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Background: Diabetic kidney disease (DKD) lacks a simple and relatively accurate pre
dictor. The Triglyceride–Glucose (TyG) Index is a proxy of insulin resistance, but the 
association between the TyG Index and DKD is less certain. We investigated if the TyG 
Index can predict DKD onset effectively.
Materials and Methods: Cross-sectional and longitudinal analyses were undertaken. In 
total, 1432 type-2 diabetes mellitus (T2DM) patients were included in the cross-sectional 
analysis. The TyG Index (calculated by ln [fasting triglycerides (mg/dL) × fasting glucose 
(mg/dL)/2]) was split into three tertiles. Associations of the TyG Index with microalbumi
nuria and estimated glomerular filtration rate (eGFR) <60 mL/min/1.73 m2 were calculated. 
Longitudinally, 424 patients without DKD at baseline were followed up for 21 (range, 12– 
24) months. The main outcome was DKD prevalence as defined with eGFR <60 mL/min/ 
1.73 m2 or continuously increased urinary microalbuminuria: creatinine ratio (>30 mg/mL) 
over 3 months. Cox regression was used to analyze the association between the TyG Index at 
baseline and DKD. Receiver operating characteristics curve (ROC) analysis was used to 
assess the sensitivity and specificity of the TyG Index in predicting DKD.
Results: In cross-sectional analysis, patients with a higher TyG Index had a higher risk of 
microalbuminuria (OR = 2.342, 95% CI = 1.744–3.144, p < 0.001), and eGFR <60 mL/min/ 
1.73 m2 (1.696, 95% CI =1.096–2.625, p = 0.018). Longitudinally, 94 of 424 participants 
developed DKD. After confounder adjustment, patients in the high tertile of the TyG Index at 
baseline had a greater risk to developing DKD than those in the low tertile (HR = 1.727, 95% 
CI = 1.042–2.863, p = 0.034). The area under the ROC curve was 0.69 (0.63–0.76).
Conclusion: The TyG Index is a potential predictor for DKD in T2DM patients.
Clinical Trial: Clinical Trials identification number = NCT03692884.
Keywords: diabetic kidney disease, triglyceride–glucose index, insulin resistance

Introduction
Diabetic kidney disease (DKD) is a microvascular complication of diabetes mellitus 
(DM).1 About 20–40% of DM patients have DKD.2 The risk of end-stage renal 
disease (ESRD), cardiovascular disease, and cumulative mortality rate increases 
remarkably over decades, along with DKD risk.3 An early diagnosis and compre
hensive treatment can prevent and delay kidney disease.4,5 Nevertheless, fewer than 
20% of patients are aware of DKD and receive optimal treatment.6 Thus, investiga
tion of effective predictors of DKD is very important.

Insulin resistance (IR) is closely related to an increased risk of kidney disease in 
DM populations.7–9 Maahs et al found that type-2 diabetes mellitus (T2DM), 
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characterized etiologically by IR, often presented with 
excess albuminuria compared with that observed in 
T1DM.10 Besides, a recent study from Sweden illustrated 
that a new subtype of DM with the highest IR was most 
susceptible to DKD according to a genome-wide associa
tion study and genetic risk score.11 A cohort study enrol
ling 119 patients with T2DM and DKD with a follow-up 
duration of 4 years discovered that IR was independently 
associated with ESRD.12 Those studies suggested that IR 
was correlated with the occurrence and development 
of DKD.

The “gold standard” for the diagnosis of IR is measur
ing the glucose disposal rate using a hyperinsulinemic– 
euglycemic clamp. However, its expense and complex 
procedure limit its clinical use. Hence, numerous surrogate 
measures have emerged. Homeostatic Model Assessment 
for Insulin Resistance (HOMA-IR) has been shown to 
outperform several other measures of IR.13,14 

Nevertheless, in patients with DM, measurement of IR 
using HOMA-IR can be inaccurate. This is because 
HOMA-IR is calculated using levels of endogenous insu
lin, but patients with DM often receive treatment with 
insulin, which hampers accurate measurement of endogen
ous insulin.15 Furthermore, measurement of endogenous 
insulin is not conducted routinely clinically (especially in 
community hospitals). Therefore, there is an urgent need 
for a more accessible and applicable indicator of IR.

