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ABSTRACT

The impact of microplastics (MPs) on the diversity and composition of the gut micro
biome has been extensively documented in animal studies, but evidence in humans 
remains limited. Recognizing the potential differences in MP effects between animal and 
human gut microbiomes, this review synthesizes current evidence concerning their 
impact on the human gut microbiota. Furthermore, the potential links between 
microplastic-induced dysbiosis and the pathogenesis of human diseases were analyzed. 
Cross-sectional studies have been conducted to explore microplastic exposures (such as 
in humans who consume hot foods served in disposable plastic tableware) and their 
associations with gut microbiome functionalities in infants, preschool children and 
adults. Exposure to MPs increased the abundance of Dethiosulfovibrionaceae, 
Enterobacteriaceae, Moraxellaceae, Actinomycetota, Pseudomonadota, and Veillonella. 
On the other hand, MPs decreased the abundances of Bacillota, Bacteroidota, 
Lactobacillales, Rikenellaceae, Parabacteroides, Roseburia, Coprococcus, Turicibacter, and 
Eubacterium coprostanoligenes. These changes were associated with a decrease in buty
rate production and a decrease in short-chain fatty acid levels. However, for some other 
bacteria, both inductive (on Oscillospiraceae, Adlercreutzia, Phascolarctobacterium, and 
Collinsella) and repressive effects (on Streptococcus) have been documented. There are 
contradictory reports about MP-induced changes in Lachnospiraceae (including the 
Dorea genus), Alistipes and Faecalibacterium, which may be correlated with obesity, 
gastrointestinal dysfunction, some cancers, inflammatory bowel disease and Crohn’s 
disease. Potential reasons for these discrepancies are proposed. This review also examines 
putative mechanisms, with a focus on biofilm formation on selective surfaces, and 
discusses the inherent limitations of current MP exposure assessments in human gut 
microbiota studies.
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Microplastics change animal and human gut microbiome differently

Microplastics (MPs) are omnipresent organic pollutants that are increasingly recognized for their harmful 
effects on gastrointestinal health. MP-induced gut microbiota dysbiosis may aggravate inflammatory 
responses and intestinal barrier dysfunction. Through these reciprocally connected pathways, long-term 
MP exposure may be correlated with the onset and development of gastrointestinal diseases.1 Over the past 
decades, MPs have been found in multiple human organs (such as the kidney, liver and placenta) and 
blood, which implies their ability to traverse the body.2-8

Although the influence of MPs on the biodiversity and composition of the animal gut microbiome has 
been widely reported,9-12 few human studies exist. Compared with actual human exposure conditions, 
experimental animal models usually adopt MPs at higher contents and shorter exposure periods.13 Though 
this short-term, high-level exposure may facilitate rapid measurements of biotoxicity, it may not reflect 
long-term but low-level exposure in humans. Moreover, limitations in present MP detection facilities make 
it difficult to determine the real content of human exposure.14 Therefore, the data from acute exposure to 
animal models may overstate the chronically toxic effects of MPs on humans. In experiments with animal 
models, the sizes of MPs are usually less than 5 μm in a spherical shape. Nevertheless, MPs in human tissue 
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samples are usually larger than 50 μm in fiber, fragment, and film shapes with rough surfaces, which may 
not traverse the intestinal barrier as easily as small and regular MPs.15 Previous studies with animal models 
focused on a single type of MP, e.g., polyethylene or polystyrene. However, realistic MPs in the human 
body are mixtures of MPs, such as polyvinyl chloride, polypropylene, and polyethylene terephthalate, 
which may generate complex toxic effects. Furthermore, environmental MP pollutants usually include 
opportunistic pathogens and other co-pollutants, such as antibiotics, pesticides and heavy metals, which 
may potentially increase their toxicity or alter their immunological effects.16 On the other hand, the gut 
microbiota composition and the intestinal microenvironment in animal models are largely different from 
those in humans, which may also influence the biological effects of ingested MPs.1

