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Abstract
The human gut microbiota, a complex ecosystem of trillions

of microorganisms residing in the gastrointestinal tract, has
emerged as a critical determinant of host health and disease.
This study investigates the profound impact of dietary patterns
and lifestyle factors on the composition and functional
capacity of the gut microbiome and its subsequent effects on
human physiology. Through a systematic review and analysis
of current literature, we demonstrate that specific dietary
components—notably dietary fiber, fermented foods, and
polyphenols—promote a beneficial, diverse microbial
community rich in short-chain fatty acid (SCFA)-producing
bacteria. Conversely, Western-style diets high in ultra-
processed foods, sugars, and saturated fats drive dysbiosis,
characterized by reduced diversity and increased pro-
inflammatory potential. Lifestyle factors, including physical
activity, sleep quality, stress, and antibiotic usage, further
modulate this ecosystem. Our findings establish clear links
between microbiome profiles and health outcomes: a resilient,
diverse microbiota supports immune regulation, metabolic
homeostasis, and neuroendocrine signaling, while dysbiosis is
strongly implicated in the pathogenesis of metabolic
syndrome, inflammatory bowel diseases, certain neurological
disorders, and immune dysregulation. This paper concludes
that the gut microbiome acts as a dynamic interface between
environmental inputs and host biology. Modulating the
microbiota through targeted dietary and lifestyle interventions
presents a powerful, accessible strategy for preventive
healthcare and the management of chronic diseases. Future
research must focus on personalized nutrition and the

translational application of these findings in clinical practice.
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INTRODUCTION

A human body is a superorganism, and it harbors a vast quantity of the diversity of bacteria,
viruses, fungi and archea that form the microbiota. The smallest in the gastrointestinal tract
that is the most diverse and concentrated is the gut microbiome that nowadays is recognized
as a virtual endocrine organ with an enormous metabolic, immunological, and neurological
effect (Sender, Fuchs, and Milo, 2016). This culture-independent technology (particularly the
shotgun metagenomics and mass sequencing of 16S rRNA genes) has revolutionized the
conception of this highly-developed ecosystem as being in a complex relationship with host

health in an impressive way (Human Microbiome Project Consortium, 2012).

The host physiology requires a healthy and balanced gut microbiota that is diversified. Human
beings have not adapted to process the significant processes independently and therefore the
processes are performed by commensal microorganisms. These are fermentation of non
absorbable dietary fibres into short-chain fatty acids (SCFAs) i.e. acetate, propionate, and
butyrate providing energy to the colonocytes, regulating immune pattern and restructuring the
systemic metabolism (Koh, De Vadder, Kovatcheva-Datchary, and Bolhed, 2016). The
microbiota is also involved in biotransformation of bile acids and production of certain
vitamins (e.g., vitamin K and B vitamins) and preservation of the integrity of the gut barrier
with the prevention of translocation of pathogens and pro-inflammatory molecules, which is

often also known as the leaky gut (Levy, Kolodziejczyk, Thaiss, and Elinav, 2017).

This symbiotic relationship is very sensitive as far as the issue of its interference goes however.
Inequality in microorganism representation in the type and functions is termed dysbiosis, and
an increased number are being implicated in the pathophysiology of numerous diseases. These
are systemic diseases such as obesity, diabetes type 2, cardiovascular disease, autoimmune and
inflammatory bowel disease (IBS) as well as inflammatory bowel disease (IBD). (Cryan et al.,
2019). Such a systemic response happens through the communication system known as the gut
-brain axis which is a two direction process between the intestine and central nervous systems

through neurons, endocrine and immunological processes.

Even though the composition of the microbiome of one specific individual is determined by
some early-life factors (delivery method) and genetics, it is highly adaptative in adulthood, and
is largely dependent on the environment factors, which may vary, the most prominent of which

is nutrition (David et al., 2014). The other lifestyle habits that define stability or instability of

I
ISSN : 3080-3438 (Print), 3080-3446 (Online) 39 | PAGE



Advances in Bio Sciences Research Volume 2, Number 2, 2025

the microbes are physical exercise, sleeping habits, long term stress and drug use especially
antibiotics. A persuasive paradigm has been introduced in this case, gut microbiota is at the
edge of lifestyle and health, and a mechanistic exposition has been made of how routine life,

and nutrition, can influence exposure to disease.

