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Abstract
The recent COVID-19 pandemic has highlighted another silent pandemic: lifestyle diseases. Conditions, 
such as cardiovascular diseases, anxiety, and type 2 diabetes (T2D), are increasingly becoming public 
health threats, affecting even younger populations worldwide. In recent years, extensive research has 
uncovered the pivotal role of the human gut microbiome in various aspects of human physiology, includ-
ing metabolism, cellular homeostasis, immune defense, and disease development. The gut microbiome, 
often referred to as the “second brain,” is now recognized as a key player in health and disease. Lifestyle 
factors such as diet, mental health, stress, exercise, and others significantly influence the composition 
of the gut microbiome. Imbalances in this composition, termed “dysbiosis,” have been linked to a wide 
range of diseases, including cancer, cardiovascular diseases, obesity, T2D, asthma, and neurological 
disorders like Alzheimer’s and Parkinson’s disease. These findings underscore the profound influence 
of gut microbiome health on overall well-being. A working understanding of the gut microbiome’s com-
position and its impact on disease processes is crucial for the advancement of personalized or precision 
medicine. This review article aims to explore recent advancements in the field, shedding light on how 
the gut microbiome contributes to the development and prognosis of lifestyle diseases.  
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Introduction

The human gastrointestinal tract harbors trillions of 
resident microbes, collectively known as the gut micro-
biome. Advances in next-generation sequencing, high- 
throughput sequencing platforms, and mass spectrome-
try have provided significant insights into the gut micro-
biota, its diversity, and the myriad microbial metabolites 
that play essential roles in human biology (Durack and 
Lynch, 2019). The gut microbiota is highly sensitive to 
its environment; it synthesizes a wide array of biochem-
icals, from small diffusible molecules to large, complex 
biomolecules such as macrolides and polyketides (Donia 
and Fischbach, 2015). This biochemical arsenal sus-
tains the intricate interactome of the gut microbiota, 
governed by a combination of host genetics and environ-

mental factors. Diet (Kamiya et al., 2018), antimicrobial 
agents, stress, sleep cycles, and physical activity levels 
influence the diversity and variation of the gut microbi-
ome in complex ways (Wheeler et al., 2016; Ticinesi et 
al., 2017; Bu and Wang, 2018). 

Lifestyle diseases, linked to daily activities, are in-
creasingly common due to sedentary behaviors, fast-food 
diets, and excessive antibiotic usage. Rapid urbanization 
has further exacerbated the prevalence of these diseas-
es, which are now the leading causes of death worldwide. 

These observations point to a close relationship be-
tween lifestyle factors, the gut microbiome, and the onset 
and progression of diseases such as cardiovascular dis-
eases, chronic obstructive pulmonary disease (COPD), 
and metabolic disorders (Zhang et al., 2015) (Figure 1). 
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This review summarizes the current understanding 
of how the gut microbiome influences health and dis-
ease, examining the link between gut microbiome dys-
biosis and the development of lifestyle-related diseases. 
It also explores how environmental cues impact disease 
processes through their effects on gut micro biome com-
position and activity.

Sources and selection criteria

To conduct this review, we performed a comprehen-
sive literature search using databases such as PubMed 
and Google Scholar. The following search terms were 
used in various combinations: gut microbiome, gut mi-
crobiota, gut-brain axis, gut-liver axis, short chain fatty 
acids (SCFAs), ulcerative colitis (UC), Crohn’s disease 
(CD), inflammation, bacteriotherapy, fecal microbiota 
transplant, cancer, Parkinson’s disease (PD), obesity, 
diet, lifestyle, mucosal immunity, Bifidobacterium, Lacto
bacillus, anti biotics, germ-free mice, exercise, cardiovas-
cular disease, epigenetic regulation, pro-inflammatory 
cytokines, dysbiosis, inflammatory bowel disease (IBD), 
circadian rhythm, sleep, smoking, alcohol abuse, type 2 
diabetes mellitus (T2D), Alzhei mer’s disease (AD), 
asthma, and COPD. No restrictions were placed on pub-
lication dates. Additionally, reference sections of the 
articles were reviewed to identify and gather related  

information. The study included various types of ar-
ticles, such as meta-analyses, cross-sectional, case-
control, observatio nal, and population-based studies, as 
well as open-label, placebo-controlled, and randomized-
controlled trials.

Association of diseases with the lifestyle

Many diseases share behavioral risk factors that 
contribute to their progression. Key lifestyle practices 
that negatively impact human health are discussed in 
the following section.

Tobacco smoking

Tobacco smoking is strongly associated with the 
progression of cardiovascular diseases (CVD) and con-
tributes significantly to related mortality and morbidity.  
It is a leading cause of coronary artery disease and cere-
brovascular disease (Rigotti and Clair, 2013). Smoking 
is also a well-established risk factor for cancer develop-
ment. Furthermore, a multivariate linear regression 
study demonstrated the adverse effects of smoking on 
body mass index and obesity (Ellulu, 2018). Interactions 
between genetic loci and smoking have been shown to 
influence obesity through various biological pathways 
(Lee et al., 2022). Cigarette smoke contains thousands 
of harmful chemicals, including free radicals and tars, 
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Figure 1. Close relationship between lifestyle factors, gut microbiome, and various diseases
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which induce inflammatory responses and increase oxi-
dative and nitrosative stress. These markers of inflam-
mation and stress responses may also increase suscepti-
bility to depression in smokers (Berk et al., 2013).

Diet

Dietary habits have a profound influence on the de-
velopment of various diseases, including cancer. For  
instance, poor diet and nutrition have been linked to 
ovarian cancer in female patients (El-Sherif et al., 2021). 
Animal studies demonstrate that feeding mice a high-
fat diet triggers the expression of sodium-glucose co-
transporter-1, which impairs glucose homeostasis in 
the small intestine and leads to increased endogenous 
glucose production by the liver, ultimately contributing 
to diabetes. Conversely, restricted diets such as the ke-
togenic diet have shown promising results, particularly 
in managing neurological disorders such as AD and PD 
in small cohort studies (Stafstrom and Rho, 2012).

Sleep

Abnormal sleep patterns or sleep deprivation are 
linked to the pathophysiology of psychiatric disorders, 
including depression. Studies indicate that acute sleep 
deprivation upregulates pro-inflammatory cytokines 
such as TNF-α and IL-6, impairing immune function. 
These biological markers are closely associated with de-
pressive disorders (Shearer et al., 2001).

Vitamin D

Lower levels of vitamin D, particularly 25-hydroxy-
vitamin D, are prevalent in Western populations and are 
associated with an increased risk of cancer, depression, 
and osteoporosis. Vitamin D plays a role in reducing in-
flammatory markers such as TNF-α and IL-6, which are 
implicated in many disorders (Beilfuss et al., 2012).

