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Aims

It has been suggested that the triglyceride-glucose (TyG) index is a novel and reliable surrogate marker of insulin resistance (IR). However, its relationship with the risk of end-stage renal disease (ESRD) in patients with type 2 diabetes mellitus (T2DM) and chronic kidney disease (CKD) remains uncertain. Accordingly, we sought to examine the relationship between the TyG index and ESRD risk in patients with T2DM and CKD.





Methods

From January 2013 to December 2021, 1,936 patients with T2DM and CKD hospitalized at Peking University Third Hospital (Beijing, China) were enrolled into the study. The formula for calculating the TyG index was ln[fasting triglyceride (mg/dL) × fasting blood glucose (mg/dL)/2]. ESRD was defined as an estimated glomerular filtration rate of less than 15 mL/min/1.73 m2 or the commencement of dialysis or renal transplantation. The relationship between the TyG index and ESRD risk was analyzed using Cox proportional hazard regression.





Results

105 (5.42%) participants developed ESRD over a mean follow-up of 41 months. The unadjusted analysis revealed a 1.50-fold (95% confidence interval [CI] 1.17-1.93; P = 0.001) increased risk for ESRD per one unit rise in the TyG index, and the positive association remained stable in the fully adjusted model (hazard ratio, 1.49; 95% CI, 1.12-1.99; P = 0.006). Analysis using restricted cubic spline revealed a significant positive association between the TyG index and ESRD risk. In addition, Kaplan-Meier analysis revealed significant risk stratification with a TyG index cutoff value of 9.5 (P = 0.003).





Conclusion

In individuals with T2DM and CKD, a significant and positive association was shown between an elevated TyG index and the risk of ESRD. This conclusion provides evidence for the clinical importance of the TyG index for evaluating renal function decline in individuals with T2DM and CKD.
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Introduction

Type 2 diabetes mellitus (T2DM) has become a worldwide epidemic that poses a significant threat to human health (1). As a major microvascular complication of T2DM, chronic kidney disease (CKD) was estimated to affect 25–40% of all patients with T2DM (2). In addition, approximately 30% of patients with T2DM will ultimately progress to end-stage renal disease (ESRD) (3). Currently, T2DM is the primary cause of end-stage renal disease (ESRD) in developed countries (4) and the second cause of ESRD in China (5). T2DM-related ESRD not only leads to a reduction in survival rate (6) and health-related quality of life (7) but also brings a heavy economic burden to patients and society (8).

Insulin resistance (IR), characterized as the inability of cells to react to insulin action, is a prominent feature of T2DM and is linked to a wide range of clinical conditions, including cognitive impairment (9), non-alcoholic fatty liver disease (10), cardiovascular disease (CVD) (11), and CKD (12). Accumulated data indicate that IR has an impact on numerous facets of kidney function, such as kidney hemodynamics, podocyte viability, and the function of renal tubules (13). Additionally, IR promotes glomerular hypertrophy and renal interstitial fibrosis, which result in hypertension and albuminuria and may speed up the progression of CKD (12). As a result, accessing IR may be important for predicting the occurrence and progression of T2DM-related renal complications.

Recently, the triglyceride-glucose (TyG) index, generated from fasting triglyceride (TG) and fasting blood glucose (FBG), has a strong association with IR assessed by the hyperinsulinemic-euglycemic clamp (HIEC) test and the homeostasis model assessment of IR (HOMA-IR) (14–16). Thus, the TyG index has been suggested as a simple and promising surrogate indicator for IR. Previous clinical data have shown associations of the TyG index with the occurrence of T2DM (17–19) and diabetic macrovascular (20, 21) or microvascular complications (22–24). Additionally, in a prospective cohort study conducted by Low et al. (25), a higher TyG index was found to be independently correlated with CKD progression in patients with T2DM, which was partially mediated by pigment epithelium-derived factor. Furthermore, in a recent study conducted by Fritz et al. (26), the TyG index was demonstrated to be positively associated with the risk of ESRD and mediates approximately 50% of the entire association between body mass index (BMI) and ESRD in the general population. However, studies investigating the association between the TyG index and ESRD risk in patients with T2DM and CKD are scarce.

Thus, the purpose of the present study was to analyze the relationship between the TyG index and ESRD risk in individuals with T2DM and CKD.





