


Estimation of Insulin Resistance in Non-Diabetic Female Patients by the TyG Index

[bookmark: _17zxe4w0dix7]Abstract
Background: The development of metabolic and cardiovascular conditions is fundamentally driven by "insulin resistance" (IR). For effective preventive healthcare, it is essential to detect asymptomatic IR early in people without diabetes. Therefore, the primary objective of this investigation was to assess how reliably the triglyceride-glucose (TyG) index functions as an alternative, non-invasive indicator for identifying preliminary insulin resistance specifically among non-diabetic women. This approach bridges a vital gap in early metabolic screening.
Methods: We executed an observational cross-sectional analysis comprising 75 women without diabetes at the Al-Diwaniyah Health Directorate in Iraq. Based on specific metabolic and clinical assessments, the subjects were divided into two distinct cohorts: an at-risk group for IR (n=50) and a normometabolic control set (n=25). Key physical metrics, such as waist circumference and body mass index (BMI), were documented by the research team. Furthermore, fasting blood samples were evaluated to measure insulin, triglycerides, and plasma glucose concentrations. To compute the TyG index, the standard "natural logarithm equation" was applied. The diagnostic efficacy was subsequently analyzed through Receiver Operating Characteristic (ROC) curves and Pearson correlation techniques, providing a robust statistical framework for our findings.
Results: Compared to the healthy volunteers, women in the clinical risk category demonstrated a significantly higher TyG index (p < 0.05). Additionally, this index showed a profound positive relationship with metrics of central obesity (waist circumference and BMI) and fasting insulin levels. This clearly illustrates the strong connection between central adiposity and early metabolic disruptions. Through ROC evaluation, the index displayed remarkable diagnostic precision; an optimal threshold of 8.65 was established. This specific cut-off point successfully maximized specificity and sensitivity for recognizing preliminary IR within this female demographic.
Conclusion: Ultimately, the TyG index serves as an economical, easily accessible, and highly dependable alternative marker for uncovering hidden insulin resistance in women who do not have diabetes. By incorporating this straightforward measurement into everyday clinical assessments, medical practitioners can fundamentally alter current diagnostic protocols. This proactive identification allows for the timely application of lifestyle and dietary therapies, which is crucial for substantially decreasing the long-term risk of severe cardiometabolic diseases.
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The risk of cardiovascular complications in individuals without diabetes is heavily driven by underlying insulin resistance, typically functioning through concurrent metabolic disturbances and hyperglycemia. To effectively address this clinical challenge, the triglyceride-glucose (TyG) index was established by researchers. By mathematically integrating fasting serum glucose and triglyceride levels, this specific metric serves as an easily attainable and profoundly accurate alternative indicator for detecting preliminary insulin resistance (Lu et al., 2021). Implementing such practical diagnostic tools is therefore fundamentally essential for early preventative medical intervention.
The triglyceride-glucose index serves as a crucial tool for identifying high-risk individuals, demonstrating predictive value across various clinical settings.The correlation linking the TyG index to the initial stages of asymptomatic atherosclerosis varies considerably between sexes. Consequently, highlighting this gender disparity creates a critical need to investigate this specific diagnostic parameter exclusively among female cohorts without diabetes (Li et al., 2025; Lu et al., 2021). Such a targeted approach ensures that unique metabolic vulnerabilities in women are accurately recognized during early clinical assessments.
Accurately establishing the worldwide occurrence rates of insulin resistance among mature demographics continues to be essential, particularly when accounting for variations in demographic profiles and methodological approaches. The widespread international surge in this condition perpetually fuels a rise in related metabolic dysfunctions. Consequently, this escalating clinical challenge creates a profound burden on medical systems, making the adoption of proactive screening techniques—such as the triglyceride-glucose index—absolutely indispensable (Ballena-Caicedo et al., 2025).
The hyperinsulinemic-euglycemic clamp remains the gold standard for assessing insulin sensitivity, yet its immense complexity limits routine application. While some patients exhibit significant insulin resistance, research indicates the TyG index performs better than traditional metrics, providing a convenient, economical, and simple non-invasive alternative for accurately estimating insulin resistance in clinical practice (Luo et al., 2022).
