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Purpose: We aimed to explore changes in plasma and urine indole lactic acid (ILA) levels and the relationship between inflammation 
and ILA in chronic kidney disease (CKD) patients and healthy people.
Patients and Methods: Forty-seven CKD patients and 30 healthy individuals were included in this study. One-way ANOVA was 
used for variables with normal distribution and homogeneous variance. A rank-sum test was performed for non-normally distributed 
variables. Correlation analyses were performed using Pearson’s or Spearman correlation analyses. Independent relationship between 
patients and CKD was analyzed using ordinal and binary logistic regressions. Receiver operating characteristic (ROC) curve was used.
Results: Plasma and urine ILA levels were positively correlated (r = 0.51, P < 0.01). Plasma ILA was positively correlated with BMI, 
age, creatinine, BUN, triglycerides, and uric acid and negatively correlated with hemoglobin levels. Urine ILA levels were positively 
correlated with age, creatinine, BUN, and uric acid and negatively correlated with hemoglobin and albumin levels. Ordered logistic 
regression analysis showed that CKD was significantly correlated with plasma ILA (OR=4.49, P < 0.01), urinary ILA (OR=2.14, 
P < 0.01), urea levels (OR=1.43, P < 0.01) and hemoglobin levels (OR=0.95, P < 0.01) were significantly related. ROC curves 
indicated that plasma and urinary ILA were reliable predictors of CKD. CKD was correlated with plasma, urine ILA (OR=5.92, P < 
0.01; OR=2.79, P < 0.01) and Hs-CRP (OR=2.45, P < 0.01).
Conclusion: Plasma and urine ILA can potentially be used as biomarkers of CKD and inflammatory status.
Keywords: predictor, metabolomics, tryptophan metabolism, inflammation

Introduction
Chronic kidney disease (CKD) threatens the world, and a patient’s quality of life can deteriorate with disease 
progression.1 CKD pathogenesis involves inflammation, immune disorders, and oxidative stress.2,3 The specific patho
genesis of CKD has not yet been fully elucidated. Various causes of CKD can involve different cells and sites of 
inflammatory damage. For instance, hypertension can lead to the leakage of mitochondrial DNA in renal epithelial cells 
and enhance the expression of stimulator of interferon genes, thereby regulating inflammation and the progression of 
CKD. IgA inflammation is caused by the formation of galactose-deficient IgA1 immune complexes in the glomerular 
mesangium.4,5 In patients with Autosomal-Dominant Polycystic Kidney Disease, macrophage migration inhibitory 
factors can act as persistent inflammatory stimulators, influencing the progression of cysts.6,7 Clarifying the pathogenesis 
of CKD is of great significance for disease development and prognosis.

Indole lactic acid (ILA) is a protein-bound uric acid solute derived from tryptophan metabolism and belongs to the 
indole uremic solute family.8 ILA activates the aryl hydrocarbon receptor (AhR) transcription factor, which promotes 
inflammation, immune responses, and oxidative stress. It also plays a significant role in cardiovascular diseases. ILA has 
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the potential to regulate intestinal homeostasis by reducing the accumulation of inflammatory macrophages.9 By 
increasing H3K27ac binding at the enhancer regions of IL12a, ILA facilitated the augmentation of IL12a production 
in dendritic cells, thereby promoting the stimulation of CD8 T cell immunity against tumor growth. Additionally, ILA 
exhibited the ability to enhance the activity of CD8 T cells present within the tumor microenvironment by modulating 
chromatin accessibility.10,11 Urinary toxin accumulation usually affects disease progression and prognosis in patients with 
CKD.12 The presence of urine toxins in patients with CKD is associated with various complications and may contribute 
to cardiovascular events. This has raised concerns about the development of toxins in patients with CKD.13

Metabolomic methods are commonly used in clinical practice to detect urinary toxins.14,15 This study aimed to 
explore the changes in plasma and urine ILA in patients with CKD and controls through LC-MS and the relationship 
between inflammation and ILA in patients with CKD and controls.

Materials and Methods
Participant selection of 47 CKD patients and 30 healthy individuals. Our inclusion criteria for screening patients were as 
follows: 1. The patient met the criteria for CKD diagnosis. 2. The patients were over 18 years old. We excluded pregnant 
women, lactating women with CKD, severe heart failure, severe hemodynamic disorders, cancer, and immune-related 
nephritis. Patients who did not cooperate were excluded. Sixty-five CKD patients were enrolled in the study, and 18 were 
eventually included because of the exclusion criteria or because they dropped out. Of the 47 patients, the number of 
patients with stage CKD1-4 was 13, 11, 11, and 12, respectively. The diagnostic criteria for all patients with CKD were 
based on the KDIGO guideline.16 The estimated glomerular filtration rate (eGFR) was calculated using an epidemiolo
gical collaboration (CKD-EPI) equation.17 This study was approved by the Ethics Research Society of the First Affiliated 
Hospital of Soochow University (no. 079). All participants signed an informed consent form. Our study was complied 
with the Declaration of Helsinki.