Putative mechanisms of microplastics-induced gut microbiota dysbiosis

MPs can act as carriers for co-pollutants such as persistent organic pollutants (POPs), heavy metals, 
antibiotics, and pathogens. This “Trojan horse” effect introduces significant toxicological complexity. A 
critical unresolved issue is whether probiotics that bind to MPs could unintentionally promote the uptake 
of these sorbed hazardous substances or pathogenic microbes.17 Although existing evidence highlights the 
protective role of probiotics, further research is needed to determine if microbe-MP complexes alter the 
bioaccessibility of toxicants or influence gut absorption pathways.18,19 This potential for dual effects must 
be accounted for when designing probiotic therapies.

The intestinal barrier consists of the gut microbiota, mucosal layer, tight junctions, and intestinal 
epithelial cells.20 Exposure to MPs can compromise this barrier by inducing reactive oxygen species (ROS)- 
mediated apoptosis in epithelial cells, which elevates permeability in the duodenum, jejunum, and colon.21

Studies in mice indicate that MPs-induced dysbiosis of the gut flora can induce the expression of 
inflammatory factors (e.g., interleukin-1β, tumor necrosis factor-α, interleukin-6, toll-like receptor 4, 
proinflammatory transcription factor activator protein 1, and interferon regulatory factor 5), contributing 
to barrier injury.9,22-24 Furthermore, ROS overproduction from MPs exposure down-regulates tight 
junction proteins (ZO-1, occludin, claudin-1)25-27 while up-regulating ion transport genes such as Na- 
K-2Cl co-transporter 1 (Nkcc1), Na+/H+ exchanger 3 (Nhe3), solute carrier family 26 member 6 (Slc26a6) 
in the ileum and colon, thereby increasing intestinal permeability.28 MPs-triggered inflammation can also 
suppress mucin secretion, impairing the defensive function of the mucus layer. The resulting gut 
microbiota dysbiosis further exacerbates barrier dysfunction,29 creating a vicious cycle in which endotoxin 
leakage activates inflammatory pathways, perpetuating a state of inflammation, dysbiosis, and impaired 
barrier integrity.1

Research has shown that biofilms can develop on microplastic surfaces. According to Galloway et al.30, 
microplastics frequently interact with proteins and other biomolecules in biological fluids, forming a 
protein corona layer. This nutrient-rich layer enhances the interaction between microplastics and living 
cells, promoting bacterial attachment and biofilm formation.31 Studies indicate that biofilms can alter 
microplastic properties by modifying carbonyl indices and double-bond concentrations.32 The combined 
presence of microplastics and biofilms increases environmental hazards and poses serious health risks.

The development of biofilms on microplastics depends on multiple factors, including particle size, 
shape, polymer composition, ionic characteristics, and heavy metal concentrations.33,34 Additionally, 
biofilms on microplastics can accumulate contaminants such as heavy metals and antibiotics. There is 
also evidence that pathogenic microbes colonize microplastic surfaces through biofilm formation. For 
instance, Vibrio spp. Other microbial species, including Alpha-Pseudomonadota (Sphingomonadaceae, 
Rhodobacteraceae, Devosiaceae) and Gamma-Pseudomonadota (Pseudomonas, Alteromonadaceae), have 
been detected on microplastics.35 These findings suggest that microplastics may act as vectors, transporting 
harmful pathogens and potentially introducing them into food chains, thereby increasing the risk of 
foodborne disease outbreaks.36

According to one study, the surfaces of MPs undergo significant changes during digestion. 
Characterization using Raman spectroscopy and field emission scanning electron microscopy revealed 
morphological alterations after the gastric phase. Later, during the intestinal and colonic phases, organic 
matter adhered to the MPs and a microbial biofilm formed, accompanied by surface biodegradation.37

