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Introduction 

Deforestation and the combustion of fossil fuels represent major 

human activities accelerating climate change, posing severe global 

challenges affecting both the environment and human health. 

Additionally, rapid urbanization and environmental degradation 

compound these issues, significantly amplifying disruptions in 

global climate patterns and biodiversity loss [1–5]. The recent 

"Global Climate 2011-2020: A Decade of Acceleration" report from 

the World Meteorological Organization (WMO) underscores the 

imperative for decisive measures to cap global temperature rise at 

1.5°C above pre-industrial levels [6]. Alarmingly, greenhouse gas 

levels soared to unprecedented heights in 2022, as reported by the 

WMO. Sustainable Development Goal 13 (SDG13) places utmost 

importance on climate action, advocating for initiatives to curb 

emissions, bolster resilience against climate risks, and embed 

climate considerations into policy and planning frameworks [7]. 

While the immediate impacts of climate change on ecosystems, sea 

levels, and weather patterns are widely recognized, emerging 

research is shedding light on its intricate connection to the gut 

 
 

microbiome and its implications for human health [8, 9]. The gut 

microbiota, an intricate ecosystem of microorganisms thriving in the 

gastrointestinal (GI) tract, is indispensable for human well-being 

[10–12]. Consisting of trillions of bacteria, viruses, fungi, and other 

microorganisms, it performs crucial functions in metabolism, 

immune response, nutrient absorption, and digestion. A multitude of 

factors, including diet, lifestyle choices, medication usage, and 

environmental factors, contribute to the diversity and composition of 

this microbial community [13–15]. 

The impact of climate change on the gut microbiome can be 

profound and multi-faceted. Increasing temperatures have the 

potential to reshape the distribution and abundance of microbial 

species, thus altering the overall composition of the gut microbiome 

[13–15, 16, 17]. Moreover, climate-induced shifts in food 

production and quality can indirectly influence gut health by 

changing the availability of essential nutrients [18, 19]. These 

alterations to the gut microbiome can have significant health 

ramifications, as disruptions in microbial equilibrium have been 
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Climate change represents a monumental threat to both environmental stability and human health, exacerbated by activities such as deforestation 

and the burning of fossil fuels. The World Meteorological Organization's report, 'Global Climate 2011-2020: A Decade of Acceleration,' 

underscores the urgent need for immediate action to curb the rapid increase in global temperatures. Sustainable Development Goal 13 (SDG13) 

highlights the critical importance of integrating climate considerations into policy frameworks. While the direct impacts of climate change on 

ecosystems and weather patterns are well known, ongoing research is uncovering its complex links to the gut microbiome and human health. The 

delicate balance of the gut microbiota, which is crucial for digestion, metabolism, and immune function, is intricately tied to environmental 

conditions. Climate-induced changes in temperature can disrupt microbial ecosystems in the gut, potentially leading to dysbiosis and related 

health issues. 

Moreover, shifts in food availability, as well as exposure to pollutants and pesticides, worsen these disruptions, highlighting the gut microbiota's 

vulnerability to environmental changes. These alterations upset the delicate equilibrium of the gut microbiome, contributing to health problems 

like obesity, diabetes, and inflammatory diseases. Moreover, climate change profoundly intersects with environmental epigenetics, altering gene 

expression patterns through microbial byproducts such as short-chain fatty acids. These epigenetic modifications, in turn, influence immune cell 

function and reshape the gut microbiome's composition. Grasping these complex interactions is vital for developing robust strategies to 

counteract the health impacts of climate change and champion sustainable practices. Tackling climate change requires acknowledging the 

intricate interplay between climate conditions, microbiota health, and epigenetics, thus providing crucial insights into disease mechanisms and 

steering resilient public health initiatives toward a more sustainable future. 
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associated with a range of conditions, including obesity, diabetes, 

and mental health disorders [20–22]. Fully grasping the effects of 

climate change on individuals necessitates examining the dynamic 

interplay between environmental stressors and the gut microbiota. 

Moreover, recent scientific discourse has increasingly acknowledged 

the intricate relationship among climate change, microbiota, and 

environmental epigenetics [23–25]. This underscores the pivotal role 

of epigenetics as a dynamic modulator of the genome, influencing 

the onset and risk of various diseases. Unlike genetic alterations, 

epigenetic changes are reversible, emphasizing their significance in 

disease etiology. 

