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Aim: The triglyceride glucose-body mass index (TyG-BMI) is correlated not only

to the onset of diabetic kidney disease (DKD) associated with nutrition (including

glucose and triglyceride) metabolism but also incorporates body mass index

(BMI), potentially serving as an indicator of non-alcoholic fatty liver disease

(NAFLD). But, the links between TyG-BMI and DKD in individuals with and without

NAFLD remains further exploration. Therefore, this present research aims to

investigate the relationship between TyG-BMI and DKD in these patient groups

and to evaluate its diagnostic value for DKD.

Methods: A total of 425 individuals diagnosed with type 2 diabetes mellitus

(T2DM) were categorized into the DKD group or the Control group. Clinical

indicators were compared in these two groups, and the relationships between

TyG-BMI and either the estimated glomerular filtration rate (eGFR) or the

urinary albumin-to-creatinine ratio (UACR) were examined. Risk factors for DKD

were examined, and the diagnostic value of TyG-BMI was assessed in patients

without and with NAFLD.

Results: Compared to 288 participants without DKD, 137 individuals with DKD

exhibited higher TyG-BMI levels. In all individuals with T2DM, a higher TyG-BMI

was recognized as a contributing factor to the development of DKD. Notably,

this association was observed in patients without NAFLD, while no such link was

established in those diagnosed with NAFLD. For T2DM patients lacking NAFLD,

the TyG-BMI threshold of 49.2415 demonstrated a sensitivity of 91.3% and a

specificity of 70.1%.

Conclusion: Increased TyG-BMI values are associated with a higher risk of DKD

and could act as potential indicators of DKD in individuals with T2DM.

KEYWORDS

triglyceride glucose-body mass index, diabetic kidney disease, diabetic complication,
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1 Introduction

Type 2 diabetes mellitus (T2DM) is a long-term metabolic
disease marked by impaired insulin sensitivity and dysfunction
of pancreatic β-cells (1). It is not only associated with significant
disturbances in glucose metabolism but is also frequently
accompanied by lipid metabolism abnormalities (2, 3). The global
incidence of T2DM is steadily increasing. As reported by the
International Diabetes Federation in 2021, over 530 million
individuals around the world are currently affected by diabetes,
and more than 90% of these cases are attributed to T2DM.
China, ranking among the nations with the highest rates of
diabetes, has an adult diabetes prevalence of around 12.8% for
individuals aged 18 and above, according to data from national
surveillance on chronic diseases and nutrition. This represents a
significant public health burden (4). With the increasing prevalence
of diabetes, diabetic kidney disease (DKD) has become one
of the primary contributors to end-stage renal disease (ESRD)
(5, 6). The pathogenesis of DKD involves multiple factors,
including disturbances in nutritional metabolism—particularly
insulin resistance associated abnormalities in glucose and lipid
metabolism—renal fibrosis, oxidative stress, microcirculatory
dysfunction, and chronic metabolic inflammation (7). Among
these, disruptions in glucose (8–10) and lipid (11, 12) metabolism
play a central initiating role. These metabolic disturbances trigger
a cascade of pathological mechanisms that ultimately result in
reduced estimated glomerular filtration rate (eGFR) and an increase
in urinary protein excretion. As proteinuria worsens and renal
function declines, patients with diabetes are placed on a fast track
toward ESRD. Therefore, early identification, timely diagnosis, and
intervention for DKD are essential strategies to prevent progression
to ESRD in diabetic patients.

Currently, the diagnosis of DKD primarily relies on the urinary
albumin-to-creatinine ratio (UACR) and eGFR, along with the
exclusion of other causes of proteinuria and renal function decline.
In some cases, pathological examination is required to confirm
the diagnosis (13). However, the current diagnostic methods are
relatively complex. While pathological assessment can provide a
definitive diagnosis, its invasive nature often makes it unacceptable
to many patients. Moreover, using UACR and eGFR alone does not
directly account for abnormalities in glucose and lipid metabolism,
necessitating the exclusion of other renal diseases. Therefore, it
is imperative to discover novel biomarkers that can help screen
high-risk individuals and enable a more efficient diagnosis of DKD.

The triglyceride glucose (TyG) index serves as an integrated
indicator, reflects both glucose and lipid metabolism disorders.
In recent years, it has shown significant advantages in the
diagnosis of chronic complications of diabetes (14–16). Not only
can it aid in diagnosing these conditions, but it may also help
predict disease prognosis. Although some studies have indicated
a possible link between chronic kidney disease (CKD) and the
TyG index in diabetic individuals (17), no research to date
has evaluated its diagnostic value for CKD specifically. Earlier
researches have established a strong association between obesity
and both diabetes (18) and its related complications (19), such
as DKD (20). Body mass index (BMI) is one of the indicators
reflecting the degree of obesity in patients. Therefore, taking body

mass index into account, TyG-BMI may be more closely associated
with diabetic complications. Some researchers have also proposed
that the triglyceride glucose-body mass index (TyG-BMI) might
have a strong correlation with diabetic complications (21–25),
including DKD (26).

Based on the above hypothesis, this study preliminarily
explored the relationship between the TyG and TyG-BMI with
DKD, and further evaluated their potential diagnostic value
for CKD. Disorders of glucose and lipid metabolism not only
linked to the initiation and advancement of DKD but are also
closely associated with the development of non-alcoholic fatty
liver disease (NAFLD). While DKD and NAFLD share several
pathogenic mechanisms, they also differ in many aspects of
their pathophysiology. To minimize potential confounding factors,
we additionally examined the relationship of the TyG index
and TyG-BMI with DKD in patients both with and without
coexisting NAFLD.