Biofilms function as protective multicellular colonies that invade human tissues, shielding their cells from 
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environmental threats such as antibiotics and immune responses.38 Research indicates that as plastics 
break down in the environment and the gut, the resulting MPs develop surfaces that are conducive to 
biofilm colonization.39-42 These biofilms can act as “rafts,” increasing the bioavailability and transport of 
opportunistic pathogens such as Vibrio spp. and Escherichia coli.43-45 The microbial communities on 
microplastic biofilms are distinct from those on natural substrates such as leaves or stones and have been 
found to include human pathogens such as Pseudomonas monteilii and Pseudomonas mendocina.46

Similarly, MPs can serve as vehicles for other pathogens, including Helicobacter pylori and Fusobacterium 
spp. While H. pylori, a group 1 carcinogen, causes inflammation that disrupts cellular processes such as 
the cell cycle and antioxidant defense.47,48 The presence of such pathogens is linked to gut dysbiosis, which 
impairs the microbiome's roles in metabolism, immunity, and neuroendocrine function.47,48 This 
imbalance can lead to conditions such as irritable bowel syndrome, leaky gut syndrome, and neurological 
disorders, including Parkinson's disease and multiple sclerosis.49 The establishment of a biofilm itself is a 
morphological change driven by bacterial components such as adhesin proteins and efflux pumps, which 
define the colony's structure and physiology.50

The surface of MPs acts as a substrate for biofilm development, which can amplify the harmful potential 
of pathogens by making them more pathogenic, antibiotic resistant, and carcinogenic. Gene expression 
analysis reveals that MPs stimulate the transcription of microbial genes involved in invasion, quorum 
sensing, and the biodegradation of plastics themselves.51 Research into the gastrointestinal effects of MPs 
has documented microbiota dysbiosis, oxidative stress, and inflammatory responses in regions like the 
duodenum, jejunum, ileum, and colon.52,53 The role of MPs in gene transfer is underscored by findings 
that gram-positive bacteria (e.g., Bacillus subtilis) in biofilms are more proficient at acquiring extracellular 
antibiotic resistance genes than their planktonic counterparts.54 Consequently, plastic surfaces serve as a 
crucial niche and a hotspot for horizontal gene transfer among microbes.55,56

Microplastics inducible bacteria

In experiments with Toddler mucosal Artificial Colon (Tm-ARCOL) bioreactors inoculated with fecal 
samples from the four infant donors, exposure to MPs induced gut microbial shifts, including an increase 
in abundance of Dethiosulfovibrionaceae, Enterobacteriaceae, and Moraxellaceae (Figure 1).57 This 
increase was associated with a decline in butyrate production and significant changes in volatile organic 
compound profiles.57 The Dethiosulfovibrionaceae family has been found to be correlated with colorectal 
cancer,58 while the Enterobacteriaceae family contains well-known enteric pathogens, such as 
Campylobacter, Salmonella, Escherichia, and Shigella, which has been found to be enhanced in irritable 
bowel syndrome (IBS)59 and other inflammatory diseases.60 Moraxella catarrhalis has defined its position 
as a key human mucosal bacterium, no longer being considered as only a commensal bacterium.61

In humans who consume hot foods served in disposable plastic tableware, their gut microbiota 
compositions presented an enhanced abundance of the phyla Pseudomonadota and Actinomycetota 
(Figure 1).62,63 Increases in Pseudomonadota and Actinomycetota have been observed in women with 
depression,64 and previous reports demonstrated that both of them include some steroid-degrading 
bacteria.65 Sexual hormones could be degraded by Pseudomonadota and Actinomycetota, which leads 
to lower levels of estrogens in women.66 Low estrogen levels have been suggested to be correlated with the 
onset of depression.67

In young adults who often consume take-out foods, high MPs exposure enhanced abundance of 
Veillonella (Figure 1).68 A previous study confirmed that overweight people have higher levels of 
Veillonella.69

Microplastics repressible bacteria

MPs exposure was found to be associated with certain declines in some taxa, such as Lactobacillales, 
Rikenellaceae, Parabacteroides, and Eubacterium coprostanoligenes in preschool children (Figure 1).70