Impaired levels of fasting blood glucose (FBG) and 
triglyceride (TG) can often be found in IR. The 
Triglyceride–Glucose (TyG) Index is calculated using levels 
of FBG and TG, and performs well when measuring IR.16 

Accordingly, the TyG Index is correlated with IR as mea
sured by the hyperinsulinemic–euglycemic clamp17 and 
HOMA-IR.18 For decades, the TyG Index has been recog
nized as a surrogate marker of IR.16 Recent studies have 
shown that the TyG Index is a new predictor of T2DM19 and 
cardiovascular disease.20 In Australia, one study enrolled 
176,420 individuals (body mass index (BMI) = 20.6– 
29.2 kg/m2) and investigated the correlation between the 
TyG Index and ESRD. Results demonstrated that the TyG 
Index was positively correlated with ESRD risk (hazard ratio 
[HR] per 1-unit increase in SD = 1.56–1.82).21 Although the 
TyG Index is related to kidney disease, the evidence regard
ing the association between the TyG Index and DKD is 
limited. One cross-sectional study illustrated a higher TyG 
Index to be associated with a higher risk of proteinuria in 
DM patients, but the sample size was small and they defined 
DKD using the rate of albumin excretion only. In addition, 

few longitudinal studies have demonstrated the relationship 
between the TyG Index and DKD.22 Thus, we investigated 
the correlation between the TyG Index and DKD in cross- 
sectional studies and longitudinal studies.

Methods
Study Population
This study was conducted in accordance with the 
Declaration of Helsinki 1964 and its later amendments. 
The study protocol was approved (2018–042) by the 
Ethics Committee of the First Affiliated Hospital of 
Chongqing Medical University (Chongqing, China). All 
participants provided written informed consent.

The Chongqing Diabetes Registry (Clinical Trials ID: 
NCT03692884) is a prospective, ongoing, and multistage 
population study. Patients with T2DM were enrolled ran
domly from March 2018 to January 2020 in the First 
Affiliated Hospital of Chongqing Medical University. 
Patients with T1DM, other special types of DM, other 
kidney disease or with severe infection, immune dysfunc
tion, or malignant tumor, were excluded. Ultimately, 1432 
patients with T2DM were enrolled in a cross-sectional 
study to elucidate the association between the TyG Index 
and DKD. Then, 515 individuals with T2DM without 
DKD underwent physical examination annually. With 
a median duration of follow-up of 21 (range, 12–24) 
months, the predictive value of the TyG Index for DKD 
was investigated (Figure 1).

Data Collection and Measurements
At baseline, each patient received a normative question
naire for the collection of demographic characteristics, 
family history of DM, and medical history. These data 
were collected by physicians using face-to-face interviews.

Height and weight were measured with patients wear
ing lightweight clothes while shoeless. Then, BMI was 
calculated. Waist circumference (WC) was measured in 
the standing position. Blood pressure was measured on 
the non-dominant arm of seated individuals using an auto
mated electronic device (HEM-7071; Kyoto, Japan) after 
resting for ≥5 min.

Blood specimens were collected using vacutainers con
taining the anticoagulant sodium fluoride and centrifuged 
on site within 2 h of collection. Levels of FBG, total 
cholesterol (TC), serum TG, high-density lipoprotein- 
cholesterol, and low-density lipoprotein-cholesterol were 
measured using an auto-analyzer (7080 series; Hitachi, 
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Tokyo, Japan). The serum level of creatinine, urinary level 
of creatinine, and albumin were measured by an automatic 
biochemical analyzer (Modular DDP; Roche, Basel, 
Switzerland). The urinary microalbuminuria: creatinine 
ratio (UACR) was calculated. The estimated filtration 
rate (eGFR) was determined using the Modification of 
Diet in Renal Disease Study equation (male: eGFR = 
186 × SCr−1.154 × year−0.203; female: eGFR = 186 × 
SCr−1.154 × year−0.203 × 0.724).19 The TyG Index was 
calculated as: ln [fasting triglycerides (mg/dL) × fasting 
glucose (mg/dL)/2].