Laboratory Measurements
To collect plasma,3 mL of fasting venous blood was obtained in the early morning of the day after admission and was 
stored in an EDTA anticoagulant tube. The sample was allowed to stand at room temperature for 20 minutes and then 
was centrifuged for 10 minutes at 3000rpm and 4°C. 500ul of the supernatant was transferred into a 2mL cryovial and 
was freezed at −80°C. For urine collection, mid-morning urine was obtained on the day after admission, which was 
placed in a sterile EP tube, and it was centrifuged for 10 minutes at 3000 rpm and 4°C. 1 mL of the supernatant was 
transferred into a 2 mL cryovial and was freezed at −80°C. Biochemical and routine hematological indicators were 
measured using an OLYMPUS AU2700 automatic biochemical analyzer (OLYMPUS, Japan) and a Beckman LH750 
automatic hematology analyzer (Beckman, USA).

Metabolomics Analysis
Data analysis preprocessing: 1. Metabolic analysis was performed on the processed plasma and urine samples, and 
primary mass spectrometry data was collected. The system’s stability was ensured by randomly inserting quality control 
samples into the sequence. 2. The obtained raw data was converted into mzXML format using Proteowizard software 
(v3.0.8789). 3. The XCMS package of R (v3.3.2) was used for peaks identification, filtration, and alignment. 4. A data 
matrix was obtained, which included information such as mass to charge ratio, retention time, and intensity. 5. To 
facilitate comparison of data with different magnitudes, batch normalization of peak areas was performed on the data.

LC (Ultimate 3000, Thermo Fisher Scientific, Waltham, MA, USA) parameter settings: Chromatographic separation 
was accomplished in a Thermo Ultimate 3000 system equipped with an ACQUITY UPLC® HSS T3 (150×2.1 mm, 1.8 
µm, Waters) column maintained at 40°C. The temperature of the autosampler was 8°C. Gradient elution of analytes was 
carried out with 0.1% formic acid in water (A) and 0.1% formic acid in acetonitrile (B) or 5mM ammonium formate in 
water (C) and acetonitrile (D) at a flow rate of 0.25mL/min. Injection of 2μL of each sample was done after equilibration. 
An increasing linear gradient of solvent B (v/v) was used as follows: 0~1 min, 2% B/D; 1~9 min, 2%~50% B/D; 9~14 
min, 50%~98% B/D; 14~15 min, 98% B/D; 15~15.5 min, 98%~2% B/D; 15.5~17 min, 2%B/D.

MS (Q Exactive, Thermo Fisher Scientific) parameter settings:
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The ESI-MSn experiments were executed on the Thermo Q Exactive Focus mass spectrometer with the spray voltage 
of 3.8 kV and −2.5 kV in positive and negative modes, respectively. Sheath gas and auxiliary gas were set at 45 and 15 
arbitrary units, respectively. The capillary temperature was 325 °C respectively. The Orbitrap analyzer scanned over 
a mass range of m/z 81–1000 for full scan at a mass resolution of 70,000. Data dependent acquisition (DDA) MS/MS 
experiments were performed with HCD scan. The normalized collision energy was 30 eV.

The LC-MS data analysis process involved several key steps: 1. Data preprocessing, which includes data format 
conversion, peak identification, filtering, alignment, and normalization. 2. Data inspection, where chromatograms are 
drawn and quality control is performed. 3. First-level analysis includes metabolite hierarchical clustering, sample 
dendrogram analysis, multivariate statistical analysis, and screening for differential metabolites. 4. Secondary analysis 
comprises identifying, statistically analyzing, hierarchically clustering, creating correlation heat maps, generating ROC 
curves, and analyzing metabolic pathways of differential metabolites.

Differential metabolite analysis was performed using the following steps: 1. Orthogonal Projections to Latent Structures 
Discriminant Analysis (OPLS-DA) was generated to visually demonstrate the classification effect of the model in both 
positive and negative ion modes for the control group and the experimental group. 2. Differential metabolites between 
groups were identified using Variable Importance for the Projection (VIP) (VIP value ≥ 1.0 and P < 0.05) as the screening 
criterion. The significantly different metabolites were further analyzed by confirming their precise molecular weight and 
matching the fragmentation information obtained in MS/MS mode with databases such as HMDB, Metlin, massbank, 
LipidMaps, and mzclound to obtain accurate metabolite information. 3. Possible bioperturbed metabolic pathways were 
identified using the MetPA database, and the metabolic pathways of the metabolites were analyzed.

Statistical Analysis
SPSS version 22.0. was conducted for statistical analysis. Means ± SDs, medians, and interquartile ranges (IQRs) were 
expressed for normal and non-normal distribution data. In the case of non-normally distributed data, we initially applied 
a logarithmic transformation. If the data, after being transformed logarithmically, satisfies the criteria of normal 
distribution and homogeneity of variance, we will proceed with conducting a one-way analysis of variance. One-way 
analysis of variance was performed for variables with normal distribution and homogeneous variance. A rank-sum test 
was performed on variables that were not normally distributed. Spearman correlation analyses were performed. Binary 
and ordinal logistic regression analyses analyzed the independent relationships with CKD. The receiver operating 
characteristic (ROC) curve was used to determine the diagnostic accuracy, and the Youden index was calculated to 
obtain the optimal cutoff point of the ROC curve. P < 0.05 (*) and P < 0.01 (**) were considered statistically significant.