Those declines were correlated with decreases in butyrate production and short-chain fatty acid levels. A 
large number of Lactobacillales and Rikenellaceae bacteria show anti-inflammatory effects, and produce short- 
chain fatty acids, which present protective effects to the intestinal barrier.70 Parabacteroides, whose decrease 
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was correlated with the onset of inflammation bowel disease (IBD).71,72 The Eubacterium coprostanoligenes 
group decreased after a high-fat-diet treatment in mice,73 implying its potential effect on lipolysis.

MPs exposure also reduced abundance of Bacillota, Bacteroidota and Roseburia (Figure 1).62 A previous 
report indicated a positive coordination between the level of Bacillota and Bacteroidota, which regulates the 
circadian clock and sleep quality of animals and humans via the production of butyrate, which decline is 
inextricably associated with depression and anxiety.74 Moreover, both Bacillota and Bacteroidota were reduced in 
people with generalized anxiety.75 Bacillota abundance was significantly lower in either Crohn's disease or 
ulcerative colitis patients; while Bacteroidota was only reduced in Crohn's disease patients.76 The genus 
Roseburia also produces butyrate in the colon, which could maintain energy homeostasis and suppress intestinal 
inflammation.77 On the contrary, declined levels of Roseburia have been observed in patients with IBD.77

Coprococcus and Turicibacter also decreased under MPs exposure (Figure 1).68 Coprococcus bacteria 
also play roles in maintaining the stability of microbiota networks and are important producers of butyric 
acids.78 Turicibacter bacteria, as another kind of intestinal probiotics, regulate lipid and sugar metabolism 
through producing polysaccharides.79

Microplastics generate both inductive and repressive effects on some bacteria

However, for some other bacteria, both inductive (on Oscillospiraceae,57 Adlercreutzia,68

Phascolarctobacterium,68 and Collinsella80) and repressive effects (on Streptococcus70) were documented 
(Figure 1). The Oscillospiraceae population is positively related to Crohn's disease80 but negatively related 
to hepatitis B virus (HBV)-related hepatocellular carcinoma.81 Adlercreutzia has been suggested to be 
positively associated with Alzheimer’s disease.82 However, Adlercreutzia is a short-chain fatty acid- 
producing bacteria. Supplementation with Adlercreutzia equolifaciens significantly lowered blood pres
sure in rats resistant to antihypertensive drugs.83 Phascolarctobacterium accumulated in people with mild 

Figure 1. Microplastics induced gut microbiome remodeling in humans.
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cognitive impairment or Alzheimer’s disease.84 On the other hand, Phascolarctobacterium is also a short- 
chain fatty acid-producing bacteria that improves lipid metabolism and insulin sensitivity.85 Intestinal 
Collinsella was found to be correlated with nonalcoholic steato-hepatitis in humans.86 Collinsella, which 
produces butyric acid, was found to be significantly reduced in newly diagnosed patients with acute 
myeloid leukemia.87 Streptococcus, known as another genus of short-chain fatty acid-producing bacteria, 
functions as a probiotic in the alleviation of gastroenteritis.88 Nevertheless, some Streptococcus species, 
such as Streptococcus gallolyticus subsp. Gallolyticus are bacterial pathogens involved in bacteremia and 
endocarditis and are usually associated with colon tumors in elderly patients.89

Contradictory reports of microplastics' effects on some bacteria

Lachnospiraceae_NK4A136_group (from the Lachnospiraceae family) was also found to be negatively 
associated with the level of MPs in meconium samples90 and the intestinal tracts of preschool children.70

Decreased abundance of Lachnospiraceae was confirmed to be correlated with the onset of IBD.71

However, a contradictory report with postgraduate students indicated that Dorea (a genus in 
Lachnospiraceae) was positively associated with consuming takeaway foods (Figure 1).62 Dorea was 
more abundant in the intestines of patients with either nonalcoholic steatohepatitis or nonalcoholic 
fatty liver disease, implying that it may be a pathobiont.91 Differences in host age may be a potential 
reason for this contradiction.

