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ABSTRACT

BACKGROUND: The World Health Organization estimates that diabetes killed almost 1.5 million
people in 2019. Diabetic nephropathy (DN) is the most common underlying cause of end-stage renal
disease in people with diabetes. About 40% of people on Earth have DN. Albuminuria or a decrease
in glomerular filtration rate (GFR) indicate chronic renal impairment, which accounts for 31% of all
cases of diabetic kidney disease (DN) in Pakistan.

OBJECTIVE: In order to predict diabetic nephropathy, the current study sought to determine
whether the TyG index is related to UACR or HOMA-IR in people with type 2 diabetes.

STUDY DESIGN: A cross-sectional study

PLACE AND DURATION: This study was conducted in Liaquat University of Medical and Health
Sciences Jamshoro from January 2023 to January 2024

METHODOLOGY': The sample size was calculated using the formula Z2 (pg)/e2, with Z=1.96,
p=prevalence of T2DM in Pakistan 17.1%, Using a non-probability sequential selection approach, a
sample of patients visiting the diabetic clinic was selected. Included were known T2DM patients who
had been diagnosed for one to five years and had a fasting plasma glucose (FPG) of 126 mg/dl or
above. Venous blood samples (5 ml) were taken using special tubes for different parameters after a
10- to 12-hour overnight fast, and they were then refrigerated at -20°C. For HOMA-IR evaluation,
the concentrations of insulin and FPG were measured. A spot urine sample was collected in order to
calculate the ACR.
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RESULTS: Among the 180 patients, 48.7+£7.56 years was the average age. The average BMI for
everyone was 28.63+4.56. When comparing Q4 to the other quartiles, there was a substantial increase
in fasting plasma glucose, triglycerides, total cholesterol, low-density lipoprotein (LDL) cholesterol,
and HOMA-IR (p<0.05

CONCLUSION: In T2DM patients, the TyG index outperformed HOMA-IR in predicting DN,
exhibiting a substantial correlation with the latter. In T2DM patients, it accurately predicted the
probability of micro-albuminuria and diabetic nephropathy at an early stage.

Keywords: Diabetic nephropathy, Homeostasis model assessment, Triglyceride-glucose index

INTRODUCTION

Diabetes mellitus (DM) is characterized by hyperglycemia, irregularities in the metabolism of
proteins, lipids, and carbohydrates, and progressive damage, malfunctions, and failures of several
critical organs, such as the kidneys, heart, blood vessels, eyes, and nerves [1, 2]. In 2021, it is
anticipated that over 537 million people, or 10.5% of the world's population, will suffer from diabetes.
This was expected to expand at rates of 643% by 2030 and 783% by 2045 [3]. The most recent
statistics from the International Diabetes Federation (2022) shows that the incidence of diabetes in
adults in Pakistan has risen to 26.7%, meaning that there are over 33,000,000 cases overall [4, 5].
About 1.5 million people died from diabetes in 2019, making it the leading cause of death. [6].
Pakistan is among the countries most vulnerable to diabetes-related deaths because the condition is
more prevalent in low- and middle-income countries. Adults with diabetes are mostly at risk for the
disease due to genetics and leading an unhealthy lifestyle. These include living a sedentary lifestyle,
which contributes to obesity, and consuming more processed foods with added sugar [4]. Pakistan's
overall weighted prevalence of generalized obesity was 57.9% (42% in men and 58% in women)
based on WHO Asia-Pacific cutoffs, while central obesity was 73.1% (37.3% in men and 62.7% in
women) [7].

Globally about 40% of individuals have DN [8]. A total of 31% of all instances of diabetic kidney
disease (DN) in Pakistan are due to chronic renal impairment, as shown by albuminuria or a decline
in glomerular filtration rate (GFR) [9, 10].

Patients should be screened for DN both at the time of diagnosis and once a year since type 2 diabetes
(T2DM) develops slowly. After determining the spot urine albumin-to-creatinine ratio (UACR) from
blood creatinine, urinary creatinine, and albumin in a spot urine test, screening must determine
estimated GFR (eGFR) [11].

In Pakistani, pertinent data has proven elusive. A novel, easily available, reasonably priced, and
trustworthy marker is required to forecast early-stage diabetic nephropathy in the Pakistani
population. The purpose of the current study was to ascertain if the TyG index is associated with
HOMA-IR in patients with type 2 diabetes and whether it is associated with UACR in order to predict
diabetic nephropathy.

METHODOLOGY

The sample size was calculated using the formula Z2 (pq)/e2, with Z=1.96, p=prevalence of T2DM
in Pakistan 17.1%, gq=1-p, and margin of error e=5%, after receiving clearance from the institutional
ethical review committee [19].