Stress and trauma

Psychological stressors induce systemic and cen-
tral nervous system (CNS) levels of pro-inflammatory 
cytokines, including IL-1 and IL-6. Additionally, studies 
report stress-induced increases in IFN-γ and Th-1 domi-
nance, which are correlated with anxiety and depression. 

Exercise

Physical activity has been shown to provide protec-
tive effects against various types of tumors, including 

breast and reproductive tract tumors (Shephard and 
Freedson, 1996).

Alcohol consumption

Alcohol consumption is linked to an increased risk 
of several cancers, including cancers of the oral cavity, 
esophagus, pharynx, larynx, liver, colorectum, and breast 
(Choi, Myung and Lee, 2018).

Disruption of the circadian rhythm

The circadian rhythm is a 24-h cycle that regulates 
metabolic, synthetic, and signal transduction pathways. 
Disruption of this rhythm has been linked to various 
types of cancer, although the mechanisms remain elu-
sive (Altman, 2016). 

Use of antibiotics

Abrupt and excessive use of antibiotics not only 
promotes widespread antibiotic resistance but also in-
creases the risk of cancers. A large-scale cohort study 
demonstrated an association between antibiotic use 
and an elevated risk of cancer (Kilkkinen et al., 2008).

Environmental pollution

Environmental pollution is a well-established risk 
factor for non-communicable diseases, including cancer. 
For instance, the incomplete combustion of fossil fuels 
is linked to increased lung cancer incidence. Outdoor air 
pollution has also been associated with poorer survival 
rates among cancer patients (Cohen and Pope, 1995).

Environmental factors and individual lifestyle choic-
es, such as diet, exercise, alcohol consumption, and 
sleep patterns, play critical roles in disease develop-
ment and prognosis in humans. However, understand-
ing the interplay between these environmental factors 
and an individual’s genetic makeup remains challeng-
ing. Vertebrates interact with their external environ-
ment through various interfaces, including mucosal 
layers in the airways, skin, and gastrointestinal tract. 
Among these, the gut is the largest immune organ and 
serves as a critical interface with the external environ-
ment, shaping immune regulation in the host.

The gut’s commensal microbiota, or the “gut micro-
biome,” is highly sensitive to environmental stimuli, in-
cluding diet, delivery method at birth, rearing practices, 
number of siblings, and other lifestyle factors (Shi et al., 
2017). These stimuli influence host health and disease.
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The gut microbiome employs various mechanisms to 
regulate host interaction with the environment, with epi-
genetic regulation being one of the most critical. The gut 
microbiome calibrates host metabolism and transcrip-
tion through epigenetic regulation via three main mecha-
nisms: a) microbial metabolism influencing DNA or his-
tone modification, b) regulation of epigenetic-modifying 
enzyme expression and activity, and c) activation of host 
cell epigenetic pathways (Figure 2).

Microbial metabolism influencing DNA or histone 
modification

The gut microbiota synthesizes numerous molecules 
that serve as substrates or cofactors for epigenetic regu-
lation in the host. For example, the gut microbiota syn-
thesizes folate, which donates methyl groups for DNA 
or histone modification (Rossi, Amaretti and Raimondi, 
2011).

Regulation of epigenetic-modifying enzyme expression

Gut bacteria produce SCFAs through the fermenta-
tion of nondigestible complex carbohydrates and fibers. 
These SCFAs alter the host’s gene expression profile 
by inhibiting histone deacetylase activity, which causes 
chromatin changes that are involved in enhanced gene 
expression (Krautkramer et al., 2016).

Activation of host cell epigenetic pathways

The intestinal microbiota regulates DNA methylation 
and demethylation, critical processes for controlling gene 
expression (Takahashi et al., 2009). Additionally, the gut 
microbiome influences histone modifications, which in-
fluence chromatin conformation and subsequent gene 
expression. The microbiome also modulates noncoding 
RNAs (nc RNAs), which play a role in gene expression 
regulation (Liang et al., 2015; Woo and Alenghat, 2022).

Furthermore, the gut microbiome is pivotal in form-
ing mucosal immunity, which is essential for maintain-
ing host homeostasis and defense. SCFAs synthesized 
by gut microbes exert anti-inflammatory effects by 
inhibiting histone deacetylase activity in regulatory  
T cells (Tregs) via G protein-coupled receptors (GPCRs). 
The gut microbiome also influences the host by synthe-
sizing a wide array of metabolites. 

Human gut microbiome constituents

The human microbiome consists of 10–100 trillion 
symbiotic microorganisms, including eubacteria, archaea,  
viruses, eukaryotic cells, bacteriophages, fungi, and 
their associated genomes, genes, and gene products. 

The number and composition of gut microbiota vary 
throughout the gastrointestinal tract. The stomach and 
proximal duodenum host relatively few bacteria 
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Figure 2. Interaction of gut microbiota with human epigenome. The human gut microbiota synthesizes various epigenetic 
substrates and/or modulators of chromatin-modifying enzymes [Adapted from Woo and Alenghat, 2022]
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(approxima tely 101 bacteria per gram of content), 
whereas the colon harbors a significantly higher con-
centration (1012 bacteria per gram). The gut microbiota 
is predominantly composed of Gram-negative anaero bes 
from the phylum Bacteroidetes (48%) and Gram-positive 
Firmi cutes (51%). The remaining 1% is highly variable, 
including Cyanobacteria, Fusobacteria, Proteobacteria, 
Spirochaetes, Verrucomicrobia, various viruses, bacterio-
phages, fungi, and protozoa (Manrique et al., 2016; Die-
terich, Schink and Zopf, 2018).

Lifestyle diseases affected by the gut microbiome

The gut microflora interferes with every aspect of 
health. Lifestyle diseases are noncommunicable diseases 
and are primarily based on the day-to-day habits of peo-
ple. Lifestyle diseases include CVD and neurological dis-
orders, cancers, intestinal disorders, and COPD. The life-
style diseases influenced by gut micro biome can be 
stratified into two groups: intestinal disorders and extra- 
intestinal disorders. The following section discusses the in-
terrelationship of external lifestyle factors, gut micro-
biome, and the development and prognosis of various dis-
eases. Table 1 tries to demonstrate this interrelationship.

Intestinal disorders
Inflammatory bowel disease

IBD is characterized by uncontrolled intestinal in-
flammation, with only 25% of cases explained by genetic 
predisposition. Environmental and lifestyle factors 
such as diet, stress, and smoking significantly influence 
IBD development. Recent studies highlight alte rations 
in gut microbiota composition and function in IBD. De-
pending on the inflammation site, IBD is classified into 
CD and UC. The gut microbiome influences these dis-
eases in the following manners: a) microbial dysbiosis, 
b) metabolic effects, c) effect on immunity, d) barrier 
disruption and e) enteric nervous system dysbiosis.

