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Introduction

The global dietary transition towards ultra-processed foods
(UPFs), coupled with growing exposure to environmental
pollutants such as per- and polyfluoroalkyl substances (PFAS),
heavy metals, and microplastics, represents a dual burden
on human health. These exposures converge on a common
pathway —disruption of gut microbiome composition and
intestinal barrier integrity. A compromised gut not only
increases systemic inflammation but also directly affects the
gut-brain axis, with profound implications for mental health
disorders including depression, anxiety, and cognitive decline.
Understanding these links is crucial to framing nutrition and
environmental safety within a public health perspective.

13.1 Environmental Pollutants and Gut
Integrity Per and Polyfluoroalkyl Substances (PFAS)

PFAS, widely used in food packaging, nonstick cookware,
and industrial products, are persistent organic pollutants with
bioaccumulative potential.

* Mechanism: PFAS alter bile acid metabolism, disrupt
epithelial tight junction proteins, and modify gut microbiota,
increasing intestinal permeability (7).

* Health Link: PFAS exposure correlates with metabolic
syndrome, immune dysregulation, and depression (8).
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Heavy Metals (Lead, Mercury, Cadmium, Arsenic)

Heavy metals enter food chains via contaminated water, soil,
and crops.

* Mechanism: Metals generate oxidative stress and
mitochondrial dysfunction in intestinal epithelial cells,
damage tight junctions, and impair beneficial microbes (9).

* Health Link: Chronic exposure is associated with
neurotoxicity, mood disturbances, and impaired cognitive
function through gut-mediated systemic inflammation (10).

Microplastics
Microplastics are now ubiquitous in food, water, and air.

* Mechanism: They act as physical irritants to the gut
lining, induce ROS (reactive oxygen species) production,
and alter microbial balance. Additives such as bisphenols
and phthalates leach into tissues, further impairing gut and
endocrine health (11).

* Health Link: Animal studies suggest microplastics
impair memory and learning via microbiota disruption, with
emerging evidence in humans pointing towards anxiety and
depressive symptomatology (12).

13.2 Mechanisms of Gut Impact by UPFs and Environmental
Pollutants

1. Disruption of Tight Junctions

o  UPFs (emulsifiers, sugars) and pollutants (PFAS, heavy
metals) damage tight junction proteins (occludin, claudins, ZO-
1), increasing paracellular permeability.

2. Microbial Dysbiosis

o UPFs promote pathogenic microbial growth, while
pollutants selectively kill commensals and reduce diversity.
Dysbiosis leads to endotoxemia.

3. Immune Activation and Inflammation

o Translocation of bacterial lipopolysaccharides (LPS)
triggers systemic immune activation, releasing cytokines (IL-6,
TNF-a) that influence brain function.
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4. Oxidative Stress and Mitochondrial Dysfunction

o Heavy metals and microplastics induce ROS, damaging
epithelial cells and altering microbiota metabolism.

5. Neuroendocrine Disruption

o Reduced SCFAs and increased inflammatory mediators
impair the vagus nerve signaling and hypothalamic-pituitary-
adrenal (HPA) axis regulation.

13.3 Implications for Mental Health

The convergence of UPFs and environmental pollutants leads
to a “double-hit” model: weakened gut integrity from dietary
patterns is exacerbated by pollutant exposure, intensifying
inflammation and neurotoxicity. This synergy underlies rising
trends in depression, anxiety, and neurodegenerative conditions
in urban populations (13,14).

13.4 Synthesis and Perspectives

The combined burden of UPFs and environmental pollutants on
gut integrity underscores a pressing need for multidisciplinary
intervention. Nutritional reforms promoting minimally
processed diets, regulatory policies limiting pollutant exposure,
and innovative gut-targeted therapies (e.g., prebiotics, probiotics,
postbiotics) represent promising strategies. Future research
should focus on human longitudinal cohorts to establish causal
links and design culturally tailored interventions in high-risk
populations. Addressing gut health is no longer peripheral but
central to preventing mental health disorders in an increasingly
toxic and processed world.