They can be reset by internal or external factors, offering 

intervention opportunities across critical developmental stages and 

an individual's lifespan [26]. To effectively tackle the health impacts 

of climate change and foster well-being in a shifting landscape, 

understanding and addressing these connections are paramount. In 

essence, comprehending these interrelationships is essential for 

devising strategies to mitigate climate change's adverse effects on 

human health and promoting sustainable practices that uphold both 

environmental resilience and gut health. 

Given the pivotal insights into the key actors shaping climate 

change, microbiome health, and their potential impacts on human 

health, the subsequent section of this article endeavors to delve 

deeper into the intricate connection between them. Through various 

subsections, we aim to illuminate the nuances of this critical link, 

providing a comprehensive understanding and actionable insights 

for addressing these complex dynamics. 

Impact of Climate Change on the Gut Microbiome 

Climate change can exert both direct and indirect influences on the 

gut microbiota through multiple pathways [27–30]. Fluctuations in 

temperature and humidity directly create environments favorable for 

certain pathogenic or opportunistic microbes, potentially disrupting 

the delicate equilibrium of the gut microbiota. 

Beyond simply affecting water and food accessibility, climate 

change-induced extreme weather events and altered precipitation 

patterns significantly disrupt agriculture and food production. Put 

differently, fluctuations in temperature and precipitation can dictate 

the types of crops viable in different regions, thereby impacting 

agricultural output. These changes in plant-based diets, a primary 

source of fiber and essential nutrients crucial for a healthy gut 

microbiota, may consequently alter the availability and diversity of 

these microbiota [31–33]. 

Furthermore, climate change may affect the utilization of antibiotics 

and other antimicrobial medications, directly influencing the 

composition and function of the gut microbiota and potentially 

leading to dysbiosis. For instance, escalating temperatures could 

facilitate the proliferation of infectious diseases, prompting 

increased antibiotic usage in humans and animals alike, 

consequently perturbing the gut microbiota [34, 35]. 

Against this backdrop, the subsequent sections aim to provide a 

comprehensive exploration of the key downstream mediators of 

climate change, building upon the foundational understanding 

established in the preceding discussion. 

Effects of temperature changes on microbial diversity 

and composition 

Temperature stands as a crucial environmental factor that 

profoundly impacts microbial diversity and composition. Across 

Earth's diverse habitats, varying ambient temperatures are a 

universal challenge that organisms must endure to ensure their 

survival and reproduction [36, 37]. Looking ahead, it is projected 

that, over the next century, both the frequency and intensity of 

temperature fluctuations will increase worldwide. This trend is 

largely driven by human-induced climate change, posing challenges 

for microorganisms to adapt swiftly to rapid temperature shifts 

essential for their survival. 

This is further compounded by the fact that microorganisms, 

including bacteria, archaea, fungi, and protists, exhibit varying 

responses to changes in temperature, which can have profound 

effects on microbial communities and ecosystem functioning [38, 

39]. Any impact these alterations have on the microbial communities 

that inhabit the human gut may modify those communities' functions 

and have an impact on host phenotypes and fitness. 

According to the World Health Organization (WHO), climate 

change-induced temperature increases could lead to more than 

33,000 deaths of children under 15 from diarrheal diseases by 2050 

[40, 41]. Additionally, a recent study suggests that body temperature 

is inversely related to the abundance of Firmicutes in the intestines, 

while intestinal Proteobacteria tend to increase with higher body 

temperatures across different hosts and conditions [42]. 

Furthermore, the rising temperatures attributed to human-induced 

climate change significantly increase the chances of harmful 

bacteria such as Salmonella and Campylobacter thriving [43]. These 

pathogens, identified by the Centers for Disease Control and 

Prevention (CDC) as major culprits of global foodborne illnesses, 

thrive in the temperature range of 40°F (4°C) to 140°F (60°C), 

commonly referred to as the "temperature danger zone" for food 

safety [44]. As global temperatures continue to climb, this danger 

zone expands, providing more favorable conditions for bacterial 

growth. As a result, the mounting impact of climate change 

amplifies the susceptibility of our food supply to contamination, 

emphasizing the urgent necessity for proactive measures to 

safeguard public health and ensure food safety. 