Hong et al.68 reported that Alistipes increased in young fatty liver disease patients. In contrast, in a pilot 
study of preschool children, MP exposure was negatively correlated with Alistipes (Figure 1).70 A high-fat 
diet has been reported to increase Alistipes sp. Marseille-P5997 and Alistipes sp. 5CPEGH6 in mouse 
intestines.92 Alistipes shahii and Alistipes indistinctus have been found to be positively associated with 
obesity in humans.93 Nevertheless, Alistipes finegoldii has also been deemed a probiotic that may protect 
hosts against colitis and IBS.94 For young adults, hot foods served in disposable plastic tableware are 
considered potential sources of MPs.68 However, for preschool children, breastmilk and formula milk in 
plastic bottles are considered potential sources of MPs.70 Different food containers release distinct MPs. 
Consequently, in addition to host factors (e.g., age and diet), MP characteristics (type, size, shape) may 
influence specific bacterial abundances.

Most studies with adults have indicated that MPs are negatively correlated with Faecalibacterium.51,62,68,95 Ke 
et al.70 reported that Faecalibacterium increased in preschool children (Figure 1). Faecalibacterium is a genus 
of acid-producing bacteria that is abundant in the human intestine. Its population correlates with multiple 
inflammatory diseases, such as IBS and IBD.96 A previous study found that Faecalibacterium prausnitzii 
abundance was significantly reduced in the guts of patients with Crohn’s disease.97 However, two other studies 
demonstrated that Faecalibacterium prausnitzii was increased in children with Crohn’s disease, implying that 
Faecalibacterium may be detrimental, at least in pediatric Crohn’s disease,98,99 which is consistent with the 
positive correlation between MPs and Faecalibacterium being found only in preschool children.70

Given the functional heterogeneity observed at both the species and strain levels, future research on the 
human gut microbiome should prioritize deeper taxonomic resolution. Specifically, investigations into 
Lachnospiraceae should advance to the species level, while analyses of genera such as Alistipes and 
Faecalibacterium should strive for strain-level characterization. To achieve this, shotgun metagenomic 
sequencing is recommended over 16S meta-barcoding, as it provides superior power for identifying less 
abundant taxa and enables higher-resolution profiling.100 Furthermore, it is crucial to strictly control for 
key confounders such as diet, lifestyle, and medication. For instance, gut microbiome data from children 
and adults should not be directly compared without accounting for age-related compositional differences.

Association between microplastic-induced gut microbiome dysbiosis and human diseases

There is also limited evidence of human diseases resulting from MP exposure. In a study with college 
students aged 18−30 years, the body fat percentage, visceral fat area, and body mass index (BMI) of the 
high-MP exposure group were significantly higher than those of the low-MP exposure group, where 
Veillonella, Alistipes, Turicibacter, Rikenellaceae, and Eubacterium coprostanoligenes may be involved in 
the occurrence of obesity.68 Another report demonstrated that the participants, who consumed takeaway 
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foods in disposable plastic containers, had a higher prevalence of gastrointestinal dysfunction and cough 
than did the control group, where the gut Faecalibacterium was most strongly correlated with occasional 
consumers and the gut Collinsella was most strongly correlated with frequent consumers (Table 1).101

However, we cannot exclude the possibility that takeaway foods may contain pathobionts or some 
gastrointestinal irritants. More rigorously controlled experimental designs are needed. Both studies 
enrolled young adults. Considering that children are more sensitive to MPs than adults are,57,70 more 
gut microbiome-coupled studies in children are warranted.