2 Materials and methods

2.1 Study design and ethical approval

A total of 425 individuals diagnosed with T2DM were included
from the Department of Endocrinology, the First Affiliated
Hospital of USTC. Of these, 137 patients with DKD were placed
in the DKD group, whereas the other 288 patients without
DKD served as the control group. According to the Asia-Pacific
guidelines (27), the diagnosis of NAFLD was established when
at least two out of the following three sonographic features were
present on abdominal ultrasound: increased hepatic echogenicity
compared to the kidney or spleen, poor visualization of intrahepatic
vessels, and attenuation of the ultrasound beam in deeper liver
regions. The diagnosis was strongly suspected after excluding
other possible causes of liver dysfunction—particularly significant
consumption of alcohol (exceeding 140 g per week for males
and 70 g for females) and the administration of liver-damaging
drugs—had been carefully excluded. Prior to enrollment, every
participant received comprehensive information regarding the
study’s objectives and procedures, and gave their written informed
consent. Ethical approval for the study was approved by the Ethics
Committee of the First Affiliated Hospital of USTC (Approval
No.: 2025-RE-045).

2.2 Inclusion and exclusion criteria

Every individual involved in the research was identified as
having diabetes according to the 1999 guidelines established by the
World Health Organization (28). Clinicians recorded the diagnosis
of DKD in the medical history system according to the guideline
of American Diabetes Association (29). Exclusion criteria were
defined for this study focusing on NAFLD and DKD: (a) types
of diabetes other than T2DM; (b) presence of acute diabetic
complications (such as lactic acidosis, hyperglycemic hyperosmolar
state, or diabetic ketoacidosis); (c) history of severe hypoglycemia;
(d) severe cardiovascular or cerebrovascular diseases; (e) other
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vascular disorders; (f) venous embolism or lymphangitis; (g)
history of any amputation; (h) thyroid dysfunction; (i) smoking;
(j) alcohol consumption exceeding 140 g per week for males and
70 g for females; (k) presence of other liver diseases, including viral
hepatitis infections, biliary obstruction diseases, or autoimmune
hepatitis; and (l) use of medications known to affect liver function,
such as tamoxifen, amiodarone, sodium valproate, methotrexate, or
glucocorticoids.

2.3 Clinical data

Patient clinical information was gathered, encompassing
factors such as age, gender, and the duration of diabetes. At the
time of admission, measurements including height and weight were
recorded, and the body mass index (BMI) was determined using
the formula: weight in kilograms divided by the square of height in
meters (kg/m2). On the second day after admission, blood samples
were collected to evaluate the parameters of glucose metabolism,
including glycated hemoglobin (HbA1c), fasting plasma glucose
(FPG), and fasting serum C-peptide (FCP); lipid metabolism,
such as triglycerides (TG), total cholesterol (TC), low-density
lipoprotein cholesterol (LDL-C), and high-density lipoprotein
cholesterol (HDL-C); renal function markers, including serum uric
acid (SUA), creatinine (Cr), and blood urea nitrogen (BUN); as
well as liver function indicators, alanine aminotransferase (ALT),
and aspartate aminotransferase (AST). All laboratory tests were
conducted at the Central Laboratory of the First Affiliated Hospital
of USTC. The eGFR was estimated based on serum creatinine
concentrations. Furthermore, urine specimens were gathered to
assess microalbuminuria and urinary creatinine levels, which
enabled the determination of the UACR. All data were obtained
from the medical records of the patients.

2.4 Statistical methods

Statistical analysis was conducted utilizing SPSS version 22.0
(IBM, USA). Variables exhibiting a normal distribution, including
LDL-C and TyG-BMI, were reported as means ± standard
deviations, and comparisons between groups were made by the
Student’s t-test. For variables that did not follow a normal
distribution—such as age, duration of diabetes, BMI, HbA1c, FPG,
FCP, TG, TC, HDL-C, TyG, SUA, Cr, BUN, eGFR, ALT, AST,
urinary albumin, and UACR—data were presented as medians
and interquartile ranges. Their differences of the two groups
were analyzed via the Mann–Whitney U test. Categorical data,
including gender and NAFLD status, were expressed as counts and
percentages. Their differences of the two groups were evaluated
by the Chi-squared test. To investigate correlations, Pearson and
partial correlation analyses were performed both unadjusted and
adjusted for covariates. Furthermore, binary logistic regression
analysis was employed to identify potential risk factors for DKD.
Receiver operating characteristic (ROC) curve analysis was also
carried out to establish optimal threshold values and evaluate
diagnostic accuracy among all patients, regardless of NAFLD
presence. Youden index was used to establish the diagnostic
cut-off point. The methodology section encompasses the study
design and ethical approval, data collection and statistical analyses

were conducted in accordance with our previously published
studies (30).

3 Results

3.1 Analysis of clinical features among
T2DM individuals with or without DKD

This research initially examined the clinical profiles of
individuals with T2DM, both with and without DKD. Despite the
cross-sectional design and lack of strict matching between the two
cohorts, no notable disparities were observed regarding sex or the
duration of diabetes mellitus (DDM). Additionally, factors such
as BMI, FCP, TC, LDL-C, AST, and ALT levels were similarly
distributed between the groups (all P > 0.05). However, patients
with DKD were older compared to those without DKD (P = 0.049).
HbA1c, FPG, and TG, as well as lower HDL-C concentrations were
elevated in T2DM individuals with DKD relative to those without
the condition (all P < 0.05). Given the presence of glucose and
lipid metabolism abnormalities in this research, we additionally
computed the TyG index and TyG-BMI for more detailed analysis.
This study aimed to investigate the potential role of TyG (TyG-
BMI) in T2DM patients with DKD. To achieve this, we compared
TyG (TyG-BMI) levels and renal function markers—including
SUA, Cr, BUN, eGFR, urinary albumin, and UACR—between
patients with and without DKD. Our results demonstrated that
individuals with DKD had significantly elevated TyG and TyG-
BMI, compared to those without DKD (all P < 0.05). Moreover,
individuals with DKD exhibited decreased eGFR and elevated Cr,
urinary albumin, and UACR levels compared to their counterparts
without DKD (all P < 0.05) (see Table 1).

