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Abstract

This cross-sectional study aimed to evaluate the utility of three surrogate markers of insulin
resistance, TyG, TG/HDL, and TyG-BMI in clinical practice by examining their association
with diabetic kidney disease (DKD). Results: Of 476 patients with type 2 diabetes
(T2DM), 42 (8.8%) had DKD. Patients with DKD showed significantly higher levels of
BMI, fasting blood glucose, HbAlc, lipids, markers of renal dysfunction and three IR
indices (TyG, TG/HDL and TyG-BMI) than those without DKD compared to those without
DKD. Crosstabs/Risk analysis revealed that TyG index (OR = 1.39, 95% CI =1.218-1.587,
p= 0.002), TG/HDL (OR =1.356, 1.189-1.545, p= 0.004), and TyG-BMI (OR =1.247,
1.073-1.450, p= 0.043). Based on the receiver operating characteristic curve, the areas
under ROC with best cutoff values of TyG index, TG/HDL and TyG-BMI, were 0.762,
0.720 and 0.654, respectively and 9.5, 2.19 and 225, respectively. DKD patients >40 years
had a significantly increased TyG index (p = 0.047) of 67.0% compared to patients <40
years of age of 50.0%. Conclusion: Among T2DM patients, the risk of DKD increases
with the increase of TyG index, TG/HDL and TyG-BMI, with their respective cut-off values
being 9.5, 2.19 and 225. The TyG performed best in predicting DKD, followed by TG/HDL
and then TyG-BMI. Age was positively associated with TyG index, indicating a higher
prevalence of DND in patients with T2DM.
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1. Introduction

Diabetic kidney disease (DKD) is a major complication of diabetes and the leading cause of end-stage
renal disease. Its hallmark is the presence of albumin in the urine, which increases the risk of kidney
damage and cardiovascular events. Changes in renal circulation, oxidative stress, inflammation,
increased activity of the renin-angiotensin-aldosterone system, and hypoxia are the causes of DKD,
with renal fibrosis playing the major role [1]. Given the large number of diabetic patients in the Arab
region, especially Iraq, the number of DKD patients constitutes a significant burden on the healthcare
system. Insulin resistance is thought to be associated with the clinical manifestations of CKD and may
be one of the underlying causes of the histological features of CKD [5]. An increasing number of studies
have shown that insulin resistance plays an important role in the development and progression of CKD
[6-8]. In addition, insulin resistance can be identified in the early stages of CKD, where its severity
increases with deterioration of kidney function [9,10].
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Given the high cost of treating diabetic kidney disease and insulin resistance and its negative impact on
quality of life, early diagnosis and prompt therapeutic intervention can delay the progression of the
disease and reduce the need for expensive and complex treatments. Recently, some surrogate markers
of insulin resistance have been widely used, such as triglyceride-to-glucose (TyG) index, triglyceride-
to-glucose body mass index (TyG-BMI), and triglyceride-to-high-density lipoprotein (TG/HDL) ratio.
For TyG index, some studies have shown a significant association between it and CKD [11-16], but
another study found no significant association between TyG index and CKD [17]. Given these different
findings, we set out to explore the relationship between these surrogate markers of insulin resistance
and DKD.

2. Method
2.1.  Data with Participants

A cross-sectional study was performed on 476 participants with type 2 diabetes mellitus (T2DM) from
Al-Sadr Hospital/Diabetes Center in Najaf, Iraq, which was conducted in 2023. Demographic and
clinical data of patients were collected from electronic and medical records. Demographic information
included: age and sex, clinical data included: fasting plasma glucose (FPG), glycated hemoglobin
(HbAlc), and body mass index (BMI). Laboratory data: renal function parameters (creatinine, urea,
and uric acid), and lipid profile [high-density lipoprotein cholesterol (HDL), low-density lipoprotein
cholesterol (LDL), very-low-density lipoprotein cholesterol (VLDL), total cholesterol (TC), and
triglycerides (TG)].