Results
Clinical Date
The normality and homogeneity of all the clinical variables in the control and CKD groups were assessed. Relative to all 
47 CKD patients, the control group had higher levels of hemoglobin and albumin and lower levels of Ln (creatinine) and 
Ln (BUN) than the control group; CKD patients had lower hemoglobin and albumin levels but higher Ln(creatinine) and 
Ln(BUN) levels. (P < 0.01), respectively (Table 1).

ILA Screening
We performed non-targeted LC-MS analysis of the enrolled participants and metabolite hierarchical clustering analysis 
after quality control, then we use the OPLS-DA to observe the distribution of each sample in the mathematical model 
space. Based on the conditions of P < 0.05 and VIP≥1.0, we obtained 1509 and 1236 differential metabolites in positive 
and negative ion modes in plasma, respectively, and we obtained 2491 and 1539 in positive and negative ion modes in 
urine, respectively. According to the fragmentation information obtained from MS/MS mode, 147 differential metabolites 
in plasma and 238 differential metabolites in urine were matched in HMDB, Metlin, massbank, LipidMaps and mzclound 
databases (Figure 1).
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In the positive and negative ion modes, we found significant differences in plasma and urine ILA between patients with 
CKD and controls. We performed a differential metabolite pathway analysis based on the Kyoto Encyclopedia of Genes and 
Genomes (KEGG) and found that tryptophan metabolism was disordered, in which ILA was mainly involved (Figure 2).

Both plasma and urine ILA differed significantly between CKD patients and controls and showed an increasing trend 
with the progression of renal function (Figure 3).

Correlations of ILA with Clinical Indicators
Logistic regression analysis revealed a curvilinear correlation between plasma and urine ILA (r = 0.51, P < 0.01). We 
also investigated the correlation between plasma and urine ILA levels and other clinical indicators by Spearman 
correlation analyses. Plasma ILA was positively correlated with age, BMI, creatinine, BUN, triglycerides, and uric 

Table 1 Clinical Characteristics of Control and CKD Groups

Control CKD stage 1 CKD stage 2 CKD stage 3 CKD stage 4 P

Gender (male/female) 10/20 5/8 7/4 6/5 7/5
Age(years) 48±12 47±16 51±21 56±17 58±14 0.232

Uric acid(umol/L) 344.52±90.95 379.78±122.66 430.31±59.78 431.20±129.65 420.37±138.40 0.060

Hemoglobin(g/L) 140.00±11.43 128.46±17.69 126.64±11.42 121.91±12.85 111.25±17.93 <0.01
Ln(Creatinine) (umol/L) 4.14±0.19 4.00±0.23 4.54±0.22 4.93±0.21 5.45±0.15 <0.01

Ln(Blood urea nitrogen) (mmol/L) 1.55±0.22 1.52±0.32 1.82±0.29 2.20±0.28 2.51±0.36 <0.01

Ln(Triglyceride) (mmol/L) 0.28±0.53 0.47±0.68 0.36±0.40 0.47±0.26 0.56±0.44 0.473
Ln(BMI) (Kg /m2) 3.16±0.15 3.18±0.13 3.14±0.13 3.21±0.09 3.18±0.11 0.755

Albumin (g/L) 48(46,49) 36(29,41) 40(37,43) 43(39,44) 41(38,43) <0.01
Total cholesterol(mmol/L) 4.5(3.9,5.2) 5.2(4.1,5.6) 4.7(4.5,5.5) 4.5(4.2,5.1) 4.5(3.8,5.2) 0.419

Blood glucose(mmol/L) 4.9(4.6,5.2) 4.6(4.5,4.8) 4.6(4.1,4.9) 4.7(4.1,4.8) 4.6(4.3,5.0) 0.086

Abbreviation: CKD, chronic kidney disease.

Figure 1 Metabolite hierarchical clustering and OPLS-DA analysis of Control and CKD groups. 
Notes: (A) Heatmap of plasma metabolites hierarchical clustering analysis in positive ion mode; (B) Heatmap of plasma metabolites hierarchical clustering analysis in 
negative ion mode; (C) Heatmap of urine metabolites hierarchical clustering analysis in positive ion mode; (D) Heatmap of urine metabolites hierarchical clustering analysis 
in negative ion mode; (E) OPLS-DA analysis of plasma metabolites in positive ion mode; (F) OPLS-DA analysis of plasma metabolites in negative ion mode; (G) OPLS-DA 
analysis of urine metabolites in positive ion mode; (H) OPLS-DA analysis of urine metabolites in negative ion mode. The color purple was used to represent the control 
group, red was used for CKD stage 1 patients, green for CKD stage 2 patients, blue for CKD stage 3 patients, and yellow for CKD stage 4 patients. 
Abbreviations: CKD, chronic kidney disease, OPLS-DA, Orthogonal Projections to Latent Structures Discriminant Analysis.
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acid (r = 0.40, 0.28, 0.78, 0.67, 0.37, 0.33, P < 0.05) and negatively correlated with hemoglobin (r = –0.28, P < 0.05). 
Urine ILA was positively correlated with age, creatinine, BUN, and uric acid (r = 0.48, 0.56, 0.54, 0.27, all P < 0.01) and 
negatively correlated with hemoglobin and albumin (r = –0.35, –0.51, P < 0.01) (Figure 4).