Using a non-probability sequential selection approach, a sample of patients visiting the diabetic clinic
was selected. Included were known T2DM patients who had been diagnosed for one to five years and
had a fasting plasma glucose (FPG) of 126 mg/dl or above. Individuals afflicted with type 1 diabetes
(T1DM), long-term medical conditions, smoking, pregnancy, and dialysis were not allowed-to-
participate.

After obtaining the patients' informed consent and guaranteeing their confidentiality, data was
gathered. Age, gender, length of diabetes, waist circumference (WC), height, weight, blood pressure
(BP), and body mass index (BMI) were among the demographic and clinical data. VVenous blood
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samples (5 ml) were taken using special tubes for different parameters after a 10- to 12-hour overnight
fast, and they were then refrigerated at -20°C. For HOMA-IR evaluation, the concentrations of insulin
and FPG were measured. A spot urine sample was collected in order to calculate the ACR. The
individuals were split into 4 quartiles based on their TyG index scores: Q1=4.5-5, Q2=5.1-5.5,
Q3=5.6-6, and Q4=>6.

We used the SPSS version 26 for data analysis. The TyG index, HOMA-IR, UACR, eGFR,
anthropometric indices, and biochemical data were analyzed using Pearson correlation. The
predictive ability of the TyG index and the HOMA-IR for the assessment of eGFR and UACR was
evaluated using linear regression analysis. P value less than 0.05 was regarded as significant.

RESULTS

Among the 180 patients, 48.7+7.56 years was the average age. The average BMI for everyone was
28,63+4.56. Table I includes information on the mean age, BMI, waist circumference, SBP, DBP,
and mean length of diabetes. When comparing Q4 to the other quartiles, there was a notable variation
in age, diastolic blood pressure (DBP), and time spent with type 2 diabetes.

Table I Socio-Demographic distribution according to triglyceride-glucose (TyG) index quartiles.

Demographic Characteristics Quartile 1 Quartile2  Quartile3  Quartile 4
(4.5-5) (5.1-55)  (5.6-6) (>6)
n=47 n=72 n=38 n=23

Age (years) 48654721 42931891 464704879  49.21.46.89

Body Mass Index (BMI) 2131244265 2845+3.11 27.65+3.11  29.01%3.09

Waist circumference (inches) 3155+4.12 32444399 3167+351  31/838.09

Systolic blood pressure (SBP) (mmHg) ~ 137+10.5 130£143  134£1378  131#1354

Diastolic blood pressure (DBP) (nmHg) ~ 79.¢10.5 8219.0 78485 87£12.5
Duration of type 2 diabetes mellitus (Years) ~ 4.560.92 4.1+2.01 4.3+2.12 5.242.01

When comparing Q4 to the other quartiles, there was a substantial increase in fasting plasma glucose,
triglycerides, total cholesterol, low-density lipoprotein (LDL) cholesterol, and HOMA-IR (p<0.05).
Urinary albumin and high-density lipoprotein (HDL) cholesterol were considerably lower in Q4 than
in the other three quartiles (p<0.05). (As shown in Table II)

Table Il Triglyceride-glucose (TyG) index quartiles Based distribution of Biochemical parameters

. . . _ Quartile 2 Quartile 3 Quartile 4
Biochemical Parameters  Quartile 1 (n=47) (n=72) (n=38) (n=23)
(4.5-5) (5.1-5.5) (5.6-6) (>6)
(Fr?g/'g% plasma  glucose g, 434935 211+34.78 224+56.5 322.4458.7
Fasting - serum insulin 5 45,1 gg 3.12+1.02 289+1.43  4.23+1.78
(WIU/mL)
Serum cholesterol (mg/dL) 166.3+36.6 177.78+36.2 188.89+61.4  225+34.1
(Sn%u/?,_) triglyceride ) )z 43441 56 212.65+67.2 312.98+60.8  520.76+110.5
HDL-C (mg/dL) 38.45+5.6 34.54+6.75 32.645.97 32.445.67
LDL-C (mg/dL) 132.4+41.3 139.9+33.3 146+37.2 156.88+16.12
HOMA-IR 1.67+0.12 1.72+0.69 1.9740.75 2.10.9+0.88
Urinary albumin (mg/dL) 5.95+2.29 5.89+3.1 6.34+3.12  5.17+3.42
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DISCUSSION

In order to forecast diabetic nephropathy, the association between the UACR and TyG index was
assessed. The TyG index has been examined in many research as a possible indicator of heart disease,
diabetes, and metabolic problems. However, it hasn't received as much attention as other techniques
for evaluating IR [18, 20].

