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Objectives : Cardiovascular diseases and infections, which are common manifestations of 

immunosenescence, are two major causes of mortality in patients with CKD. Uremic toxins have been 

shown to induce immune dysfunctions in basic studies. However, little is known about the association 

of uremic toxins with immunosenescence among patients with CKD.  

Methods : We investigated the association of four gut-derived uremic toxins, including indoxyl 

sulfate (IS), p-cresyl sulfate (pCS), trimethylamine-N-oxide (TMAO), and phenylacetylglutamine 

(PAG), with the presence of immunosenescence in a cross-sectional cohort of patients with CKD. 

Immunosenescence was defined as percentage of CD57+ in terminal effector (TE) CD8+ T cells 

>50%. Plasma uremic toxins were quantified by high performance liquid chromatography. Nutritional 

status was assessed by using the Controlling Nutritional Status (CONUT) score. We further performed 

an in vivo study to support the association.  

Results : A total of 131 patients with non-dialysis stages 3–5 CKD were included. In multivariate 

logistic regression model adjusted for age, sex, current smoking history, diabetes, CVD, and the 

CONUT score, we found that immunosenescence was significantly associated with plasma IS (odds 

ratio 1.65, 95% confidence interval 1.08 to 2.50) and PAG (odds ratio 1.46, 95% confidence interval 

1.03 to 2.06). The results were consistent when percentage of CD57+ in TE CD8+ T cells were 

treated as a continuous variable. In cultured human PBMCs, IS stimulated expression of inflammatory 

markers (tumor necrosis factor-α and interferon-γ) as well as immunosenescence biomarkers (PD-1 

and CD57) on CD4+ and CD8+ T cells.  

Conclusions : Our findings suggest that uremic toxins may be involved in the pathogenesis of 

immunosenescence in patients with CKD.  
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