Logistic Regression Analysis of CKD-Related Factors
We performed binary logistic regression analysis to assess the relationship between plasma and urine ILA, and the 
associations between plasma and urine ILA and CKD were assessed using binomial logistic regression analysis. CKD 
was associated with ILA in the plasma and urine (OR = 5.20, 5.24, P < 0.01) before adjusting for confounders (Table 2).

Figure 2 Differential metabolite pathway analysis of Control and CKD groups. 
Notes: (A and B) Plasma and urine. 
Abbreviation: CKD, chronic kidney disease.

Figure 3 ILA of Control and CKD groups. 
Notes: (A) Plasms ILA; (B) Urine ILA; *: P < 0.05; **: P < 0.01. 
Abbreviations: CKD, chronic kidney disease; ILA, indole lactic acid.
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Considering the confounding factors of plasma ILA, urine ILA, hemoglobin, and hemoglobin, ordinal logistic 
regression showed that CKD was significantly associated with plasma ILA, urine ILA, BUN, and hemoglobin levels 
(OR = 4.49, 2.14, 1.43, 0.95, P < 0.05) (Table 3).

ILA in Plasma and Urine Predicted CKD
By comparing 47 patients with CKD with 30 controls, we performed receiver operating characteristic analysis to 
determine the plasma and urine ILA predictive of CKD. (Figure 5). The area under the curve (AUC) for plasma ILA 
was 0.755 (95% CI:0.666–0.883, P < 0.01), with an optimal cutoff value of 0.607, a sensitivity of 67.4%, and 
a specificity of 93.3%. The area under the curve (AUC) of urinary ILA was 0.869 (95% confidence interval 
[CI]:0.772–0.965, P < 0.01), with an optimal cutoff value of 0.735, a sensitivity of 93.5%, and a specificity of 80.0%. 
We conducted a Spearman rank analysis to examine the relationship between plasma and urine ILA levels and the stage 
of CKD (r=0.71, P < 0.01; r=0.65, P < 0.01), which revealed a positive correlation between plasma and urine ILA levels 
and the severity of CKD. Therefore, both plasma and urine ILA are reliable predictors of CKD.

Figure 4 Relationship of plasma and urine ILA with different clinical indices. 
Abbreviation: ILA, Indole lactic acid.

Table 2 Binary Logistic Regression 
Analysis of ILA Independently 
Associated with CKD

OR P

Plasma ILA 5.20 < 0.01
Urine ILA 5.24 < 0.01

Abbreviations: CKD, chronic kidney disease; 
ILA: Indole lactic acid.
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Association Between Inflammatory Markers and CKD
Neutrophil-to-Lymphocyte Ratio (NLR), Monocyte-to-Lymphocyte Ratio (MLR), and Hs-CRP levels were compared in 
patients with CKD (Figure 6). The results showed that the NLR, MLR, and Hs-CRP levels in the control group and 
patients with CKD showed a clear upward trend (P < 0.05).

Correlations of ILA with Inflammatory Indicators
Spearman correlation analysis indicated that plasma ILA was positively correlated with NLR, Hs-CPR, and MLR 
(r = 0.24, 0.56, and 0.37, P < 0.05). Urine ILA was positively correlated with NLR, Hs-CRP, and MLR (r = 0.40, 
0.57, and 0.30; P < 0.01) (Figure 7).

Ordinal Logistic Regression Analysis of the Relationship Between Inflammation and CKD
We included NLR, MLR, Hs-CRP, plasma ILA, and urine ILA for Ordinal logistic regression. The results showed that 
CKD was associated with three inflammatory factors: plasma ILA, urine ILA, and Hs-CRP (OR = 5.92, 2.79, 2.45, 
P < 0.01) (Table 4).

Table 3 Ordinal Logistic Regression 
Analysis of Risk Factors Independently 
Associated with CKD

OR P

Plasma ILA 4.49 < 0.01

Urine ILA 2.14 < 0.01
Blood urea nitrogen 1.43 < 0.01

hemoglobin 0.95 < 0.01

Abbreviations: CKD, chronic kidney disease; ILA: 
Indole lactic acid.