3.2 Correlation of TyG index (TyG-BMI)
with renal function in individuals
diagnosed with T2DM

To explore the possible relationship between TyG (TyG-
BMI) and renal function among patients with T2DM, Pearson’s
correlation analysis was conducted. Among individuals with
T2DM, a notable association was identified between UACR and
both TyG (R = 0.128, P = 0.008) as well as TyG-BMI (R = 0.121,
P = 0.012), indicating statistically significant positive relationships.
Additionally, partial correlation analyses were conducted with
adjustments for age, sex, and DDM. After these modifications, an
inverse association was observed between TyG values and eGFR
(R = −0.098, P = 0.044), while a direct relationship was identified
with UACR (R = 0.139, P = 0.004). In a comparable manner, TyG-
BMI was inversely related to eGFR (R = −0.106, P = 0.030) and
positively linked to UACR (R = 0.130, P = 0.008) (see Table 2).

3.3 Analysis for the risk factor for DKD in
patients with T2DM

Given that TyG and TyG-BMI are associated with eGFR and
UACR—both markers of kidney function—we hypothesized that
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TABLE 1 Comparison of clinical parameters between Control group and DKD group.

Control (n = 288) DKD (n = 137) P

Age (year) 61.00 (56.00, 70.00) 65.00 (58.00, 72.00) 0.049a*

Female (n, %) 122, 42.36 59, 43.07 0.891c

DDM (year) 10.00 (4.00, 17.00) 10.00 (8.00, 20.00) 0.149a

BMI (kg/m2) 23.66 (21.55, 26.02) 24.10 (22.50, 27.13) 0.388a

HbA1c (%) 7.70 (6.80, 9.10) 8.40 (7.15, 9.60) 0.001a*

FPG (mmol/L) 6.80 (5.48, 8.28) 7.88 (5.97, 9.89) 0.017a*

FCP (nmol/L) 0.48 (0.32, 0.66) 0.55 (0.36, 0.80) 0.092a

TG (mmol/L) 1.23 (0.96, 1.83) 1.67 (1.32, 2.21) <0.001a*

TC (mmol/L) 4.28 (3.60, 4.92) 4.26 (3.54, 4.91) 0.973a

HDL-C (mmol/L) 1.03 (0.88, 1.23) 0.98 (0.83, 1.15) 0.047a*

LDL-C (mmol/L) 2.51 ± 0.80 2.57 ± 0.87 0.442b

TyG 2.18 (1.79, 2.60) 2.55 (2.22, 2.98) <0.001a*

TyG-BMI 55.03 ± 20.80 63.88 ± 13.61 <0.001b*

NAFLD (n, %) 154, 53.47 68, 49.64 0.459c

AST (U/L) 19.00 (14.00, 25.88) 17.00 (13.15, 24.50) 0.426a

ALT (U/L) 18.60 (16.00, 22.00) 19.00 (16.00, 24.00) 0.758a

SUA (µmol/L) 304.00 (248.19, 353.00) 323.00 (268.50, 381.50) 0.090a

Cr (µmol/L) 59.50 (50.25, 70.00) 66.00 (53.00, 92.00) 0.012a*

BUN (mmol/L) 6.27 (5.23, 7.40) 6.91 (5.55, 8.03) 0.137a

eGFR (ml/min/1.73 m2) 97.21 (90.31, 105.11) 90.23 (71.55, 100.72) <0.001a*

Urinary albumin (mg/L) 7.65 (4.80, 12.18) 51.40 (26.60, 229.90) <0.001a*

UACR (mg/g) 8.85 (5.98, 13.95) 97.15 (39.55, 323.23) <0.001a*

DKD, diabetic kidney disease; DDM, duration of diabetes mellitus; BMI, body mass index; HbA1c, glycosylated hemoglobin; FPG, fasting plasma glucose; FCP, fasting C-peptide; TG,
triglycerides; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; TyG, triglyceride glucose index; TyG-BMI, triglyceride glucose-
body mass index; NAFLD, non-alcoholic fatty liver disease; ALT, alanine aminotransferase; AST, aspartate aminotransferase; SUA, serum uric acid; Cr, creatinine; BUN, blood urea nitrogen;
eGFR, estimated glomerular filtration rate; UACR, urinary albumin-to-creatinine ratio. aThe Mann–Whitney U test was employed for asymmetrically distributed variables. bStudent’s t-test
was employed for normally distributed variables. cThe Chi-square test was employed for categorical variables. *P < 0.05.

TABLE 2 Association between TyG-BMI (or TyG) and UACR (or eGFR) in patients with T2DM.

TyG TyG-BMI

R P R P

Model 1 eGFR −0.013 0.784 −0.038 0.430

UACR 0.128 0.008* 0.121 0.012*

Model 2 eGFR −0.098 0.044* −0.106 0.030*

UACR 0.139 0.004* 0.130 0.008*

Model 1 showed the Pearson association between TyG-BMI (or TyG) and UACR (or eGFR) in patients with T2DM; model 2 showed the partial association between TyG-BMI (or TyG) and
UACR (or eGFR) in patients with T2DM adjusting for age and gender as well as duration of diabetes mellitus. TyG-BMI, triglyceride glucose-body mass index; TyG, triglyceride glucose index;
T2DM, type 2 diabetes mellitus; eGFR, estimated glomerular filtration rate; UACR, urinary albumin-to-creatinine ratio. *P < 0.05.

TyG and TyG-BMI could act as possible contributors to the
development of DKD in patients diagnosed with T2DM. To explore
this possibility, we performed a binary logistic regression analysis.
Our results showed that higher TyG and TyG-BMI levels were
significantly associated with an increased risk of DKD in patients
with T2DM (OR = 2.225, P < 0.001; OR = 1.025, P < 0.001) (see
Supplementary Table 1). Moreover, even after adjusting for age,
gender, and DDM, elevated TyG and TyG-BMI still represented
notable risk contributors to DKD in this population (OR = 2.499,
P < 0.001; OR = 1.028, P < 0.001) (see Supplementary Table 2).