Definitions
The definition of DKD is based on eGFR <60 mL/min/ 
1.73 m2 or continuously increased UACR (>30 mg/g Cr) 
over 3 months in a patient with T2DM without other types 
of kidney disease.4 Microalbuminuria is defined as UACR 
>30 mg/g Cr.4

Statistical Analyses
Statistical analyses were undertaken using SPSS 26.0 
(IBM, Armonk, NY, USA). The Kolmogorov–Smirnov 
Z-test was used to verify continuous variables with 
a normal distribution. Variables with an approximately 
normal distribution are expressed as the mean ± standard 
deviation. Variables with a non-normal distribution are 
presented as median (interquartile range). The Student’s 
t-test or Mann–Whitney U-test were employed for group 
comparisons of continuous variables. Categorical variables 
are described as a frequency or percentage, and the chi- 
square test was used for group comparisons.

The TyG Index at baseline was divided into three 
tertiles, and participants were stratified into groups based 
on “low”, “median” and “high” values accordingly. The 
odds ratios (ORs) and 95% confidence intervals (95% CIs) 
of the median and high-quantile groups were calculated 
with reference to the low-tertile group. We created three 
binary logistic regression models in the cross-sectional 
study, and three proportional hazards models (Cox regres
sion) in the longitudinal study, to estimate the independent 
association between the TyG Index and DKD while adjust
ing for potential confounders. The results of the longitu
dinal study are presented through forest plots using 
R (www.R-project.org/). The variables in these models 
are shown in Table 1 or Figure 2. Analyses of receiver 
operating characteristics curves (ROCs) were undertaken 
to determine the sensitivity and specificity of the TyG 

Index for predicting DKD. p < 0.05 was considered 
significant.

Results
Characteristics of Study Participants
A total of 1432 participants with DM were included in the 
cross-sectional analysis. The clinical characteristics of par
ticipants grouped by three tertiles of the TyG Index are 
shown in Table 2. The mean age of participants was 61 
(range, 52–68) years, and 57.9% were men. The eGFR 
showed a significant difference among the three groups if 
eGFR <60 mL/min/1.73 m2 (p = 0.004). With an increase 
in the TyG Index, participants tended to be younger, with 
a higher level of albumin (p < 0.001). In terms of the risk 
factors for DKD, the proportion of male participants, BMI, 
WC, and diastolic blood pressure tended to increase along 
with the TyG Index (p < 0.05 for all).

Correlation of the TyG Index with DKD
To assess the correlation of the TyG Index with DKD, we 
undertook binary logistic regression analysis of cross- 
sectional data. In model 1, with the low tertile of the TyG 
Index set as the reference, the TyG Index in the top tertile 
was associated with a higher OR for microalbuminuria (OR 
= 2.342, 95% CI =1.744–3.144, p < 0.001), eGFR (1.696, 
1.096–2.625, 0.018) and DKD (2.728, 2.030–3.661, <0.001) 
after adjustment for sex and age (Table 1). After additional 
adjustment for DM duration, history of hypertension, and 
BMI (model 2), plus hypoglycemic therapy, hypolipidemic 
therapy and anti-hypertension drugs (model 3), this trend 
was retained (Table 1).

The TyG Index for Predicting Incident 
DKD
To demonstrate the effectiveness of the TyG Index in 
predicting incident DKD, 424 T2DM patients without 
DKD were included in the longitudinal study. We 
observed the value of the TyG Index for predicting 
DKD using binary logistic regression in four models. In 
model 1, we adjusted for age and sex and discovered that, 
compared with patients in low tertile of the TyG Index, 
participants in the high tertile had a significantly higher 
risk of DKD (HR = 1.665, 95% CI = 1.019–2.721, p = 
0.042). In model 2, we also adjusted for DM duration and 
history of hypertension coupled with BMI, and found 
that incident DKD in the high tertile of the TyG Index 
was also increased. After adjusting for age, sex, DM 
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duration, history of hypertension, BMI, hypoglycemic 
therapy, hypolipidemic therapy, and anti-hypertension 
drugs (model 3), participants in the high tertile of the 
TyG Index continued to have a higher prevalence of 
incident DKD compared with those in the low tertile 
(HR = 1.727, 95% CI = 1.042–2.863, p = 0.034) 
(Figure 2).The area under the ROC curve was 0.69 
(range, 0.63–0.76), with sensitivity of 0.713 and specifi
city of 0.372 (Figure 3).

