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Introduction

1. Metabolic syndrome (MetS) is a major global public health problem and is associated with increased risks of 

cardiovascular disease, type 2 diabetes, and all-cause mortality. Increasing evidence suggests that environmental 

factors, including fine particulate matter (PM2.5), nitrogen dioxide (NO2), and ambient temperature, may 

contribute to MetS.

2. The gut microbiota is a key regulator of metabolic homeostasis, environmental factors may disrupt gut microbial 

composition and function, thereby promoting inflammation and metabolic disturbances related to MetS. However, 

it remains unclear whether environmentally induced alterations in the gut microbiota contribute to the 

development of MetS. 

3. This study aimed to examined the associations of long-term exposure to PM2.5, NO2, and ambient temperature 

with MetS, and performed exploratory mediation analyses to assess potential indirect associations through the gut 

microbiota.



Highlights

• Based on gut microbial composition, participants were classified into four distinct community clusters. Cluster 1 was 

characterized by the enrichment of Bacteroides, whereas cluster 2 was characterized by the enrichment of Prevotella. 

Participants in these two clusters showed lower waist circumference, fasting blood glucose, triglycerides, and blood pressure 

levels, as well as higher high-density lipoprotein cholesterol levels.

• Long-term exposure to higher levels of NO2 and PM2.5, as well as lower ambient temperature, was associated with an 

increased risk of MetS.

• Specific gut microbial genera, particularly Megamonas and Megasphaera, may play mediating roles in the associations of 

NO2, PM2.5, and ambient temperature with MetS risk.



Gut microbial diversity and community structure differ by MetS status

Figure 1. Gut microbial diversity, community structure, key genera, and clinical phenotypes in relation to MetS.



Microbial co-variation patterns in relation to MetS

Figure 1. Gut microbial diversity, community structure, key genera, and clinical phenotypes in relation to MetS. 



Environmental exposures are important 

correlates of gut microbiota composition

Figure 2. Environmental drivers of gut microbiota and their associations with metabolic syndrome through mediation by key gut microbial genera. 



Mediating roles of gut microbiota in the 

associations between environmental factors and MetS

Figure 2. Environmental drivers of gut microbiota and their associations with metabolic syndrome through mediation by key gut microbial genera.



Summary

❑ MetS was associated with lower gut microbial α-diversity, distinct community 

clusters, and differences in key genera, including enrichment of several 

potentially pathogenic genera. 

❑ Higher long-term exposure to NO2 and PM2.5 and lower ambient temperature 

was associated with increased MetS risk.

❑ Several genera, including Megamonas, Megasphaera, Acidaminococcus, and 

Ruminococcus, may play Mediating roles in linking environmental factors to 

MetS risk, highlighting the gut microbiota as a possible biological pathway.
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