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Introduction

É Centenarians are ideal subjects to unravel the secrets 

of longevity for their unique metabolites and diverse 

microbiota.

É In this study, centenarians and their lineal relatives, 

the elderly and young people were recruited from 

Suixi county, China. A comprehensive metabolomics 

and microbiomics was employed to uncover the 

biological mechanisms behind longevity.

É Multi -omics and integrative analyses for centenarians 

have gradually begun to reveal the complex intera-

ctions between related factors in promoting healthy 

longevity, and can elucidate key characteristics 

during the aging process and assist in identifying 

biomarkers of "healthy aging".



Highlights

Ƿ  Distinct metabolomic and microbiological profiles are 

observed in centenarian and longevity family. Healthy 

centenarians exhibit unique metabolic and microbiota patterns 

compared to frail counterparts.

Ƿ  Tryptophan metabolism is enriched in both serum 

metabolites and gut microbiota of centenarians, potentially 

contributing to healthy longevity.

ǷA key tryptophan metabolite 5-methoxyindoleacetic acid (5-

MIAA)  is linked to the Christensenellaceae R-7 group, and 

exhibits effects of delaying cell senescence, promoting 

lifespan and alleviating inflammation.



Clinical characteristics of the longevity cohort

Ƿ Most clinical indicators of centenarians differ from 

other populations, but they remain within healthy 

reference range in the clinic. 

Ƿ The degree of change in these clinical indicators 

may be considered for establishing the reference 

ranges of clinical indicators for the unique population 

of long-lived individuals, especially centenarians.

Table S1 General characteristics of study participants

Characteristic
Centenarians group 

(CE)

Lineal relatives of 

the centenarians 

(CE-L)

Elderly control 

group (Elderly)

Young control 

group (Young)

p value 

(K-W)

Total participants (n) 145 (Ó 100 years)126 (21ï100 years) 92 (65ï89 years) 62 (21ï55 years) -

Age (years) 102.32 ± 3.22 60.97 ± 12.26 73.23 ± 6.03 37.00 ± 9.99 < 0.001

Male/Female (n) 37/108 119/7 42/50 14/48 -

Height (cm) 147 (12) 166 (9.875) 155 (11.75) 158 (8.25) < 0.001

Weight (kg) 42 (11.75) 63.4 (17) 55 (10.425) 56 (14.125) < 0.001

BMI (kg/m²) 19.181 (4.944) 22.741 (5.756) 22.654 (3.612) 22.708 (5.424) < 0.001

Waistline (cm) 75 (9) 83 (11) 81.5 (8.75) 77 (14) < 0.001

Systolic BP (mmHg) 150 (38) 140 (31.75) 134 (34.5) 115 (10) < 0.001

Diastolic BP (mmHg) 80 (18) 84 (14) 79 (15.5) 70 (10) < 0.001

ALT (U/L) 10.8 (6.35) 17.9 (9.6) 19.05 (8.375) 17.45 (15.35) < 0.001

AST (U/L) 21.5 (6.5) 22.25 (6.55) 24.7 (7.575) 17.2 (7.175) < 0.001

Total bilirubin (ɛmol/L)7.8 (4.05) 7.85 (4.45) 8.595 (3.157) 11 (11.325) < 0.001

Direct bilirubin (ɛmol/L)2.9 (1.75) 2.9 (1.3) 2.85 (0.137) 2.6 (1.425) 0.059

Albumin (g/L) 40.9 (4.65) 45.9 (3.65) 42.4 (0.175) 48.7 (4.9) < 0.001

Urea (mmol/L) 6.82 (3.265) 5.475 (1.9) 6.1 (1.677) 3.995 (1.46) < 0.001

Creatinine (ɛmol/L)77 (33.5) 78.5 (17) 73.9 (18.4) 63 (28) < 0.001

RBC (10¹²/L) 4.27 (1.09) 5.165 (1.103) 4.415 (0.867) 4.855 (1.063) < 0.001

Hemoglobin (g/L) 126 (33.5) 152 (26) 130.5 (18.65) 139 (29) < 0.001

WBC (10 /L)5.82 (1.885) 7.26 (2.605) 6.135 (2.095) 6.595 (2.447) < 0.001

Neutrophil ratio (%) 56.8 (11.75) 55.9 (9.59) 52.5 (3.96) 53.4 (13.975) < 0.001

Lymphocyte ratio (%) 33.9 (10.35) 34.7 (8.718) 37.7 (4.053) 37.6 (13.4) < 0.001

Monocyte ratio (%) 5.9 (2.2) 6.2 (2.125) 6.79 (0.947) 5.4 (2.025) < 0.001

Eosinophil ratio (%) 2.3 (2.3) 2.5 (1.8) 2.83 (1.075) 2 (1.675) 0.366

Basophil ratio (%) 0.4 (0.3) 0.4 (0.218) 0.2 (0.09) 0.2 (0.3) < 0.001

Platelet count (10 /L)216.9 (105) 250.8 (84.75) 234 (70.5) 266.5 (89.25) < 0.001

Note: p value (K-W) represents the p-value calculated using the Kruskal-Wallis test



Characterization of the serum metabolomic signatures in centenarians

É A total of 808 metabolites were annotated and confirmed. 