Microbial dysbiosis

IBD leads to gut microbiome dysregulation, re-
ducing bacterial community richness and promoting 
the proliferation of facultative anaerobic Enterobacteria
ceae (Lewis et al., 2015). 

Metabolic effects

Microbiota-derived metabolites, including SCFAs, bile 
acid metabolites, and tryptophan metabolites, play criti-

cal roles in IBD (Lavelle and Sokol, 2020). The abun-
dance of the pathogenic genera Treponema and Fusobac
terium can be correlated with the production of hydrogen 
sulfide, an immunomodulator that regulates the host 
inflammatory response (Segata et al., 2012). Addition-
ally, IBD-associated microbiota sequesters magnesium, 
whose deficiency is a known side effect of IBD. 

Effect on immunity

Gut microbes regulate the balance of Th17 and 
Treg cells, crucial for maintaining intestinal homeosta-
sis (Khan et al., 2019). A study using a mouse model 
showed that microbial production of sphingolipids con-
trols the inflammatory activity of natural killer (NK) 
cells, which is positively correlated with decreased se-
verity of UC (An et al., 2014).

Barrier disruption

IBD disrupts the intestinal physical barrier, expos-
ing host cells to pathogenic bacteria. 

Effect on enteric nervous system

Gut microbes synthesize neuroactive molecules such 
as γ-aminobutyric acid (GABA), tryptamine, indole-3- 
-propionic acid, serotonin, and SCFAs. These molecules 
influence the enteric nervous system and help maintain 
intestinal homeostasis. 

Dietary and lifestyle changes play a significant role 
in influencing the gut microbiome, often predisposing 
individuals to IBD. The Western diet, characterized by 
high meat consumption, disrupts the gut microbial com-
munity, shifting it toward IBD-associated types (Lee 
and Chang, 2021). A diet high in saturated fat promotes 
the proliferation of sulfate-reducing bacteria, leading 
to increased production of mucosally toxic hydrogen 
sulfide, a contributor to ulcerative colitis. Similarly, 
high-fat diets alter gut microbiota composition, in-
creasing the abundance of pathobionts and plasma en-
dotoxin levels. Additionally, obesity causes a reduction 
in anti-inflammatory gut microbiota and metabolites, 
which might trigger innate immunity to secrete pro-
inflammatory cytokines through pattern recognition 
receptor-mediated pathways (Kim, Oh and Yoo, 2023). 
Food additives such as carrageenan exacerbate this is-
sue by serving as a sulfur source for bacteria like Bi
lophila wadsworthia to produce H

2
S, which results in 

inflammation. Smoking further compounds the prob-
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lem, particularly in CD, as it shifts the gut microbiome 
toward a pro-inflammatory landscape. Metagenomic 
studies have revealed a reduction in beneficial bacteria 
such as Faecalibacterium prausnitzii, which produces 
anti-inflammatory proteins (Shapiro et al., 2022). More-
over, early-life exposure to antibiotics has been linked to  
an increased risk of IBD development (Kronman et al., 
2012).

Celiac disease

Celiac disease is an intestinal inflammatory disorder 
caused by an aberrant immune response to dietary wheat 
gluten proteins in genetically predisposed individuals. 
The disease is associated with a decreased abundance 
of Bifidobacterium and an increased presence of Staphy
lococcus and Bacteroides fragilis, which may contribute to 
disease progression. An Italian study reported a strong 

Table 1. Interrelationship of lifestyle risk factors, gut microbiome modulation, their role in the genesis, 
and prognosis of diseases

Risk factor Associated disease Potential microbe-related mechanism

Obesity Colorectal cancer Increased LPS level in the gut, epigenetic changes in colonic epithelial 
cells, and increased production of bile acids that damage DNA

Hepatocellular 
carcinoma

Increased production of deoxycholic acid that causes DNA 
damage by generating ROS 

Diet Colorectal cancer Changes in the acetylation pattern e.g. lysine 27 on histone H3 (H3K27ac) 
and altered monomethylation of lysine 4 on histone H3 (H3K4me1)

Celiac disease Aberrant immune reaction 

IBD Increase in sulfate-reducing bacteria, ↑ production of H2S, 
and mucosal toxicity

Alzheimer’s disease Diet rich in polyphenols decreases inflammation, plant-based 
diet increases the production of neuroprotective SCFAs 

Liver cancer Malnourished diet can cause oxidative stress, high cholesterol diet 
results in ↑ N, N, N-trimethyl-5-aminovaleric acid (TMAVA) 

that ↑ inflammation

Gastric cancer ↑ Inflammation, ↑ mutation ROS-mediated DNA damage, angiogenesis

Prostate cancer ↑ in IGF1 ↑ cancer cell proliferation 

Esophagus cancer Carcinogenic H2S production, carcinogenesis by TLR pathway

Type 2 diabetes Expansion of inflammatory bacterial population

Cardiovascular disease Vegetarian diet enhances the production of beneficial SCFAs while 
a Western diet causes the production of TMAO; ↑ pro-inflammatory 

cytokines, and cholesterol accumulation in the arterial wall

Asthma Breast-fed children ↑ microbial diversity and high protection,  
formula-fed children ↓ low microbial diversity and low protection

Sleep, circadian
 rythm

Neurological disorders Shift in gut microbial community

Type 2 Diabetes Loss of rhythmicity in gut microbiota and loss of metabolic control

Colorectal cancer Accumulation of MDSCs triggering lung metastasis of colorectal cancer

Smoking IBD Increases inflammation by changing the microbial composition 

COPD ↓ Level of SCFAs, ↓ histone deacetylase 2 causing inflammation

Colorectal cancer ↑ Inflammatory IL-17 and TNF-α pathways

Antibiotic exposure IBD Use of antibiotics in childhood associated with IBD development

Alcohol consumption Pancreatic cancer ↑ Acetaldehyde, ↑ superoxide, ↑ inflammation

Physical Exercise Cardiovascular disease ↓ Inflammation

Alzheimer’s disease ↑ SCFAs
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correlation between celiac disease, intestinal infections, 
and antibiotic use. In this condition, the mucosal layer 
fails to protect the host from invading pathogens such as 
Bacteroides and E. coli (De Palma et al., 2010).

