016/j.foodres.2022.111533

80. Kim, S., Jo, K., Hong, K. B., Han, S. H., & Suh, H. J. (2019, January 1). GABA and l-
theanine mixture decreases sleep latency and improves NREM sleep. Pharmaceutical 
Biology, 57(1), 64–72. https://doi.org/10.1080/13880209.2018.1557698

81. Konopelniuk, V. V., Goloborodko, I. I., Ishchuk, T. V., Synelnyk, T. B., Ostapchenko, L. 
I., Spivak, M. Y., & Bubnov, R. V. (2017, June 16). Efcacy of Fenugreek-based 
bionanocomposite on renal dysfunction and endogenous intoxication in high-calorie 
diet-induced obesity rat model—comparative study. EPMA Journal, 8(4), 377–390. 
https://doi.org/10.1007/s13167-017-0098-2

82. Kootte, R. S., Levin, E., Salojärvi, J., Smits, L. P., Hartstra, A. V., Udayappan, S. D., 
Hermes, G., Bouter, K. E., Koopen, A. M., Holst, J. J., Knop, F. K., Blaak, E. E., Zhao, J., 
Smidt, H., Harms, A. C., Hankemeijer, T., Bergman, J. J., Romijn, H. A., Schaap, F. G., . . 
. Nieuwdorp, M. (2017, October). Improvement of Insulin Sensitivity after Lean Donor 
Feces in Metabolic Syndrome Is Driven by Baseline Intestinal Microbiota Composition. 
Cell Metabolism, 26(4), 611-619.e6. https://doi.org/10.1016/j.cmet.2017.09.008

83. Lane, M. M., Gamage, E., Travica, N., Dissanayaka, T., Ashtree, D. N., Gauci, S., 
Lotfaliany, M., O'Neil, A., Jacka, F. N., & Marx, W. (2022, June 21). Ultra-Processed 
Food Consumption and Mental Health: A Systematic Review and Meta-Analysis of 
Observational Studies. Nutrients, 14(13), 2568. https://doi.org/10.3390/nu14132568

84. Larsson, L. I., Sundler, F., & H฀kanson, R. (1975, February). Immunohistochemical 
localization of human pancreatic polypeptide (HPP) to a population of islet cells. Cell 
and Tissue Research, 156(2). https://doi.org/10.1007/bf00221800

85. le Roux, C. W., Welbourn, R., Werling, M., Osborne, A., Kokkinos, A., Laurenius, A., 
Lönroth, H., Fändriks, L., Ghatei, M. A., Bloom, S. R., & Olbers, T. (2007, November). 
Gut Hormones as Mediators of Appetite and Weight Loss After Roux-en-Y Gastric 
Bypass. Annals of Surgery ,  246(5), 780–785. https://doi.org/10.1097/ 
sla.0b013e3180caa3e3

86. Li, G., Xie, C., Lu, S., Nichols, R. G., Tian, Y., Li, L., Patel, D., Ma, Y., Brocker, C. N., 
Yan, T., Krausz, K. W., Xiang, R., Gavrilova, O., Patterson, A. D., & Gonzalez, F. J. 
(2017, October). Intermittent Fasting Promotes White Adipose Browning and Decreases 
Obesity by Shaping the Gut Microbiota. Cell Metabolism, 26(4), 672-685.e4. 
https://doi.org/10.1016/j.cmet.2017.08.019

87. Li, H., Li, S., Yang, H., Zhang, Y., Zhang, S., Ma, Y., Hou, Y., Zhang, X., Niu, K., Borné, 
Y., & Wang, Y. (2022, September 6). Association of Ultraprocessed Food Consumption 
With Risk of Dementia. Neurology, 99(10), e1056–e1066. https://doi.org/10. 1212/ 
wnl.0000000000200871

88. Li, T., Teng, D., Mao, R., Hao, Y., Wang, X., & Wang, J. (2020, October). A critical 
review of antibiotic resistance in probiotic bacteria. Food Research International, 136, 
109571. https://doi.org/10.1016/j.foodres.2020.109571

89. Li, W., Dowd, S. E., Scurlock, B., Acosta-Martinez, V., & Lyte, M. (2009, March). 
Memory and learning behavior in mice is temporally associated with diet-induced 
alterations in gut bacteria. Physiology & Behavior, 96(4–5), 557–567. https://doi. 
org/10.1016/j.physbeh.2008.12.004