Figure 5 Receiver operating characteristic analysis for prediction of CKD based on plasma and urine ILA. 
Abbreviations: CKD, chronic kidney disease; ILA: Indole lactic acid.
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Discussion
We conducted a metabolomic analysis of non-dialysis CKD patients, aiming to clarify metabolic differences between non- 
dialysis patients with CKD and healthy people and further explore the relationship between metabolic differences, clinical 
indicators, and inflammation to provide a means for detecting, diagnosing, and treating CKD. Non-targeted LC-MS analysis 
was also performed. Quality assurance was performed based on quality control to remove feature peaks with poor repeatability 
in the quality control samples to obtain high-quality datasets. We performed a differential metabolite pathway analysis based 

Figure 6 NLR, MLR, Hs-CRP: Changes of Inflammatory indicators in control and CKD group. 
Notes: (A) Changes of NLR in control and CKD group; (B) Changes of MLR in control and CKD group; (C) Changes of Hs-CRP in control and CKD group; NLR: 
Neutrophil-to-Lymphocyte Ratio, MLR: Monocyte-to-Lymphocyte Ratio; *: P < 0.05; **: P < 0.01. 
Abbreviations: CKD, chronic kidney disease; ILA: Indole lactic acid.
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on KEGG and identified disorders of tryptophan metabolism involving ILA. Metabolite hierarchical clustering analysis was 
performed, and we found differential metabolite ILA in the plasma and urine of patients with CKD versus healthy people.

ILA are the downstream products of tryptophan metabolism. There is limited research on changes in blood ILA levels 
in patients with CKD. Previous studies have indicated that blood ILA levels increase as the eGFR decreases, consistent 
with our findings.18–20 To the best of our knowledge, this is the first study to examine ILA levels in both the plasma and 
urine of patients with CKD. We compared the control group with all patients with CKD to show that CKD was associated 
with plasma and urine ILA (OR = 5.20, 5.24, P < 0.01). We analyzed the correlation between plasma and urine ILA 
levels and clinical indicators and identified relevant clinical indicators. Subsequently, we performed an ordered regression 
analysis, and the results showed that plasma and urine ILA (OR = 4.49, 2.14, P < 0.01) were still strongly associated 
with CKD. In addition, we performed an ROC analysis and found that plasma ILA (AUC=0.755, P < 0.01) and urine 
ILA (AUC=0.869, P < 0.01) for CKD showed good forecast performance. It is worth noting that urine ILA has a higher 
predictive value than plasma ILA, perhaps a more important concern for clinicians regarding changes in urine than in 
plasma. Most patients with stages 1 and 2 CKD are asymptomatic and have normal or mild renal function, whereas 
patients with stages 3 and 4 CKD have moderate-to-severe renal impairment. Early recognition and treatment of patients 
with early CKD can delay the progression to advanced renal failure and end-stage renal disease. We found significant 
differences in plasma ILA levels between healthy individuals and patients with CKD stages 1–4. This suggests that ILA 
should be focused on the early stages of CKD. Regrettably, our analysis did not reveal substantial disparities between 

Figure 7 Correlation of Plasma and Urine ILA with Inflammatory indicators.

Table 4 Ordinal Logistic Regression 
Analysis of the Association of 
Inflammatory Factors with CKD

OR P

Plasma ILA 5.48 < 0.01

Urine ILA 2.85 < 0.01

Hs-CRP 2.45 < 0.01
NLR 0.92 0.82

MLR 7.41 0.47

Abbreviations: CKD, chronic kidney dis
ease; ILA: Indole lactic acid; NLR: 
Neutrophil-to-Lymphocyte Ratio; MLR: 
Monocyte-to-Lymphocyte Ratio,
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plasma ILA and urinary ILA in healthy individuals or patients with CKD stages 1–2, which may be related to smaller 
sample sizes or ILA in vivo binding and clearance mechanisms. We suggest that larger multicenter clinical studies be 
conducted to define specific reference values for adult ILA. Elevated plasma and urine ILA in patients with CKD suggest 
that altered ILA and abnormalities in tryptophan metabolic pathways may participate in the development of CKD. Our 
findings suggest that changes in plasma and urine ILA levels may be useful for identifying patients with non-dialysis 
CKD and monitoring CKD progression. We suggest that more studies examine changes in plasma and urine ILA 
simultaneously. In addition, because ILA, one of the receptors for AhR, is involved in regulating immunity, the level 
of ILA should be explained carefully to patients with CKD taking immunomodulatory drugs.

Lipid metabolism is disrupted in patients with CKD progression, which mainly involves elevated triglyceride.21,22 This 
is closely associated with cardiovascular events in patients with CKD. Statins are commonly used clinically for lipid 
regulation and reducing the occurrence of CVD events.23 Interestingly, Lee et al found that ILA reduces mice’s liver fat 
accumulation and body weight.24 We found a positive correlation between ILA and triglycerides. However, this correlation 
was not strong and may be related to mild inflammatory and oxidative stress in the early stages of CKD. Dietary and 
pharmacological interventions for the level of ILA in patients with early-stage CKD warrant further studies. Our study 
found that plasma and urine ILA were negatively correlated with hemoglobin levels in patients with CKD, suggesting that 
toxin accumulation may affect the anemia status of patients with CKD. After our ordered regression analysis, we found that, 
in addition to plasma and urine ILA, hemoglobin was also an independent factor in the occurrence of CKD. Hemoglobin is 
a protective factor against diseases, consistent with our clinical understanding.25,26 Simultaneously, clinicians should be 
more careful about the relationship between anemia and urine toxins in patients with CKD.