Discussion
The present study provides strong evidence that an increasing 
TyG Index is independently associated with an increased risk 
of microalbuminuria and decline in the eGFR. A subsequent 
longitudinal study demonstrated whether the TyG Index 
could predict DKD occurrence effectively.

Often, the TyG Index is dysregulated if IR occurs. 
Although the TyG Index is associated with IR measured by 
the hyperinsulinemic–euglycemic clamp17 or HOMA-IR,18 

it performs better than both these measurement.16 Thus, the 
TyG Index is regarded as a surrogate marker for IR. Studies 

in non-DM patients have found that the TyG Index has a high 
positive linear correlation with UACR.23 In a study by Zhao 
et al, 22.96% of participants had DM.24 They found that an 
increasing TyG Index was associated with a higher risk of 
microalbuminuria and chronic kidney disease (CKD) with 
eGFR ≤60 mL/min/1.73 m2. In a study cohort in Japan, of 
which 22% had DM, the TyG Index was a predictive factor 
for CKD prevalence.25 Those studies suggested that the TyG 
Index is of great value for predicting CKD.

IR has a vital pathophysiologic role in T2DM.26,27 IR 
is associated with DKD development, but the mechanism 
of action has not been elucidated fully. Insulin is not only 
a hormone regulating the glucose level in blood, it is also 
a signaling molecule in many tissues and cells.28 The 
kidney has various insulin-sensitive cells (eg, podocytes) 
which can express insulin receptors (eg, glucose trans
porter type 4 [GLUT4], and GLUT1).29 If IR occurs, 
insulin signaling is impaired, and the glomerular filtration 
pressure increases, resulting in glomerular 
hyperfiltration.30 Cytoskeletal rearrangement,31 mito
chondrial dysfunction,32 inflammation,29 lipid toxicity,33 

Figure 1 Flowchart of the study population. Type-2 diabetes mellitus (T2DM) was diagnosed based on the diagnostic criteria for T2DM set by the World Health 
Organization in 1999. Data used in this analysis were collected for all participants by the same instruments and methods.
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and other mechanisms are also involved in DKD induced 
by IR.29

The TyG Index is a proxy of IR,16 therefore it is 
valuable to understand the association of the TyG Index 
and kidney disease in DM populations. However, the pre
dictive value of the TyG Index for DKD is less certain. 
One cross-sectional study showed that the TyG Index is 
a better surrogate marker than HOMA2-IR for identifica
tion of diabetic nephropathy in T2DM patients.20 A recent 
nested case–control study enrolling >5000 patients with 
T2DM, 950 of whom had DKD, showed that the TyG 
Index was correlated with DKD.34 The population in that 
study was mostly hospital patients, and the eGFR of the 
case group was 35.79 (range, 14.35–53.42) mL/min/ 
1.73 m2, which represented advanced kidney disease. In 

T2DM with a comprehensive and continuous spectrum of 
renal function, the correlation of the TyG Index with 
kidney disease is unclear, and a longitudinal study is 
needed to investigate the predictive value of the TyG 
Index for DKD.

Our cross-sectional study enrolled a relatively large 
sample with a wide range of eGFR of 94.44 (range, 
74.59–113.85) mL/min/1.73 m2, and UACR of 13.0 
(range, 4.3–63) mg/g Cr. We found that an increased 
TyG Index was associated with a high risk of microalbu
minuria and reduced eGFR. Furthermore, we investigated 
the value of the TyG Index in predicting DKD prevalence 
in a cohort. This is the first longitudinal study to discover 
the association of the TyG Index with DKD. Furthermore, 
as a proxy for IR, the TyG Index has the advantage of 

Table 1 Binary Logistic Regression for UACR, eGFR and DKD According to the Quartiles of the TyG Index in Cross-Sectional Data