2.2. Calculation of measurements

The TyG index, TG/HDL ratio, body mass index (BMI), and TyG-BMI were calculated. The TyG index
was calculated as In (fasting triglycerides [mg/dL] x fasting glucose [mg/dL]/2) [18]. The TyG-BMI
index was calculated by multiplying the TyG index by BMI [19]. While the TG/HDL ratio was
calculated by the dividing TG (mg/dL) by HDL-c (mg/dL).

Estimated glomerular filtration rate (eGFR) was calculated using MDRD equation based on serum
creatinine with age, sex, and race as follows: MDRD eGFR= 186.3 x (serum Cr) 3% x age 0203 x
(0.742 if female) x (1.212 if African—American). DKD was considered as eGFR < 60 ml/min/1.73m2
[20]; otherwise, they were defined not to have DKD.

2.3. Statistical Analysis

SPSS version 26 was used to analyze the data. Descriptive statistics were used to summarize the
characteristics of the participants with T2DM. Chi-square test was used to compare categorical
variables between patients with and without DKD. Independent t-test was used to compare continuous
variables between patients with and without DKD. ROC curve analysis was used for diagnostic
accuracy. Crosstabs/Risk analysis tested the OR and 95% CIs for the association of insulin resistance
risk with DKD (p < 0.05) especially in the context of age.

3. Results
3.1. Participants’ baseline characteristics

A total of 476 participants (aged 18-89) with T2DM were enrolled in the study, including 311 women
and 165 men. The total patients with DKD were 42 (8.8%). Their mean age was 59.74+12.224 years.
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Among them, 26.2% had a lower BMI (<25), while 73.8% had a higher BMI (>25). The results revealed
that in the DKD group BMI, FPG, HbAlc, TG, TC, LDL, VLDL, HDL, urea, creatinine, uric acid, TyG
index, TG/HDL ratio and TyG-BMI index all increased (p <0.05), while eGFR decreased (p <0.01).
As for the age and gender of type 2 diabetes patients with or without DKD, no significant differences

were detected (p = 0.094) between them Table 1.

Table 1: Demographic and clinical factors with T2DM with or without DKD.

3.2. ROC curves of alternative IR indexes

To Variables Non- DKD group DKD group P-

434 (91.2%) 42 (8.8%) value

Age (year) 56.36+12.497 59.74+12.224 0.094

Gender, n(%) Male 154(93.3%) 11(6.7%) 0.299

Female 280(90.0%) 31(10.0%)
BMI (kg/m?) 26.470+4.9756 28.067+4.0281 0.020*
BMI (kg/m?) <25 205(47.2%) 11(26.2%) 0.014*
>25 229(52.8%) 31(73.8%)

Fasting glucose (mmol/L) | 235.078+80.0325 298.6314+92.2091 0.000%*

HbAlc (%) 7.6035+£1.95016 8.9821+2.15652 0.000*

Serum creatinine 0.7373+0.18154 1.3235+.18251 0.000%*
(umol/L)

B. Urea (umol/L) 29.4127+7.37485 44.3810+20.56858 | 0.000*

Serum uric acid (umol/L) 4.6499+1.23355 5.3726+1.38518 0.000*

eGFR (ml/min/1.73 m2) 104.15+£30.234 48.33+£7.417 0.000*

Total cholesterol 190.986+47.2038 234.512457.6645 | 0.000%*
(mmol/l)