Materials and methods




Study population

This retrospective cohort study included 15,067 patients with diabetes who were hospitalized at Peking University Third Hospital (Beijing, China) between January 2013 and December 2021. The following were the inclusion criteria: 1) between the ages of 18 and 80; 2) a confirmed diagnosis of CKD; 3) a follow-up for more than six months; CKD was confirmed as a sustained estimated glomerular filtration rate (eGFR) < 60 mL/min/1.73 m2 and/or the presence of albuminuria (≥ 1+ in routine urine test) in at least two out of three consecutive measurements during a six-month period at baseline. The following were the exclusion criteria: 1) patients with a confirmed diagnosis of type 1 diabetes mellitus (T1DM) or gestational diabetes mellitus (GDM); 2) patients with a baseline eGFR of less than 30 mL/min/1.73 m2; 3) patients received renal transplantation at baseline. Finally, 1,936 eligible patients were included in our study. Figure 1 depicts the enrollment flowchart for the research population. The study was carried out in accordance with the Declaration of Helsinki and approved by the Ethics Committee of Peking University Third Hospital (IRB00006761-M207365).




Figure 1 | Enrollment flowchart for the research population.







Data collection and definitions

Data for each patient were gathered from the digital patient records system of Peking University Third Hospital. Clinical characteristics, including age, age of onset of DM, duration of diabetes, sex, body mass index (BMI), systolic blood pressure (SBP), diastolic blood pressure (DBP), mean arterial pressure (MAP), the medical history of hyperlipidemia, heart failure (HF), hypertension, stroke, anemia, smoking status, and the treatment of insulin and renin-angiotensin-aldosterone system (RAAS) inhibitors were collected. After an 8- to 12- h overnight fast, venous blood samples of each patient were obtained on the second morning of hospitalization. Laboratory parameters, white blood cells (WBC), hemoglobin (HGB), serum albumin (ALB), serum uric acid, serum creatinine (Scr), eGFR, blood urea nitrogen (BUN), triglyceride (TG), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), total cholesterol (TC), fasting blood glucose (FBG), glycated hemoglobin (HbA1c), and urinary protein level (0–4+), were collected at baseline.

The BMI, determined as body weight measured in kilograms divided by height in meters squared and was classified according to Chinese criteria for Chinese patients (27), including normal weight (18.5–24 kg/m2), overweight (24–28 kg/m2), and obesity (≥ 28 kg/m2). Self-reported smoking status was classified into former, current, and nonsmoker. Individuals who have given up smoking for a minimum of six months were defined as former smokers. Current smokers were defined as those who had smoked regularly over the previous six months. Nonsmokers were individuals who had never smoked throughout their lifetime (28). Hyperlipidemia was defined as the current use of lipid-lowering medications, the presence of any self-reported history, or the fulfillment of any of the following conditions: TG ≥ 2.26 mmol/Lor serum TC ≥ 6.22 mmol/L or LDL-C ≥ 4.14 mmol/L or HDL-C < 1.04 mmol/L (29). Hypertension was defined as an elevated SBP (≥ 140 mmHg) or DBP (≥ 90 mmHg), or a self-reported history of hypertension (30). According to World Health Organization criteria, anemia is determined as HGB levels below 120 g/L in women and 130 g/L in men (31). MAP was calculated by adding one-third of pulse pressure (SBP-DBP) to DBP. The Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation was used to determine the eGFR (32). When calculating the TyG index, the formula was ln[fasting TG (mg/dL) × FBG (mg/dL)/2] (33).





Covariates

We adopted the sensitivity analysis method in the multivariate Cox regression analysis. Potential covariates were pre-specified according to our clinical experience and the current literature on predictors for renal function decline in T2DM patients (34). These covariates included basic clinical characteristics (sex, age of DM onset, duration of diabetes, smoking status, MAP, and BMI), complications or comorbidities (hyperlipidemia, HF, and anemia), medication history (lipid-lowering drugs and insulin), and laboratory examinations (eGFR, urinary protein, LDL-C, and HbA1c). Each covariate was determined at the time of the first hospitalization.





Study outcome

The occurrence of ESRD, including an eGFR of less than 15 mL/min/1.73 m2 or the commencement of dialysis (hemodialysis or peritoneal dialysis) or renal transplantation, was considered as the study outcome. The initial hospitalization was used to determine the start of observation. Follow-up ended at the diagnosis of ESRD or the time of the latest hospitalization or clinic visit.