Colorectal cancer

Colorectal cancer is a leading cause of mortality 
worldwide, strongly associated with diet and lifestyle 
factors such as red and processed meat consumption, 
alcohol intake, obesity, and smoking. While the exact 
mechanisms linking these factors to cancer remain un-
clear, evidence suggests that gut microbiota mediates 
this relationship. High-fat diet-induced obesity, for in-
stance, leads to gut microbiota-dependent remodeling 
of acetylation patterns in cis-regulatory regions, altering 
gene expression profiles. Obesity-related Gram-positive 
gut bacteria stimulate the production of secondary bile 
acids, such as deoxycholic acid, which cause DNA dam-
age through reactive oxygen species, promoting cancer 
development (Song and Chan, 2019). Smoking is an-
other contributor to gut microbiome dysbiosis, marked 
by an increase in Eggerthella lenta and Staphylococcus 
capitis and a decrease in Parabacteroides distasonis and 
Lactobacillus species. This dysbiosis correlates with 
elevated levels of bile acids like taurodeoxycholic acid 
(TDCA) in the colon, leading to barrier disruption, and 
the upregulation of inflammatory pathways, including 
IL-17 and TNF-α, in colonic epithelial cells (Shapiro et 
al., 2022). Recent research has uncovered a link between 
the gut microbiome and the circadian rhythm in myeloid-
derived suppressor cells (MDSCs), which facilitate lung 
metastasis of colorectal cancer. Both the biological clock 
of these cells and gut microbiota-derived metabolites, 
such as taurocholic acid, promote MDSC accumulation 
by epigenetically enhancing glycolysis (Liu et al., 2024).

Extra-intestinal disorders
Cancer

Cancer claims over 7 million lives annually world-
wide, with more than 30% of cases attributable to life-
style choices. Factors such as smoking, alcohol con-
sumption, obesity, and diet are significant contributors. 
Smoking alone accounts for 20–30% of cancer cases 
(Katzke, Kaaks and Kühn, 2015). The diet also plays 
a critical role, with studies on gynecological cancers 
demonstrating a protective effect from consuming veg-
etables and fruits. Conversely, obesity or a high body 

mass index increases the risk of mortality from ovarian 
or cervical cancer. Other lifestyle factors, such as alco-
hol consumption, lack of physical activity, and hormonal 
contraceptive use, are also associated with cancer risk 
(Rieck and Fiander, 2006).

The complex cross-talk between the microbiome and 
the host regulates both the genesis and prognosis of can-
cer. Microbe-derived SCAFs have demonstrated antican-
cer effects, and bacterial lipopolysaccharides are known 
to activate T cell-mediated immune responses against 
cancer cells. However, gut microbiome dysbiosis can also 
contribute to cancer development. Gastrointestinal dys-
biosis has been linked to both local and distant tumors. 
Pathogenic gut bacteria, such as Shigella, can interfere 
with host DNA damage response and repair pathways, 
increasing the likelihood of mutations that may lead to 
tumor formation. Furthermore, certain bacteria can 
disrupt host proliferative pathways. For instance, Fuso
bacterium nucleatum effector adhesin A (FadA), Bacte
roides fragilis metalloproteinase toxin (MP toxin), and 
Helicobacter pylori Cag A protein have been implicated 
in altering cellular proliferation, ultimately contributing 
to cancer development (Vivarelli et al., 2019). 

In light of these findings, the role of gut microbiota 
in various cancers is elaborated below, with basic mech-
anisms depicted (Figure 3). 

Liver cancer

The gut and liver are interconnected via the portal vein, 
forming the entero-hepatic circulation or “gut-liver axis,” 
which is crucial for liver homeostasis and the prognosis 
of liver diseases. A study revealed that a high-cholesterol 
diet leads to the accumulation of N,N,N-trimethyl-5-ami-
novaleric acid (TMAVA), which induces liver inflammation 
and may be linked to hepatic carcinoma (Zhang et al., 
2021). Additionally, dietary shifts or malnourishment can 
cause gut microbiome dysbiosis, leading to aberrant ROS 
generation and oxidative stress in the liver.  

Esophagus cancer

A high-fat diet promotes esophageal cancer by induc-
ing inflammatory responses. For instance, Fusobacterium 
nucleatum may contribute to aggressive tumor develop-
ment by activating chemokines like CCL20 (Baba et al., 
2017). High-fat diets promote the production of carcino-
genic H

2
S by Desulfovibrio spp. and Clostridium lavalense, 

which promote cancer by upregulating HSP90. More-



110 Hindol Ray, Janatum Khatum, Srijan Haldar, Priyanka Bhowmik

over, these diets activate IL-8 via Toll-like receptor (TLR) 
signaling, further driving cancer progression. Chronic 
inflammation caused by gut microbial shifts induced by 
high-fat diets leads to metaplasia and dysplasia (Münch 
et al., 2019).

Gastric cancer

High-fat diets encourage the growth of Lactobacillus 
(LAB), which produces lactic acid that acidifies the gastric 
mucosal surface. This lactic acid serves as a fuel source 
for cancer cells and promotes inflammation, angiogen-
esis, metastasis, and epithelial–mesenchymal transition. 
LAB also generates ROS, leading to DNA damage. Addi-
tionally, LAB converts nitrates to nitrites, which induce 
mutations, reduce apoptosis, promote angiogenesis, and 
enhance proto-oncogene expression. These mechanisms 
also create immune tolerance, allowing colonization and 
proliferation of carcinogenic pathogens such as Veillo
nella, Prevotella, Fusobacterium, and Leptotrichia, thereby 
promoting tumorigenesis. High-fat diets further support 
the overgrowth of endotoxin-producing Enterobacteriace
ae, triggering inflammatory pathways (Tong et al., 2021). 

Breast cancer

Studies indicate that a high-fat diet influences gut 
microbiota, contributing to poor prognosis and ad-
vanced clinicopathological features in breast cancer pa-
tients (Chen et al., 2024).

Prostate cancer

In a prostate-specific Pten knockout mouse model, 
high-fat diets were shown to cause gut microbial dysbio-
sis. This dysbiosis regulated insulin-like growth factor-1 
(IGF-1) through SCFAs, promoting the proliferation 
of prostate cancer cells (Matsushita et al., 2021).

Pancreatic cancer

Heavy alcohol consumption alters bile acid levels, 
leading to changes in gut microbiota composition. This 
disruption increases intestinal permeability and triggers 
systemic inflammatory reactions. High dietary fat con-
sumption enhances the production of the secondary bile 
acid deoxycholic acid by 7α-dehydroxylating gut bacteria, 
which accelerates the senescence-associated secretory 
phenotype and promotes genomic instability and cancer. 