This paper will also attempt to derive a synopsis of the latest information on the impact of
specific food habits and lifestyle on the organization and the functioning of the gut
microbiome. It will not stop at the correlation but it will include the potential causality and
treatment connotation and even expound on the downstream mechanism through which such
a change in the microbes will impact the human health. Having a more dynamic perception of
the microbiome as the target, far more effective interventions that prevent pathology and

optimise health in individual individuals will be possible.
METHODOLOGY

To have a closer understanding of the relationship between diet, lifestyle, and human gut
microbiome, the systematic literature review and narrative synthesis method is applied in this
paper. The systematic search of the articles was conducted in the electronic databases
(PubMed, Scopus, and Web of Science), and all of them were published during the period
between January 2014 and March 2024. The following way was important in the search terms:
(gut microbiota OR gut microbiome) AND (diet OR nutrition OR fibre or probiotics or
prebiotics) AND (health or dysbiosis or SCFA or metabolism). Meta-analyses as well as
longitudinal interventions and large-scale and cross-sectional studies of the American Gut
Project and the Flemish Gut Flora Project and groundbreaking mechanistic research published
in impact journals were given precedence as inclusion criteria. Non-human research, non-
English literature and studies that had not considered food and lifestyle background during the
assessment of the states of the diseases among others were the exclusion criteria. Quality and
relevancy of the relevant full-text articles were determined by use of to-rule out titles and
abstracts. Among the data that were retrieved, there were primary microbiological findings
(e.g., alpha/beta diversity, abundance of particular taxa, functional gene pathways),
demographic factors, dietary/lifestyle interventions or exposures, study design and health
biomarkers. These findings were further conceptualized into 3 broad groups of analysis (each):
(1) the role of composition of macronutrients and micronutrients; (2) the role of detailed dietary

patterns (e.g. Western and Mediterranean); and (3) the role of large modifiers of lifestyle. The
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outcomes of this qualitative synthesis are compiled into a logical framework of the effects of

environmental influences on microbiome and, consequently, on host welfare.
RESULTS

This adds up to show that lifestyle and nutritional habits impact the ecology of gut microbes
in a significant, complicated manner and have observable health outcomes. The results are

presented and tabulated as follows.

Dietary Components Effect:Certain nutrients directly affect the organisation of microbial
communities.Table 1 illustrates the effects of the key components of diets on key taxa of
bacteria and output in metabolism, whereas the relative abundance of beneficial
Bifidobacterium and Faecalibacterium prausnitzii in high-fibre and high-animal protein/fat

diet is shown in Figure 1 (Bar Chart).

Faecal butyrate and daily dietary fibre intake (grammes): The relationship between the main
fermentable fibres (such as resistant starch and inulin) on the one hand, and the main bacteria
degrading them on the other hand (Table 2) was well related by faecal butyrate and daily dietary
fibre intake (grammes): Figure 2 (Line Chart) shows the relation between the two main types

of fermentable fibres and the two main bacteria degrading them.

Effects of Eating Patterns: holistic diets result in dissimilarity in microbial fingerprints the total
variations of microbial community ( beta-diversity ) of subjects in Mediterranean and Western
diets are shown in Figure 3 ( Principal Coordinates Analysis PCoA Plot ).The differences
between microbiota and health-related markers of these two patterns are summarized in Table

3.

Fermented foods and probiotics: Figure 4 (Box Plot) demonstrates that the response of the
individual microbe to a standard probiotic supplement is variable (comes in different
forms).Clinical outcomes of meta-analyses of the use of probiotics to treat diseases, including

IBS and antibiotic-associated diarrhoea are summarised in Table 4.

Effect of Ultra-Processed Foods (UPF): Processes Dysbiosis Figure 5 (Heat Map)
demonstrates the negative correlation between abundance of various genera of SCFA-
producing bacteria and percentage of calories that were taken in the form of UPFs.Table 5
displays the correlation between high levels of inflammatory markers in the blood, e.g. LPS-

binding protein and the intake of UPFs.

e
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Lifestyle Factor: Physical activity: Exercise alone elevates the diversity of microbes as
indicated in figure 6 (Scatter Plot).Table 6 indicates that there is an increase in the abundance

of the health-related taxa between athletes and sedentary controls.

Lifestyle Factor: Sleep and Circadian Rhythms: There is a correlation between increased
intestinal permeability and depleted microbial species diversity and is shown in Figure 7 (Area
Chart) which depicts the diurnal fluctuations in the relative abundance of each individual
microbial species in people with normal sleep cycles in comparison to those in shift workers

whose circadian rhythms are dampened.