13.5 Mechanistic Depth: How UPFs & Pollutants Disrupt Gut
Health

Modern diets high in ultra-processed foods (UPFs) and
environmental exposures like PFAS, BPA, and microplastics act
through multiple overlapping biological mechanisms.

1. Intestinal Permeability (“Leaky Gut”)

* Emulsifiers (e.g., polysorbate-80, carboxymethylcellulose):
strip away the mucus layer, allowing bacteria to directly
contact epithelial cells, increasing tight junction breakdown
(15)
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* Artificial Sweeteners (e.g., saccharin, sucralose): impair
expression of occludin and claudin, key proteins maintaining
gut barrier integrity (16).

* PFAS: disrupt epithelial barrier by altering lipid bilayer
composition, increasing permeability to endotoxins (17).

* BPA: directly binds estrogen receptors in gut epithelium,
altering tight junction proteins (ZO-1, occludin) and
facilitating leakiness (18).

* Microplastics: physically abrade gut lining, causing micro-
lesions and permeability increases (19).

2. Immune Activation & Systemic Inflammation

* Emulsifiers & UPFs: induce low-grade chronic
inflammation by promoting bacterial translocation and LPS
(endotoxin) entry into blood (20).

* PFAS & BPA: act as endocrine disruptors, altering
cytokine profiles (1 TNF-a, IL-6, IL-1p) and impairing immune
tolerance (21,21).

* Microplastics: trigger innate immune activation via
recognition as foreign particles, stimulating inflammasome
pathways (23).

3. Microbiota Diversity & Dysbiosis

e UPFs: low fiber, high refined sugars — |
Bifidobacteria&Lactobacillus, 1 Firmicutes/Bacteroidetes
ratio linked to obesity and inflammation (24).

*  Artificial Sweeteners: increase Proteobacteria
(pathobionts) and reduce SCFA producers, impairing gut
resilience (25).

* PFAS & BPA: reduce alpha diversity, decrease beneficial
SCFA-producing genera, and increase opportunistic
pathogens (26).

* Microplastics: alter gut microbial ecology in animal
models, leading to reduced richness and overgrowth of
inflammatory taxa (27).
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4. Neuroinflammation & Gut-Brain Axis

* UPF-driven dysbiosis — | SCFAs (esp. butyrate),
impairing blood-brain barrier integrity and increasing
neuroinflammation.

* PFAS/BPA exposure — altered neurotransmitter
metabolism and increased oxidative stress in the CNS( 28).

* Microplastics shown in mice to translocate beyond gut
— detected in blood and brain tissue, triggering microglial
activation

Key Point: Despite acting through different molecular routes,
UPFs and pollutants converge on gut permeability, immune
dysregulation, microbial imbalance, and neuroinflammation,
collectively fueling risk of mental health disorders.

13.6 Comparative Evidence: Traditional Diets vs UPF-Heavy
Diets

Traditional Diets (Mediterranean, Indian home-cooked, East
Asian):
o High in whole grains, legumes, fermented foods,

polyphenol-rich vegetables, and diverse fibers.

o Promote SCFA production (butyrate, acetate,
propionate), which strengthen gut barrier, regulate immune
tolerance, and dampen neuroinflammation (29).

o Fermented foods (e.g., curd, kimchi, idli, dosa) act as
natural probiotics, increasing Lactobacillus and Bifidobacteria.

* Modern UPF-Heavy Diets (fast foods, packaged snacks, soft
drinks):
o Highinrefined sugars, emulsifiers, additives, low fiber,
and exposed to plasticizers and PFAS from packaging.

o Promote gut dysbiosis (loss of diversity, overgrowth
of Proteobacteria), metabolic endotoxemia, and leaky gut
syndrome (30).

o  Associated with higher rates of depression, anxiety, and
cognitive decline compared to traditional diets in longitudinal
studies (31).
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Where traditional diets foster microbial diversity and gut
resilience, UPF-heavy diets synergize with pollutant exposure
to fuel gut inflammation and mental health vulnerability.
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