The definition of insulin resistance (IR) is decreased sensitivity to insulin in tissues, which raises the
risk of hyperglycemia, hypertension, and dyslipidemia. Lipid levels have been studied as a major
parameter to evaluate the insulin action to determine IR. Overweight and obese individuals with
greater triglyceride levels are more likely to have increased IR and lipoprotein metabolic
abnormalities, such as raised levels of triglyceride-rich lipoprotein remnants, remnant-like particle
cholesterol, and apolipoprotein B [21]. Higher triglyceride levels have been associated with lower
insulin sensitivity, and vice versa. It has been demonstrated that muscles with elevated triglyceride
levels have poor glucose utilization. In the current investigation, it was discovered that triglycerides
and FPG were independently linked to DN [17].

In Pakistan, a 2018 study investigated the relationship between the TyG index and DN and IR. When
compared to other markers such fasting triglycerides, HOMA-IR, and HDL-C, the TyG index showed
a greater linear link with BMI, atherogenic dyslipidemia, HbAlc, and IR. The research found no
evidence linking the TyG index to DN and concluded that the TyG index was a more accurate measure
of MSm [21].

The TyG index, HOMA-IR, and UACR were observed to significantly negatively correlate with
eGFR in the current investigation. However, a research conducted on a Chinese population found no
evidence of a significant correlation (p=0.786) between the TyG index and eGFR. Nonetheless, it
discovered a high correlation (r=0.173, p=0.006) between an increased TyG index and type 2 DN,
which is in line with the current findings [16].

DN and HOMA-IR have also been connected in earlier studies. The new results supported previous
research by showing that high HOMA-IR levels were common in diabetic nephropathy patients. In
particular, the current study discovered that the TyG index showed a stronger correlation with DN
than HOMA-IR (AUC 0.37, 95% CI: 0.27-0.46, p<0.01), with sensitivity of 59% and specificity of
65%. The TyG index also had a higher area under the curve (AUC) (0.51, 95% confidence interval
[CI]: 0.28-0.47, p<0.01) with sensitivity of 67% and specificity of 85%. When compared to HOMA-
IR, the TyG index was clearly a more reliable diagnostic tool for predicting type 2 diabetes and
albuminuria.

Similar to this study, a 2020 study conducted in India investigated the relationship between TyG
index and DN, diabetic neuropathy, and diabetic retinopathy. The study found that albuminuria was
correlated with a higher level of TyG index, but it did not include eGFR. FPG and triglycerides were
found to be independently associated with DN [17]. The present study, however, differs from the
others in that it uses spot urine ACR rather than 24-hour albumin excretion rate.

CONCLUSION

In T2DM patients, the TyG index outperformed HOMA-IR in predicting DN, exhibiting a substantial
correlation with the latter. In T2DM patients, it accurately predicted the probability of micro-
albuminuria and diabetic nephropathy at an early stage.

CONFLICT
No conflict of interest

FUNDING
No source of funding

ETHICAL APPROVAL
It was taken

Vol. 31 No. 07 (2024): JPTCP (256- 261) Page | 259


https://jptcp.com/index.php/jptcp/issue/view/79

Triglyceride-Glucose Index: A Replacement Measure Of Homeostasis To Assess Insulin Esistance And Forecast Of
Diabetic Nephropathy

REFERENCES

1. American Diabetes Association. 2. Classification and Diagnosis of Diabetes: Standards of Medical Care
in Diabetes-2021. Diabetes Care2021;44(Suppl 1):515-33. doi: 10.2337/dc21-S002.

2. Addendum. 2. Classification and Diagnosis of Diabetes: Standards of Medical Care in Diabetes-2021.
Diabetes Care 2021;44(Suppl. 1):S15-S33. Diabetes Care 2021;44:2182. doi: 10.2337/dc21-ad09.

3. SunH, Saeedi P, Karuranga S, Pinkepank M, Ogurtsova K, Duncan BB, et al. IDF Diabetes Atlas: Global,
regional and country-level diabetesprevalence estimates for 2021 and projections for 2045. Diabetes Res Clin
Pract 2022;183:109119. doi: 10.1016/j.diabres.2021.109119

4. International Diabetes Federation (IDF). Latest figures show over 19 million people now living with
diabetes in Pakistan. [Online] 2019 [Cited 2022 September 15]. Available from URL:
https://tradechronicle.com/latest-figures-show-over-19-million-  people-now-living-with-diabetes-in-
pakistan/

5. Saeedi P, Petersohn I, Salpea P, Malanda B, Karuranga S, Unwin N, etal. Global and regional diabetes
prevalence estimates for 2019 and projections for 2030 and 2045: Results from the International Diabetes
Federation Diabetes Atlas, 9th edition. Diabetes Res Clin Pract 2019;157:107843. doi:
10.1016/j.diabres.2019.107843

6. Abro M, Zafar AB, Fawwad A, Mustafa N, Bilal Tahir B, Riaz M, et al. Prevalence of diabetic micro
vascular complications at a tertiary careunit of Karachi, Pakistan. Int J Diabetes Dev Ctries 2019;39:325-30.
doi: 10.1007/s13410-018-0683-5

7. Rossing P. Diabetic nephropathy: worldwide epidemic and effects ofcurrent treatment on natural history.
Curr Diab Rep 2006;6:479-83. doi: 10.1007/s11892-006-0083-y.