Longevity families (i.e., centenarians and their lineal relatives)  

have similar metabolite profiles to the young group.

É It was found 21 centenarian-signature metabolites, 36 

metabolites with the longevity family signature, and 21 aging-

signature metabolites.

É Association of characteristic metabolites with clinical indicators 

underscores the importance of further exploring how these 

metabolic signatures might contribute to physiological 

resilience and sustained health in these unique populations.



Overview of the microbiota signatures in gut and oral of centenarians

É The Ŭ diversity analysis showed 

that the richness of gut microbiota 

in centenarians is significantly 

higher than that in control groups. 

The lineal relatives of centenarians 

also possessed the highest Chao 

richness index in oral microbiota. 

É The PCoA-based ɓ diversity 

analysis showed the gut and oral 

microbiota of centenarians and 

their immediate family members 

were similar.



Overview of the microbiota signatures in gut and oral of centenarians

É In the gut microbiota, 16 genera with 

centenarian signature, 9 genera with 

longevity family signature and 6 genera 

with aging signature were identified.

É In the oral microbiota, 4 genera of 

centenarian signature and 7 genera with 

longevity family signature were identified.

É We identified characteristic genera that 

correlated with longevity, including an 

increase of potential probiotics in gut 

microbiota and a reduction of harmful 

bacteria in oral microbiota, which 

highlighted the potential novel 

biomarkers and probiotic candidates for 

promoting healthy aging. 



Featured serum metabolites and gut/oral microbiota in centenarian 

compared to non-centenarian group

É The analysis of serum metabolomics in conjunction with gut 

and oral microbiomes between centenarians and non-

centenarians has highlighted distinct serum metabolic and 

microbial traits characteristic of the centenarian population. 

É These common differential metabolites and bacteria genera, 

obtained by different grouping methods, are worthy of 

further study because of their significant predictive value and 

might serve as potential biomarkers indicative of longevity.



Healthy centenarian individuals harbored distinct serum metabolomic 

and gut/oral microbiota signatures
É The  the frailty index (FI) was the primary determinant influencing the distribution of serum metabolites, and it can distinguish 

healthy centenarians (HC) from frail centenarians (FC).  

É Serum metabolites serve as a clear indicator for distinguishing the health status and frailty levels of centenarians. HC exhibit 

unique metabolic and microbiota patterns compared to FC.

É Within the centenarian between healthy and frail individuals, significant differences in metabolite profiles and microbiota 

compositions were observed and were associated with diet.



Tryptophan metabolism shaped the link between the serum 

metabolomic and microbiota from gut and oral cavity

É The potential importance of tryptophan as a link between serum 

metabolism and gut microbiota for maintaining health.

É 5-methoxyindoleacetic acid (5-MIAA ), kynurenic acid, methyl 

(indol-3-yl) acetate, L-kynurenine, hydroxyindole, oxindole, 

indolebutyric acid, indole-3-acetate and 5-hydroxyindoleacetic acid 

exhibited the highest abundance in both the CE and Y100 groups. 

É It was observed that 4 gut genera and 7 oral genera were positively 

associated with the tryptophan pathway in both the CE and HC 

groups.



Key metabolite in tryptophan metabolism revealed by integrative analysis 

and its potential function

É Significant positive correlations were 

observed between genus Christense-

nellaceae R-7 group and 5-MIAA,  oxin-

dole and L-Kynurenine, respectively.

É The identified tryptophan metabolites 

were mapped to the tryptophan pathway, 

and 5 serum metabolites, such as 5-

MIAA,  3-Methoxyanthranilate, serotonin, 

L-Kynurenine and indolepyruvate, 

showed significant variations in either 

the CE or HC group.

É 5-MIAA  was the singular metabolite 

which was not only enriched in the CE 

group but also in the HC group.



Key metabolite in tryptophan metabolism revealed by integrative analysis 

and its potential function

É In the replicative senescence model of 

WI-38 cells, the staining degree of SA-

ɓ-Gal decreased after 5-MIAA  culture, 

suggesting that 5-MIAA  may delay 

cellular senescence.

É The average lifespan of Caenorhabditis 

elegans (C. elegans) was extended by 

14.94% (p < 0.01), indicating that 5-

MIAA  promotes life extension. 

É In the DSS-induced inflammation model 

of Caco-2 cells, 5-MIAA  effectively 

protects Caco-2 cells from DSS-induced 

viability loss, alleviates inflammation, 

and enhances the barrier-protective 

function of intestinal epithelial cells. 



Summary

Ç  Strikingly distinct metabolomic and microbiological profiles were observed within the centenarian signature, longevity 

family signature, and aging signature, underscoring the metabolic and microbiological diversity among centenarians and 

their lineal relatives. 

ÇWithin the centenarian between healthy and frail individuals, significant differences in metabolite profiles and 

microbiota compositions are observed, suggesting that healthy longevity is associated with unique metabolic and 

microbiota patterns. 

Ç Through an integrative analysis, the tryptophan pathway has been revealed to be an important potential mechanism for 

individuals to achieve healthy longevity. 

Ç A key tryptophan metabolite, 5-methoxyindoleacetic acid (5-MIAA), was revealed to be associated with the genus 

Christensenellaceae R-7 group, and it exhibited effects of delaying cell senescence, promoting lifespan, and alleviating 

inflammation. 
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