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ABSTRACT

Introduction: One marker of insulin resistance in type 2 diabetes is the triglyceride index (TyG), which has been
studied to predict the development of diabetic kidney disease (DKD). This study investigates the correlation between
the triglyceride glucose index and diabetic kidney disease in type 2 diabetes mellitus.

Methods: A comprehensive search was conducted in PubMed, Proguest, ScienceDirect, Taylor and Francis,
Cochrane Library and Google Scholar search using search terms including (‘‘Triglyceride Glucose Index or TyG’”)
and (‘‘Diabetic Kidney or Diabetic Nephropathy’’) and ("Diabetes Mellitus" OR "Diabetes Mellitus Type II" OR
"Type 2 Diabetes Mellitus").

Results: A total of 8 studies were screened based on titles and abstracts, of which 7 studies were included in the
analysis of TyG and DKD. A prediction model including the TyG index demonstrated excellent calibration and
discrimination for the probability of DKD in research involving patients recently diagnosed with type 2 diabetes
mellitus (T2DM). This approach has potential applications in clinical practice. DKD and metabolic diseases are
independently correlated with the TyG index. Recently, one sensitive method for identifying DKD with insulin
resistance has been the TyG index. The TyG index is a readily available, affordable, and simple marker for identifying
of microvascular problems in T2DM patients.

Conclusion: In our review, TyG and DKD were significantly positively correlated in patients with type 2 diabetic
mellitus. TyG index has potential as a practical tool for determining insulin resistance and predicting the probabilities
that individuals with type 2 diabetes are related to diabetic kidney disease.
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Introduction

Diabetes mellitus (DM) is a chronic illness that affects people all over the world. There are 537
million adults with diabetes globally as of right now, based on data from the International Diabetes
Federation Atlas Diabetes 2021.1 One of the microvascular complications of diabetes mellitus is diabetic
kidney disease (DKD) approximately 50 % of DM patients.[2] The risk of cardiovascular disease, end-
stage renal disease (ESRD), and mortality has increased over the years in conjunction with the increased
risk of chronic kidney disease (CKD). Kidney illness can be prevented or postponed with an early
diagnosis and thorough treatment.®*

In populations with diabetes mellitus, there is a strong correlation between kidney disease risk and
insulin resistance (IR)*® There is variation in the relationship between insulin resistance and the
progression of CKD. For instance, in non-diabetic individuals with mild-to-moderate CKD, a study found
no significant correlation between HOMA-IR, HbAlc, or C-peptide and CKD development.® Insulin
resistance is commonly assessed in clinical practice utilizing fasting state measures and the homeostasis
model assessment for insulin resistance (HOMA-IR).” Unfortunately, the plasma insulin assay has low
repeatability, is costly, and is not readily available in many laboratories. New biomarkers that are less
expensive and simpler to identify are therefore required. IR is frequently associated with abnormal fasting
blood glucose (FBG) and triglyceride (TG) levels. The triglyceride—glucose index (TyG) has proved to be
a useful marker for insulin resistance (IR) and its related problems, according to recent research. An
indicator of insulin resistance and a predictor of DKD individuals with type 2 diabetes has been
investigated is the Triglyceride Glucose (TyG) index®® The result of this review is to explore the

correlation between the triglyceride glucose index and diabetic kidney disease in type 2 diabetic mellitus.

Methods

This review was carried out by the literature review reporting item (PRISMA ScR). Inclusion criteria
included observational, cohort, and cross-sectional studies in adult subjects (18 years or older), type 2
diabetes mellitus with diabetic kidney disease and, measurement of TyG index. There is no exclusion
criteria based on the language or country of publication. A comprehensive search was conducted in
PubMed, Proquest, ScienceDirect, Taylor and Francis, Cochrane Library, and Google Scholar search
using search terms including (*‘Triglyceride Glucose Index or TyG’’) and (*‘Diabetic Kidney or Diabetic
Nephropathy’’) and ("Diabetes Mellitus" OR "Diabetes Mellitus Type II" OR "Type 2 Diabetes
Mellitus™). Data extraction was carried out using a Google Sheet-based template to extract key data
variables which included title, year, study design, study population, age of subjects, measured outcomes,

and main findings. Then, we compiled the study according to the appropriate criteria, and the results are

Publisher: Faculty of Medicine Universitas Muslim Indonesia 101



Green Medical Journal Vol.6 Issue: 3 (December, 2024): 100-108 Green Medical Journal
E-ISSN: 2686-6668 Volume 6 Issue 3
included in this review.
Result
Based on the database, a total of 8 records were found. Seven papers were considered in this review
after the titles and abstracts of the seven records were screened. Seven full-text articles were then
evaluated for eligibility. The literature search and study selection process are summarized in Figure 1.
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Figure 1. Flowchart of the study selection process