In a previous study about non-diabetic critically ill patients in the year 2025, researchers found the TyG index demonstrates a significant positive correlation with all-cause mortality, exhibiting a nonlinear relationship (Li et al., 2025). Similarly, another recent cross-sectional study successfully evaluated the TyG index as a biomarker for identifying prediabetes in vulnerable young demographic populations (Liu et al., 2025).
To prevent chronic vascular injuries, it is imperative to identify metabolic abnormalities at an early stage. High TyG scores in individuals without diabetes are considered a dependable proxy for insulin resistance, as they effectively capture the complex interaction between glucose balance and lipid metabolism. Moreover, the likelihood of future cardiovascular events can be powerfully forecasted by this specific metric (Abudukeremu et al., 2025; Priego-Parra et al., 2024). This undeniably reinforces the urgent need for medical professionals to implement preemptive screening strategies to protect vulnerable patients.
Recent studies highlight the TyG index as an optimal predictor for various metabolic conditions, often outperforming traditional markers like HOMA-IR. Its utility extends across different clinical populations, demonstrating significant prognostic value in identifying risks for metabolic dysfunction-associated fatty liver disease, end-stage renal disease, and metabolic syndrome in adults (Haidar et al., 2024; Kim et al., 2024; Morshed et al., 2024; Kim et al., 2025).
Cardiovascular complications and elevated mortality risks among non-diabetic populations are frequently driven by underlying insulin resistance, a condition heavily influenced by metabolic disturbances and hyperglycemia (Hedblad et al., 2002; Bugianesi et al., 2005). To facilitate the timely diagnosis of this silent risk factor, the triglyceride-glucose (TyG) index was introduced into clinical practice. Derived mathematically from fasting serum glucose and triglyceride levels, this metric is now widely recognized as a highly dependable, accessible, and non-invasive alternative for detecting early-stage insulin resistance (Lu et al., 2021). From a clinical perspective, adopting such practical screening tools is essential for effectively preventing the progression of severe cardiovascular and metabolic dysfunctions.
Based on the aforementioned literature and the critical need for non-invasive diagnostic tools, the primary objective of this current study is the precise estimation of insulin resistance in non-diabetic female patients by utilizing the TyG index. Ultimately, this research aims to establish a reliable, cost-effective screening strategy to prevent future cardiovascular and metabolic complications.
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[bookmark: _fu7knt2xa6nq] 2.1. Study Design and Participants
This research was designed as a cross-sectional observational study conducted at the Al-Diwaniyah Health Directorate, Ministry of Health, Republic of Iraq. The primary objective of the current research was to precisely evaluate early insulin resistance in a specific vulnerable demographic. To achieve this, a total of 75 non-diabetic female patients were recruited to participate in this clinical investigation.
To guarantee the integrity of the metabolic findings, the subjects underwent a rigorous screening process guided by stringent eligibility parameters. Anyone with a pre-existing diagnosis of cardiovascular disease, confirmed diabetes, or those consuming drugs known to modify insulin sensitivity and lipid levels was systematically disqualified from the investigation (Er et al., 2016). As a result, the final cohort exclusively consisted of mature women lacking any diabetic background, thereby establishing a highly precise and unconfounded foundation for detecting asymptomatic metabolic shifts.
Following the initial clinical screening, the 75 enrolled female subjects were stratified into two distinct cohorts for comparative analysis. The first cohort consisted of 25 healthy women who served as the normative control group. The second cohort comprised 50 women who exhibited clinical or metabolic risk factors associated with insulin resistance. Prior to enrollment and data collection, informed consent was officially obtained from all participants, strictly adhering to the Code of Ethics in Research approved by the Iraqi Ministry of Health.
[bookmark: _d1r0bx8pqcpc]2.2. Anthropometric and Biochemical Measurements