MPs are detected in 70% of pancreatic tumors, as well as in gastric, lung, colorectal, and cervical tumors, 
but are not detected in esophageal tumors.102 MPs have also been detected in tumoral and peritumoral 
tissues of patients with colorectal cancer (Table 1).103-105 However, associations between MP exposure and 
cancer may not be attributed to gut microbiota dysbiosis. Tumors and normal tissues have different 
affinities for MPs. Some molecules on the tumor cell surface exhibit high affinities for various MPs. One 
study suggested that MPs selectively bind to the cell surface receptor T-cell membrane protein 4 (TIM-4), 
promoting the entry of MPs into the cell.108 The role of the gut microbiota in carcinogenesis induced by 
MP exposure needs further investigation.

Yan et al.106 reported a positive correlation between the level of stool MPs and the severity of IBD (Table 1). 
They suggested that MP exposure may be correlated with the disease process or that IBD may aggravate the 
retention of MPs.106 However, gut microbiome studies in IBD patients exposed to MPs are still lacking.109

In a study with Crohn's disease patients, MPs levels were positively associated with the severity of intestinal 
fibrosis (Table 1).107 Some high-risk practices, e.g. frequently invasive gastrointestinal tract examinations, 
aggravated MPs accumulation in fibrotic intestines.107 And significant increases in MPs levels at the lesion sites 
were observed when comparing with the surrounding tissues.107 In a mouse model with chronic colitis, MPs 
led to higher prevalence of all pathological changes in general, and ulcers in particular, in a greater number of 
crypt abscesses and enteroendocrine cells.110 Therefore, MPs, as well as their correlated gut microbiota 
dysbiosis, may play different roles between ulcerative colitis and non-ulcerative colitis.

Exposure to MPs led to an increase in depression-associated microbiota (such as Actinomycetota, 
Pseudomonadota, Bacillota, and Bacteroidota phyla).62,68 In mice with Parkinson's disease, MPs exacer
bated the spread of α-synuclein pathology across dopaminergic neurons in the substantia nigra.111

Considering the importance of the brain-gut axis, correlations between mental sub-health status and 
gut microbiome in people with high MPs exposure should be explored.

Mouse experiments demonstrated that gut microbiota contributed to MPs-induced colonic and hepatic 
injuries.9 Extended exposure to MPs caused inflammatory damages to the liver by a mechanism that 
imbalance in intestinal flora was crucial for MPs-induced liver pyroptosis.112 Aged MPs led to more severe 
hepatic dysfunction and gut microbiota dysbiosis.113 This dysregulation may be mediated by the fatty acid 
signaling derived hepatic lipolysis disorders and oxidative damages.113 All these reports highlighted a 
connection between MPs and the gut-liver axis.114 However, liver diseases in humans exposed to MPs have 
not been well assessed.

Microplastics affect multiple organ microbiota

In the individuals consuming take-away food in disposable plastic containers, the gut microbiota was 
associated with oral microbial abundance and evenness, implying that the diversity of oral microbiota can 
be influenced by the intestinal bacteria in this cohort.101 Zhang et al.115 recruited 20 participants from a 
plastic factory (high MPs exposure area) and the other 20 participants from a park (low MPs exposure 
area). Their analysis revealed that high MP exposure not only led to changes in the dominant gut 

Table 1. Human diseases associated with microplastics and the coupled gut microbiome studies.      
Subjects Associated diseases Gut microbiome References

College students aged 18–30 years Obesity studied [ 68]
Students aged 18–30 years Gastrointestinal dysfunction and cough studied [ 101]
Sixty-one tumor samples Lung, cervical, gastric, colorectal and pancreatic cancer Not studied [ 102]
Colorectal cancer patients Colorectal cancer Not studied [ 103–105]
IBD patients Inflammatory bowel disease Not studied [ 106]
Crohn's disease patients Fibrotic intestines Not studied [ 107]
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microbiota and nasal microbiota but also altered their symbiotic relationship with each other.115 MPs have 
also been found in human placental and meconium samples, suggesting that the wide exposure of 
pregnant women and infants.90 Moreover, a correlation between MP levels and microbiota genera in 
the placenta and meconium has been found.90 More correlation analyses of multiple organ microbiota in 
people with high MP exposure should be carried out.