Triglyceride Glucose (TyG) Index

The TyG index was calculated as follows, TyG = Ln [fasting triglycerides (mg/dL) x fasting plasma
glucose (mg (dL)/2]. There is a significant correlation between the TyG index and DKD. L.i et al studies
show the mean of TyG index in the the non-DKD DM group was 9,051+0.757, the DM group with DKD
9,312+0.831 with p<0.001. Lv et al studies show the mean total of TyG is 9.17 (8.73-9.71). Tu et al studies
showed, the non-DKD DM group 7.38 (6.89-7.92), DM group with DKD 7.53 (7.07-8.09). Jiang and Lai,
2024 studies show the average TyG of the the non-DKD DM group was 9.77+1.06, the DM group with
DKD 10.01+1.02 (p=0.005). Lui et al, 2020 studied that the average TyG of the the non-DKD DM group
was 9.10+0.358, the DM group with DKD 9.42+0.74 (p<0.001). While there is evidence linking elevated
TyG indices to increased risks of both DM and DKD, specific consensus on cut-off values remains unclear
and varies by study. However, all studies show that the mean of the TyG index is higher in the DM group
with DKD (table 1).
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Table 1. Comparison of TyG index between control and DM+DKD: (mean+SD)

No Authors Year DM DM+DKD p
1 Lietal 2023 9,051+0.757 9,312+0.831  p<0.001

2 Lvetal 2021 Mean=9.17 (8.73-9.71)
7.38 (6.89- 7.53 (7.07-
3 Tuetal 2024 7.92) 8.09)
Jiang

4 andlLai 2024 9.77+1.06 10.01+1.02 p=0.005

5 Luietal 2021 9.10+0.358 9.42+0.74 p<0.001

The DKD parameters

Kidney Disease Improving Global Outcomes (KDIGO) states that a decrease in estimated glomerular
filtration rate (eGFR < 60 ml/min/1.73 m2) and an increase in urine albumin excretion (> 30 mg/g
creatinine) over three months is required for the diagnosis of DKD.'° DKD parameters include a decrease
of eGFR and an increase the urine microalbuminuria: creatinine ratio (UACR). Based on journals in this
review, eGFR for the non-DKD DM group 90,876+15,442, DM group with DKD 81,017+22,702
(p<0.001); the non-DKD DM group 123.36+25.56, DM group with DKD 108.46+36.90 (p<0.001); eGFR
of the non-DKD DM group 94.93 (90.17-108.39), DM group with DKD 35.79 (14.35-53.42)
mL/min/1.73m? (p<0.001) and eGFR of the non-DKD DM group 128.9 (100.7-157.7), and DM group
with DKD 76.1 (38.0-121.8) mL/min/1.73m? (p<0.001). Other parameters of DKD are UACR for the
non-DKD DM group 11.8 (7.70-18.20), DM group with DKD 88.8 (46.50-215.40). Whereas in other
journals, the value of UACR for the non-DKD DM group was 20.65+45.04, DM group with DKD
156.73+438.94 (p<0.001).

Correlation of TyG index with DKD

The correlation between TyG with DKD parameters based on this review, UACR was r=0.172
(p<0.001) and albumin r=0.102 (p<0.008), and correlation between TyG with DKD (OR=1.693; 95%
Cl=1.002-2.803; p=0.041). After performing a binary logistic regression analysis, another publication
demonstrated the relationship between the TyG Index and DKD. The low tertile in this model of the TyG
Index is set as a reference, the TyG Index in the upper terminus is associated with a higher OR for
microalbuminuria (OR=2.342; 95% CI=1.744-3.144; p< 0.001), eGFR (OR=1.696; 95% CI=1.096—
2.625; p=0.018) and DKD (OR=2.728; 95% Cl=2.030-3.661; p<0.001) determined by sex and age.

The triglyceride-glucose (TyG) index has been investigated for its association with diabetic kidney
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disease (DKD), but consensus on specific cut-off values is still evolving across different studies. A TyG
index cut-off value of > 8.31 has been linked to a higher risk of type 2 diabetes, but values between 8.7
and 8.9 indicate a 54% sensitivity and a 71% specificity in predicting the disease.'! Higher values were
associated with higher risk, and a TyG index cut-off of 9.5 was found to be meaningful in categorized risk
for ESRD in individuals with T2DM and Chronic kidney Disease (CKD).*2