90. Liang, S., Wu, X., & Jin, F. (2018, September 11). Gut-Brain Psychology: Rethinking 
Psychology From the Microbiota–Gut–Brain Axis. Frontiers in Integrative 
Neuroscience, 12. https://doi.org/10.3389/fnint.2018.00033

91. Little, T. J., Horowitz, M., & Feinle-Bisset, C. (2007, September). Modulation by high-
fat diets of gastrointestinal function and hormones associated with the regulation of 
energy intake: implications for the pathophysiology of obesity. The American Journal of 
Clinical Nutrition, 86(3), 531–541. https://doi.org/10.1093/ajcn/86.3.531

92. Liu, X., Li, X., Xia, B., Jin, X., Zou, Q., Zeng, Z., Zhao, W., Yan, S., Li, L., Yuan, S., 
Zhao, S., Dai, X., Yin, F., Cadenas, E., Liu, R. H., Zhao, B., Hou, M., Liu, Z., & Liu, X. 
(2021, May). High-ber diet mitigates maternal obesity-induced cognitive and social 
dysfunction in the offspring via gut-brain axis. Cell Metabolism, 33(5), 923-938.e6. 
https://doi.org/10.1016/j.cmet.2021.02.002

93. Lizia, M. S., Hemamalini, A. J., & Ravichandran, L. (2021, April 7). Food cue images 
and subjective appetitive responses in obese children. Nutrition and Health, 28(1), 
25–30. https://doi.org/10.1177/02601060211003985

94. Long, W., Xie, X., Du, C., Zhao, Y., Zhang, C., Zhan, D., Li, Z., Ning, Q., & Luo, X. 
(2019). Decreased Circulating Levels of Asprosin in Obese Children. Hormone 
Research in Paediatrics, 91(4), 271–277. https://doi.org/10.1159/000500523

95. Lopetuso, L. R., Petito, V., Graziani, C., Schiavoni, E., Paroni Sterbini, F., Poscia, A., 
Gaetani, E., Franceschi, F., Cammarota, G., Sanguinetti, M., Masucci, L., Scaldaferri, F., 
& Gasbarrini, A. (2017, July 7). Gut Microbiota in Health, Diverticular Disease, Irritable 
Bowel Syndrome, and Inammatory Bowel Diseases: Time for Microbial Marker of 
Gastrointestinal Disorders. Digestive Diseases, 36(1), 56–65. https://doi.org/10. 
1159/000477205

96. Louzada, M. L. D. C., Baraldi, L. G., Steele, E. M., Martins, A. P. B., Canella, D. S., 
Moubarac, J. C., Levy, R. B., Cannon, G., Afshin, A., Imamura, F., Mozaffarian, D., & 
Monteiro, C. A. (2015, December). Consumption of ultra-processed foods and obesity 
in Brazilian adolescents and adults. Preventive Medicine, 81, 9–15. https://doi.org/10. 
1016/j.ypmed.2015.07.018

97. Ludwig, D. S. (2011, April 6). Technology, Diet, and the Burden of Chronic Disease. 
JAMA, 305(13), 1352. https://doi.org/10.1001/jama.2011.380

98. Machado, P. P., Steele, E. M., Levy, R. B., Sui, Z., Rangan, A., Woods, J., Gill, T., Scrinis, 
G., & Monteiro, C. A. (2019, August). Ultra-processed foods and recommended intake 
levels of nutrients linked to non-communicable diseases in Australia: evidence from a 
nationally representative cross-sectional study. BMJ Open, 9(8), e029544. 
https://doi.org/10.1136/bmjopen-2019-029544

99. Martin, C. K., Bhapkar, M., Pittas, A. G., Pieper, C. F., Das, S. K., Williamson, D. A., 
Scott, T., Redman, L. M., Stein, R., Gilhooly, C. H., Stewart, T., Robinson, L., & 
Roberts, S. B. (2016, June 1). Effect of Calorie Restriction on Mood, Quality of Life, 
Sleep, and Sexual Function in Healthy Nonobese Adults. JAMA Internal Medicine, 
176(6), 743. https://doi.org/10.1001/jamainternmed.2016.1189