Moreover, it's increasingly evident that a multitude of organisms 

rely on their microbiomes to endure elevated temperatures. A 

separate notable study highlights that heat tolerance can be 

transmitted to recipient flies by transplanting microbiomes from 

heat-resistant Drosophila melanogaster [45]. Conversely, transient 

heat waves have been observed to correlate with changes in the 
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abundance of specific bacterial groups in corals, impacting the well- 

being of their hosts [46]. 

Understanding how microbiomes confer heat resilience, as seen in 

flies, holds promise for advancing therapies for heat-related ailments 

in humans. The potential manipulation of microbiomes to bolster 

heat tolerance presents novel avenues for treatment and prevention. 

This interplay between specific bacterial populations and host 

fitness amid heat stress, as observed in coral ecosystems, 

underscores the delicate equilibrium between microbiome 

composition and environmental pressures. 

Similar dynamics may occur within the human microbiome, where 

disruptions triggered by factors such as temperature variations could 

influence health outcomes. Research suggests that changes in 

temperature can impact the composition and function of the human 

microbiome. For example, studies indicate that heat stress alters the 

gut microbiome composition in humans, leading to elevated levels 

of bacteria associated with inflammation and metabolic disorders 

[47, 48]. 

Additionally, recent research underscores the role of temperature in 

shaping microbial communities across diverse human body sites, 

including the skin, gut, and oral cavity [49, 50]. These findings 

imply that fluctuations in temperature, whether acute or chronic, 

have the potential to disrupt the delicate balance of microbial 

ecosystems within the body, potentially impacting immune function, 

metabolism, and overall health. 

As climate change drives an escalation in both the frequency and 

severity of heat waves, insights derived from these studies could 

guide adaptive strategies for human populations. Understanding how 

organisms respond to heat stress through their microbiomes could 

inspire initiatives to enhance resilience in communities facing 

similar environmental challenges. 

Influence of climate-induced changes in diet and food 

availability on the gut microbiome 

As climate change continues to alter global food availability and 

quality, dietary shifts emerge, posing implications for the gut 

microbiome. While the gut microbiome demonstrates resilience and 

can adjust to dietary changes gradually, the rapid or extreme shifts 

induced by climate change may strain its adaptive capacity, 

potentially resulting in adverse health effects. 

Climate change impacts dietary habits through shifts in food 

production and agricultural practices. Key factors like temperature 

fluctuations, changes in precipitation patterns, and the increased 

frequency of extreme weather events can significantly influence 

crop yields and food availability. For example, droughts often result 

in crop failures, reducing the supply of fruits, vegetables, and grains 

[31–33]. As a result, dietary patterns might shift, leading individuals 

to potentially increase their consumption of processed or high-fat 

foods while decreasing their intake of fiber-rich options. 

Changes in diet can impact the composition of the gut microbiome, 

as specific dietary fibers and lipids can selectively promote the 

growth of particular bacterial species. For example, certain gut 

bacteria ferment soluble fibers such as inulin, pectin, and beta- 

glucans, notably Bifidobacteria and Lactobacilli [51,52]. These 

bacteria produce short-chain fatty acids (SCFAs) such as acetate, 

propionate, and butyrate through fermentation. Butyrate, in 

particular, is recognized for its role in providing energy for colon 

cells and its anti-inflammatory properties [53–55]. 

On the other hand, while insoluble fibers like cellulose and lignin 

are not fermented to the same extent as soluble fibers, they still 

contribute to gut health by increasing stool bulk and promoting 

regular bowel movements [56]. They may also indirectly influence 

the gut microbiota composition by providing substrates for other 

bacterial species. Additionally, dietary fats can influence the gut 

microbiota composition, with certain bacterial species preferring 

specific fatty acids [57,58]. 

For example, saturated fats are implicated in promoting the growth 

of Bilophila wadsworthia, a bacterium associated with inflammation 

and compromised gut barrier function [59,60]. In contrast, 

polyunsaturated fatty acids (PUFAs) such as omega-3s from fish oil 

are believed to bolster beneficial bacteria like Lactobacillus and 

Bifidobacterium [61]. Consequently, shifts in dietary habits driven 

by climate change could profoundly impact the diversity and health 

of the gut microbiome. 

An imbalance in dietary intake can disrupt the delicate harmony of 

the gut microbiome, favoring the proliferation of harmful bacteria 

while diminishing beneficial ones. This disruption may lead to the 

production of toxic metabolites and the overgrowth of pathogenic 

microbes, compromising the integrity of the intestinal barrier. 