8. 8. Faselis C, Katsimardou A, Imprialos K, Deligkaris P, Kallistratos M, Dimitriadis K. Microvascular
Complications of Type 2 Diabetes Mellitus.  Curr  Vasc  Pharmacol 2020;18:117-24.  doi:
10.2174/1570161117666190502103733

9. Chiu H, Tsai HJ, Huang JC, Wu PY, Hsu WH, Lee MY, et al. Associations between Triglyceride-
Glucose Index and Micro- and Macro- angiopathies in Type 2 Diabetes Mellitus. Nutrients
2020;12:328. doi: 10.3390/nu12020328

10. Wang J, Wang Y, Li Y, Hu Y, Jin L, Wang W, et al. High Normal Urinary Albumin-Creatinine Ratio Is
Associated With Hypertension, Type 2 Diabetes Mellitus, HTN With T2DM, Dyslipidemia, and
Cardiovascular Diseases in the Chinese Population: A Report From the REACTION Study. Front
Endocrinol (Lausanne) 2022;13:864562. doi: 10.3389/fendo.2022.864562

11. Sasson AN, Cherney DZ. Renal hyperfiltration related to diabetesmellitus and obesity in human disease.
World J Diabetes 2012;3:1-6.doi: 10.4239/wjd.v3.i1.1

12. Malik AR, Sultan S, Turner ST, Kullo 1J. Urinary albumin excretion is associated with impaired flow- and
nitroglycerin-mediated brachial artery dilatation in hypertensive adults. J Hum Hypertens
2007;21:231-8. doi: 10.1038/sj.jhh.1002143

13. LiulL, XiaR, Song X, Zhang B, He W, Zhou X, et al. Associationbetween the triglyceride-glucose
index and diabetic nephropathy in patients with type 2 diabetes: A cross-sectional study. J Diabetes
Investig 2021;12:557-65. doi: 10.1111/jdi.13371

14. Cochran WG. Sampling Techniques, 3rd ed. New York, USA: JohnWiley & Sons, Inc; 1977.

15. National Kidney Foundation (NKF). Albumin-to-Creatinine Ratio (ACR). [Online] 2021 [Cited 2021
July 13]. Available from URL.: https://www.kidney.org/kidneydisease/siemens_hcp_acr

16. Mao Q, Zhou D, Li Y, Wang Y, Xu SC, Zhao XH. The Triglyceride- Glucose Index Predicts
Coronary Artery Disease Severity and Cardiovascular Outcomes in Patients with Non-ST-
Segment Elevation Acute Coronary Syndrome. Dis Markers 2019;2019: 6891537. doi:
10.1155/2019/6891537

17. Unger G, Benozzi SF, Perruzza F, Pennacchiotti GL. Triglycerides andglucose index: a useful indicator
of insulin resistance. Endocrinol Nutr 2014;61:533-40. doi: 10.1016/j.endonu.2014.06.009.

18. Chan DC, Watts GF, Barrett PH, Mamo JC, Redgrave TG. Markers of triglyceride-rich lipoprotein remnant
metabolism in visceral obesity.Clin Chem 2002;48:278-83.

19. Cho YR, Ann SH,Won KB, Park GM, Kim YG, Yang DH, et al. Association between insulin resistance,

Vol. 31 No. 07 (2024): JPTCP (256- 261) Page | 260


https://jptcp.com/index.php/jptcp/issue/view/79
https://tradechronicle.com/latest-figures-show-over-19-million-
http://www.kidney.org/kidneydisease/siemens_hcp_acr

Triglyceride-Glucose Index: A Replacement Measure Of Homeostasis To Assess Insulin Esistance And Forecast Of
Diabetic Nephropathy

hyperglycemia, and coronary artery disease according to the presence of diabetes. Sci Rep 2019;9:6129.
doi: 10.1038/s41598-019-42700-1
20. Palella E, Cimino R, Pullano SA, Fiorillo AS, Gulletta E, Brunetti A, etal. Laboratory Parameters of
Hemostasis, Adhesion Molecules, and Inflammation in Type 2 Diabetes Mellitus: Correlation with
Glycemic Control. Int J Environ Res Public Health 2020;17:300. doi: 10.3390/ijerph17010300
21. Viswanathan V, Tilak P, Meerza R, Kumpatla S. Insulin resistance at different stages of diabetic kidney
disease in India. J Assoc Physicians India 2010;58:612-5.

Vol. 31 No. 07 (2024): JPTCP (256- 261) Page | 261


https://jptcp.com/index.php/jptcp/issue/view/79