100. Martínez, I., Lattimer, J. M., Hubach, K. L., Case, J. A., Yang, J., Weber, C. G., Louk, J. 
A., Rose, D. J., Kyureghian, G., Peterson, D. A., Haub, M. D., & Walter, J. (2012, 
October 4). Gut microbiome composition is linked to whole grain-induced 

immunological improvements. The ISME Journal, 7(2), 269–280. https://doi.org/10. 
1038/ismej.2012.104

101. Mayer, E. A., & Hsiao, E. Y. (2017, October). The Gut and Its Microbiome as Related to 
Central Nervous System Functioning and Psychological Well-being: Introduction to the 
Special Issue of Psychosomatic Medicine. Psychosomatic Medicine, 79(8), 844–846. 
https://doi.org/10.1097/psy.0000000000000525

102. Medina-Reyes, E. I., Rodríguez-Ibarra, C., Déciga-Alcaraz, A., Díaz-Urbina, D., 
Chirino, Y. I., & Pedraza-Chaverri, J. (2020, December). Food additives containing 
nanoparticles induce gastrotoxicity, hepatotoxicity and alterations in animal behavior: 
The unknown role of oxidative stress. Food and Chemical Toxicology, 146, 111814. 
https://doi.org/10.1016/j.fct.2020.111814

103. Mendenhall, E., & Singer, M. (2019, February). The global syndemic of obesity, 
undernutrition, and climate change. The Lancet, 393(10173), 741. https://doi.org/10. 
1016/s0140-6736(19)30310-1

104. Moeller, A. H., Suzuki, T. A., Phifer-Rixey, M., & Nachman, M. W. (2018, October 26). 
Transmission modes of the mammalian gut microbiota. Science, 362(6413), 453–457. 
https://doi.org/10.1126/science.aat7164

105. Mondal, M. S., Date, Y., Yamaguchi, H., Toshinai, K., Tsuruta, T., Kangawa, K., & 
Nakazato, M. (2005, March). Identication of ghrelin and its receptor in neurons of the 
rat arcuate nucleus. Regulatory Peptides, 126(1–2), 55–59. https://doi.org/10.1016/j. 
regpep.2004.08.038

106. Monteiro, C. A., Cannon, G., Levy, R. B., Moubarac, J. C., Louzada, M. L., Rauber, F., 
Khandpur, N., Cediel, G., Neri, D., Martinez-Steele, E., Baraldi, L. G., & Jaime, P. C. 
(2019, February 12). Ultra-processed foods: what they are and how to identify them. 
Public Health Nutrition, 22(5), 936–941. https://doi.org/10.1017/s1368980018003762

107. Monteiro, C. A., Cannon, G., Moubarac, J. C., Levy, R. B., Louzada, M. L. C., & Jaime, 
P. C. (2017, March 21). The UN Decade of Nutrition, the NOVA food classication and 
the trouble with ultra-processing. Public Health Nutrition, 21(1), 5–17. 
https://doi.org/10.1017/s1368980017000234

108. Monteiro, C. A., Moubarac, J., Cannon, G., Ng, S. W., & Popkin, B. (2013, October 23). 
Ultra฀processed products are becoming dominant in the global food system. Obesity 
Reviews, 14(S2), 21–28. https://doi.org/10.1111/obr.12107

109. Monteiro. (2019). Ultra-processed foods, diet quality, and health using the NOVA 
classication system. Food and Agriculture Organization of the United Nations.

110. Moodie, R., Stuckler, D., Monteiro, C., Sheron, N., Neal, B., Thamarangsi, T., Lincoln, 
P., & Casswell, S. (2013, February). Prots and pandemics: prevention of harmful 
effects of tobacco, alcohol, and ultra-processed food and drink industries. The Lancet, 
381(9867), 670–679. https://doi.org/10.1016/s0140-6736(12)62089-3

111. Murphy, C. M., Stojek, M. K., & MacKillop, J. (2014, February). Interrelationships 
among impulsive personality traits, food addiction, and Body Mass Index. Appetite, 73, 
45–50. https://doi.org/10.1016/j.appet.2013.10.008