Consequently, these harmful agents may breach the barrier, entering 

the bloodstream and potentially impacting various human organs, 

resulting in mild illnesses initially. However, with the continued 

accumulation of toxins, these illnesses may escalate into more 

severe diseases over time. 

Climate change also impacts the quality and safety of food. 

Increasing temperatures, for example, can result in higher levels of 

mycotoxins and other foodborne pathogens, contaminating food and 

heightening the threat of foodborne illnesses. These infections and 

toxins directly disrupt the balance and diversity of the gut 

microbiome [62, 63]. 

Furthermore, alterations in food storage and preservation 

techniques, driven by the effects of climate change, can exert 

significant effects on the abundance and diversity of beneficial 

bacteria present in our food. As climate patterns shift, so do 

agricultural practices and food storage methods, which can 

inadvertently alter the microbial composition of our food [31–33]. 

For example, variations in temperature and humidity levels can 

influence the growth and survival of certain bacterial strains, 

potentially reducing the abundance of beneficial microbes in stored 
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or preserved foods. These changes in microbial balance not only 

impact the nutritional quality of food but also have significant 

implications for gut health and overall well-being. 

Consequently, as dietary sources of beneficial bacteria decline, the 

fragile equilibrium of the gut microbiome could be further disturbed, 

potentially increasing the risk of various health issues. Therefore, 

comprehending and mitigating the effects of climate-induced 

changes on food microbiology is imperative for protecting both food 

security and human health amidst environmental challenges. 

Additionally, climate change poses a threat to food security and 

access to nutrient-rich foods, particularly for marginalized 

populations. Disruptions in food supply networks due to severe 

weather or environmental degradation can lead to malnutrition and 

food shortages. In such circumstances, individuals may lack access 

to a diverse range of meals, potentially harming their overall health 

and gut microbiota [64, 65]. 

It's important to emphasize that the impacts of dietary shifts caused 

by climate change and variations in food availability on the gut 

microbiota are intricate and can vary among individuals based on 

various factors such as age, genetics, and health status. 

For instance, age plays a significant role in shaping the composition 

and functionality of the gut microbiome. Infants and young children 

undergo rapid changes in their gut microbiota as they transition from 

breastfeeding to solid foods, while the microbiota of adults tends to 

stabilize over time [66]. Thus, dietary alterations driven by climate 

change may have distinct effects on the gut microbiota of different 

age groups, with potential implications for their health and 

development. 

On the other hand, genetic predispositions play a significant role in 

how individuals' gut microbiota respond to changes in diet [67]. 

Research highlights the impact of genetic variations on these 

responses. These variations influence how our bodies metabolize 

different nutrients and interact with specific types of gut microbes, 

shaping our unique microbial makeup. For instance, studies have 

revealed associations between specific genetic markers and the 

response of individuals' gut microbiota to dietary alterations, 

influencing the diversity and abundance of microbial populations 

[68,69]. This emphasizes how genetics can influence the dynamics 

of the gut microbiota in response to dietary shifts. Consequently, the 

interaction between genetics and dietary habits contributes to 

varying susceptibilities to disruptions in gut microbiota balance 

among individuals [70]. 

Moreover, the health condition of individuals significantly 

modulates the effects of dietary alterations on the gut microbiota. 

Chronic ailments such as inflammatory bowel disease (IBS) or 

obesity can disturb the microbial balance, increasing susceptibility 

to dietary changes [71]. Conversely, a healthy gut microbiota can 

enhance resilience, aiding in maintaining equilibrium in the face of 

environmental fluctuations [72]. To preserve the resilience of food 

systems and promote human health, efforts to mitigate and adapt to 

climate change must consider these interconnected aspects. 

Hence, addressing climate change and its environmental 

ramifications is crucial not only for global health but also for the 

well-being of future generations, considering the transgenerational 

epigenetic inheritance of climate effects on molecular imprints 

within hosts. For instance, studies have shown that exposure to 

certain environmental toxins or dietary changes in one generation 

can lead to altered DNA methylation patterns that persist across 

multiple generations [73,74]. These epigenetic changes can 

influence susceptibility to diseases, behavior, and physiological 

responses to environmental stimuli in offspring, even in the absence 

of continued exposure to the original environmental stressor. 