Microbiome dysbiosis

Lactobacillus

ROS

BA
IGF-1 dysregulation 

Carcinogenesis

Carcinogenesis

Carcinogenesis

LPS 
Chronic inflammation 

Tumor cell proliferation

H2S 
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DNA damage 
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High 
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Senescence-associated 
secretory phenotype

Figure 3. Relation between altered gut microbiome and different cancers
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Obesity is correlated with a decrease in overall microbial 
diversity of the gut microbiome, which causes changes 
in metabolic pathways and subsequently contributes to 
the development of cancer (Li et al., 2020). Acetalde-
hyde, an alcohol byproduct, generates superoxide and 
toxic metabolites that induce inflammatory reactions, 
potentially leading to pancreatic cancer. 

Metabolic disorders
Obesity

Obesity is a global public health crisis, affecting 603.7 
million adults worldwide, and is associated with various 
comorbidities such as CVD, T2D, and cancer (Haslam, 
Sattar and Lean, 2006; Lee, Sears and Maruthur, 2020). 
While obesity is influenced by genetic, nutritional, per-
sonal, and environmental factors, the imbalance of gut 
microbiota plays a crucial role in its development (Zhao, 
2013; Gupta, Osadchiy and Mayer, 2020). Obesity is of-
ten associated with altered taxonomical composition in 
gut microflora, characterized by the expansion of op-
portunistic pathogens. Obese individuals generally have 
higher levels of Firmicutes and Bacteroides compared to 
lean individuals, although studies have reported con-
tradictory findings regarding the relative abundance 
of Bacteroides (Kasai et al., 2015; Oduaran et al., 2020). 
Thirteen genera, including Acidaminococcus, Anaerococ
cus, Catenibacterium, Dialister, Dorea, EscherichiaShigel
la, Eubacterium, Fusobacterium, Megasphaera, Prevotella, 
Roseburia, Streptococcus, and Sutterella, are more abundant 
in obese individuals, whereas Bifidobacterium and Egger
thella are significantly less abundant. Yeast predominates 
in the gut of obese individuals, while Trichosporon species 
are more abundant in nonobese populations.

The Firmicutes-to-Bacteroidetes ratio (F/B ratio) 
is considered a biomarker for obesity predisposition 
(Tseng and Wu, 2019). A metagenomic study in a cohort 
of Chinese individuals identified an obesity-associated 
bacterium, Bacteroides thetaiotaomicron, which allevi-
ates diet-induced body weight gain (Chen et al., 2023).

Type 2 diabetes

T2D is a prevalent metabolic disorder characterized 
by imbalances in blood glucose levels, lipid profiles, and 
high blood pressure (BP). It results from insulin nonre-
sponsiveness and insufficient insulin secretion due to 
reduced β-cell function. Numerous studies have linked 
intestinal dysbiosis to the onset and progression of T2D. 

Changes in dietary patterns alter the Firmicutes-to-
Bacteroides ratio within the gut microbiome, with T2D 
patients often exhibiting an increase in pro-inflammatory 
bacteria such as E. coli and a reduction in anti-inflam-
matory bacteria like Faecalibacterium prausnitzii. This 
imbalance is associated with chronic low-grade inflam-
mation, or “metainflammation,” in T2D.

Gut microbiota contributes to T2D by degrading undi-
gestible carbohydrates into SCFAs. These SCAFs, along 
with bacterial LPS, activate inflammatory networks in 
the gut. Although no direct link between inflammation 
and T2D has been established, inflammation strongly 
correlates with insulin unresponsiveness, which, in turn, 
leads to T2D. Pro-inflammatory cytokines, such as IL-1β, 
further exacerbate the condition by damaging insulin-
producing β-cells (Kwon and Pessin, 2013; Sikalidis and 
Maykish, 2020). Oxidative stress is also linked to glyca-
tion phenomena and the onset of diabetes (Tsalaman-
dris et al., 2019). A recent study on mice fed a high-fat 
diet, with or without a lipoic acid supplement – a known 
anti oxidant – showed that the supplemented group had 
a better B/F ratio, reduced oxidative stress, and, conse-
quently, a lower risk of developing associated chronic dis-
orders such as T2D (Larsen et al., 2010).

Diabetes medication, particularly metformin, has been 
shown to positively influence gut microflora. A metage-
nomic study involving 345 volunteers found that diabetes 
patients exhibit a decrease in butyrate-producing bacte-
ria and an increase in opportunistic pathogens compared 
to healthy individuals. Treatment with metformin causes 
rapid alterations in gut microbiome composition, as evi-
denced by a placebo-controlled study (Qin et al., 2012;  
Wu et al., 2017). Metformin also exerts its effects through 
circadian rhythm intervention by activating the AMP-
activated protein kinase (AMPK) pathway. The circadian 
rhythm, which aligns daily food intake and digestion with 
the day-night cycle, is crucial for metabolic health. Dysregu-
lation of this rhythm is associated with T2D. A seminal study  
identified a disruption of rhythmicity in gut microbiota in 
T2D patients, highlighting a risk pattern of anti-rhythmic 
taxa that contribute to the disease. This loss of rhythmicity 
in the gut microbiota correlates with impaired metabolic 
control in T2D patients (Reitmeier et al., 2020).

Cardiovascular diseases

CVD, encompassing hypertension, atherosclerosis, 
cardiomyopathy, and heart failure, are leading cause 
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of mortality and morbidity worldwide. Emerging evi-
dence underscores the pivotal role of gut microbiota 
in regulating these diseases, while CVD itself impacts 
gut microbial composition. For instance, hypertensive 
patients exhibit significantly different gut microbial 
clustering and reduced diversity, with lower α-diversity 
(Ahmad et al., 2019) and a higher abundance of Prevotel
la species. Similarly, metagenomic studies have shown 
that individuals with atherosclerotic CVD have elevated 
levels of Streptococcus and Enterobacteriaceae species 
compared to healthy individuals (Emoto et al., 2017). 
Heart failure patients show an increased prevalence 
of pathogenic bacteria such as Campylobacter, Shigella, 
Salmonella, and Yersinia enterocolitica. The severity 
of heart failure has also been associated with the pres-
ence of Candida, Campylobacter, and Shigella (Pasini  
et al., 2016).

Pro-inflammatory microbiome alterations impair 
cholesterol and lipid metabolism, reducing levels 
of protective metabolites like SCFAs. SCFAs help pre-
vent cardiovascular damage by reducing systolic BP, 
lowering serum cholesterol, and maintaining an anti-
inflammatory microenvironment (Xu et al., 2020).