112. Nassaji, H. (2015, February 26). Qualitative and descriptive research: Data type versus 
data analysis. Language Teaching Research, 19(2), 129–132. https://doi.org/10. 
1177/1362168815572747

113. Nido, S. A., Shituleni, S. A., Mengistu, B. M., Liu, Y., Khan, A. Z., Gan, F., Kumbhar, S., 
& Huang, K. (2015, November 6). Effects of Selenium-Enriched Probiotics on Lipid 
Metabolism, Antioxidative Status, Histopathological Lesions, and Related Gene 
Expression in Mice Fed a High-Fat Diet. Biological Trace Element Research, 171(2), 
399–409. https://doi.org/10.1007/s12011-015-0552-8

114. Ogilvie, R. P., & Patel, S. R. (2017, October). The epidemiology of sleep and obesity. 
Sleep Health, 3(5), 383–388. https://doi.org/10.1016/j.sleh.2017.07.013

115. Oriach, C. S., Robertson, R. C., Stanton, C., Cryan, J. F., & Dinan, T. G. (2016, April). 
Food for thought: The role of nutrition in the microbiota-gut–brain axis. Clinical 
Nutrition Experimental, 6, 25–38. https://doi.org/10.1016/j.yclnex.2016.01.003

116. Pagliai, G., Dinu, M., Madarena, M. P., Bonaccio, M., Iacoviello, L., & So, F. (2020, 
August 14). Consumption of ultra-processed foods and health status: a systematic 
review and meta-analysis. British Journal of Nutrition, 125(3), 308–318. 
https://doi.org/10.1017/s0007114520002688

117. Park, E., Yun, K. E., Kim, M. H., Kim, J., Chang, Y., Ryu, S., Kim, H. L., Kim, H. N., & 
Jung, S. C. (2021, November 24). Correlation between Gut Microbiota and Six Facets of 
Neuroticism in Korean Adults. Journal of Personalized Medicine, 11(12), 1246. 
https://doi.org/10.3390/jpm11121246

118. Partridge, D., Lloyd, K. A., Rhodes, J. M., Walker, A. W., Johnstone, A. M., & Campbell, 
B. J. (2019, November 25). Food additives: Assessing the impact of exposure to 
permitted emulsiers on bowel and metabolic health – introducing the FADiets study. 
Nutrition Bulletin, 44(4), 329–349. https://doi.org/10.1111/nbu.12408

119. Perry, R. J., Peng, L., Barry, N. A., Cline, G. W., Zhang, D., Cardone, R. L., Petersen, K. 
F., Kibbey, R. G., Goodman, A. L., & Shulman, G. I. (2016, June 8). Acetate mediates a 
microbiome–brain–β-cell axis to promote metabolic syndrome. Nature, 534(7606), 
213–217. https://doi.org/10.1038/nature18309

120. Pivarunas, B., & Conner, B. T. (2015, December). Impulsivity and emotion 
dysregulation as predictors of food addiction. Eating Behaviors, 19, 9–14. 
https://doi.org/10.1016/j.eatbeh.2015.06.007

121. Poston, L., Caleyachetty, R., Cnattingius, S., Corvalán, C., Uauy, R., Herring, S., & 
Gillman, M. W. (2016, December). Preconceptional and maternal obesity: 
epidemiology and health consequences. The Lancet Diabetes & Endocrinology, 4(12), 
1025–1036. https://doi.org/10.1016/s2213-8587(16)30217-0

122. Pournaras, D. J., Osborne, A., Hawkins, S. C., Mahon, D., Ghatei, M. A., Bloom, S. R., 
Welbourn, R., & le Roux, C. W. (2009, October 14). The Gut Hormone Response 
Following Roux-en-Y Gastric Bypass: Cross-sectional and Prospective Study. Obesity 
Surgery, 20(1), 56–60. https://doi.org/10.1007/s11695-009-9989-1

123. Prospective Studies Collaboration. (2009, March). Body-mass index and cause-specic 
mortality in 900฀ 000 adults: collaborative analyses of 57 prospective studies. The 
Lancet, 373(9669), 1083–1096. https://doi.org/10.1016/s0140-6736(09)60318-4