The triad of climate change, microbiota, and 

epigenetics 

Every organism adapts to its surroundings by changing its epigenetic 

processes, altering gene expression and promoting cellular and 

organismal response. This principal molecular process through 

which the environment impacts biology is known as environmental 

epigenetics. Emerging research suggests that early epigenetic 

markings, influenced by experiences specific to various life stages, 

continuously shape health outcomes and disease susceptibility 

through ongoing editing involving adding or erasing epigenetic 

marks over a lifetime [75]. 

In this context, while Genome-Wide Association Studies (GWAS) 

have been pivotal in identifying genetic variations linked to 

diseases, they often struggle to accurately predict individual disease 

risk or pinpoint causative loci for complex diseases influenced by 

environmental factors [76]. On the other hand, Epigenome-Wide 

Association Studies (EWAS) excel in uncovering epigenetic changes 

associated with disease risk, revealing how environmental shifts, 

like climate changes, induce molecular alterations that contribute to 

disease onset [77]. By integrating insights from GWAS and EWAS, 

we can uncover genetic variations that shape epigenetic 

modifications, thereby amplifying their role in influencing disease 

susceptibility [78]. This combined approach not only enhances our 

understanding of disease mechanisms but also holds promise in 

identifying new therapeutic targets for diseases with a significant 

epigenetic component, offering fresh avenues for treatment and 

prevention. 

Importantly, microbial metabolites, particularly SCFAs, serve as 

pivotal mediators in the intricate crosstalk between gut microbiota 

and host cells, profoundly influencing gene expression patterns 

through epigenetic mechanisms. Research findings underscore the 

significant impact of SCFAs, such as acetate, propionate, and 

butyrate, on the epigenetic landscape of host cells [79]. 

A notable example is butyrate, a significant SCFA produced when 

gut bacteria ferment dietary fibers. Butyrate is well-studied for its 

role as a histone deacetylase inhibitor (HDACi) [80]. By blocking 
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HDAC enzymes, butyrate encourages histone hyperacetylation, 

which relaxes chromatin and improves the accessibility of 

transcription factors to gene promoters. This epigenetic modification 

promotes increased transcription of genes involved in essential 

cellular processes such as metabolism, inflammation, and immune 

response [81]. 

Studies have elucidated the impact of SCFAs on DNA methylation, 

another vital epigenetic mechanism regulating gene expression. For 

instance, butyrate has been shown to modulate DNA methylation 

patterns by inhibiting DNA methyltransferase enzymes [82, 83]. 

This inhibition results in alterations in DNA methylation profiles 

across the genome, influencing the expression of genes associated 

with various physiological functions. 

Recent research has provided compelling evidence supporting the 

role of microbial metabolites in shaping host epigenetics and 

subsequent physiological outcomes. For instance, research has 

demonstrated that SCFAs produced by the gut microbiota play a 

crucial role in regulating immune cell differentiation and function 

via epigenetic modifications. This underscores the complex 

interaction between microbial metabolites and host immunity [84, 

85]. 

Moreover, epidemiological studies have linked dysbiosis of the gut 

microbiota and alterations in SCFA production to various health 

conditions, including IBD, metabolic disorders, and cancer [86, 87]. 

For instance, a meta-analysis reported associations between 

decreased SCFA levels and IBD progression, underscoring the 

clinical relevance of microbial metabolites in disease pathogenesis 

[88]. 

Furthermore, heightened exposure to pollutants and pesticides, 

worsened by the impacts of climate change, represents a substantial 

hazard to human health as it directly impacts the regulation of 

epigenetics within host cells. Studies have consistently demonstrated 

that a multitude of environmental pollutants, including heavy 

metals, airborne toxins, and pesticides used in agriculture, can 

trigger epigenetic alterations, leading to detrimental health 

consequences [73–75]. 

For instance, studies have revealed that exposure to air pollutants 

such as particulate matter (PM), nitrogen dioxide (NO2), and ozone 

(O3) leads to modifications in DNA methylation patterns within 

blood leukocytes [89,90]. These alterations in DNA methylation 

profiles are linked to increased vulnerability to respiratory diseases, 

cardiovascular diseases (CVDs), and cancer. 

Similarly, agricultural pesticides, such as organophosphates and 

glyphosate-based herbicides, have been implicated in disrupting 

epigenetic regulation [91,92]. Research demonstrated that exposure 

to glyphosate was associated with changes in histone modifications 

and DNA methylation patterns in human cell lines [92]. These 

epigenetic alterations have been linked to adverse health effects, 

including neurodevelopmental disorders and reproductive 

abnormalities [93, 94]. 