Critical limitations in current research on microplastics and the gut microbiome

While a growing body of evidence suggests that MPs can alter the gut microbiome and contribute to 
adverse health outcomes, the interpretation of this literature is constrained by several significant method
ological challenges. Key limitations pertain to exposure assessment, the resolution of microbiome analysis, 
and controlling for critical confounding variables.

A fundamental challenge in this field is the accurate quantification and characterization of human MP 
exposure. Many studies rely on in vitro models or animal experiments using standardized, spherical MP 
polymers (e.g., polystyrene beads) at high concentrations.15 While controlled, these conditions do not 
reflect the complex reality of human exposure, which involves a heterogeneous mixture of particles varying 
in polymer type, size, shape, and surface chemistry, often with copollutants such as additives or adsorbed 
pathogens.17 Furthermore, extrapolating doses from animal studies to human-relevant exposures remains 
problematic. In human studies, exposure is often inferred indirectly from environmental data or food 
packaging usage, lacking direct measurement of the internal dose.1 The absence of standardized, sensitive, 
and cost-effective methods for detecting and quantifying MPs in human tissues and feces continues to 
hinder our ability to establish robust dose‒response relationships.

The choice of analytical technique profoundly impacts the conclusions drawn about MP-induced 
microbial shifts. Most current studies utilize 16S rRNA gene amplicon sequencing, which is cost effective 
for profiling microbial community structure at the genus level. However, this method has limited 
taxonomic resolution, often failing to distinguish species- or strain-level changes that are critical for 
understanding functional shifts, such as the bloom of a specific pathogenic strain versus a benign one 
within the same genus.100 More importantly, 16S data infer functional potential only indirectly. In 
contrast, shotgun metagenomic sequencing provides a comprehensive view of the entire genetic repertoire, 
allowing direct inference of microbial functions,100 such as antibiotic resistance genes, virulence factors, 
and pathways for xenobiotic degradation that may be activated by MP exposure. The reliance on 16S 
rRNA gene amplicon sequencing in many studies thus likely obscures the most functionally relevant 
impacts of MPs on the gut microbiome.

The human gut microbiome is highly dynamic and influenced by a multitude of factors that can 
confound or obscure the effects of MP exposure. Key among these factors are diet, lifestyle, and medication 
use. For instance, hot foods served in disposable plastic tableware are a major source of MP exposure and 
independently drive dysbiosis, creating a tangled web of association.62,68,101 Similarly, the use of proton 
pump inhibitors or antibiotics drastically remodels the gut microbiota,116,117 an effect that could be 
misattributed to MP coexposure. Many epidemiological and even some interventional studies lack the 
granular, high-quality data required to adequately control for these powerful confounders. Failure to 
meticulously account for these variables through rigorous study design and sophisticated statistical models 
introduces substantial uncertainty and complicates the isolation of the unique effect size attributable to 
MPs themselves.

Conclusions

Current research on the impact of microplastics (MPs) on the human gut microbiota faces significant 
limitations, particularly in exposure assessment. Future studies must prioritize the development of 
validated MP biomonitoring methods, the adoption of high-resolution shotgun metagenomics, and the 
implementation of longitudinal designs that rigorously control for confounders such as diet and medica
tion. Only by addressing these challenges can we progress from observing associations to establishing a 
causal role for MPs in human health.
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Indeed, MP-induced dysbiosis has been correlated with several conditions, including obesity, gastrointestinal 
disorders, inflammatory bowel disease, and certain cancers. In addition, MP exposure has been linked to an 
increase in depression-associated microbiota, highlighting the need to explore the gut‒brain axis in populations 
with high MP exposure. Furthermore, the gut-liver axis represents another critical pathway; the role of the gut 
microbiome in MP-associated liver diseases warrants further investigation in human populations.
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