124. Pugh, S. J., Richardson, G. A., Hutcheon, J. A., Himes, K. P., Brooks, M. M., Day, N. L., 
& Bodnar, L. M. (2015, November). Maternal Obesity and Excessive Gestational 
Weight Gain Are Associated with Components of Child Cognition1–3. The Journal of 
Nutrition, 145(11), 2562–2569. https://doi.org/10.3945/jn.115.215525

125. Qin, J., Li, Y., Cai, Z., Li, S., Zhu, J., Zhang, F., Liang, S., Zhang, W., Guan, Y., Shen, D., 
Peng, Y., Zhang, D., Jie, Z., Wu, W., Qin, Y., Xue, W., Li, J., Han, L., Lu, D., . . . Wang, J. 
(2012, September 26). A metagenome-wide association study of gut microbiota in type 2 
diabetes. Nature, 490(7418), 55–60. https://doi.org/10.1038/nature11450

126. Raoul, P., Cintoni, M., Palombaro, M., Basso, L., Rinninella, E., Gasbarrini, A., & Mele, 
M. C. (2022, January 13). Food Additives, a Key Environmental Factor in the 
Development of IBD through Gut Dysbiosis. Microorganisms, 10(1), 167. 
https://doi.org/10.3390/microorganisms10010167

127. Raymond, K. L., Kannis-Dymand, L., & Lovell, G. P. (2016, October 9). A graduated 
food addiction classication approach signicantly differentiates obesity among people 
with type 2 diabetes. Journal of Health Psychology, 23(14), 1781–1789. 
https://doi.org/10.1177/1359105316672096

128. Richards, P., Thornberry, N. A., & Pinto, S. (2021, April). The gut–brain axis: 
Identifying new therapeutic approaches for type 2 diabetes, obesity, and related 
disorders. Molecular Metabolism, 46, 101175. https://doi.org/10.1016/j. 
molmet.2021.101175

80  INDIAN JOURNAL OF APPLIED RESEARCH

Volume - 13 | Issue - 11 | November - 2023 |  . PRINT ISSN No 2249 - 555X | DOI : 10.36106/ijar



129. Ringbäck Weitoft, G., Eliasson, M., & Rosén, M. (2008, March). Underweight, 
overweight and obesity as risk factors for mortality and hospitalization. Scandinavian 
Journal of Public Health, 36(2), 169–176. https://doi.org/10.1177/1403494807085080

130. Roux, C. W. L., Aylwin, S. J. B., Batterham, R. L., Borg, C. M., Coyle, F., Prasad, V., 
Shurey, S., Ghatei, M. A., Patel, A. G., & Bloom, S. R. (2006, January). Gut Hormone 
Proles Following Bariatric Surgery Favor an Anorectic State, Facilitate Weight Loss, 
and Improve Metabolic Parameters. Annals of Surgery, 243(1), 108–114. 
https://doi.org/10.1097/01.sla.0000183349.16877.84

131. Roy, S., & Trinchieri, G. (2017, March 17). Microbiota: a key orchestrator of cancer 
therapy. Nature Reviews Cancer, 17(5), 271–285. https://doi.org/10.1038/nrc.2017.13

132. Russell, C., Baker, P., Grimes, C., Lindberg, R., & Lawrence, M. A. (2022, July 28). 
Global trends in added sugars and non-nutritive sweetener use in the packaged food 
supply: drivers and implications for public health. Public Health Nutrition, 26(5), 
952–964. https://doi.org/10.1017/s1368980022001598

133. Sandoval-Motta, S., Aldana, M., Martínez-Romero, E., & Frank, A. (2017, June 13). The 
Human Microbiome and the Missing Heritability Problem. Frontiers in Genetics, 8. 
https://doi.org/10.3389/fgene.2017.00080

134. Sarker, G., & Peleg-Raibstein, D. (2018, December 20). Maternal Overnutrition Induces 
Long-Term Cognitive Decits across Several Generations. Nutrients, 11(1), 7. 
https://doi.org/10.3390/nu11010007

135. Schellekens, H., Dinan, T. G., & Cryan, J. F. (2010, January). Lean mean fat reducing 
“ghrelin” machine: Hypothalamic ghrelin and ghrelin receptors as therapeutic targets in 
obesi ty.  Neuropharmacology ,  58(1) ,  2–16.  ht tps: / /doi .org/10.1016/j . 
neuropharm.2009.06.024