To guarantee the precision of baseline metabolic parameters, venous blood specimens were obtained from all female subjects without diabetes strictly after a nocturnal fasting period spanning eight to twelve hours. Implementing this standardized preparatory protocol is fundamental to eliminating short-term dietary confounders during clinical evaluations. Standardized protocols were employed by qualified healthcare staff to accurately record essential physical metrics, such as waist girth, stature, and body mass. Following this, researchers determined each subject's Body Mass Index (BMI) through the conventional mathematical ratio of weight in kilograms to squared height in meters (Er et al., 2016). To facilitate a thorough biochemical analysis, the withdrawn venous specimens underwent immediate centrifugation. The concentrations of plasma glucose and triglycerides in the fasting state were then precisely quantified using routine enzymatic colorimetric techniques on an automated analyzer. Implementing such rigorous clinical procedures is crucial for minimizing pre-analytical errors and ensuring the absolute reliability of the subsequent metabolic assessments.Furthermore, to cross-verify the presence of insulin resistance, fasting insulin levels were quantitatively measured utilizing a highly sensitive enzyme-linked immunosorbent assay (ELISA) to evaluate the baseline hyperinsulinemic state directly (Luo et al., 2022).
[bookmark: _5jqwet1hm2z1]2.3. Calculation of the Triglyceride-Glucose (TyG) Index
The triglyceride-glucose index, which was defined by incorporating serum glucose and triglyceride concentrations, was developed as a reliable surrogate marker of insulin resistance. For each subject, the measured fasting biochemical parameters were integrated into a specific mathematical equation. Precisely, the TyG index was calculated using the established natural logarithm formula: TyG index = ln[fasting triglycerides (mg/dL) × fasting plasma glucose (mg/dL) / 2] (Lu et al., 2021).
[bookmark: _2917lruamugn]2.4. Statistical Analysis
All statistical analyses for this study were systematically performed using the Statistical Package for the Social Sciences (SPSS) software, version 26.0 (IBM Corp., Armonk, NY, USA). To ensure data integrity, the normality of the distribution for continuous variables was initially assessed. Continuous data were subsequently expressed as the mean ± standard deviation (SD).
To evaluate the baseline demographic, clinical, and biochemical differences between the healthy control group and the insulin resistance group, an independent samples Student’s t-test was utilized for normally distributed continuous variables. Furthermore, to investigate the linear relationship between the triglyceride-glucose index and various metabolic risk factors (such as fasting insulin, BMI, and waist circumference), a Pearson correlation analysis was conducted, yielding corresponding correlation coefficients (r) (Luo et al., 2022).
To evaluate how accurately the TyG index can predict and diagnose insulin resistance within this specific cohort of women without diabetes, researchers executed a Receiver Operating Characteristic (ROC) curve analysis. The model's overarching ability to discriminate between healthy and at-risk individuals was rigorously quantified by computing the Area Under the Curve (AUC) alongside its 95% Confidence Interval (CI). Furthermore, to pinpoint the most effective diagnostic threshold, the Youden index—mathematically defined as "sensitivity + specificity - 1"—was utilized. This specific statistical approach ensures an ideal clinical balance by maximizing both specificity and diagnostic sensitivity concurrently (Lu et al., 2021). Relying on these comprehensive evaluations guarantees that the established cut-off point is highly dependable for everyday medical practice. For all statistical tests in this study, a two-tailed p-value of less than 0.05 was considered to indicate statistical significance.
[bookmark: _spln30ydmns1]3. Results
[bookmark: _esiq0oxi6bbb]3.1. General characteristics of the study population
Table 1 summarizes the demographic, clinical, and biochemical characteristics of the 75 non-diabetic female participants included in this study. The subjects were classified into two distinct groups based on their clinical assessment: a healthy control group comprising 25 women, and an insulin resistance (IR) group comprising 50 women. The mean age of the participants showed no significant difference between the control group (31.4 ± 4.2 years) and the IR group (33.1 ± 5.6 years; p = 0.154), indicating that the groups were well age-matched.
Regarding anthropometric measurements, the IR group exhibited significantly higher values compared to the healthy controls. The mean Body Mass Index (BMI) in the IR group was 27.8 ± 2.9 kg/m², which was significantly greater than the 21.5 ± 1.8 kg/m² observed in the control group (p < 0.001). Similarly, waist circumference was notably elevated in the IR group (86.5 ± 5.8 cm) compared to the control group (72.4 ± 4.1 cm; p < 0.001).
Biochemical analyses further demonstrated substantial metabolic variations between the two cohorts. Fasting blood glucose (FBG) and fasting triglyceride (TG) levels were significantly elevated in the IR group (97.5 ± 6.1 mg/dL and 175.2 ± 18.4 mg/dL, respectively) compared to the control group (86.2 ± 5.4 mg/dL and 98.4 ± 10.5 mg/dL, respectively; p < 0.001). Consequently, the calculated TyG index was significantly higher in the IR group (9.05 ± 0.42) than in the healthy controls (8.35 ± 0.31; p < 0.001), aligning with the significantly elevated fasting insulin levels observed in the IR cohort.
[bookmark: _cn4829e52xgx]Table 1: Baseline demographic, clinical, and biochemical characteristics of the non-diabetic female participants.
	Variable
	Control Group (n = 25)
	Insulin Resistance Group (n = 50)
	P-value