ILA acts as a ligand of AhR, influencing inflammation and the immune response. In an in vivo experiment, ILA 
downregulated the transcription factor Thpok by activating AhR. This allows CD4 + T cells to be reprogrammed into 
CD4CD8αα T cells.27 ILA upregulates immunoregulatory galectin-17 in Th1 and Th2 cells, which is vital in mediating the 
functional connection between beneficial microbes and immune regulation.28 ILA has been found to preserve the integrity 
of the epithelial barrier by modulating the AHR/NRF3/NLRP2 pathway to upregulate tight junction proteins.29 Moreover, 
ILA can attenuate NF-kB activation in macrophages and the expression of TNF-α and IL-8 induced by LPS.30,31 Riazati 
et al discovered a positive correlation between plasma indole and CRP levels.32 Our previous study showed that Hs-CRP 
levels were significantly altered early in patients with CKD. We observed a positive correlation between the ILA and Hs- 
CRP levels. NLR and MLR are readily available indicators in clinical patients and are currently used to evaluate the 
inflammatory state of diseases.33,34 Lano et al found that the NLR was positively correlated with urine toxins in patients on 
dialysis.35 A study based on CKD stages 1–3 showed that the NLR of patients with stage 3 CKD was higher than that of 
patients with stage 1 and 2 CKD.36 Mureșan AV et al found that MLR predicted all-cause mortality and correlated with 
length of hospital stay and duration of dialysis in end-stage renal disease patients.37 One study based on SARS patients 
hospitalized for COVID-19 showed that MLR can predict mortality in patients with CKD in this patient population.38 NLR 
and MLR were significantly elevated in CKD stages 1–4 compared to healthy subjects in this study. NLR and MLR were 
positively correlated with plasma and urine ILA levels. Ordered regression analysis of plasma ILA, urine ILA, Hs-CRP, 
NLR, and MLR showed that plasma ILA, urine ILA, and Hs-CRP levels were independent factors for inflammation in 
CKD. The OR value was greater for plasma and urine ILA than for Hs-CRP. More attention should be paid to the role of 
ILA in developing oxidative stress and inflammation in CKD. In addition, sufficient attention should be paid to oxidative 
stress and inflammatory states in patients with stages 1–2. Breast milk and a diet rich in tryptophan can increase the ILA 
intake. Additionally, the expression of ILA can be affected by high salt intake.39–42 It is important to note that excessive 
intake of ILA may impose a burden on the kidneys. Therefore, further research is necessary to determine the recommended 
ILA intake. There is limited research on the effects of ILA inhibition in patients with non-dialysis CKD. We recommend 
conducting more comprehensive studies on this topic in the future.

This study had some limitations. First, the sample size was small, and we did not include samples from patients with 
CKD stage 5 or those undergoing hemodialysis. Second, it was a single-center study that may limit the generalizability of 
the findings.
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Conclusion
In this study, metabolomic analysis was performed on plasma and urine samples from non-dialysis CKD patients using 
LC-MS methods. Differential metabolic pathway analysis based on KEGG was conducted, revealing tryptophan 
metabolism disorders associated with ILA. Hierarchical clustering analysis of metabolites showed distinct levels of 
ILA in the plasma and urine of CKD patients compared to healthy individuals. This study represents the first 
simultaneous detection of ILA levels in both plasma and urine of chronic kidney disease patients. The findings suggest 
that plasma and urinary ILA could serve as potential biomarkers for CKD and inflammatory status.

Acknowledgments
Hao Hong and Junyao Zheng are co-first authors for this study. We would like to thank Editage for English language 
editing and the funding from Boxi Youth Natural Science Foundation.

Disclosure
All authors report no conflicts of interest in this work.

References
1. Webster AC, Nagler EV, Morton RL, et al. Chronic Kidney Disease. Lancet. 2017;389(10075):1238–1252.
2. Hannan M, Ansari S, Meza N, et al. Risk Factors for CKD Progression: overview of Findings from the CRIC Study. Clin J Am Soc Nephrol. 

2021;16(4):648–659.
3. Ruiz-Ortega M, Rayego-Mateos S, Lamas S, et al. Targeting the progression of chronic kidney disease. Nat Rev Nephrol. 2020;16(5):269–288.
4. Wyatt RJ, Julian BA. IgA nephropathy. N Engl J Med. 2013;368(25):2402–2414.
5. Maixnerova D, Ling C, Hall S, et al. Galactose-deficient IgA1 and the corresponding IgG autoantibodies predict IgA nephropathy progression. 