136. Schjoldager, B., Mortensen, P. E., Myhre, J., Christiansen, J., & Holst, J. J. (1989, 
September). Oxyntomodulin from distal gut. Digestive Diseases and Sciences, 34(9), 
1411–1419. https://doi.org/10.1007/bf01538078

137. Schmidt, P. T., Näslund, E., Grybäck, P., Jacobsson, H., Holst, J. J., Hilsted, L., & 
Hellström, P. M. (2005, September). A Role for Pancreatic Polypeptide in the Regulation 
of Gastric Emptying and Short-Term Metabolic Control. The Journal of Clinical 
Endocrinology & Metabolism, 90(9), 5241–5246. https://doi.org/10.1210/jc.2004-2089

138. Schulte, E. M., Avena, N. M., & Gearhardt, A. N. (2015, February 18). Which Foods 
May Be Addictive? The Roles of Processing, Fat Content, and Glycemic Load. PLOS 
ONE, 10(2), e0117959. https://doi.org/10.1371/journal.pone.0117959

139. Sekirov, I., Russell, S. L., Antunes, L. C. M., & Finlay, B. B. (2010, July). Gut 
Microbiota in Health and Disease. Physiological Reviews, 90(3), 859–904. 
https://doi.org/10.1152/physrev.00045.2009

140. Shiiya, T., Nakazato, M., Mizuta, M., Date, Y., Mondal, M. S., Tanaka, M., Nozoe, S. I., 
Hosoda, H., Kangawa, K., & Matsukura, S. (2002, January). Plasma Ghrelin Levels in 
Lean and Obese Humans and the Effect of Glucose on Ghrelin Secretion. The Journal of 
Clinical Endocrinology & Metabolism, 87(1), 240–244. https://doi.org/10.1210/ 
jcem.87.1.8129

141. Sjöström, L., Narbro, K., Sjöström, C. D., Karason, K., Larsson, B., Wedel, H., Lystig, 
T., Sullivan, M., Bouchard, C., Carlsson, B., Bengtsson, C., Dahlgren, S., Gummesson, 
A., Jacobson, P., Karlsson, J., Lindroos, A. K., Lönroth, H., Näslund, I., Olbers, T., . . . 
Carlsson, L. M. (2007, August 23). Effects of Bariatric Surgery on Mortality in Swedish 
Obese Subjects. New England Journal of Medicine ,  357(8), 741–752. 
https://doi.org/10.1056/nejmoa066254

142. Sniffen, J. C., McFarland, L. V., Evans, C. T., & Goldstein, E. J. C. (2018, December 26). 
Choosing an appropriate probiotic product for your patient: An evidence-based practical 
guide. PLOS ONE, 13(12), e0209205. https://doi.org/10.1371/journal.pone.0209205

143. Song, X., Wang, L., Liu, Y., Zhang, X., Weng, P., Liu, L., Zhang, R., & Wu, Z. (2022, 
March). The gut microbiota–brain axis: Role of the gut microbial metabolites of dietary 
food in obesity. Food Research International, 153, 110971. https://doi.org/10.1016/j. 
foodres.2022.110971

144. Song, Z., Song, R., Liu, Y., Wu, Z., & Zhang, X. (2023, May). Effects of ultra-processed 
foods on the microbiota-gut-brain axis: The bread-and-butter issue. Food Research 
International, 167, 112730. https://doi.org/10.1016/j.foodres.2023.112730

145. Sonnenburg, J. L., & Bäckhed, F. (2016, July 6). Diet–microbiota interactions as 
moderators of human metabolism. Nature, 535(7610), 56–64. https://doi.org/10.1038/ 
nature18846

146. Spivak, M. Y., Bubnov, R. V., Yemets, I. M., Lazarenko, L. M., Tymoshok, N. O., & 
Ulberg, Z. R. (2013, July 29). Development and testing of gold nanoparticles for drug 
delivery and treatment of heart failure: a theranostic potential for PPP cardiology. EPMA 
Journal, 4(1). https://doi.org/10.1186/1878-5085-4-20