Multiple regression analysis based on the evaluation of the included article showed that the
occurrence of DKD in patients with T2D was correlated with SBP, DBP, BMI, HbAlc, TG, TyG index
(OR=1.57; 95% CI=1.26-1.94; p<0.001), and TyG-BMI after controlling for confounding factors like age
and sex. According to other journals, the TyG index has a good correlation with both albuminuria and
eGFR, a DKD marker. The TyG index and INAER had a positive association, per the correlation analysis
(r = 0.190, p = 0.003). After adjusting for several factors, such as age, sex, duration of illness, weight,
prevalence of hypertension, HbAL1C, and serum uric acid, this link persisted (r = 0.173, p = 0.006). There
was no correlation between the TyG index and IneGFR (r = -0.095, p = 0.138) or without (r = -0.016, p =
0.805) after confounding factors were considered. Subjects with normoalbuminuria showed a lower TyG
index than patients with macro- and microalbuminuria (p < 0.05). Between DKD patients with eGFR <30,
30-59, 60-89, and >90 mL/min/1.73 m2, there was no difference in the TyG index (p = 0.786).

Table 2. Correlation of TyG index with DKD

Results
UACR r=0.172, p<0.001

No Author
1 Lietal, 2023

Main findings

The TyG index were independently related
to DKD and related metabolic disorders

The TyG Index is a potential predictor for
DKD in T2DM patients.

2 Lvetal, 2021  Microalbuminuria (OR = 2.342,
95% Cl =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)

3 Tuetal, 2024  Univariate logistic regressions: Elevated the TyG was significantly
risk of DKD (OR = 1.842, [95% associated with an increased risk of DKD in
Cl] 1.317-2.578, p < 0.01). T2D

Multivariable logistic
regression: risk of DKD (OR =
1.581, [95% CI] 1.031-2.424, p
<0.05)

4 Wang et al, TyG index was identified as a The DKD risk presented a threshold effect
2024 prominent clinical risk factor for with the increase of TyG index, initially
DKD, showing the highest odds stable at a low level, and then gradually
ratio (OR 1.57 (1.26 - 1.94), rising when the TyG index is above 9.35.
P<0.001).
5 Jiangand Lai, Logistic regression revealed that Among newly diagnosed T2D patients, the
2024 TyG index (odds ratio [OR] risk of DKD increases with the increase of

1.232, 95% confidence interval
[CI] 1.064-1.428, p = 0.005) and
TyG-BMI (OR 1.003, 95% ClI

TyG index and the TyG-BMI, with their
respective cut-off values being 9.68 and
243. Both the TyG index and the TyG-BMI
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1.000-1.006, p = 0.021) were have poor diagnostic values for the risk of

risk factors for DKD. DKD.
6 Shangetal, A non-linear relationship was In people with type 2 diabetes, the TyG
2019 identified between TyG index index above 9.05-9.09 could be a
and the risk of newly diagnosed prognostic threshold to identify individuals
biopsy-proven diabetic at high risk of diabetic nephropathy.

nephropathy with a potential
threshold of TyG at 9.05-9.09.

7 Luietal, 2020 The TyG index positively The TyG index was independently
correlated with InNAER (r = associated with DN in patients with type 2
0.190, p = 0.003). diabetes and was a better marker than
HOMAZ2-IR for the identification of DN in
type 2 diabetes patients.

Discussion

Based on the seven studies the reseachers reviewed, the biomarker of insulin resistance, the TyG
index, relates to DKD parameters such as UACR and eGFR. Insulin resistance has multiple effects on
diabetes-related kidney disease (CKD), contributing to the incidence and progression. Hyperinsulinemia
can lead to glomerular hyperfiltration, which raises the rate of renal filtration and may eventually cause
injury. Moreover, hyperinsulinemia promotes blood vessel permeability, which can lead to renal
inflammation and oxidative stress. Insulin resistance affects podocytes as well, and maintaining the
structural integrity of the glomerular filtration barrier depends on it. Reduced insulin action can lead to
glomerulosclerosis and albuminuria by thickening the base membrane of the glomerulus, removing leg
processes, and triggering apoptosis in the podocit. Insulin resistance can be found in various chronic
kidney diseases (CKD) in addition to diabetic nephropathy. The impairment of glucose, lipid, and protein
metabolism caused by CKD could contribute to systemic insulin resistance, a condition that progressively
decreases kidney function. 314

A study conducted by Li et al. showed that the TyG index had a positive correlation with the urinary
albumin-creatinine ratio (UACR) and was closely associated with DKD. The risk factor is independent of
the DKD increase of 1,699 times on each increase in the TyG index. A TyG index higher than 9.25 showed
a significant difference in the eGFR value (60-89.9 mL/min/1.73 m2).%° Lv et al (2024) reported that an
increase in the TyG Index was associated with an increased risk of microalbuminuria and a decrease in
eGFR. Longitudinal studies also show that the TyG Index can effectively predict DKD. The TyG index
also often interferes with insulin resistance (IR) conditions, so it can be used as a substitute for IR.®