PLoS One. 2019;14(7):56.
6. Gao L, Zhang J, Yang T, et al. STING/ACSL4 axis-dependent ferroptosis and inflammation promote hypertension-associated chronic kidney 

disease. Mol Ther. 2023;31(10):3084–3103.
7. Stenvinkel P, Chertow GM, Devarajan P, et al. Chronic Inflammation in Chronic Kidney Disease Progression: role of Nrf2. Kidney Int Rep. 2021;6 

(7):1775–1787.
8. Liu JR, Miao H, Deng DQ, et al. Gut microbiota-derived tryptophan metabolism mediates renal fibrosis by aryl hydrocarbon receptor signaling 

activation. Cell Mol Life Sci. 2021;78(3):909–922.
9. Li Y, Li Q, Yuan R, et al. Bifidobacterium breve-derived indole-3-lactic acid ameliorates colitis-associated tumorigenesis by directing the 

differentiation of immature colonic macrophages. Theranostics. 2024;14(7):2719–2735.
10. Yu K, Li Q, Sun X, et al. Bacterial indole-3-lactic acid affects epithelium-macrophage crosstalk to regulate intestinal homeostasis. Proc Natl Acad 

Sci U S A. 2023;120(45).
11. Zhang Q, Zhao Q, Li T, et al. Lactobacillus plantarum-derived indole-3-lactic acid ameliorates colorectal tumorigenesis via epigenetic regulation of 

CD8+ T cell immunity. Cell Metab. 2023;35(6):943–960.e9.
12. Castillo-Rodriguez E, Fernandez-Prado R, Esteras R, et al. Impact of Altered Intestinal Microbiota on Chronic Kidney Disease Progression. Toxins 

(Basel). 2018;10(7):300.
13. Rysz J, Franczyk B, Ławiński J, et al. The Impact of CKD on Uremic Toxins and Gut Microbiota. Toxins (Basel). 2021;13(4):252.
14. Rinschen MM, Ivanisevic J, Giera M, et al. Identification of bioactive metabolites using activity metabolomics. Nat Rev Mol Cell Biol. 2019;20 

(6):353–367.
15. Kalim S, Rhee EP. An overview of renal metabolomics. Kidney Int. 2017;91(1):61–69.
16. Inker LA, Astor BC, Fox CH, et al. KDOQI US commentary on the 2012 KDIGO clinical practice guideline for the evaluation and management of 

CKD. Am J Kidney Dis. 2014;63(5):713–735.
17. Levey AS, Inker LA, Coresh J. GFR estimation: from physiology to public health. Am J Kidney Dis. 2014;63(5):820–834.
18. Cheng Y, Li Y, Benkowitz P, et al. The relationship between blood metabolites of the tryptophan pathway and kidney function: a bidirectional 

Mendelian randomization analysis. Sci Rep. 2020;10(1):12675.
19. Sekula P, Goek ON, Quaye L, et al. A Metabolome-Wide Association Study of Kidney Function and Disease in the General Population. J Am Soc 

Nephrol. 2016;27(4):1175–1188.
20. Lustgarten MS, Fielding RA. Metabolites related to renal function, immune activation, and carbamylation are associated with muscle composition 

in older adults. Exp Gerontol. 2017;100:1–10.
21. Baek J, He C, Afshinnia F, et al. Lipidomic approaches to dissect dysregulated lipid metabolism in kidney disease. Nat Rev Nephrol. 2022;18(1):38–55.
22. Hager MR, Narla AD, Tannock LR. Dyslipidemia in patients with chronic kidney disease. Rev Endocr Metab Disord. 2017;18(1):29–40.
23. Chen TK, Knicely DH, Grams ME. Chronic Kidney Disease Diagnosis and Management: a Review. JAMA. 2019;322(13):1294–1304.
24. Lee M, Yun YR, Choi EJ, et al. Anti-obesity effect of vegetable juice fermented with lactic acid bacteria isolated from kimchi in C57BL/6J mice 

and human mesenchymal stem cells. Food Funct. 2023;14(3):1349–1356.
25. Bazeley JW, Wish JB. Recent and Emerging Therapies for Iron Deficiency in Anemia of CKD: a Review. Am J Kidney Dis. 2022;79(6):868–876.
26. Gregg LP, Bossola M, Ostrosky-Frid M, et al. Fatigue in CKD: epidemiology, Pathophysiology, and Treatment. Clin J Am Soc Nephrol. 2021;16 

(9):1445–1455.

Journal of Inflammation Research 2024:17                                                                                          https://doi.org/10.2147/JIR.S458881                                                                                                                                                                                                                       

DovePress                                                                                                                       
4115

Dovepress                                                                                                                                                            Hong et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


27. Cervantes-Barragan L, Chai JN, Tianero MD, et al. Lactobacillus reuteri induces gut intraepithelial CD4+CD8αα+ T cells. Science. 2017;357 
(6353):806–810.