3.4 Difference of the relationship
between TyG (TyG-BMI) and DKD in
T2DM patients with and without NAFLD

Because TyG and TyG-BMI may be linked not only to DKD
but also closely to NAFLD, we performed separate analyses to
examine the relationships between TyG (TyG-BMI) and DKD
among patients both with and without NAFLD, aiming to minimize
potential confounding effects. Among patients without NAFLD,
TyG (TyG-BMI) was significantly correlated with both eGFR and
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UACR, before and after adjusting for gender, sex, and DDM (all
P < 0.05). In contrast, among T2DM patients with NAFLD, no
meaningful correlations were identified involving TyG (or TyG-
BMI) and either eGFR or UACR, regardless of adjustment (all
P > 0.05) (Table 3). These findings point to a complex interplay
among TyG (TyG-BMI), DKD, and NAFLD. Given this complexity,
we investigate the association between TyG (TyG-BMI) and DKD,
and performed supplementary subgroup evaluations employing
binary logistic regression. Subgroup evaluation demonstrated that
among T2DM individuals lacking NAFLD, elevated TyG (TyG-
BMI) values were independently linked to a greater likelihood of
developing DKD, irrespective of adjustment for age, gender, and
DDM (all P < 0.05). However, this association was not observed
in diabetic patients with NAFLD (all P > 0.05) (see Supplementary
Tables 3, 4).

3.5 Assessing the diagnostic utility of TyG
(TyG-BMI) in detecting DKD among
individuals with T2DM

Since increased TyG and TyG-BMI values are recognized as
possible indicators of DKD risk in individuals with T2DM, we
performed an extensive assessment of their ability to diagnose
the condition throughout the full T2DM population. ROC curve
assessment showed that the area under the curve (AUC) was
0.674 for TyG and 0.673 for TyG-BMI in all T2DM patients
(Figures 1A, B). Building on our previous subgroup analyses, we
further assessed the diagnostic significance of TyG and TyG-
BMI specifically among T2DM patients both diagnosed with and
without NAFLD. The optimal cut-off values were determined to
be 2.316 for TyG and 49.2415 for TyG-BMI. For TyG, the analysis
yielded a sensitivity of 79.7%, a specificity of 76.9%, and an AUC
of 0.833 (Youden index = 0.566). For TyG-BMI, a sensitivity of
91.3%, a specificity of 70.1%, and an AUC of 0.854 were observed
(Youden index = 0.614) (Figure 2B). In contrast, among patients
diagnosed with NAFLD, the diagnostic performance of TyG and
TyG-BMI was substantially lower, with AUCs of only 0.529 and
0.528, respectively (Figures 2A, B).

4 Discussion

As diabetes becomes increasingly widespread, DKD has rapidly
become a pressing issue for public health authorities. As outlined
in the introduction, DKD has become a major contributor to ESRD
(6). In China, its incidence is particularly high, placing a significant
burden on society (31). Consequently, early detection and timely
intervention for DKD are especially critical. However, diagnosing
DKD remains relatively complex, requiring the exclusion of many
other potential causes of kidney injury. Regarding the pathogenesis
of DKD, Disruptions in glucose and lipid metabolism associated
with reduced insulin sensitivity are critically important. Therefore,
in this research, we aimed to investigate the association between
DKD and the TyG index among individuals diagnosed with T2DM,
given that the TyG index reflects both glucose and lipid metabolism
and is closely linked to insulin resistance. Considering that DKD
is associated not only with persistent hyperglycemia but also with

obesity, we also explored how the TyG-BMI measure correlates
with and DKD, in addition to the TyG index alone. Our preliminary
findings revealed that individuals in the DKD group exhibited
markedly elevated values of TyG and TyG-BMI relative to those in
the Control group.

Since there were differences in TyG and TyG-BMI levels
between T2DM individuals with DKD and those without, we
further explored how these markers correlate with kidney function.
Pearson correlation analyses indicated a significant relationship
between UACR and both the TyG index as well as TyG-BMI.
Although this was a cross-sectional study without strict matching
for age, sex, and diabetes duration, there were no notable variations
between the two groups in terms of gender or the length of time
since diabetes diagnosis. Although individuals with DKD tended to
be older compared to those without the condition, the difference
in age was only marginally significant (P = 0.049). Despite the
minimal differences in age, gender, and DDM between the groups,
we still adjusted for these factors in subsequent correlation analyses.
Interestingly, after adjusting for age, gender, and DDM, partial
correlation analyses showed an inverse association between TyG (or
TyG-BMI) and eGFR, while a direct relationship was observed with
UACR—two key indicators in the diagnosis of DKD (29). These
findings indicate a significant link between TyG (or TyG-BMI)
and DKD. To further clarify whether TyG and TyG-BMI serve as
independent predictors of DKD among individuals with T2DM,
we conducted regression analyses. The results clearly demonstrated
that both TyG and TyG-BMI were independent predictors of
DKD, regardless of adjustments for age, sex, and diabetes duration.
Finally, ROC curve analysis was conducted to evaluate the potential
of TyG and TyG-BMI in identifying DKD. The AUC values
were 0.674 and 0.673, respectively, indicating that their diagnostic
performance in the overall population might be limited.

One of the most frequently occurring coexisting conditions
among individuals with T2DM is NAFLD (32). Its development is
closely associated not only with insulin resistance but also with lipid
metabolism disorders (33). NAFLD plays a role in initiating and
advancing diabetes, and it could elevate the likelihood of diabetes-
related complications (34, 35). Several researches have indicated
that TyG index is correlated not only with DKD (17) but also
with NAFLD (36). Therefore, in our further research, we conducted
additional analyses to investigate how TyG, TyG-BMI, and DKD
are associated in individuals diagnosed with or without NAFLD.
We discovered notable correlations between TyG, TyG-BMI, and
renal function markers such as eGFR and UACR among individuals
free from NAFLD, and they emerged as independent risk factors
for the development of DKD in T2DM patients. However, these
associations were not observed in patients with NAFLD. Indeed,
in individuals diagnosed with NAFLD, the ROC curve evaluation
showed that the diagnostic accuracy of TyG and TyG-BMI for DKD
was limited, with respective AUC values of just 0.529 and 0.528.
In contrast, among patients without NAFLD, the AUCs for TyG
and TyG-BMI were as high as 0.833 and 0.854, respectively. The
findings indicate that both TyG and TyG-BMI possess significant
potential in diagnosing DKD in individuals free from NAFLD, with
TyG-BMI possibly demonstrating a better diagnostic capability.
Specifically, when using 49.2415 as the cutoff value for TyG-BMI
in diagnosing DKD, the sensitivity and specificity reached 91.3%
and 70.1%, respectively. These results suggest that TyG-BMI could
function as a valuable initial screening indicator for DKD in T2DM
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TABLE 3 Association between TyG-BMI (or TyG) and UACR (or eGFR) in T2DM patients with and without NAFLD.