T.G (mmol/1) 154.765+71.6542 231.214+185.6782 | 0.011*

LDL (mmol/1) 126.681+30.670 135.940+21.8803 | 0.015*

VLDL (mmol/1) 30.9533+14.3307 46.2429+37.1356 | 0.011*

HDL (mmol/l) 55.2169+£20.74727 | 45.6274+12.61990 | 0.003*

TyG index 9.6643+0.5309 10.2158+0.56004 | 0.000*

TyG-BMI index 256.8050+54.40741 | 286.9884+45.70449 | 0.000*

TG/HDL 3.0883+1.63581 5.5663+5.2387 0.004*

evaluate the performance of TyG Index, TG/HDL, and TyG-BMI Index in predicting DKD, the
researcher plotted the areas under the receiver operating curve (AUC). The areas under ROC of TyG
index were 0.762 with the sensitivity (88.1%) and specificity (62.4%) at the cut-point of > 9.5. The
areas under ROC of TG/HDL were 0.720 (sensitivity: 88.1%; specificity: 65%) with the cut-point of >
2.19 and the areas under ROC of TyG-BMI were 0.654 (sensitivity: 83.3%; specificity: 66.8%) with
the cutoff values of > 225. Hence, ROC showed that TyG index was more accurate than TG/HDL
following by TyG-BMlI at predicting the risk of IR and DM-related complications (Figure 1).
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Figure 1. ROC curve analyses to predict TyG index, TG/HDL and TyG-BMI
ROC Curve
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3.3. Correlation of the alternative IR indexes with DKD

To discover correlation of TyG Index and TyG-BMI Index and TG/HDL with DKD, we performed
Crosstabs/Risk analysis of the cross-sectional data. TyG index greater than 9.5 was linked with a odds
ratio (OR) for DKD (OR = 1.39, 95% CI =1.218-1.587, p =0.002), TG/HDL greater than 2.19 (OR
=1.356, 1.189-1.545, p =0.004), and TyG-BMI greater than 225 (OR =1.247, 1.073-1.450, p =0.043)
(Table 2).

Table 2: Odds ratio of alternative IR indexes in predicting DKD risk

Variable Odds Ratio 95% CI P-value

TyG index | >9.5 1.390 1.218-1.587

<9.5 0.325 0.141-0.747 | 0.002*

TG/HDL |>2.19 1.356 1.189-1.545

<2.19 0.340 0.148-0.782 | 0.004*

TyG-BMI | >225 1.247 1.073-1.450

<225 0.502 0.252-1.001 | 0.043*

65


https://pmc.ncbi.nlm.nih.gov/articles/PMC8296712/#t0001
https://techniumscience.com/index.php/biochemmed
https://techniumscience.com/index.php/biochemmed/index

Technium BioChemMed Vol. 12, pp.62-70 (2025)
|SSN: 2734-7990
WWW.techni umscience.com

3.4. Relationship between age and insulin resistance indices:

Table 3 showed that there is a positive relationship between age and TyG index. This means that people
over 40 years of age have 67.0% higher rates of TyG index compared to people under 40 years of age
by 50.0%. This result is statistically significant (p = 0.047). In contrast, no statistically significant

relationship was found between age and other indices TG/HDL and TyG-BML.

Table 3. Relationship between age in terms of insulin resistance

Variable Age<40 | Age>40 P-
value

TyG index | <9.5 | 20(50.0%) | 144(33.0%) | 0.047*
>9.5 ]20(50.0%) | 292(67.0%)

TG/HDL | <2.19 | 16(40.0%) | 141(32.3%) | 0.418
>2.19 | 24(60.0%) | 295(67.7%)

TyG-BMI | <225 | 17(42.5%) | 134(30.7%) | 0.176
>225 | 23(57.5%) | 302(69.3%)

4. Discussion

Our results noted that DKD group had higher clinical parameters, including BMI, blood glucose, lipid
profile, and kidney profile, compared with non-DKD group. Elevated levels of these parameters
indicate more significant metabolic disturbances in DKD group. Importantly, this group showed more
severe insulin resistance, as indicated by higher TyG index, TG/HDL, and TyG-BMI, compared to the
non-DKD. While we did not find any interaction between sex and DKD, our study was consistent with
[21].