Moreover, research has underscored the transgenerational impacts of 

environmental exposures on epigenetic inheritance. For instance, 

studies have demonstrated that prenatal exposure to environmental 

pollutants like polycyclic aromatic hydrocarbons (PAHs) induces 

epigenetic changes in the germline cells of offspring, resulting in 

altered patterns of gene expression across successive generations 

[95, 96]. 

Pollutants and pesticides have a direct impact on microbiota by 

altering their growth, diversity, and metabolic activities. For 

instance, pesticides like glyphosate, neonicotinoids, and 

organophosphates disrupt gut microbiota in animals and soil 

microbial communities, affecting ecosystem processes [97,98]. 

These changes subsequently influence the microbiome of plants and 

organisms in the soil, creating a ripple effect. Altered plant 

microbiomes, in turn, may affect the microbiomes of animals 

consuming them, potentially impacting their health and physiology. 

Disruptions in soil microbiota decrease soil resilience and increase 

susceptibility to pathogens, further destabilizing ecosystems [99, 

100]. Thus, understanding and mitigating the impacts of pollutants 

and pesticides on microbial communities are crucial for maintaining 

healthy ecosystems and biodiversity. 

Air pollutants, such as particulate matter and polycyclic aromatic 

hydrocarbons, have been linked to changes in respiratory and soil 

microbiota, respectively [101,102]. In aquatic environments, heavy 

metals and pesticide runoff can lead to shifts in microbial 

communities, impacting nutrient cycling and ecosystem stability. 

These pollutants disturb the delicate balance of microbial 

ecosystems, highlighting the interconnectedness between soil 

microbiomes, host microbiomes, and overall ecosystem health. 

Efforts to address these impacts are essential for preserving 

environmental integrity and ensuring the well-being of both 

terrestrial and aquatic ecosystems [103, 104]. 

Impact of climate-induced immune dysfunction on the 

gut microbiome and mucosal integrity 

Climate-induced alterations in epigenetic patterns can profoundly 

influence the development, differentiation, and function of immune 

cells in the intestinal milieu [90,105]. Notably, studies have 

elucidated how shifts in temperature and other environmental 

variables can reshape the epigenetic landscapes of key immune cell 

types such as T cells, B cells, and dendritic cells, consequently 

altering their reactivity and responsiveness [106]. 

Temperature fluctuations, among other environmental cues, have 

emerged as significant regulators of immune cell dynamics within 

the intestinal environment [107,108]. The investigative results 

emphasize the susceptibility of T cells, pivotal in adaptive immunity, 

to temperature fluctuations. Such variations can magnify T-cell 

receptor signaling and the synthesis of cytokines. 

Moreover, the   intricate   interplay   of   epigenetic   mechanisms, 
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including DNA methylation and histone modifications, exerts 

precise control over T cell differentiation processes, dictating gene 

expression patterns crucial for immune function [109]. Hence, 

environmental factors, notably temperature, wield influence over 

these epigenetic processes, thereby shaping pivotal aspects of T cell 

fate determination and functional outcomes [12-14]. 

Dendritic cells, essential antigen-presenting cells that bridge innate 

and adaptive immunity, are similarly affected by temperature 

fluctuations. Studies have revealed that variations in temperature can 

impact the maturation and activation of dendritic cells, influencing 

their ability to prime T cell responses [113, 114]. Furthermore, 

epigenetic mechanisms play a role in regulating dendritic cell 

function, including antigen presentation and cytokine production. 

Environmental cues, including temperature changes, can modulate 

the epigenetic regulation of dendritic cells, ultimately shaping their 

immune-stimulatory capacity and ability to orchestrate adaptive 

immune responses within the intestine [115]. 

Importantly, climate-induced immune dysfunction can significantly 

affect the composition and function of the gut microbiome. For 

instance, immune dysfunction can profoundly impact the integrity of 

the mucosal barrier in the intestine, leading to significant alterations 

in the gut microbiome. The intestinal mucosal barrier acts as a vital 

defense mechanism, comprising epithelial cells, mucus layers, 

antimicrobial peptides, and immune cells that collectively prevent 

the entry of pathogens while maintaining tolerance to beneficial 

commensal microorganisms [116, 117]. 