	Age (years)
	31.4 ± 4.2
	33.1 ± 5.6
	0.154

	BMI (kg/m²)
	21.5 ± 1.8
	27.8 ± 2.9
	< 0.001

	Waist Circumference (cm)
	72.4 ± 4.1
	86.5 ± 5.8
	< 0.001

	Fasting Blood Glucose (mg/dL)
	86.2 ± 5.4
	97.5 ± 6.1
	< 0.001

	Fasting Triglycerides (mg/dL)
	98.4 ± 10.5
	175.2 ± 18.4
	< 0.001

	Fasting Insulin (µIU/mL)
	5.8 ± 1.2
	16.2 ± 2.8
	< 0.001

	TyG Index
	8.35 ± 0.31
	9.05 ± 0.42
	< 0.001


Data are expressed as mean ± standard deviation. P-values < 0.05 are considered statistically significant.
[bookmark: _n8ifjjq6ssvz]3.2. Correlation between the TyG index and clinical/biochemical parameters
A Pearson correlation assessment was executed to explore how various metabolic threats associate with the TyG index among women without diabetes (Table 2). The findings highlighted notable positive links between this mathematical index and multiple biochemical and physical measurements. In particular, a robust positive relationship was identified between fasting insulin concentrations and the TyG score (r = 0.745, p < 0.001). This finding directly reinforces its status as a dependable "surrogate marker for insulin resistance" within this specific female cohort.
Additionally, indicators of central adiposity, namely waist circumference (r = 0.634, p < 0.001) and Body Mass Index (r = 0.582, p < 0.001), were found to be positively and significantly tied to the index. As anticipated, the biochemical elements forming the formula itself—fasting triglycerides (r = 0.895, p < 0.001) and fasting blood glucose (r = 0.688, p < 0.001)—exhibited prominent positive correlations. Conversely, the subject's age displayed an inconsequential and weak association (r = 0.124, p = 0.285). These precise statistical outcomes collectively confirm that the TyG index is primarily driven by acute metabolic dysfunctions rather than chronological aging processes, thereby solidifying its practical clinical reliability.
[bookmark: _e8lrs6hrncb5]Table 2: Pearson correlation coefficients (r) between the TyG index and metabolic parameters in the study population (n=75).
	Variables
	Correlation Coefficient (r)
	P-value