Lifestyle Factor: Stress: Long-term stress is associated with changes in the microbial gene
pathways that mediate metabolism of the neurotransmitters (including the tryptophan-
serotonin pathway).Table 8 indicates changes in microbial gene pathways in response to stress

in the metabolism of neurotransmitters.

Effects of drugs: According to Figure 9 (Waterfall Chart), even though not all the patients were
completely cured, the antibiotic drugs have acute and sometimes, long-term adverse effects on
the microbial diversity index.Table 9 has given common non-antibiotic drugs, whose

downstream effects on the microbial diversity index are significant.

Individualised Dietary Reactions: The level of individual difference is high.To exemplify how
the properties of the microbiome can be used to predict the dietary reaction, Figure 10 (Radar
Chart) shows the individualised glycaemic response to comparable meals overlaid onto the

baseline microbiota composition of three subjects.

Table 1. Effects of major dietary components on gut microbiota composition and

function.
Dietary Component Microbial Effect
Dietary fiber 1 SCFA producers
Animal fat 1 Bile-tolerant taxa
Polyphenols 1 Diversity
Refined sugars 1 Dysbiosis

Table 2. Fermentable fiber types and key butyrate-producing bacteria.

Fiber Type Key Bacteria
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Inulin Bifidobacterium
Resistant starch Ruminococcus
Beta-glucan Faecalibacterium

Table 3. Gut microbiota profiles associated with Mediterranean and Western diets.

Diet Pattern licrobial Diversity l]ammatory Status
Mediterranean High Reduced
Western Low Elevated

Table 4. Reported clinical benefits of probiotic interventions.

Condition Clinical Benefit
Antibiotic-associated diarrhea Strong
IBS Moderate
Acute infections Variable

Table 5. Association between ultra-processed food intake and inflammatory markers.

UPF Intake Inflammation Level
Low Low
Moderate Moderate
High High
Table 6. Comparison of gut microbiota characteristics in athletes and sedentary
adults.
Group licrobial Diversity SCFA Producers
Athletes Higher Enriched
Sedentary Lower Reduced

Table 7. Impact of sleep quality on gut microbiome health.

Sleep Quality Microbial Diversity Gut Permeability
Good Maintained Normal
Poor Reduced Increased

Table 8. Stress-associated changes in microbial metabolic pathways.

Stress Level

Affected Pathway

Low

Stable
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High Neurotransmitter metabolism

Table 9. Medications with documented effects on gut microbiota composition.

Medication Microbiome Effect

Antibiotics Disruption
Proton pump inhibitors Reduced diversity

Metformin Selective enrichment

Table 10. Inter-individual variability in microbiome response to dietary interventions.

Individual Dietary Response
A High benefit
B Moderate benefit
C Low benefit

Figure 1. Relative abundance of beneficial bacteria under different dietary patterns.

High fiber High fat

Figure 2. Correlation between dietary fiber intake and fecal butyrate concentration.

]
ISSN : 3080-3438 (Print), 3080-3446 (Online) 44 | PAGE



Advances in Bio Sciences Research

Volume 2, Number 2, 2025

Figure 3. Principal coordinates analysis showing microbiome clustering by diet.
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Figure 5. Heat map of associations between ultra-processed food intake and SCFA

producers.
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Figure 6. Relationship between cardiorespiratory fitness and microbial alpha

diversity.
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Figure 7. Diurnal variation in microbial abundance by sleep pattern.
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Figure 8. Firmicutes-to-Bacteroidetes ratio under low- and high-stress conditions.
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Figure 9. Recovery of gut microbial diversity following antibiotic exposure.
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Figure 10. Personalized glycemic responses to identical meals influenced by

microbiome.
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DISCUSSION

The findings always prove that the gut microbiota is a very dynamic system that is extremely
sensitive to food and lifestyle parameters. The high dose-response to dietary fibre and the
generation of beneficial SCFA (Figure 2) satisfies a molecular explanation to the
conceptualization of the direct impact of diet on host health. To be exact, butyrate is an anti-
inflammatory and anti-carcinogenic antigenic controller of the epigenome and the major source
of energy of colonocytes (Koh et al., 2016). The deterioration of the protective roles is also
evidenced by the impairment of the fiber-fermenting taxa such as Faecalibacterium prausnitzii
(in the Western type of diets) (Figure 1, Table 3) that is one of the sources of inflammatory

milieu that is correlated with chronic diseases.

