
Dietary Fiber Intake, the Gut Microbiome, and 
Chronic Systemic Inflammation 

Yilun Wu1, Wenjie Ma1, Kai Wang2, Curtis Huttenhower3,4,5,6, Andrew T. Chan1,4,6,7 

1Clinical and Translational Epidemiology Unit and Division of Gastroenterology, 2Department of Epidemiology, Harvard T.H. Chan School of Public Health; 3Department of Biostatistics, Harvard T.H. Chan School of Public Health; 
4Broad Institute of MIT and Harvard; 5The Harvard Chan Microbiome in Public Health Center; 6Department of Immunology and Infectious diseases, Harvard T.H. Chan School of Public Health; 7Channing Division of Network Medicine, Brigham and Women’s Hospital and Harvard Medical School

Dietary and gut microbial determinants of fecal histidine-related 

metabolites 

Histidine is an essential amino acid that must be obtained 

from the diet in humans. It plays a key role in anti-

inflammatory functions and immune response. Disrupted 

histidine metabolism and altered histidine-related metabolites 

have been implicated in a wide spectrum of metabolic and 

inflammatory disease outcomes, including type 2 diabetes 

(T2D), inflammatory bowel disease, and liver cancer. 

Study overview

Fecal metabolites were generally well-correlated 

with gut microbial composition comparing with 

dietary intake

More variation in the histidine-related 

metabolites was explained by the important 

gut microbiome species than by diet

The proportion of variation was represented by the mean R-squared 

values, which were computed through a total of 5 iterations of random 

forest  regression models. Each random forest model included an 8:2 

training/test split and a 5-fold cross validation. 

Spearman correlation coefficient 
between each pair of histidine-
related metabolites and 
(A) selected microbiome species 
and  (B)  diet

All dietary intake variables were 
included. The important microbiome 
species were selected by the total 
decrease impurity through Gini 
importance. The p-value was adjusted 
using Benjamin-Hochberg procedure 
correcting for false discovery rate 
(FDR) with a significance level of 0.2.
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Histidine-related metabolic pathways

However, the detailed relative contributions of food sources 

and the gut microbiome to histidine-related metabolites 

remain unclear.
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Conclusion
We demonstrated the relative contributions of the microbiome 

and diet to histidine-related metabolites in the gut and 

identified key microbial species linked to these metabolites. 

Our findings highlight the need to further explore the role of 

diet and the gut microbiome in histidine-related metabolic 

disturbances and health conditions.

Key correlation patterns 

• Significant positive correlation (ρ=0.2, FDR-adjusted 

p=0.08) between liquor and 1-methylhistamine

• Clostridiaceae members and R. gnavus were strongly 

positively correlated (ρ>0.2, FDR-adjusted p<0.05) with 

most histidine-related metabolites, except for a strong 

negative correlation (ρ<-0.4, FDR-adjusted p<0.0001) 

with urocanic acid. 

• Lachnospiraceae family displayed opposite correlation 

patterns with these metabolites (ρ<-0.2, FDR-adjusted 

p<0.0001 with most metabolites; ρ>0.2, FDR-adjusted 

p<0.0001 with urocanic acid). 

Histidine is abundant in 

animal sources such as 

red meat and dark 

muscle fish as well as in 

plant-based sources 

including soybean, nuts, 

and wheat. 

Histidine, diet, gut microbiome, and human 

metabolism

Micro-N

N=226

Food frequency 

questionnaire

• 34 food groups

• 3 dietary patterns

• 10 nutrients

LC-MS metabolomics 

methods

• 11 histidine-related 

metabolites

Metagenomic shotgun 

sequencing

• 383 gut microbiome 

species

Gut microbiota convert 

histidine to histamine 

through decarboxylation 

and produce imidazole 

propionate (ImP), which 

impairs insulin signaling 

in patients with T2D.
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