	Age
	0.124
	0.285

	BMI
	0.582
	< 0.001

	Waist Circumference
	0.634
	< 0.001

	Fasting Blood Glucose
	0.688
	< 0.001

	Fasting Triglycerides
	0.895
	< 0.001

	Fasting Insulin
	0.745
	< 0.001


[bookmark: _wydrvabbomb5]3.3. Diagnostic performance of the TyG index for identifying insulin resistance
To evaluate the predictive accuracy of the TyG index in identifying insulin resistance among the non-diabetic female participants, a Receiver Operating Characteristic (ROC) curve analysis was performed. The presence of insulin resistance (determined by elevated fasting insulin levels in the IR group) was used as the state variable.
The ROC curve analysis demonstrated that the TyG index has a high discriminatory power for detecting insulin resistance. The Area Under the Curve (AUC) for the TyG index was 0.885 (95% Confidence Interval [CI]: 0.812 – 0.958, p < 0.001).
Based on the coordinates of the ROC curve, the optimal cut-off value of the TyG index for predicting insulin resistance in this specific group of non-diabetic women was determined to be 8.65. At this threshold, the TyG index exhibited a sensitivity of 84.0% (meaning it correctly identified 84% of the women with insulin resistance) and a specificity of 88.0% (meaning it correctly identified 88% of the healthy controls). These findings suggest that a TyG index value greater than 8.65 is a strong, non-invasive indicator of underlying insulin resistance in this target population.
	[image: Chart]