The Holistic diet pattern has been demonstrated to create a stable ecosystem when compared
to the utilization of individual nutrients as depicted by the extreme difference in the microbial
communities of the Mediterranean and Western food patterns (Figure 3). The Mediterranean
diet contains various fibres, unsaturated fats, and polyphenols, which contribute to the stability
of the ecosystem and the variety of microbes, which is a significant indicator of ecosystem
health and resistance to disruptions (Levy et al., 2017). On the contrary, the Western diet
encourages the absence of variety in a dysbiotic condition, and it is invariably linked to

inflammatory and metabolic illnesses.

The data regarding ultra-processed food indicates that there is a significant issue of the present

threat to the health of the population (Figure 5, Table 5). In addition to the macronutrient
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content (low fibre, high sugar/fat), the presence of food chemicals (emulsifiers, artificial
sweeteners) may cause dysbiosis by direct damage to the mucus barrier on the one hand and
changes in the formation of microbes on the other (Suez et al., 2014). This creates a leaky gut
and pro-inflammatory phenotype and this can be used to justify the epidemiological interaction

between UPF consumption and all-cause mortality.

The importance of the microbiome is an essential role of general well-being as an integrator
revealed through the effects of lifestyle factors. Exercise is able to elevate the transit time of
the intestine, and modification of the host-derived substrates (such as lactate), thereby
establishing favourable environments to sustain a diverse array of different kinds of
microorganisms, depending on the positive relationship suggested between microbial diversity
and physical fitness (Figure 6, Table 6). Instead, chronic stress (Figure 8) and circadian rhythm
disruption (Figure 7) seem to affect it adversely through host-mediating mechanisms, including
the release of stress hormones (cortisol), which can alter the expression of microbial genes and
gut permeability (Cryan et al., 2019). This puts microbiome at the centre of the

interrelationship between the mind and the body.

Another important issue that should be explored is the phenomenon of the personalised
reaction (Figure 10). The state of the microbiota or the microbial fingerprint of an individual
has a significant impact on the outcome of the intervention, which is illustrated by the
discrepancy in the effect of probiotic use (Figure 4) and recovery after the antibiotic use (Figure
9). This is highly favourable to the future of personalised nutrition in which nutritional advice
is depending on the unique make-up of microbes of their personal, and it challenges the idea

of uniform nutritional principles.

Lastly, microbiota is a biosensor of good lifestyle. It appears that convergence of data is
indicating that positive interventions, e.g. increased fibre consumption and consumption of
fermented products, exercise, prioritising sleep and stress management, are acting in concert
to ensure a balanced, diverse, and functional microbial community. Through this the immune
tolerance, metabolic wellness and even mental wellness is improved. Through these aspects of

microbiome that can be controlled, one can prevent medicine easily and effectively.
CONCLUSION

Microbiota in the human gut do not sit back and watch, but are in fact a very active and
significant ally in maintaining health. In this paper, it is described how the composition and

the functioning of such an internal ecosystem is a complex interactive relationship to our daily
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decisions on what we eat, how we move, sleep, and how we handle stress. The higher the intake
of polyphenols and fermented products, as well as other vegetal fibre, the greater the number
of microbes, which involved in the production of useful metabolites, improves the functioning
of the intestinal barrier, and regulates the immune system. Conversely, unhealthy diets,
sedentary habits, sleep-deprivation and perpetual stress contribute to the establishment of a

dysbiosis state including inflammatory processes and chronic disease.

It impacts immensely on the clinical practice as well as the public health. The dietary
recommendations should highlight the significance of the necessity to nourish the microbiome
with whole and minimally processed vegetarian food rather than pay attention to nutrient
levels. Taking into account the fact that the set of therapies aimed at attaining a change in our
physical exercise, sleep behavior, and tolerance to stress have been shown to influence the
composition of our microbe dwellers, microbiome health must be considered as one of the

significant principles of the body of lifestyle medicine.

The key problems that must be addressed in the future directions include switching to causation
with rigorous intervention-studies, understanding the principles of personalised microbial
response to make recommendations which are actually customised, exploration of particular
modalities of treatment like prebiotics and next-generation probiotics (live biotherapeutics).
The matter of social justice is also to guarantee that everyone has an equal access to nutrients

and lifestyle choices that would assist in keeping the microbiome healthy.

In conclusion, the development of a diverse and healthy gut microbiota as a result of careful
choice of the dietary regimen and lifestyle is one of the most salient dimensions to be put into
perspective as one of the simplest and yet most efficient investments an individual can make
with regards to his or her long-term health. By the knowledge and application of this interior
environment, the paradigm shift of the illness treatment to the active preservation of the

wellbeing of the body will become achievable.
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