After adjusting for confounding factors, Tu et al. (2024) found a strong correlation between TyG and
DKD (OR=1.581; 95% CI1=1.031-2.424). According to univariate logistic regression, an increase in the

TyG index is associated with an increased risk of DKD. Various metabolic conditions can affect the TyG
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index. Therefore, some variables associated with TyG can be identified through quantitative regression.
These variables include age, gender, SBP, HbAlc, FCP, TC, HDL-C, LDL-C, and drinking habits. In
patients with T2D, this indicator is mainly associated with the metabolic impairment associated with TyG
and microvascular complications. After confounding is controlled, the risk of diabetic kidney disease
(CKD) increases.’

Research by Wang et al. (2024) used a cross-sectional design to investigate the threshold between the
TyG index and DKD risk. The results showed that even though the confounding factor was removed, the
risk of DKD remained stable at a lower level in patients with a TyG index of less than 9.35, but in patients
with a TyG index of more than 9.35, an increase of one unit of the TyG index led to a 94% increase in the
risk of DKD. The results of this study can be used to place risk and management interventions in DKD
patients with type 2 diabetes (T2D). °

This review also included the TyG index as a marker of insulin resistance associated with the risk of
newly diagnosed DKD in people with type 2 diabetes mellitus. Jiang and Lai's study examined the
relationship between the TyG index and the presence of DKD in patients with newly diagnosed T2D. The
results show that the TyG index is an important risk factor for DKD. This relationship proved significant
after adjusting for confounding variables based on nonlinear correlations. The risk of DKD increases as
the TyG index increases greater than 9.68, which indicates that the TyG index is a potential indicator of
DKD risk. & The research by Shang et al. (2019), the threshold value of the TyG index was obtained 9.07
(9.05-9.09). People with type 2 diabetes who are newly diagnosed with DKD as evidenced by a biopsy
have a much higher risk with a TyG index value above 9.07. This conclusion is in line with previous
findings, a high TyG index (specifically a TyG index above 9.07) is associated with a high risk of CKD,
which is the main cause of end-stage kidney disease in diabetics.® These results suggest that the TyG index
may be useful for finding and monitoring the risk of DKD in patients with newly diagnosed T2D.

In a study conducted by Liu et al (2021), patients with type 2 diabetes and DKD showed greater
insulin resistance compared to patients without DKD, as indicated by the TyG index and higher HOMA2-
IR scores. To identify DKD in type 2 diabetic patients, the TyG index showed a higher AUC ROC score
(AUC 0.67, p=0.002) compared with HOMA2-IR (AUC 0.61, p=0.029). With a cut-off point of more than
9.66, the TyG index has a sensitivity of 61.7% and a specificity of 76.0%. In addition, the TyG index was
positively correlated with levels of metabolic indicators such as weight, HbA1C, triglycerides, total
cholesterol, serum uric acid, fasting glucose, and HOMAZ2-IR (p < 0.05 for each) but not with IneGFR
values. According to multiple regression analysis, the TyG index as a marker of insulin resistance
substitution is independently associated with the diagnosis of type 2 diabetes complications (OR=1.91;
p=0.001).18
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The present review demonstrates that the TyG index is a useful tool for detecting DKD in T2D
patients. A new indicator that has been proposed recently, the TyG Index, has shown to be a simple and
dependable marker to replace IR.1? This review also showed that in patients with type 2 diabetes, elevated
FBG and TG have been linked to the development of DKD. A high TyG index has been linked to an
increased risk of type 2 diabetes in the general population.®

The etiology of DKD is linked to insulin resistance, however, incompletely understood mechanisms
underlie the association.’® Increased renal vascular permeability and, eventually, glomerular
hyperfiltration are linked to insulin resistance and increased glomerular hydrostatic pressure. Additional
routes and mechanisms that may connect diabetes-related kidney disease (DKD) with insulin resistance
include increased lipotoxicity, oxidative stress, metabolic acidosis, and inflammation, which can result in
microangiopathy.*%

This review has some limitations. There are certain restrictions on this review. A broad spectrum of
scientific literature is typically included in reviews, which can be obtained via several techniques such as
manual searches, electronic databases, internet search engines, and gray literature, among others.
Nevertheless, because this review's search techniques were restricted to electronic databases, it is likely

that fewer papers were examined than it would have if other search methods had been included.

Conclusion

We concluded that among patients with type 2 diabetes mellitus, TyG and DKD significantly
correlated positively in our review. The TyG index has been proposed as a marker of insulin resistance as
a simple and clinically reliable substitute for predicting the risk of diabetic kidney disease in type 2

diabetes mellitus.
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