Lifestyle factors significantly influence CVD risk 
and also alter gut microbiota composition. For exam-
ple, adherence to a vegetarian, high-fiber, low-fat diet 
has been shown to increase SCFA production compared 
to diets rich in animal protein, low in fiber, and high in 
fat (De Filippo et al., 2010). In contrast, microbial me-
tabolism of Western diet components like red meat, egg 
yolks, and animal products produces trimethylamine 
N-oxide (TMAO), a metabolite associated with higher 
CVD risk and mortality postheart failure. TMAO pro-
motes cholesterol accumulation in arterial walls, reduc-
es cholesterol clearance from peripheral endothelial 
cells, and enhances vascular inflammation through pro-
inflammatory cytokine expression (Janeiro et al., 2018). 
Phenylalanine, found in dietary proteins, is metabo-
lized into phenylacetylglutamate, which interacts with 
β-adrenergic receptors, mediating platelet aggregation 
and increasing the risk of heart attack, stroke, and 
death (Nemet et al., 2020; Witkowski, Weeks and Ha-
zen, 2020). Physical activity also protects against CVD. 
Studies on rugby athletes revealed lower inflammation, 
increased microbial diversity, and enrichment of benefi-
cial taxa such as Ruminococcaceae, Succinivibrio, and Ak
kermansia. Studies showed the correlation of a major 

shift in the day and night pattern of microbiota with 
the rhythmicity of BP. Another study demonstrated 
the close association of sleep fragmentation and el-
evated bacterial population associated with changes in 
mean arterial pressure, and abundance of certain fecal 
bacterial metabolites and BP. All these lead to links to 
disturbed sleep and cardiovascular pathology (Maki et 
al., 2020). Studies also demonstrated that circadian reg-
ulation of the gut microbiome is important in cardiac 
repair postmyocardial infarction (Gumz et al., 2023).

Respiratory diseases
Chronic obstructive pulmonary disease 

COPD is a heterogeneous disease characterized 
by chronic bronchitis, airway remodeling, and emphy-
sema, often accompanied by systemic comorbidities 
such as CVD, colitis, osteoporosis, and even cancer 
(Cara mori et al., 2019). The gut-lung axis, which com-
prises the common mucosal immune system of the gut 
and lungs, regulates inflammation in COPD. The gut 
microbiome significantly influences host responses to 
respiratory illnesses (Trompette et al., 2018; Vaughan et 
al., 2019). COPD patients exhibit a distinct gut microbi-
ome composition compared to healthy individuals, with 
altered diversity identified through 16S rRNA sequenc-
ing. Genera such as Streptococcus, Rothia, Romboutsia, 
Intestinibacter, and Escherichia are increased in COPD 
patients, while Bacteroides, Roseburia, Lachnospira, and 
several unnamed Ruminococcaceae (Bowerman et al., 
2020) genera are reduced (Bowerman et al., 2020). No-
tably, elevated levels of gut microbiota-derived TMAO 
have been observed in the serum of severe COPD pa-
tients, linking this metabolite to disease progression 
(Ottiger et al., 2018).

Smoking, a primary risk factor for COPD, disrupts 
gut microbiota, reducing overall diversity and increas-
ing the relative abundance of pro-inflammatory bacte-
ria like Prevotella. Smoking also diminishes levels of 
SCFAs, which possess anti-inflammatory properties (Li 
et al., 2021). Additionally, COPD patients have reduced 
levels of histone deacetylase 2 (HDAC2) compared to 
the non-smoker population, which can be correlated 
with inflammation in COPD.

Malnourishment is an overlooked factor in COPD. 
A lack of dietary fiber causes dysbiosis in the gut micro-
biota and reduces the production of anti-inflammatory 
SCFAs.
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Asthma

Asthma, a chronic respiratory condition, affects over 
300 million people worldwide. An imbalance between 
symbiotic and pathogenic gut microbiota has been cor-
related with the development of asthma. Gut microbes 
produce metabolites with both pro-inflammatory and 
anti-inflammatory effects, such as biogenic amines 
(e.g., histamines) and oxylipins (e.g., 12,13--diHOME). 
Asthma patients exhibit a higher abundance of hista-
mine-producing bacteria compared to healthy individu-
als, with these levels correlating with disease severity 
(Levan et al., 2019; Barcik et al., 2020). Gut bacteria 
also play a critical role in modulating T helper and ef-
fector cell populations, which are crucial (very impor-
tant) in the manifestation of allergic asthma (Di Gangi 
et al., 2020). Low gut microbial diversity is closely as-
sociated with asthma, as evidenced by studies showing 
that breastfed children, who typically have greater gut 
microbial diversity, have a lower risk of asthma com-
pared to formula-fed children (Oddy, 2017).

Neurological disorders
Alzheimer’s disease

AD is a progressive neurodegenerative disorder 
characterized by memory loss, inability to perform daily 
tasks, and continuously diminishing cognitive func-
tions (Alzheimer’s Association, Thies and Bleiler, 2013; 
Askarova et al., 2020). In the early 90s, the amyloid cas-
cade hypothesis emphasized that the AD pathophysio-
logy is attributed to the deposition of amyloid particles 
in the brain. However, the amyloid cascade hypothesis 
is failing with more and more documented studies that 
show no correlation between amyloid particle deposition 
and clinical manifestation of the disease.

The gut microbiota plays a critical role in maintain-
ing brain health through the microbiome-gut-brain 
axis, facilitating bidirectional communication. Gut mi-
crobes produce a variety of metabolites that influence 
brain function and AD development. Dysregulated gut 
microbiota is associated with systemic inflammation, 
which can impair the blood–brain barrier (BBB) and 
promote neuroinflammation (Quigley, 2017). Dysreg-
ulation of tryptophan metabolism, regulated by gut 
microbes, has also been linked to the development 
of AD and other neurological disorders (Ruddick et 
al., 2006). Metabolites such as SCAFs, including bu-
tyrate, acetate, and propionate, have neuroprotective 

effects and can even repair a damaged BBB. However, 
the accumulation of microbiota-derived amyloids (cer-
tain lipoproteins that can form deposits of insoluble, 
β-plated structures e.g., curli fiber synthesized by 
E.coli) can be associated with inflammation at the site 
of amyloid deposition and upregulation of a chronic 
inflammatory network that is an important driving 
force in neuroinflammation in AD (Figure 4) (Zhao and 
Lukiw, 2015; Sochocka et al., 2019). Also, lipopolysac-
charides produced by certain bacteria can induce pro-
inflammatory pathways which cause pro-inflammatory 
cytokines to penetrate the BBB and produce reactive 
oxygen species. This is directly related to neuroinflam-
mation and neurodegeneration in the brain (Zhang  
et al., 2009).

A study conducted at the Wisconsin Alzheimer’s 
Disease Research Center in the USA revealed signifi-
cant differences in gut microbiota composition between 
AD patients and healthy individuals (Vogt et al., 2017). 
In AD patients, the abundance of Firmicutes and Acti
nobacteria is decreased, while Proteobacteria are propor-
tionally increased. 