147. St฀Onge, M. (2017, February). Sleep–obesity relation: underlying mechanisms and 
consequences for treatment. Obesity Reviews, 18(S1), 34–39. https://doi.org/10. 
1111/obr.12499

148. Stevenson, J., Sonuga-Barke, E., McCann, D., Grimshaw, K., Parker, K. M., Rose-
Zerilli, M. J., Holloway, J. W., & Warner, J. O. (2010, September). The Role of 
Histamine Degradation Gene Polymorphisms in Moderating the Effects of Food 
Additives on Children's ADHD Symptoms. American Journal of Psychiatry, 167(9), 
1108–1115. https://doi.org/10.1176/appi.ajp.2010.09101529

149. Streit, Mrak, & Grifn. (2004). Microglia and neuroinammation: a pathological 
perspective. Journal of Neuroinflammation, 1(1). https://doi.org/10.1186/1742-2094-1-
14

150. Suez, J., Korem, T., Zeevi, D., Zilberman-Schapira, G., Thaiss, C. A., Maza, O., Israeli, 
D., Zmora, N., Gilad, S., Weinberger, A., Kuperman, Y., Harmelin, A., Kolodkin-Gal, I., 
Shapiro, H., Halpern, Z., Segal, E., & Elinav, E. (2014, September 17). Articial 
sweeteners induce glucose intolerance by altering the gut microbiota. Nature, 
514(7521), 181–186. https://doi.org/10.1038/nature13793

151. Tajes, M., Ramos-Fernández, E., Weng-Jiang, X., Bosch-Morató, M., Guivernau, B., 
Eraso-Pichot, A., Salvador, B., Fernàndez-Busquets, X., Roquer, J., & Muñoz, F. J. 
(2014, July 21). The blood-brain barrier: Structure, function and therapeutic approaches 
to cross it. Molecular Membrane Biology, 31(5), 152–167. https://doi.org/10. 3109/ 
09687688.2014.937468

152. The Potential Toxicity of Articial Sweeteners. (2008, June). AAOHN Journal, 56(6), 
260–261. https://doi.org/10.3928/08910162-20080601-03

153. Torres-Fuentes, C., Schellekens, H., Dinan, T. G., & Cryan, J. F. (2017, October). The 
microbiota–gut–brain axis in obesity. The Lancet Gastroenterology & Hepatology, 
2(10), 747–756. https://doi.org/10.1016/s2468-1253(17)30147-4

154. Troke, R. C., Tan, T. M., & Bloom, S. R. (2013, October 1). The future role of gut 
hormones in the treatment of obesity. Therapeutic Advances in Chronic Disease, 5(1), 
4–14. https://doi.org/10.1177/2040622313506730

155. Wee Yong, V. (2010, August). Inammation in Neurological Disorders: A Help or a 
Hindrance?  The Neuroscient is t ,  16 (4) ,  408–420.  h t tps : / /doi .org/10. 
1177/1073858410371379

156. Węsierska, M., Dziendzikowska, K., Gromadzka-Ostrowska, J., Dudek, J., Polkowska-
Motrenko, H., Audinot, J., Gutleb, A., Lankoff, A., & Kruszewski, M. (2018, June). 
Silver ions are responsible for memory impairment induced by oral administration of 
silver nanoparticles. Toxicology Letters, 290, 133–144. https://doi.org/10.1016/j. 
toxlet.2018.03.019

157. Willesen, M. G., Kristensen, P., & Rømer, J. (1999). Co-Localization of Growth 
Hormone Secretagogue Receptor and NPY mRNA in the Arcuate Nucleus of the Rat. 
Neuroendocrinology, 70(5), 306–316. https://doi.org/10.1159/000054491

158. Wu, G. D., Chen, J., Hoffmann, C., Bittinger, K., Chen, Y. Y., Keilbaugh, S. A., Bewtra, 
M., Knights, D., Walters, W. A., Knight, R., Sinha, R., Gilroy, E., Gupta, K., Baldassano, 
R., Nessel, L., Li, H., Bushman, F. D., & Lewis, J. D. (2011, October 7). Linking Long-
Term Dietary Patterns with Gut Microbial Enterotypes. Science, 334(6052), 105–108. 
https://doi.org/10.1126/science.1208344