Statistical analysis

Categorical variables were shown as percentages and compared using the chi-squared test or Fisher’s exact test between two groups. Depending on the variable distribution, continuous variables were displayed as mean ± standard deviation or median [interquartile range (IQR)] and compared using the independent sample t-test or the Mann-Whitney U test. There were some missing data in several variables (the percentage of missing data < 10%). Missing data were considered to be missing randomly and imputed via random forests-based missing data imputation (R package missForest) (35). Multivariable-adjusted Cox proportional hazards regression was employed to estimate the adjusted hazard ratios (HR) and 95% confidence intervals (CI). In order to investigate the relationship between the TyG index and ESRD risk, the TyG index was handled as a continuous variable and analyzed using a restricted cubic spline (RCS) with three knots. Time to the event in each group of TyG index (decided by the cut-off value) at baseline was presented by the Kaplan-Meier curve and the significance was determined using the log-rank test. Furthermore, we have conducted further analysis stratified by age (≥ 60 or < 60 years), age of onset of DM (≥ 58 or < 58 years), DM duration (≥ 12 or < 12 months), sex (male or female), anemia (yes or no), MAP (≥ 100 or < 100 mmHg), hyperlipidemia (yes or no), insulin treatment (yes or no), BMI (≥ 24 or < 24 kg/m2), HF (yes or no), stroke (yes or no), and RAAS inhibitor treatment (yes or no) to explore the differences among these subgroups. Analyses were performed using R software, version 4.1.1. R software (version 4.1.1) was used to conduct the statistical analysis. All P-values were two-sided, with < 0.05 deemed statistically significant.






Results




Baseline clinical characteristics

Among the 1,936 participants, the median (IQR) age was 67 (59, 74) years at baseline, and 1,395 (71.1%) were male. The median TyG index was 9.16 (IQR 8.74–9.64). Table 1 describes the baseline clinical features of the research population according to the study outcome. Participants with outcome were slightly younger, more frequently female, had a longer duration of diabetes, had an earlier age of onset of DM, and had a higher prevalence of hypertension, anemia, RAAS inhibitors and insulin treatment. They also showed higher levels of SBP, DBP, MAP, Scr, BUN, LDL-C, TC, TG, HbA1c, and urinary protein, and had lower levels of HGB, serum ALB, and eGFR. Notably, participants with outcomes had a significantly higher TyG index compared to patients without outcomes (9.34 [8.76, 9.99] vs. 9.16 [8.74, 9.62], P=0.012).


Table 1 | Baseline clinical characteristics of the study population.







Association of the baseline TyG index with the risk of ESRD

As shown in Table 2, in the univariate Cox regression, each one-unit increment of TyG index was significantly associated with an increased ESRD risk (HR = 1.50, 95%CI 1.17-1.93, P = 0.001). In this investigation, four multivariate adjustment models were developed (Table 2), in which model 1 adjusted for sex, age of DM onset, duration of diabetes, hyperlipidemia, and treatment of lipid-lowering drugs at baseline. The results indicated that the TyG index was significantly positively correlated with ESRD risk (HR = 1.34, 95% CI 1.02-1.76, P = 0.037). Model 2 further adjusted for smoking status, insulin treatment, and HF on the basis of model 1, and the results revealed that the positive association between the TyG index and ESRD risk remained stable (HR = 1.35, 95% CI 1.03-1.78, P = 0.032). Model 3 further adjusted for baseline eGFR, MAP, and BMI on the basis of model 2, and the association between TyG index and ESRD risk remained stable (HR = 1.36, 95% CI 1.03-1.79, P = 0.029). Finally, after further adjusting for anemia, urinary protein, LDL, and HbA1c on the basis of model 3, the positive correlation between the TyG index and ESRD remained significant (HR = 1.49, 95% CI 1.12-1.99, P = 0.006). The details of the covariates were presented in Supplementary Figure 1 and Supplementary Table 1. In summary, the TyG index was an independent predictor for ESRD in patients with T2DM and CKD.


Table 2 | HR (95% CI) for risk of ESRD according to the TyG index at baseline.



As shown in Figure 2, we utilized the RCS curve to model and depict the relationship between baseline TyG index and the risk of ESRD in patients with T2DM and CKD, which demonstrated that the patients with TyG index ≥ 9.5 had a relatively higher risk for ESRD. So we chose a cut-off value of 9.5 and categorized the baseline TyG index as follows: TyG index < 9.5 and ≥ 9.5. The risk of ESRD did not increase with TyG index in patients with TyG index < 9.5, while it was significantly increased with TyG index in patients with TyG index ≥ 9.5 (HR = 1.80; 95%CI: 1.05-3.08).




Figure 2 | HRs for the risk of ESRD by baseline TyG index. The red solid line represented unadjusted HRs of the baseline TyG index across the whole range. The black dot line represents the reference line when HR = 1. The frequency distribution of the baseline TyG index is shown by histograms.



The Kaplan-Meier curve also showed that participants with a higher baseline TyG index (≥ 9.5) were more likely to develop ESRD than those with a baseline TyG index < 9.5 (log-rank test, P = 0.003). Furthermore, after adjusting for sex, age of DM onset, duration of diabetes, hyperlipidemia, treatment of lipid-lowering drugs, smoking status, insulin treatment, HF, eGFR, MAP, BMI, anemia, urinary protein, LDL, and HbA1c, the HR for ESRD in participants with a baseline TyG index ≥ 9.5 was 2.03 (95% CI 1.31-3.14) compared to participants with a baseline TyG index < 9.5. The Kaplan-Meier curve is shown in Figure 3.