MAU eGFR >60 mL/min/1.73 m2 DKD

OR (95% CI) P OR (95% CI) P OR (95% CI) P

Model 1 Median vs low 1.589 (1.203, 2.099) 0.001 2.440(1.580, 3.768) <0.001 1.773 (1.349, 2.330) <0.001

High vs low 2.244 (1.693, 2.973) <0.001 2.410 (1.532, 3.790) <0.001 2.577 (1.950, 3.406) <0.001

Model 2 Median vs low 1.629 (1.222, 2.171) 0.001 2.476 (1.588, 3.861) <0.001 1.847 (1.390, 2.455) <0.001

High vs low 2.245 (1.677, 3.005) <0.001 2.317 (1.454, 3.692) <0.001 2.627 (1.964, 3.515) <0.001

Model 3 Median vs low 1.661 (1.244, 2.216) 0.001 2.463 (1.580, 3.846) <0.001 1.878 (1.411, 2.499) <0.001

High vs low 2.342 (1.744, 3.144) <0.001 2.317 (1.450, 3.698) <0.001 2.728 (2.03, 3.661) <0.001

Notes: Model 1 was adjusted for age and sex; Model 2 was adjusted for the duration of diabetes mellitus, history of hypertension and BMI in addition to the variables in 
model 1; Model 3 was adjusted for hypoglycemic therapy, hypolipidemic therapy, and anti-hypertension drugs in addition to the variables in model 2. 
Abbreviations: UACR, urinary microalbuminuria: creatinine ratio; eGFR, estimated glomerular filtration rate.

Figure 2 Cox regression for DKD according to the tertiles of the TyG Index in longitudinal data. Model 1 was adjusted for age and sex. Model 2 was adjusted for the 
duration of diabetes mellitus, history of hypertension, and BMI in addition to the variables in model 1. Model 3 was adjusted for hypoglycemic therapy, hypolipidemic therapy, 
and anti-hypertension drugs in addition to the variables in model 2.
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being clinically applicable because TG and glucose con
centrations are measured routinely in DM patients.

Our study had two main shortcomings. First, to avoid 
invasive injury, we did not take a renal biopsy—the gold 
standard for DKD measurement—for the definition of 
DKD. Instead, as recommended by American Diabetes 
Association guidelines, clinical features and biochemical 
indicators were used.4 Second, the sample size in the 

longitude study was relatively small and we failed to 
follow-up 18% of participants: validation of our data on 
a larger population is needed.

Conclusions
In T2DM patients, a higher TyG Index was associated with 
a higher probability of incident DKD. Our study both 
broadens the horizon on the association between IR and 

Table 2 Characteristics of Participants

All Tertile 1 Tertile 2 Tertile 3 P

1432 478 477 477

Sex (male, %) 829 (57.9) 257 (53.8) 273 (57.2) 299 (62.7) 0.019

Age (years) 61 (52, 68) 64 (56, 69) 62 (52, 67) 56 (49, 65) <0.001
Duration of diabetes (years) 9 (3, 14) 10 (5, 15) 9 (3, 15) 7 (2, 13) <0.001

History of hypertension, n(%) 663 (46.3) 223 (46.7) 212 (44.4) 228 (47.8) 0.573

SBP (mmHg) 132 (120, 145) 133 (120, 46) 132 (119, 142) 132 (121, 146) 0.294
DBP (mmHg) 78 (70, 86) 75 (67, 84) 76 (70, 85) 81 (72, 89) <0.001

BMI (kg/m2) 24.3 (22.3, 26.6) 23.4 (21.6, 25.4) 24.4 (22.4, 26.7) 25.2 (23.0, 27.5) <0.001

WC (cm) 89 (83, 96) 86 (80, 92) 90 (84, 96) 92 (86, 99) <0.001
FPG (mg/dL) 144 (117, 184) 115.2 (100.8, 136.8) 144.0 (122.4, 171.0) 183.6 (146.7, 237.6) <0.001

PBG (mmol/L) 12.3 (9.5, 16.1) 10.9 (8.3, 13.8) 12.1 (9.5, 15.7) 14.6 (11.4, 18.5) <0.001