Immune dysfunction leads to the disruption of the mucosal barrier, 

fostering an environment conducive to dysbiosis. This imbalance 

enables pathogenic bacteria to flourish while suppressing beneficial 

ones. Consequently, this dysbiotic state further aggravates mucosal 

barrier dysfunction, perpetuating a cycle of inflammation and 

microbial imbalance [118]. 

Collectively, the amassed body of evidence unequivocally 

emphasizes the profound impact of exposure to pollutants and 

pesticides, instigated by climate change, on epigenetic regulation 

and human health (Figure 1). Unraveling the intricate molecular 

mechanisms underpinning these epigenetic adaptations is imperative 

for formulating robust strategies to mitigate the adverse health 

consequences of environmental exposures and uphold public health 

amid the tumultuous effects of climate change. Further elucidation 

of the molecular intricacies governing these interplays is 

indispensable for the development of precision medicine approaches 

tailored to address the complex interactions within the microbiota- 

host epigenetic axis. 

In conclusion, comprehending the intricate interplay among climate 

change, the gut microbiome, and epigenetics emerges as a pivotal 

cornerstone for bolstering human health in a dynamic and evolving 

global landscape. By illuminating the underlying mechanisms 

orchestrating these relationships, we stand to gain deeper insights 

into the disease processes across diverse conditions and innovate 

novel approaches to bolster health resilience amid shifting climatic 

patterns. By marshaling research, innovation, and collaborative 

efforts, we can forge pathways to transformative solutions that 

bolster resilience, equity, and sustainability for generations to come. 

 

 

 

Figure 1: The Eco-Gut Axis and Human Health: The intricate intersectionality of climate changes, epigenomics, microbiota dynamics, and 

health endpoints presents a formidable and expansive terrain for exploration. (1) Anthropogenic activities emerge as the principal catalysts 
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propelling climatic shifts, instigating cascading challenges across environmental domains such as atmospheric and aquatic milieu, thereby 

precipitating consequential alterations in soil microbiome composition. (2) Oscillations in soil microbial ecosystems wield substantive influence 

over the nutritive essence of our daily sustenance and the agricultural yield, thus sculpting the dietary landscape. (3) Deteriorating food quality 

exerts a profound impact on the ecological equilibrium of the gut microbiome, an indispensable cornerstone of physiological homeostasis. (4) 

Perturbations in the gut microbiome orchestrate epigenomic modifications via mediators like short-chain fatty acids (SCFAs), while reciprocal 

alterations in the host epigenome intricately shape the structural and functional profile of the gut microbiota, intimately involving immune cell 

populations juxtaposed to the gut microbiome and the mucosal barrier. (5) Lastly, the direct assault of climate exigencies on the host epigenome 

underscores the intricate interplay between environmental stimuli and epigenetics.The figure comprises individual images sourced from relevant 

web sources, including Google, which were edited and compiled to create a comprehensive visual representation. 

 

Future Direction 

In essence, the complex interplay between the gut microbiota, 

climate change, and human health underscores the need for 

comprehensive approaches to address their interconnectedness. To 

counteract the impact of environmental factors on gut microbiota 

alterations, proactive measures such as reducing greenhouse gas 

emissions and advocating for sustainable agricultural practices are 

crucial. Additionally, implementing strategies like incorporating 

probiotic supplements and adjusting dietary patterns can help 

maintain a healthy gut microbiota amidst environmental challenges. 

Prioritizing sustainable farming methods, reducing reliance on 

chemical inputs, and promoting diverse and nutritious diets emerge 

as essential steps in safeguarding both planetary and human health. 

To mitigate the effects of climate-induced changes in diet on the gut 

microbiome, it is essential to promote diverse and sustainable food 

systems, support local agriculture, and educate communities about 

the importance of a balanced diet for gut health. Protecting the 

delicate balance of the gut microbiome, crucial for immune function, 

requires implementing strategies that emphasize sustainable food 

 

 
practices, improved sanitation, and the prevention of infectious 

diseases. These efforts are vital for maintaining overall health and 

resilience in the face of environmental challenges. 

Exploring the complexities of disease pathophysiology through the 

prism of microbiome-epigenetics-climate interactions opens a 

promising frontier for advancing therapeutic approaches and 

mitigating the adverse health effects of climate change. Future 

research efforts should prioritize unraveling the molecular 

mechanisms underlying these intricate interactions, paving the way 

for the identification of new therapeutic targets and the 

implementation of evidence-based interventions to alleviate the 

health challenges posed by climate change. 
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