[bookmark: _37r9eofg19pj]Figure 1. Receiver Operating Characteristic (ROC) curve analysis evaluating the diagnostic performance of the Triglyceride-Glucose (TyG) index for identifying insulin resistance in non-diabetic female patients. The Area Under the Curve (AUC) is 0.885 (95% CI: 0.812 – 0.958, p < 0.001). The optimal cut-off value of the TyG index was determined to be 8.65, yielding a sensitivity of 84.0% and a specificity of 88.0%.
[bookmark: _vb3kjju9igvs]4. Discussion
 The results appeared as shown in Table 1, demonstrating significant elevations in the triglyceride-glucose index, body mass index, and waist circumference among the affected women. These results indicate that central adiposity and lipid accumulation strongly correlate with early metabolic abnormalities in non-diabetic females. Perhaps the reason is the increased release of free fatty acids from visceral fat tissues, which directly impairs hepatic insulin sensitivity and glucoregulation (Er et al., 2016). A previous study, whose goal was investigating gender differences in the association between the TyG index and subclinical atherosclerosis, was conducted in the year 2021 in Taiwan, and reached the conclusion that non-diabetic women presenting with a high TyG index face severe cardiovascular risks and metabolic complications (Wang et al., 2021). This indicates that female physiology is particularly vulnerable to combined lipid and glucose toxicity. The aforementioned study agrees with the current study, while another study, which aimed to evaluate insulin resistance primarily in non-obese populations, found results that differed slightly from the current study, as it found a dominant presence of profound insulin resistance even without significant body mass index or waist circumference elevations in their specific clinical cohort (Luo et al., 2022). Perhaps this indicates that relying solely on physical appearance and traditional obesity markers is clinically deceptive, reinforcing the necessity of using the TyG index as a superior, independent biochemical diagnostic tool.
The results appeared as shown in Figure 1 and Table 2, demonstrating a strong predictive ability of the triglyceride-glucose index for identifying insulin resistance, alongside significant positive correlations with fasting insulin, body mass index, and waist circumference. These results indicate that the TyG index serves as a highly sensitive and specific non-invasive diagnostic marker, with an optimal cut-off value closely aligning with established clinical thresholds for female patients.
In a previous study about the early phase of subclinical atherosclerosis in the year 2021 in Taiwan, and its goal was investigating the association between the TyG index and subclinical atherosclerosis between the sexes, they found that gender disparity was observed in non-diabetic women. Specifically, a high TyG index (≥ 8.55) was independently associated with subclinical atherosclerosis in non-diabetic women after adjusting for traditional risk factors, with an adjusted odds ratio of 1.510 (95% CI 1.010–2.257, p = 0.045), but not in non-diabetic men (Lu et al., 2021). This indicates that exceeding this specific diagnostic threshold significantly multiplies cardiovascular risks exclusively in females.
The aforementioned study agrees with the current study regarding the clinical validity of a comparable TyG cut-off point and the specific vulnerability of non-diabetic women. While another study, which aimed to investigate the TyG index's impact on mortality in non-diabetic critically ill patients, found results that differed slightly from the current study regarding the threshold, as it found a nonlinear effect with a much higher critical point at 9.94 for predicting 28-day mortality (Li et al., 2025). Perhaps this indicates that the optimal cut-off value of the TyG index fluctuates significantly depending on the severity of the clinical outcome being measured, such as early insulin resistance versus critical hospital mortality.
The integrated results appeared as shown in the comprehensive correlation analyses and diagnostic evaluations, demonstrating that elevations in the triglyceride-glucose index synchronize perfectly with both central adiposity and compensatory hyperinsulinemia. These results indicate that the TyG index effectively captures the dual pathological mechanisms of lipotoxicity and glucotoxicity, serving as an innovative, holistic metric for early metabolic dysfunction.
In a previous study about the global epidemiology of prediabetes in the year 2019, and its goal was comparing the diagnostic criteria for screening prediabetes, they reached the conclusion that individuals with intermediate hyperglycemia are at an exceptionally high risk of developing severe macrovascular and microvascular complications, such as neuropathy and retinopathy, before overt diabetes onset (Hostalek, 2019). This indicates that early and precise identification using comprehensive markers like the TyG index is absolutely essential to prevent these severe pathologies.
The aforementioned study agrees with the current study regarding the urgent necessity of utilizing proactive diagnostic markers to prevent future complications. While another study, which aimed to determine the global prevalence of insulin resistance across various distinct populations, found results that differed slightly from the current study, as it found that the correlation strength between lipid-based indices and insulin resistance varies significantly across different study designs and specific phenotypic characteristics (Ballena-Caicedo et al., 2025). Perhaps this indicates that while the TyG index is an exceptionally powerful tool for vulnerable females presenting with central adiposity, its universal clinical application requires careful physiological calibration according to specific phenotypic characteristics.
While the outcomes of this study strongly validate the clinical utility of the TyG index, certain limitations must be acknowledged to contextualize the findings. Relying exclusively on lipid and glucose profiles may not capture the entire spectrum of metabolic disturbances in vulnerable populations. To significantly enhance diagnostic power, future research should integrate further biochemical parameters. Specifically, evaluating "inflammatory markers (CRP, IL-6)," comprehensive cardiovascular risk assessments, and "alternative insulin resistance indices (HOMA-IR)" alongside the TyG index is highly encouraged. Implementing such a multi-dimensional approach will undoubtedly increase the robustness of the current evidence and broaden its practical clinical applicability.
[bookmark: _3mqliilsimgq]5. Conclusions
Ultimately, this investigation establishes that utilizing the triglyceride-glucose (TyG) index offers a highly dependable and non-invasive approach for detecting asymptomatic insulin resistance among women without diabetes. A profound correlation was identified between elevated TyG scores and markers of central obesity—namely, waist circumference and body mass index—as well as compensatory hyperinsulinemia. Through the determination of an optimal diagnostic threshold at 8.65, the exceptional sensitivity and specificity of this metric were rigorously confirmed. Incorporating this economical and accessible tool into everyday health screenings could fundamentally revolutionize preventive care by proactively identifying at-risk females. As previously emphasized in metabolic research, the timely initiation of "therapeutic lifestyle interventions" remains the most effective strategy for mitigating the long-term burden of severe cardiometabolic complications.
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