The metabolic mechanisms and pathological changes that contribute to diabetic kidney disease are very
complex, for example, glomerular hyperfiltration is one of the first signs of the disease. In addition,
renal hemodynamics are worsened by downregulation of the natriuretic peptide system, oxidative
stress, and sodium and water deficiency induced by insulin resistance [22]. Previous research has shown
that insulin resistance causes serious metabolic diseases such as cardiovascular disease and diabetes
due to its contribution to disturbances in inflammatory reactions, oxidative stress, and glucose
metabolism [23]. Other researchers have demonstrated that high blood sugar, elevated free fatty acids,
and insulin resistance can cause inflammation and renal fibrosis through metabolic imbalance, thus
initiating the chronic stages of kidney disease and promoting kidney injury [24].

The study also revealed that 73.8% of diabetic patients had a BMI > 25 kg/m2, and their BMI was
significantly higher than that of those without diabetes. One researcher suggested that obesity is
involved in insulin resistance or its development by causing changes in adipocyte function, macrophage
infiltration, and chronic inflammation [25]. Another researcher suggested that BMI and end-stage renal
disease are mediated through TyG [26]. In addition to TyG, high TyG significantly increases the risk
of diabetes [27]. It is worth noting that combining TyG and BMI by TyG may improve the accuracy of
predicting insulin resistance [28]; for this reason, we included and compared it with TyG and TG/HDL
in our study.

To evaluate the diagnostic value of the three studied indices for type 2 diabetes patients, ROC curve
analysis was used. The TyG index showed a higher area under the ROC curve for identifying DKD
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patients than TG/HDL and TyG-BMI. While a previous study reported that the diagnostic accuracy of
the TyG index was poor when using ROC analysis [21]. Other researchers reported that TyG-BMI had
a better diagnostic performance than TG/HDL for diagnosing IR [28]. In contrast, another suggested
that the TyG index is much more efficient than TG/HDL in predicting insulin resistance, because it is
less affected by future fat distribution [29]. They also found that the TyG index and TG/HDL were
better at predicting the risk of DKD than TyG-BMI [30]. The TyG index includes indices of both
glucose and lipid metabolism, indicating that serum triglycerides and glucose play a serious role in the
pathophysiology of DND. Therefore, we used the TyG index as an effective index for evaluating insulin
resistance.

Our analysis showed a statistically significant association between high TyG index (<9.5) and older
age (>40 years) in DKD patients. In other words, younger individuals are less likely to be insulin
resistant than older individuals, based on TyG index measurement. Our study is consistent with others
[12,31,32], which found that high TyG index served as a risk factor for DKD in patients aged 40 years
or older. These results contrast with Cha et al., who suggested that insulin resistance may be more
significant at early-onset DKD [33].

In addition, by testing the risk model from cross-tables, we found a positive association between TyG,
TG/HDL, and TyG-BMI with the risk of DKD. The results revealed that the risk of DKD was lower
among participants with TyG <9.5, TG/HDL <2.19, and TyG-BMI <225, while the risk of DKD was
higher among participants with TyG >9.5, TG/HDL >2.19, and TyG-BMI >225, respectively. This is
explained by the fact that for each 1-unit increase in TyG, TG/HDL and TyG-BMI, the odds of DKD
increased by 1.390, 1.356 and 1.247, respectively. Our result was somewhat similar to the study by Mu
et al., who showed that TyG and TG/HDL performed best in predicting DKD, followed by TyG-BMI
[30]. These findings emphasize the importance of regular screening of diabetic patients, with a focus
on assessing lipid and glucose levels and BMI. Through early detection of the disease and appropriate
preventive measures, patients can reduce the risk of progression to DKD.

5. Conclusion

We found that the studied IR indices act as risk factors for patients with diabetic kidney disease (DKD)
in Irag. Of the three studied indices, TyG index was the best predictor of DKD, followed by TG/HDL
index and then TyG-BMI index. Age was positively associated with TyG index, indicating a higher
prevalence of DND in older patients with T2DM.
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