Patients without NAFLD Patients with NAFLD

R P R P

TyG Model 1 eGFR −0.141 0.045* 0.077 0.254

UACR 0.260 <0.001* −0.015 0.822

Model 2 eGFR −0.188 0.008* −0.020 0.774

UACR 0.259 <0.001* 0.041 0.550

TyG-BMI Model 1 eGFR 0.215 0.002* 0.062 0.356

UACR 0.290 <0.001* 0.014 0.832

Model 2 eGFR −0.270 <0.001* 0.018 0.778

UACR 0.289 <0.001* 0.052 0.447

Model 1 showed the Pearson association between TyG-BMI (or TyG) and UACR (or eGFR) in patients with T2DM; model 2 showed the partial association between TyG-BMI (or TyG) and
UACR (or eGFR) in patients with T2DM adjusting for age and gender as well as duration of diabetes mellitus. TyG-BMI, triglyceride glucose-body mass index; TyG, triglyceride glucose index;
eGFR, estimated glomerular filtration rate; UACR, urinary albumin-to-creatinine ratio; NAFLD, non-alcoholic fatty liver disease; T2DM, type 2 diabetes mellitus. *P < 0.05.

FIGURE 1

Assessing the diagnostic values of TyG (or TyG-BMI) for DKD in patients with T2DM by ROC curve. AUC of TyG in all patients = 0.674 (P < 0.001) (A).
It is determined that the diagnostic cut-off value of TyG for DKD in all patients with T2DM to be 2.3789, revealed a sensitivity of 67.2% and specificity
of 63.2% (Youden index = 0.304). AUC of TyG-BMI in all patients = 0.673 (P < 0.001) (B). It is determined that the diagnostic cut-off value of TyG-BMI
for DKD in all patients with T2DM to be 53.8295, revealed a sensitivity of 78.8% and specificity of 56.2% (Youden index = 0.350). TyG-BMI, triglyceride
glucose-body mass index; TyG, triglyceride glucose index; DKD, diabetic kidney disease; T2DM, type 2 diabetes mellitus; ROC, receiver operating
characteristic.

patients who do not have NAFLD. Nevertheless, additional research
involving a greater number of participants is required to confirm
these conclusions.

To the best of our knowledge, this is the first study to explore
the relationship between TyG-BMI and DKD in populations with
and without NAFLD. While our study yielded several interesting
findings, it also has certain limitations. First, we did not observe a
significant difference in the prevalence of NAFLD between T2DM
patients with and without DKD. However, recognizing that NAFLD
may serve as a potential confounding factor in the mechanistic link
between TyG-BMI and DKD, we conducted additional statistical
analyses. Admittedly, had we found a significant baseline difference
in NAFLD prevalence between the DKD and non-DKD groups,
such a result would have provided stronger support for our
hypothesis. Nonetheless, in the spirit of scientific rigor, we reported
the results as observed. We speculate that the lack of a significant

difference may be due to the relatively small sample size. Although
our study included over 400 participants, this number is still
modest compared to large-scale studies. We acknowledge this
as a limitation of our research. Moreover, our study is cross-
sectional research, which enables the identification of associations
but not causal relationships. This is another inherent limitation that
must be considered when interpreting our findings. Additionally,
our dataset lacked detailed information on medication use.
While we did collect data on whether participants were taking
certain medications—such as antidiabetic, antihypertensive, lipid-
lowering, and anticoagulant drugs, especially antiplatelet agents—
the limited sample size meant that some medications were used
by only a few individuals, restricting our ability to analyze their
potential impact on DKD. Furthermore, we recorded only the
presence or absence of medication use, without details on dosage
or duration, which further limited our analysis. Another limitation
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FIGURE 2

Assessing the diagnostic values of TyG (or TyG-BMI) for DKD in T2DM patients with and without NAFLD by ROC curve. AUC of TyG in patients
without NAFLD = 0.833 (P < 0.001); AUC of TyG in patients with NAFLD = 0.529 (P = 0.478) (A). AUC of TyG-BMI in patients without NAFLD = 0.854
(P < 0.001); AUC of TyG-BMI in patients with NAFLD = 0.528 (P = 0.473) (B). It is determined that the diagnostic cut-off value of TyG for DKD in
T2DM without NAFLD to be 2.316, revealed a sensitivity of 79.7% and specificity of 76.9% (Youden index = 0.566). It is determined that the diagnostic
cut-off value of TyG-BMI for DKD in T2DM without NAFLD to be 49.2415, revealed a sensitivity of 91.3% and specificity of 70.1% (Youden
index = 0.614). TyG-BMI, triglyceride glucose-body mass index; TyG, triglyceride glucose index; DKD, diabetic kidney disease; T2DM, type 2 diabetes
mellitus; NAFLD, non-alcoholic fatty liver disease; ROC, receiver operating characteristic.

is the lack of coagulation function data. DKD is a microvascular
complication of diabetes, and in a separate study, we found that
coagulation markers—particularly activated partial thromboplastin
time—are associated with diabetic peripheral neuropathy (37),
itself linked to microvascular dysfunction. However, because
coagulation data were missing for most participants in this
study, we could not investigate this potential relationship here.
Alcohol consumption is another factor that can influence diabetic
complications (38). To accurately diagnose NAFLD, we excluded
patients with excessive alcohol intake at baseline. However, beyond
this exclusion, we did not collect detailed information on alcohol
consumption. Similarly, because of the known impact of smoking
(including second hand smoking) on diabetic complications (39,
40), we excluded smokers at the outset. Still, more granular data
on smoking status and intensity would have allowed us to further
explore the association between smoking and DKD. Since these
were not central to our research question, such data were not
incorporated into the study design. It is also important to note that
passive smoking may contribute to diabetes-related complications
and should be considered in future studies focused on smoking-
related risks. In the absence of these data, we recognize this as
another limitation of our study.