159. Yassour, M., Jason, E., Hogstrom, L. J., Arthur, T. D., Tripathi, S., Siljander, H., 
Selvenius, J., Oikarinen, S., Hyöty, H., Virtanen, S. M., Ilonen, J., Ferretti, P., Pasolli, E., 
Tett, A., Asnicar, F., Segata, N., Vlamakis, H., Lander, E. S., Huttenhower, C., . . . Xavier, 
R. J. (2018, July). Strain-Level Analysis of Mother-to-Child Bacterial Transmission 
during the First Few Months of Life. Cell Host & Microbe, 24(1), 146-154.e4. 
https://doi.org/10.1016/j.chom.2018.06.007

160. Yoo, S., Kim, Y., Park, D., Jung, U., Jeon, S., Ahn, Y., Huh, C., McGregor, R., & Choi, M. 
S. (2013, June 11). Probiotics L. plantarum and L. curvatus in Combination Alter 
Hepatic Lipid Metabolism and Suppress Diet฀Induced Obesity. Obesity, 21(12), 
2571–2578. https://doi.org/10.1002/oby.20428

161. Yuan, F., Dong, H., Gong, J., Wang, D., Hu, M., Huang, W., Fang, K., Qin, X., Qiu, X., 
Yang, X., & Lu, F. (2019, September). A Systematic Review and Meta-analysis of 
Randomized Controlled Trials on the Effects of Turmeric and Curcuminoids on Blood 
Lipids in Adults with Metabolic Diseases. Advances in Nutrition, 10(5), 791–802. 
https://doi.org/10.1093/advances/nmz021

162. Zhang, P., Wang, R., Gao, C., Jiang, L., Lv, X., Song, Y., & Li, B. (2016, July 28). 
Prevalence of Central Obesity among Adults with Normal BMI and Its Association with 
Metabolic Diseases in Northeast China. PLOS ONE, 11(7), e0160402. 
https://doi.org/10.1371/journal.pone.0160402

163. Zhang, S., Jiang, X., Cheng, S., Fan, J., Qin, X., Wang, T., Zhang, Y., Zhang, J., Qiu, Y., 
Qiu, J., Zou, Z., & Chen, C. (2020, March 11). Titanium dioxide nanoparticles via oral 
exposure leads to adverse disturbance of gut microecology and locomotor activity in 
adult mice. Archives of Toxicology, 94(4), 1173–1190. https://doi.org/10.1007/s00204-
020-02698-2

164. Zhang, X., Bhatt, R. R., Todorov, S., & Gupta, A. (2023, July). Brain-gut microbiome 
prole of neuroticism predicts food addiction in obesity: A transdiagnostic approach. 
Progress in Neuro-Psychopharmacology and Biological Psychiatry, 125, 110768. 
https://doi.org/10.1016/j.pnpbp.2023.110768

165. Zheng, W., McLerran, D. F., Rolland, B., Zhang, X., Inoue, M., Matsuo, K., He, J., 
Gupta, P. C., Ramadas, K., Tsugane, S., Irie, F., Tamakoshi, A., Gao, Y. T., Wang, R., Shu, 
X. O., Tsuji, I., Kuriyama, S., Tanaka, H., Satoh, H., . . . Potter, J. D. (2011, February 24). 
Association between Body-Mass Index and Risk of Death in More Than 1 Million 
Asians. New England Journal of Medicine, 364(8), 719–729. https://doi.org/10. 
1056/nejmoa1010679

166. Zorrilla, E. P., Iwasaki, S., Moss, J. A., Chang, J., Otsuji, J., Inoue, K., Meijler, M. M., & 
Janda, K. D. (2006, August 29). Vaccination against weight gain. Proceedings of the 
National Academy of Sciences 103, (35), 13226–13231. https://doi.org/10. 1073/pnas. 
0605376103

167. Maslowski, K. M., & Mackay, C. R. (2010, December 17). Diet, gut microbiota and 
immune responses. Nature Immunology, 12(1), 5–9. https://doi.org/10.1038/ni0111-5

 INDIAN JOURNAL OF APPLIED RESEARCH 81

Volume - 13 | Issue - 11 | November - 2023 |  . PRINT ISSN No 2249 - 555X | DOI : 10.36106/ijar