HbA1C (%) 8.5 (7.1, 10.4) 7.4 (6.6, 9.4) 8.5 (7.2, 10.3) 9.6 (8.0, 11.5) <0.001
TG (mg/dL) 130.98 (92.04, 204.44) 82.30 (64.61, 99.34) 133.64 (109.74, 160.63) 255.77 (184.08, 389.84) <0.001

TC (mmol/L) 4.25 (3.54, 5.03) 3.83 (3.21, 4.47) 4.27 (3.64, 4.97) 4.70 (3.96, 5.54) <0.001

HDL-C (mmol/L) 1.11 (0.91, 1.40) 1.30 (1.07, 1.59) 1.12 (0.93, 1.37) 0.96 (0.77, 1.17) <0.001
LDL-C (mmol/L) 2.48 (1.85, 3.18) 2.21 (1.71, 2.79) 2.73 (2.07, 3.40) 2.56 (1.90, 3.37) <0.001

TyG Index 9.17 (8.73, 9.71) 8.52 (8.27, 8.73) 9.17 (9.02, 9.34) 10.00 (9.71, 10.50) <0.001

ALT (U/L) 19 (14, 29) 18 (13, 26) 20 (14, 29) 22 (15, 32) <0.001
ALB (g/L) 44 (40, 47) 44 (40, 47) 44 (40, 48) 44 (39, 47) 0.456

eGFR <60 mL/min/1.73 m2 162 (11.3) 36 (7.5) 68 (14.3) 58 (12.2) 0.004

Albuminuria, n (%) 504 (35.2) 130 (27.2) 171 (35.8) 203 (42.6) <0.001

Antidiabetic treatment
Diet alone, n (%) 134 (9.4) 22 (4.6) 47 (9.9) 65 (13.6) <0.001

Biguanides, n (%) 935 (65.3) 300 (62.8) 323 (67.7) 312 (65.4) 0.006

Sulfonylureas, n (%) 293 (20.5) 111 (23.2) 109 (22.9) 73 (15.3) 0.192
Thiazolidinediones, n (%) 26 (1.8) 10 (2.1) 5 (1.0) 11 (2.3) 0.18

α-glucosidase inhibitors, n (%) 395 (27.6) 143 (29.9) 135 (28.3) 117 (24.5) 0.771

Meglitinides, n (%) 195 (13.6) 63 (13.2) 70 (14.7) 62 (13) <0.001
SGLT-2 inhibitors, n (%) 28 (2.0) 0 (0) 1 (0.2) 27 (5.7) <0.001

GLP-1 receptor agonist, n (%) 44 (3.1) 4 (0.8) 6 (1.3) 34 (7.1) 0.08

DPP-IV inhibitor, n (%) 54 (3.8) 13 (2.7) 15 (3.1) 26 (5.4) <0.001
Biguanides, n (%) 935 (65.3) 300 (62.8) 323 (67.7) 312 (65.4) 0.006

Hypolipidemic treatment
Statins, n (%) 475 (33.2) 129 (27) 147 (30.8) 199 (41.7) <0.001

Fibrates, n (%) 32 (2.2) 11 (2.3) 6 (1.3) 15 (3.1) 0.06

Antihypertensive drugs, n (%) 578 (40.4) 192 (40.2) 188 (39.4) 198 (41.5) 0.8
RX with ACE-I/ARBs, n (%) 402 (28.1) 148 (31.0) 120 (25.2) 134 (28.1) 0.136

Notes: Quantitative variables are shown as median (interquartile range), and qualitative parameters are presented as numbers with the percentage in parentheses. 
Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; WC, waist circumference; FPG, fasting plasma glucose; PBG, postprandial blood 
glucose; HbA1c, glycated hemoglobin; TG, total triglyceride; TC, total cholesterol; HDL-C, high density lipoprotein-cholesterol; LDL-C, low-density lipoprotein-cholesterol; ALT, alanine 
aminotransferase; ALB, albumin; eGFR, estimated glomerular filtration rate; ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker.
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incident DKD, and shows that measurement of the TyG 
Index in patients with T2DM may be helpful in the early 
screening of DKD.
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