5 Conclusion

In summary, this research reveals that elevated TyG and TyG-
BMI values are independently linked to an increased likelihood
of DKD among patients with T2DM. Notably, the relationship of
TyG and TyG-BMI with DKD varies significantly based on whether
NAFLD is present or not. For individuals with T2DM without
NAFLD, TyG and TyG-BMI could function as promising indicators

for the initial identification of DKD. Moreover, TyG-BMI appears
to have greater diagnostic value compared to TyG.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Ethics
Committee of the First Affiliated Hospital of USTC. The studies
were conducted in accordance with the local legislation and
institutional requirements. The participants provided their written
informed consent to participate in this study.

Author contributions

YFC: Data curation, Investigation, Methodology, Writing –
original draft, Writing – review & editing. HY: Data curation,
Investigation, Methodology, Writing – original draft, Writing –
review & editing. NL: Data curation, Investigation, Methodology,
Writing – original draft, Writing – review & editing. YC:
Data curation, Investigation, Methodology, Writing – review &
editing. JW: Data curation, Investigation, Methodology, Writing –
review & editing. LX: Data curation, Investigation, Methodology,
Writing – review & editing. BS: Data curation, Funding acquisition,
Investigation, Methodology, Supervision, Writing – review &

Frontiers in Nutrition 07 frontiersin.org

https://doi.org/10.3389/fnut.2025.1628867
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/


fnut-12-1628867 July 15, 2025 Time: 13:5 # 8

Chu et al. 10.3389/fnut.2025.1628867

editing. SF: Data curation, Funding acquisition, Investigation,
Methodology, Supervision, Writing – review & editing. HZ:
Data curation, Investigation, Methodology, Supervision, Writing –
original draft, Writing – review & editing.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. This work was partially
supported by Key Research Project of the Educational Department
of Liaoning Province (BS, LJKZZ20220093), General Program of
the Department of Science and Technology of Liaoning Province
(BS, 2021-MS-333), and Zhenjiang Jinshan Talent Medical High
Level Talent Project (SF, JSYC2023-11).

Acknowledgments

We are grateful to all staffs and participants
involved in the study.

Conflict of interest

The authors declare that the research was conducted
in the absence of any commercial or financial relationships

that could be construed as a potential conflict of
interest.

Generative AI statement

The author(s) declare that no Generative AI was used in the
creation of this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fnut.2025.
1628867/full#supplementary-material

References

1. Menke A, Casagrande S, Geiss L, Cowie C. Prevalence of and trends in diabetes
among adults in the United States, 1988-2012. JAMA. (2015) 314:1021–9. doi: 10.1001/
jama.2015.10029

2. Gounden V, Devaraj S, Jialal I. The role of the triglyceride-glucose index as
a biomarker of cardio-metabolic syndromes. Lipids Health Dis. (2024) 23:416. doi:
10.1186/s12944-024-02412-6

3. Feingold K. Dyslipidemia in patients with diabetes. In: Feingold KR, Ahmed
SF, Anawalt B, Blackman MR, Boyce A, Chrousos G, et al. editors. Endotext. South
Dartmouth, MA: MDText.com, Inc. (2000).

4. GBD US Burden of Disease and Forecasting Collaborators. Burden of disease
scenarios by state in the USA, 2022-50: A forecasting analysis for the global burden
of disease study 2021. Lancet. (2024) 404:2341–70. doi: 10.1016/S0140-673602246-3

5. Joumaa J, Raffoul A, Sarkis C, Chatrieh E, Zaidan S, Attieh P, et al. Mechanisms,
biomarkers, and treatment approaches for diabetic kidney disease: Current insights
and future perspectives. J Clin Med. (2025) 14:727. doi: 10.3390/jcm14030727

6. Koye D, Magliano D, Nelson R, Pavkov M. The global epidemiology of diabetes
and kidney disease. Adv Chronic Kidney Dis. (2018) 25:121–32. doi: 10.1053/j.ackd.
2017.10.011

7. Lassén E, Daehn I. Molecular mechanisms in early diabetic kidney disease:
Glomerular endothelial cell dysfunction. Int J Mol Sci. (2020) 21:9456. doi: 10.3390/
ijms21249456

8. Zhang H, Yang S, Wang H, Fareeduddin Mohammmed Farooqui H, Zhu W,
Niu T, et al. Assessing the diagnostic utility of urinary albumin-to-creatinine ratio as
a potential biomarker for diabetic peripheral neuropathy in type 2 diabetes mellitus
patients. Sci Rep. (2024) 14:27198. doi: 10.1038/s41598-024-78828-y

9. Młynarska E, Buławska D, Czarnik W, Hajdys J, Majchrowicz G, Prusinowski
F, et al. Novel insights into diabetic kidney disease. Int J Mol Sci. (2024) 25:10222.
doi: 10.3390/ijms251810222

10. Karalliedde J, Winocour P, Chowdhury T, De P, Frankel A, Montero R, et al.
Clinical practice guidelines for management of hyperglycaemia in adults with diabetic
kidney disease. Diabet Med. (2022) 39:e14769. doi: 10.1111/dme.14769

11. Tu Q, Jin H, Yang X. Lipid abnormality in diabetic kidney disease and potential
treatment advancements. Front Endocrinol. (2025) 16:1503711. doi: 10.3389/fendo.
2025.1503711

12. Ren L, Cui H, Wang Y, Ju F, Cai Y, Gang X, et al. The role of lipotoxicity in kidney
disease: From molecular mechanisms to therapeutic prospects. Biomed Pharmacother.
(2023) 161:114465. doi: 10.1016/j.biopha.2023.114465

13. Tuttle K, Bakris G, Bilous R, Chiang J, de Boer I, Goldstein-Fuchs J, et al. Diabetic
kidney disease: A report from an ADA consensus conference. Am J Kidney Dis. (2014)
64:510–33. doi: 10.1053/j.ajkd.2014.08.001