A high-fat diet has been shown to promote the depo-
sition of αβ plaques in the brain, as observed in APP/
PS1, APP23, and APPNL-F models of amyloidosis. In 
contrast, consuming fish oil rich in omega-3 fatty acids 
enhances beneficial gut microbes such as Bifidobacte
rium, Lactobacillus, and Akkermansia muciniphila, 
which can reduce inflammation. Polyphenol-rich foods 
like blueberries, grape seed extract, green tea, pome-
granates, coffee, and red wine increase the abundance 
of Bifidobacterium and Lactobacillus, further contribut-
ing to reduced inflammation.

Dietary fiber from plant-based foods also positively 
affects the gut microbiota, increasing levels of Bifido
bacterium, Lactobacillus, and Roseburia. These bacteria 
metabolize complex carbohydrates into SCFAs, which 
are transported to the brain and exert neuroprotective 
effects (Zhu et al., 2023). Red wine consumption has 
been associated with preventing the generation of αβ 
peptides and reducing AD pathology.

Disrupted sleep or circadian rhythms can lead to 
gut microbiota dysbiosis, which may trigger neuroin-
flammation and contribute to AD pathology, though 
establishing a direct correlation remains challenging. 
Exercise has been shown to enhance the production 
of neuroprotective SCFAs, but its direct link to AD pre-
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vention is also not fully understood (Chandra, Sisodia 
and Vassar, 2023). 

Parkinson’s disease

PD is a slowly progressive neurodegenerative disor-
der characterized by motor and non-motor symptoms. 
It involves a continuous loss of dopaminergic and cho-
linergic neurons along with the accumulation and ag-
gregation of α-synuclein in the CNS. Although lifestyle 
factors have been studied in relation to PD, the lack 
of definitive data and conflicting results make clinical 
recommendations challenging. Increasing evidence 
points to an association between PD and the gut micro-
biome, often referred to as the “second brain” (Poewe 
et al., 2017; Ilie et al., 2020). A connection between en-
teric neurons and gut microbiota has been established, 
showing modulation of the hypothalamic–pituitary– 
–adrenal (HPA) axis. Imbalances in gut microbiota are 
linked to low-grade inflammation, cellular degenera-
tion, oxidative stress, and compromised BBB integrity 
(Stolp et al., 2005; Noble, Hsu and Kanoski, 2017). 

The gut microbiome also affects enteric neurons re-
sponsible for α-synuclein production. For instance, Ente
rococcus faecalis and Eggerthella lenta, part of the gut 
microbiota, can metabolize Levodopa (L-Dopa), the pri-
mary drug used in PD treatment, interfering with its 
ability to cross the BBB. Infections with microbes such 
as Helicobacter pylori have been shown to influence PD 
by regulating dopamine levels in the brain. However, no 
conclusive inference can be drawn regarding the effect 
of Helicobacter pylori infection on PD due to the lack 
of clinical trials (Ilie et al., 2020). Also, another report 
demonstrated that the predisposition of PD is higher in 
persons with previous records of gastrointestinal prob-
lems. Unbalanced ROS generation has also been cor-
related with PD (Ilie et al., 2020). The causal relation-
ship between dysbiotic microbiota and PD development 
remains uncertain. It is debated whether diet-induced 
changes in gut microbiota trigger PD or whether PD 
itself drives microbiota alterations. High milk consump-
tion has been linked to PD development, and an intrigu-
ing study identified Lactococcus bacteriophages as nega-

Figure 4. Role of gut microbiome in Alzheimer’s disease
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tive modulators of the gut microbiome in PD (Tetz et al., 
2018). Recent research highlights the role of circadian 
rhythm regulators, such as Bmal1, in influencing gut 
microbiota abundance. Bmal1-mediated regulation of im-
mune genes, oscillatory production of immunoglobulin 
A, and ROS generation have been linked to both PD and 
AD (Khezri, Esmaeili and Ghasemnejad-Berenji, 2023). 

Multiple sclerosis

Multiple sclerosis (MS) is a chronic autoimmune 
disorder characterized by demyelination of the CNS, 
leading to progressive and irreversible neurological 
disability. The disease is influenced by both genetic 
predisposition and environmental or lifestyle factors, 
including tobacco smoking, obesity during adolescence, 
lack of sun exposure, and circadian rhythm disruptions 
caused by night shift work (Alfredsson and Olsson, 
2019). Experimental autoimmune encephalomyelitis, an 
animal model of MS, has demonstrated the involvement 
of intestinal microorganisms in disease pathology. Gut 
microbes induce pro-inflammatory responses through 
Th17 cells, exacerbating the condition. The diet also 
plays a significant role in MS pathogenesis. A multi-
center study involving pediatric MS patients showed 
that increased saturated fat intake correlated with 
disease relapse, while adherence to a Mediterranean 
diet was associated with greater microbial diversity 
and the production of beneficial microbial metabolites. 
These dietary factors improved physical and cognitive 
symptoms, though they did not alleviate disease-related 
disabilities (Bohlouli et al., 2022).

Depression and anxiety

Lifestyle factors such as poor diet, lack of exercise, 
and smoking significantly contribute to the progression 
of psychiatric disorders like depression and anxiety.  
Consuming dietary elements like zinc, magnesium, vita-
min B, and healthy fats such as olive oil is associated with 
a reduced risk of depression. Conversely, a high intake 
of red and processed meats, desserts, and fried foods 
promotes systemic inflammation, increasing the likeli-
hood of depression and anxiety (Quirk et al., 2013).

Depression is characterized by low-grade inflam-
matory responses and activation of cell-mediated im-
munity. It triggers the anti-inflammatory reflex system 
and oxidative and nitrosative stress, which can lead to 
autoimmune responses against these stresses. 

The human gut microbiome interacts with the CNS 
through a communication pathway named as microbiota- 
gut-brain axis and it influences the pathophysiology 
of CNS diseases (Peirce and Alviña, 2019). The dis-
ruption of the microbiota-gut-brain axis also results in 
the dysregulation of the hypothalamic–pituitary–adre-
nal (HPA) axis which plays a crucial role in the devel-
opment of depression. Studies reveal that depression 
is associated with reduced microbial diversity and spe-
cies richness, alongside elevated levels of IL-6, IL-8, 
TNF-α, and C-reactive protein. Specific bacteria, such 
as Eggerthella (Kelly et al., 2016; Valles-Colomer et al., 
2019), Sellimonas, Lachnoclostridium, and Hungatella 
show strong correlations with the severity of depres-
sive and anxiety disorders. A healthy diet can positively 
influence the gut microbiota and strengthen the gut 
epithelial barrier, inhibiting depression progression. 
Antidepressant dietary options include foods rich in 
ω-3 polyunsaturated fatty acids (PUFAs) like fish oil 
(particularly docosahexaenoic acid), as well as fruits, 
vegetables, and polyphenol-rich foods, which modulate 
the gut microbiome and support mental health. 