Figure 3 | Kaplan-Meier curve of time to incident ESRD. a: adjusting for sex, age of DM onset, duration of diabetes, hyperlipidemia, treatment of lipid-lowering drugs, smoking status, insulin treatment, HF, eGFR, MAP, BMI, anemia, urinary protein, LDL, and HbA1c.







Subgroup analysis

To further explore the impact of additional risk factors on the correlation of the TyG index with the risk of ESRD, subgroup analyses were conducted in accordance with the following stratification variables: age (≥ 60 or < 60 years), age of onset of DM (≥ 58 or < 58 years), DM duration (≥ 12 or < 12 months), sex (male or female), anemia (yes or no), MAP (≥ 100 or < 100 mmHg), hyperlipidemia (yes or no), insulin treatment (yes or no), BMI (≥ 24 or < 24 kg/m2), HF (yes or no), stroke (yes or no), and RAAS inhibitor treatment (yes or no). Figure 4 compiles the outcomes of subgroup analysis and interactions. Across all subgroups, the TyG index had a statistically significant positive relationship with the risk of ESRD. The association between the TyG index and the risk of ESRD remained consistent among all subgroups (P for interaction > 0.05).




Figure 4 | Subgroup analysis of the association between baseline TyG index and ESRD risk.








Discussion

In this single-center retrospective cohort study, the baseline TyG index was found to be positively associated with the risk of future ESRD in patients with T2DM and CKD. After adjusting for well-known and suspected risk factors, including sex, age of DM onset, duration of diabetes, smoking status, insulin treatment, hyperlipidemia, baseline eGFR, MAP, BMI, anemia, urinary protein, and HbA1c, the positive association between the TyG index and ESRD remained stable, indicating that baseline TyG index was an independent predictor for ESRD in patients with T2DM and CKD. Specifically, participants with a baseline TyG index ≥ 9.5 had a significantly high risk of future ESRD and poor prognosis. Kaplan-Meier analysis also showed significant risk stratification when using 9.5 as a cut-off value of the baseline TyG index.

IR appears in a very early stage of CKD in patients with or without diabetes and worsens as renal functions decline (36). The etiology of IR in CKD is complex and multifactorial, including unhealthy lifestyles, chronic inflammation, oxidative stress, uremic toxins, metabolic acidosis, anemia, vitamin D deficiency, and disturbed gut microbiome (36–38). IR accelerates the development and progression of CKD via various mechanisms, including worsening renal hemodynamics, affecting podocyte viability, promoting glomerular mesangial expansion and renal tubular interstitial fibrosis (12, 13).

Conventional methods for directly measuring IR are complicated, invasive, and relatively expensive. Thus, accessible and inexpensive tests to determine IR have been developed and compared to the existing gold standard, the HIEC test (14, 15, 39). The HOMA-IR, which provides an estimate for IR from FBG and insulin serum concentrations, is a well-validated and commonly used method to measure IR. However, a plasma insulin test is not yet accessible in all laboratories and is not routinely measured in clinical practice (16). The TyG index, derived from simple and less costly biochemical measurements, has been shown to have a strong correlation with the HIEC test (14, 15) and HOMA-IR (16). Therefore, in our retrospective cohort study, we adopted the TyG index as a surrogate marker of IR since it was more accessible in routine clinical practice.

A major finding of our study was that an elevated TyG index, a surrogate marker of IR, is significantly associated with a higher risk of ESRD in individuals with T2DM and CKD. It was suggested that the TyG index appeared to be associated with incident CKD (21–24, 40) and CKD progression (25, 41) in patients with or without diabetes. Recently, Fritz et al. (26) discovered that in the general population, the TyG index appeared to play a significant mediating role between BMI and ESRD, and tended to be correlated with ESKD risk. In our study, even after adjusting for BMI, the positive association between the TyG index and future ESRD remained stable in patients with T2DM and CKD, suggesting monitoring the TyG index may be taken into consideration in these patients to identify and take the necessary precautions to prevent future ESRD.

This study has several limitations. First, this is a retrospective cohort study, which may suffer from bias in report and selection. Second, our study is a single-center study, with a modest sample size. Future studies with a bigger sample size and a longer follow-up time are required to verify the link between the TyG index and ESRD in individuals with T2DM and CKD.





Conclusion

In patients with T2DM and CKD, an elevated TyG index was significantly associated with a higher risk of ESRD. This finding supports the clinical use of the TyG index, a simple and practical surrogate marker of IR, for assessing renal function deterioration in patients with T2DM and CKD.
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