14. Yao Q, Liu S. Association of triglyceride glucose index with diabetic retinopathy
in middle-aged and elderly ambulatory type 2 diabetic patients. Front Endocrinol.
(2025) 16:1442230. doi: 10.3389/fendo.2025.1442230

15. Tatli E. Hemoglobin glycation index and triglyceride-glucose index are related to
diabetic nephropathy. Cir Cir. (2025) 93:41–6. doi: 10.24875/CIRU.23000213

16. Saffar Soflaei S, Salehi-Sangani P, Fallahi Z, Imanparast F, Marousi M, Tajfard M,
et al. Triglyceride-glucose index association with severity of coronary artery disease.
Endocrinol Diabetes Metab. (2025) 8:e70025. doi: 10.1002/edm2.70025

17. Tu Z, Du J, Ge X, Peng W, Shen L, Xia L, et al. Triglyceride glucose index
for the detection of diabetic kidney disease and diabetic peripheral neuropathy in
hospitalized patients with type 2 diabetes. Diabetes Ther. (2024) 15:1799–810. doi:
10.1007/s13300-024-01609-3

18. Chaudhary R, Ali O, Kumar A, Kumar A, Pervez A. Double diabetes: A
converging metabolic and autoimmune disorder redefining the classification and
management of diabetes. Cureus. (2025) 17:e80495. doi: 10.7759/cureus.80495

19. Sinha S, Carpio M, Nicholas S. Fiery connections: Macrophage-mediated
inflammation, the journey from obesity to type 2 diabetes mellitus and diabetic kidney
disease. Biomedicines. (2024) 12:2209. doi: 10.3390/biomedicines12102209

20. Caramori M, Rossing P. Diabetic kidney disease. In: Feingold KR, Ahmed SF,
Anawalt B, Blackman MR, Boyce A, Chrousos G, et al. editors. Endotext. South
Dartmouth, MA: MDText.com, Inc. (2000).

21. Chen Y, Zhang Y, Qin S, Yu F, Ni Y, Zhong J. The correlation between TyG-BMI
and the risk of osteoporosis in middle-aged and elderly patients with type 2 diabetes
mellitus. Front Nutr. (2025) 12:1525105. doi: 10.3389/fnut.2025.1525105

22. Xue L, Zhang Y, Zhang Q. The relationship between advanced
glycation end products, metabolic metrics, HbA1c, and diabetic nephropathy.
Front Endocrinol. (2025) 16:1468737. doi: 10.3389/fendo.2025.146
8737

Frontiers in Nutrition 08 frontiersin.org

https://doi.org/10.3389/fnut.2025.1628867
https://www.frontiersin.org/articles/10.3389/fnut.2025.1628867/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnut.2025.1628867/full#supplementary-material
https://doi.org/10.1001/jama.2015.10029
https://doi.org/10.1001/jama.2015.10029
https://doi.org/10.1186/s12944-024-02412-6
https://doi.org/10.1186/s12944-024-02412-6
https://doi.org/10.1016/S0140-673602246-3
https://doi.org/10.3390/jcm14030727
https://doi.org/10.1053/j.ackd.2017.10.011
https://doi.org/10.1053/j.ackd.2017.10.011
https://doi.org/10.3390/ijms21249456
https://doi.org/10.3390/ijms21249456
https://doi.org/10.1038/s41598-024-78828-y
https://doi.org/10.3390/ijms251810222
https://doi.org/10.1111/dme.14769
https://doi.org/10.3389/fendo.2025.1503711
https://doi.org/10.3389/fendo.2025.1503711
https://doi.org/10.1016/j.biopha.2023.114465
https://doi.org/10.1053/j.ajkd.2014.08.001
https://doi.org/10.3389/fendo.2025.1442230
https://doi.org/10.24875/CIRU.23000213
https://doi.org/10.1002/edm2.70025
https://doi.org/10.1007/s13300-024-01609-3
https://doi.org/10.1007/s13300-024-01609-3
https://doi.org/10.7759/cureus.80495
https://doi.org/10.3390/biomedicines12102209
https://doi.org/10.3389/fnut.2025.1525105
https://doi.org/10.3389/fendo.2025.1468737
https://doi.org/10.3389/fendo.2025.1468737
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/


fnut-12-1628867 July 15, 2025 Time: 13:5 # 9

Chu et al. 10.3389/fnut.2025.1628867

23. Wang L, Li Z, Qiu R, Luo L, Yan X. Triglyceride glucose index-body mass index
as a predictor of coronary artery disease severity in patients with H-type hypertension
across different glucose metabolic states. Diabetol Metab Syndr. (2025) 17:15. doi:
10.1186/s13098-024-01568-6

24. Zhang F, Han Y, Mao Y, Li W. Associations between non-insulin-based insulin
resistance indices and diabetic nephropathy in patients with diabetes mellitus in
US adults: A cross-sectional study of NHANES 1999-2018. Front Endocrinol. (2024)
15:1458521. doi: 10.3389/fendo.2024.1458521

25. Cui Y, Xu Z, Cui Z, Guo Y, Wu P, Zhou X. Comparative study of insulin resistance
surrogate indices to predict mild cognitive impairment among Chinese non-diabetic
adults. Lipids Health Dis. (2024) 23:357. doi: 10.1186/s12944-024-02353-0

26. Zhu H, Chen Y, Ding D, Chen H. Association between different insulin resistance
indices and all-cause mortality in patients with diabetic kidney disease: A prospective
cohort study. Front Endocrinol. (2024) 15:1427727. doi: 10.3389/fendo.2024.1427727

27. Farrell G, Chitturi S, Lau G, Sollano J. Guidelines for the assessment and
management of non-alcoholic fatty liver disease in the Asia-Pacific region: Executive
summary. J Gastroenterol Hepatol. (2007) 22:775–7. doi: 10.1111/j.1440-1746.2007.
05002.x

28. Alberti K, Zimmet P. Definition, diagnosis and classification of diabetes mellitus
and its complications. Part 1: Diagnosis and classification of diabetes mellitus
provisional report of a WHO consultation. Diabet Med. (1998) 15:539–53. doi: 10.
1002/(SICI)1096-9136(199807)15:7<539::AID-DIA668>3.0.CO;2-S