Systemic inflammatory arthritis

Studies in animal models have demonstrated that 
gut microbiota plays a significant role in the develop-
ment of systemic inflammatory diseases like rheuma-
toid arthritis. Dysbiotic gut microbiota can activate 
inflammatory pathways, particularly through toll-like 
receptor signaling, contributing to disease pathology. 
Lifestyle factors, especially diet, are pivotal in managing 
these diseases. Strong evidence from multiple random-
ized controlled trials indicates that a Mediterranean 
diet – rich in fruits, vegetables, whole grains, fish, and 
olive oil, with minimal red meat – has a positive effect 
on rheumatoid arthritis patients (Clemente, Manasson 
and Scher, 2018). Both vegetarian and Mediterranean 
diets enhance the production of SCFAs, which suppress 
undesirable inflammatory reactions. 

Effect of COVID-19 on the development of lifestyle 
diseases

COVID-19 has been associated with significant altera-
tions in gut microbiota, characterized by an enrichment 
of opportunistic pathogens and a reduction in beneficial 
commensals. These changes persist even a year after re-
covery and may trigger IBS. Bacteria such as Actinomyces 
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oris, Clostridium spp. (C. clostridioforme, C. innocuum), 
Eggerthella lenta, F. plautii, Gordonibacter pamelaeae, 
Hungatella hathewayi, Rothia dentocariosa, Streptococcus 
spp. (S. anginosus group, S. gordonii, S. mitis, S. oralis, 
S. sanguinis) are elevated in both COVID-19 and IBS. 
E. lenta can also be associated with cancer, diabetes, 
and CVDs. Long COVID has also altered the trajectory 
of many chronic diseases, particularly cardiovascular 
conditions such as myocardial inflammation, myocardi-
al infarction, and right ventricular dysfunction (Raman  
et al., 2022). SARS-CoV-2 can cross the BBB, causing 
neuroinflammation associated with symptoms like brain 
fog, memory issues, attention disorders, sleep distur-
bances, anxiety, and depression. Additionally, COVID-19- 
induced microbial dysbiosis and disrupted intestinal bar-
rier function can worsen pulmonary diseases, neurologi-
cal disorders, and liver inflammation via the transloca-
tion of pathological bacteria and metabolites through 
the portal vein (Naidu et al., 2024).

Microbial intervention in various diseases

Gut microbiome modulation can be an interesting so-
lution to the problem of these lifestyle diseases. Figure 5 
demonstrates different approaches taken in this regard.

Fecal microbiota transplantation

It is characterized by the transfer of stool samples 
from healthy donors along with microbes and their me-
tabolites to recipients. This method is currently being 
used to treat Clostridium difficile infection, along with 
antibiotics.

Use of probiotics

Probiotics are the use of live microbes to treat gut mi-
crobiome dysbiosis and to bring back intestinal microflora 

balance. Probiotics are mostly comprised of Bifidobacteri
um and Lactobacillus. The metabolites derived from these 
microbes play a crucial role in host–microbe interaction 
and host health modulation by activating the immune sys-
tem, improving intestinal barrier function and exerting an-
tioxidant, anti-inflammatory effects, and possibly modulat-
ing gut microbiome composition and metabolome. 

Use of prebiotics

These compounds are nondigestible oligosaccha-
rides (NDO), human milk oligosaccharides (HMOs), and 
soluble, fermentable fibers. Although these are known 
to regulate gut microbial flora, only a small number 
of studies are available showing the benefit. A study 
with galacto and fructo-oligosaccharide on male mice 
showed that these compounds have antidepressant 
properties.

Use of synbiotics

In synbiotic therapy, both prebiotics and probiotics 
are used together where prebiotics favor the growth, 
viability, and metabolism of the probiotic microbes. 
This approach was found to be a success in decreasing 
the symptoms of depression.

Use of postbiotics

Postbiotics/metabiotics/biogenics or cell-free super-
natants consist of bacterial cell lysis products such as  
SCFAs, antimicrobial peptides, enzymes, teichoic acids, 
etc. 

Use of para probiotics

These are nonviable or inactivated microbial cells 
and may trigger the biological activity of the host if in-
corporated in a proper amount.(Sorboni et al., 2022).

Figure 5. Gut microbiome modulation by various methods
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Conclusions

The relationship of gut microbiota and its host is 
a multifactorial complex interactome and is unique for 
its human host. There is growing attention to the char-
acterization of gastrointestinal microbiota and its func-
tionalities. Lifestyle diseases are non-communicable 
diseases like cardiovascular problems, cancer, etc which 
cause significant mortality and morbidity worldwide.  
Intestinal microbiota can be implicated in the pathoge-
nesis of these diseases and demonstrates a complex re-
lationship between the environmental factors, bacteria, 
derived metabolites, and the host that is characterized 
by complicated gene-environment interaction. Altered 
microbial metabolites due to microbial dysbiosis play 
crucial roles in the genesis and prognosis of these dis-
eases. Therefore, manipulation of the gut microbiome 
in line with the personalized requirement can be a fu-
turistic model of treatment for these diseases.

Future direction

With the recent technologies, the knowledge about 
gut microbiome is continuously expanding. However, 
in addition to the bacterial research, other nonbacterial  
microbes of the human gut need to be studied, including 
bacteriophages, other viruses, eukaryotes, yeasts, and 
archaea. How do different factors modify the gut micro-
biome from the time of birth and how do these microbial 
modifications influence health, may provide new insight 
into the treatment of many challenging diseases like fibro-
myalgia, autism, different cancers, etc. It is of utmost im-
portance to decipher the intricate relationship between 
gut microbiome and non-communicable lifestyle diseases, 
especially the identification of keystone species that are 
etiological or therapeutic towards a particular disease is 
immensely important. There is a lack of studies establish-
ing the causality of a particular species from the gut and 
a particular lifestyle disease. There are many strong cor-
relations observed in pre-clinical studies in animal models, 
that cannot be replicated in humans, impairing the transla-
tion and extrapolation of the findings to human scenarios. 
Moreover, the huge variation in individual gut microbiome 
composition further complicates the situation. Most hu-
man studies are on compositional variation of gut micro-
biota in different diseases while a deeper understanding 
of microbial mechanisms is more useful. Lastly, selecting 
a particular actionable microbe to be used in the treat-
ment of diseases from a large interdependent consortium 

of gut microbiota is a daunting task. However, computa-
tional prediction models enabled by artificial intelligence 
and machine learning hold great promise in the field 
of clinical management. Along with this, dietary interven-
tion, and the application of probiotics/prebiotics can help 
treat these diseases. In these regards, microbiome check-
ing at different life stages are required for the intervention 
procedures to get optimized. 
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