28. Henrick BM, Rodriguez L, Lakshmikanth T, et al. Bifidobacteria-mediated immune system imprinting early in life. Cell. 2021;184(15):3884–3898. e11.
29. Cui Q, Zhang Z, Tian X, et al. Bifidobacterium bifidum Ameliorates DSS-Induced Colitis in Mice by Regulating AHR/NRF2/NLRP3 

Inflammasome Pathways through Indole-3-lactic Acid Production. J Agric Food Chem. 2023;71(4):1970–1981.
30. Ehrlich AM, Pacheco AR, Henrick BM, et al. Indole-3-lactic acid associated with Bifidobacterium-dominated microbiota significantly decreases 

inflammation in intestinal epithelial cells. BMC Microbiol. 2020;20(1):357.
31. Zhang FL, Chen XW, Wang YF, et al. Microbiota-derived tryptophan metabolites indole-3-lactic acid is associated with intestinal ischemia/ 

reperfusion injury via positive regulation of YAP and Nrf2. J Transl Med. 2023;21(1):264.
32. Riazati N, Kable ME, Newman JW, et al. Associations of microbial and indoleamine-2,3-dioxygenase-derived tryptophan metabolites with immune 

activation in healthy adults. Front Immunol. 2022;13:917966.
33. Capone M, Giannarelli D, Mallardo D, et al. Baseline neutrophil-to-lymphocyte ratio (NLR) and derived NLR could predict overall survival in 

patients with advanced melanoma treated with nivolumab. J Immunother Cancer. 2018;6(1):74.
34. Chennamadhavuni A, Abushahin L, Jin N, et al. Risk Factors and Biomarkers for Immune-Related Adverse Events: a Practical Guide to Identifying 

High-Risk Patients and Rechallenging Immune Checkpoint Inhibitors. Front Immunol. 2022;13:779691.
35. Lano G, Sallée M, Pelletier M, et al. Neutrophil:lymphocyte ratio correlates with the uremic toxin indoxyl sulfate and predicts the risk of death in 

patients on hemodialysis. Nephrol Dial Transplant. 2022;37(12):2528–2537.
36. Sevencan NO, Ozkan AE. Associations between neutrophil/lymphocyte ratio, platelet/lymphocyte ratio, albuminuria and uric acid and the 

estimated glomerular filtration rate in hypertensive patients with chronic kidney disease stages 1-3. Arch Med Sci. 2019;15(5):1232–1239.
37. Mureșan AV, Russu E, Arbănași EM, et al. The Predictive Value of NLR, MLR, and PLR in the Outcome of End-Stage Kidney Disease Patients. 

Biomedicines. 2022;10(6):1272.
38. Dávila-Collado R, Jarquín-Durán O, Solís-Vallejo A, et al. Elevated Monocyte to Lymphocyte Ratio and Increased Mortality among Patients with 

Chronic Kidney Disease Hospitalized for COVID-19. J Pers Med. 2021;11(3):224.
39. Meng D, Sommella E, Salviati E, et al. Indole-3-lactic acid, a metabolite of tryptophan, secreted by Bifidobacterium longum subspecies infantis is 

anti-inflammatory in the immature intestine. Pediatr Res. 2020;88(2):209–217.
40. Hu D, Liu J, Yu W, et al. Tryptophan intake, not always the more the better. Front Nutr. 2023;10:1140054.
41. Wilck N, Matus MG, Kearney SM, et al. Salt-responsive gut commensal modulates TH17 axis and disease. Nature. 2017;551(7682):585–589.
42. Cheng H, Liu J, Zhang D, et al. Ginsenoside Rg1 Alleviates Acute Ulcerative Colitis by Modulating Gut Microbiota and Microbial Tryptophan 

Metabolism. Front Immunol. 2022;13:817600.

Journal of Inflammation Research                                                                                                     Dovepress 

Publish your work in this journal 
The Journal of Inflammation Research is an international, peer-reviewed open-access journal that welcomes laboratory and clinical findings on 
the molecular basis, cell biology and pharmacology of inflammation including original research, reviews, symposium reports, hypothesis 
formation and commentaries on: acute/chronic inflammation; mediators of inflammation; cellular processes; molecular mechanisms; pharmacology 
and novel anti-inflammatory drugs; clinical conditions involving inflammation. The manuscript management system is completely online and 
includes a very quick and fair peer-review system. Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors.  

Submit your manuscript here: https://www.dovepress.com/journal-of-inflammation-research-journal

DovePress                                                                                                               Journal of Inflammation Research 2024:17 4116

Hong et al                                                                                                                                                            Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com
https://www.dovepress.com

	Introduction
	Materials and Methods
	Laboratory Measurements
	Metabolomics Analysis
	Statistical Analysis

	Results
	Clinical Date
	ILA Screening
	Correlations of ILA with Clinical Indicators
	Logistic Regression Analysis of CKD-Related Factors
	ILA in Plasma and Urine Predicted CKD
	Association Between Inflammatory Markers and CKD
	Correlations of ILA with Inflammatory Indicators
	Ordinal Logistic Regression Analysis of the Relationship Between Inflammation and CKD

	Discussion
	Conclusion
	Acknowledgments
	Disclosure