29. American Diabetes Association. Microvascular complications and foot care.
Diabetes Care. (2015) 38:S58–66. doi: 10.2337/dc15-S012

30. Zhang H, Chi M, Feng S, Zhu W, Wang H, Zhou W, et al. Heat shock protein
90α may serve as a biomarker for mild cognitive impairment in type 2 diabetes
mellitus patients without diabetic nephropathy. Front Immunol. (2025) 16:1516975.
doi: 10.3389/fimmu.2025.1516975

31. Zhang X, Kong J, Yun K. Prevalence of diabetic nephropathy
among patients with type 2 diabetes mellitus in China: A meta-analysis of
observational studies. J Diabetes Res. (2020) 2020:2315607. doi: 10.1155/2020/231
5607

32. Mikolasevic I, Milic S, Turk Wensveen T, Grgic I, Jakopcic I, Stimac D, et al.
Nonalcoholic fatty liver disease – A multisystem disease? World J Gastroenterol. (2016)
22:9488–505. doi: 10.3748/wjg.v22.i43.9488

33. Li W, Wang F, Li Z, Feng W, Huang H, Kwan M, et al. Lipid profile and non-
alcoholic fatty liver disease detected by ultrasonography: Is systemic inflammation
a necessary mediator? Ann Med. (2025) 57:2480250. doi: 10.1080/07853890.2025.
2480250

34. Zhang H, Fareeduddin Mohammed Farooqui H, Zhu W, Niu T, Zhang Z, Zhang
H. Impact of insulin resistance on mild cognitive impairment in type 2 diabetes
mellitus patients with non-alcoholic fatty liver disease. Diabetol Metab Syndr. (2023)
15:229. doi: 10.1186/s13098-023-01211-w

35. Park Y, Ko K, Rhee B. Non-alcoholic fatty liver disease (NAFLD) management
in the community. Int J Mol Sci. (2025) 26:2758. doi: 10.3390/ijms26062758

36. Li M, Wan Y, Wei Z, Lin W. Comparison of the predictive value of TyG index
and METS-IR for OSA combined with NAFLD: A retrospective observational study
based on a physical examination population. BMC Gastroenterol. (2025) 25:279. doi:
10.1186/s12876-025-03856-5

37. Zhang H, Chen M, Sun L, Zhu W, Niu T, Fareeduddin Mohammmed Farooqui
H, et al. The role of activated partial thrombin time in mediating the impact of poorly
glycemic control on diabetic peripheral neuropathy in patients with type 2 diabetes
mellitus. Front Endocrinol. (2025) 16:1501323. doi: 10.3389/fendo.2025.1501323

38. Li Z, Lei X, Xu B, Wang S, Gao T, Lv H. Analysis of risk factors of diabetes
peripheral neuropathy in type 2 diabetes mellitus and nursing intervention. Exp Ther
Med. (2020) 20:127. doi: 10.3892/etm.2020.9257

39. Jende J, Mooshage C, Kender Z, Kopf S, Groener J, Heiland S, et al. Magnetic
resonance neurography reveals smoking-associated decrease in sciatic nerve structural
integrity in type 2 diabetes. Front Neurosci. (2021) 15:811085. doi: 10.3389/fnins.2021.
811085

40. Huang L, Shen X, Huang L, Yan S, Wu P. Identification of independent
risk factors for diabetic neuropathy progression in patients with type 2 diabetes
mellitus. J Int Med Res. (2021) 49:3000605211044366. doi: 10.1177/030006052110
44366

Frontiers in Nutrition 09 frontiersin.org

https://doi.org/10.3389/fnut.2025.1628867
https://doi.org/10.1186/s13098-024-01568-6
https://doi.org/10.1186/s13098-024-01568-6
https://doi.org/10.3389/fendo.2024.1458521
https://doi.org/10.1186/s12944-024-02353-0
https://doi.org/10.3389/fendo.2024.1427727
https://doi.org/10.1111/j.1440-1746.2007.05002.x
https://doi.org/10.1111/j.1440-1746.2007.05002.x
https://doi.org/10.1002/(SICI)1096-9136(199807)15:7<539::AID-DIA668>3.0.CO;2-S
https://doi.org/10.1002/(SICI)1096-9136(199807)15:7<539::AID-DIA668>3.0.CO;2-S
https://doi.org/10.2337/dc15-S012
https://doi.org/10.3389/fimmu.2025.1516975
https://doi.org/10.1155/2020/2315607
https://doi.org/10.1155/2020/2315607
https://doi.org/10.3748/wjg.v22.i43.9488
https://doi.org/10.1080/07853890.2025.2480250
https://doi.org/10.1080/07853890.2025.2480250
https://doi.org/10.1186/s13098-023-01211-w
https://doi.org/10.3390/ijms26062758
https://doi.org/10.1186/s12876-025-03856-5
https://doi.org/10.1186/s12876-025-03856-5
https://doi.org/10.3389/fendo.2025.1501323
https://doi.org/10.3892/etm.2020.9257
https://doi.org/10.3389/fnins.2021.811085
https://doi.org/10.3389/fnins.2021.811085
https://doi.org/10.1177/03000605211044366
https://doi.org/10.1177/03000605211044366
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/

	Triglyceride glucose-body mass index is associated with diabetic kidney disease in type 2 diabetes mellitus patients without non-alcoholic fatty liver disease
	1 Introduction
	2 Materials and methods
	2.1 Study design and ethical approval
	2.2 Inclusion and exclusion criteria
	2.3 Clinical data
	2.4 Statistical methods

	3 Results
	3.1 Analysis of clinical features among T2DM individuals with or without DKD
	3.2 Correlation of TyG index (TyG-BMI) with renal function in individuals diagnosed with T2DM
	3.3 Analysis for the risk factor for DKD in patients with T2DM
	3.4 Difference of the relationship between TyG (TyG-BMI) and DKD in T2DM patients with and without NAFLD
	3.5 Assessing the diagnostic utility of TyG (TyG-BMI) in detecting DKD among individuals with T2DM

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher's note
	Supplementary material
	References


	Button1: 
	Button2: 


