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Figure S1.  Microbial community diversity associated with obesity and US exposure.  A. 
Associations of shotgun metagenomics alpha diversity Faith’s phylogenetic distance (PD) with obesity 
and US exposure. These associations were estimated after adjustment for demographic, socioeconomic, 
behavioral and clinical factors.   B. Beta diversity Principal coordinate analysis based on weighted 
UniFrac distances.  Both of the host obesity and US exposure significantly co-varied with the diversity of 
the gut microbiome (P <0.001) and explained moderate proportion of variance. The adonis function from the 
vegan package was used to assess statistical significance for PERMANOVA.  
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Figure S2.  Beta diversity PERMANOVA analysis for obesity, US exposure, and other co-variates, 
ranked by R2 . Calculated using the adonis function of the vegan package. All P < 0.05 except Physical 
activity.  
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Figure S3.  Associations of gut microbiota and host obesity (BMI), stratified by: A. Sex; B.  Age group 
(< 55 and >= 55 years); C. Place of birth (US born and non-US born); D. Hispanic origin (Caribbean 
[Dominican, Cuban, Puerto Rican] and Mainland [Central American, Mexican, South American]) ; E 
to J. Field Center (Bronx, Chicago,  Miami,  San Diego).  Each node represents one genus. All the 
predominant genera with average relative abundance >0.01% were included in this analysis. The 23 bacterial 
genera associated with both obesity and US exposure were highlighted by red, and no significant differences 
in associations between these 23 bacterial genera with BMI across strata were observed (all P for 
interaction >0/05).  Models were adjusted for demographic, socioeconomic, behavioral and clinical factors.    
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Figure S4.  Associations of gut microbiota and US exposure, further stratified by : A. Sex; B.  
Hispanic origin (Caribbean [Dominican, Cuban, Puerto Rican] and Mainland [Central American, 
Mexican, South American]); C. Obesity; D. Age group (< 55 and >= 55 years); E to J. Field Center 
(Bronx, Chicago, Miami, San Diego). Each node represents one genus. All the predominant genera with 
average relative abundance >0.01% were included in this analysis.  The 23 bacterial genera associated with 
both obesity and US exposure were highlighted by red.  Models were adjusted for demographic and 
behavioral covariates.  
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Figure S5. Correlation heatmap for the 23 identified bacterial genera associated with both obesity 
and US exposure. A. Spearman correlation.  B. Pearson correlation.  C. SparCC correlation  
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Figure S5. Correlation heatmap for the 23 identified bacterial genera associated with both obesity 
and US exposure.   
D.  Sensitivity Analysis included the samples harboring all of the 15 most prevalent genera (n=2220).  
The prevalence of the 15 key genera >= 90% in the whole study population.       
E.  Sensitivity Analysis included the samples harboring all of the 19 most prevalent key genera 
(n=1016). The prevalence of the 19 key genera >= 80% in the whole study population.       
F.  Sensitivity Analysis included the samples harboring all of the 23 genera (n= 323). 



 

 

 
 
Figure S6.  Associations of 23 gut microbial genera with BMI, Body fat percentage and waist 
circumference. These associations were estimated after adjustment for demographic, socioeconomic, 
behavioral and clinical factors (multivariable adjustment) and further adjustment for other bacterial genera 
(conditional analysis, mutual adjustment). Red/green colors depict significant positive/inverse associations 
and the gradient colors reflect the rank of effect sizes estimated in linear regression models, while white 
color indicates non-significant associations.   
 
  



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0 
 
 
 
 
 
Figure S7. Correlation heatmap for all bacterial genera, using log ratios data and Clostridium as 

reference.  The reference genus Clostridium was selected based on differential ranking analysis using songbird 

pipeline, since it was stable (with minimum absolute ranks) across experimental conditions (BMI) and present 

across most samples. The natural Log-ratio of microbial genera data was calculated using Clostridium as the 

reference. Significant Spearman correlations (p< 0.01) were shown. 

 

 

  



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S8. Heatmap for overall dietary quality and individual dietary factor associated with gut microbial 

genera. Data are effect sizes of dietary factors on gut microbial genera after adjustment for demographic, 

socioeconomic, behavioral and clinical factors. 



 

 

Table S1.  Characteristics of the study population by US exposure 

 



 

 

 
Table S3.  Multivariable regression analyses: 23 genera associated with both obesity and US exposure.   
 

These associations were estimated after adjustment for demographic, socioeconomic, behavioral and clinical factors. 
 
 



 

 

 
Table S10.  Association of host obesity and US exposure with gut microbiota: species level analyses.   
 

 
 
 



 

 

 

 
These associations were estimated after adjustment for demographic, socioeconomic, behavioral and clinical 
factors. FDR P-values were calculated based on all the 596 species belong to 84 genera included in the current 
analysis.



 

 

Table S11. Conditional analysis for genera associated with both obesity and US exposure. 

 
The conditional analysis Model 1 included 22 genera associated with both obesity and US exposure (Cellulomonas was excluded due to its high correlation 
with Prevotella and its low relative abundance) in addition to demographic, socioeconomic, behavioral and clinical covariates. 
The conditional analysis Model 2 for obesity included four independent BMI-associated genera (Dorea, Coprococcus, Eggerthella, Faecalicatena), in addition 
to demographic, socioeconomic, behavioral and clinical covariates. 
The conditional analysis Model 2 for US exposure included six independent US exposure-associated genera (Anaerotruncus, Eisenbergiella , 
Erysipelatoclostridium , Roseburia , Prevotella , Senegalimassilia ), in addition to demographic, socioeconomic, behavioral and clinical covariates.



 

 

Table S12. Levels of gut microbial genera according to host obesity.  
 

  Data are adjusted mean (SE) of each gut microbial genus (CSS transformed relative abundance) across host obesity status after adjustment for demographic, 
socioeconomic, behavioral and clinical covariates, and other genera (mutual adjustment, conditional analysis). Bold font indicates the microbial genera 
significantly associated with host obesity status (Ptrend < 0.05).  
 



 

 

Table S13. Target US exposure associated enzyme selection:  Enrichment test for the annotated enzymes 

*: FDR P < 0.05 



 

 

Table S14. Regression analyses: Enrichment test selected key enzymes associated with both US exposure and fiber intake. 
 

 
These associations were estimated after adjustment for demographic, socioeconomic, behavioral and clinical factors. 
 
  



 

 

 
Table S15. The presence of key enzymes in specific bacteria:  Alignment analysis 
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