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aDepartment of Physiology and Environmental Health, School of Molecular and Life Sciences, Faculty of Science and 
Agriculture, University of Limpopo, Sovenga, South Africa; bDivision of Health and Society, School of Public Health, Faculty of 
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ABSTRACT
Insulin resistance (IR) drives early cardiometabolic risk in low-resource settings, yet 
gold-standard measures are impractical. We assessed routine lipids, triglycerides (TG), 
high-density lipoprotein cholesterol (HDL-C), and the TG/HDL-C ratio, as predictors of IR 
in 781 adults aged 20–29 years from the Ellisras Longitudinal Study (Lephalale, Limpopo). 
IR was defined as HOMA-IR ≥2.5. Participants were 51.8% female and 39.1% diabetic. 
Diabetic participants showed higher fasting glucose, insulin, and HOMA-IR, and more 
adverse lipid profiles than non-diabetics (all p < 0.001). Receiver-operating-characteristic 
analysis showed the TG/HDL-C ratio discriminated IR best (AUC 0.88, 95% CI 0.85–0.91), 
outperforming TG (0.78, 0.74–0.82) and HDL-C (0.75, 0.71–0.79). A practical cut-off of 
≥2.0 yielded 82.1% sensitivity and 85.0% specificity. In multivariable models adjusted 
for age and sex, TG ≥1.7 mmol/L (aOR 2.92, 95% CI 2.04–4.18), low HDL-C (AOR 2.47, 
1.75–3.48), and TG/HDL-C ≥ 2.0 (aOR 4.85, 3.32–7.08) were independently associated 
with IR; each year of age increased odds (AOR 1.06), and sex was not significant. 
Performance was consistent across diabetes status (AUC 0.84 non-diabetic; 0.81 diabetic) 
and sex (0.86 males; 0.83 females). The TG/HDL-C ratio is a simple, low-cost screening 
tool for IR in semi-rural South Africa and merits integration into primary care.

Introduction

The rising global prevalence of metabolic disorders, particularly in low- and middle-income countries 
(LMICs), has brought insulin resistance (IR) into sharp focus as a central pathophysiological mechanism 
underlying type 2 diabetes mellitus (T2DM) and cardiovascular diseases (CVDs) (Deery et  al., 2024; Kopp, 
2024). Recent estimates suggest that up to 80% of the global diabetes burden now occurs in LMICs, with 
sub-Saharan Africa experiencing a 129% increase in prevalence since 2000 (International Diabetes 
Federation, 2021; Kopp, 2024). In South Africa, the epidemiological transition driven by urbanisation, 
industrialisation, and westernisation of dietary and lifestyle patterns has led to alarming increases in 
obesity and metabolic syndrome, even among young adults (Minja et  al., 2022; Okop et  al., 2025). These 
trends are particularly concerning in rural areas such as Lephalale, Limpopo Province, where limited 
healthcare infrastructure and under-resourced screening programmes contribute to delayed detection 
and underdiagnosis of early metabolic dysfunction (Kruger et  al., 2020; Walker et  al., 2024).

Current diagnostic approaches for IR remain constrained in resource-limited settings. The hyperinsuli-
naemic–euglycaemic clamp is considered the gold standard for measuring insulin sensitivity, but its tech-
nical complexity, cost, and time requirements preclude its widespread clinical use (Freeman & Pennings, 
2023; Metwally et  al., 2025; Park et  al., 2021). The frequently sampled intravenous glucose tolerance test 
(FSIVGTT), though more feasible, also requires specialised laboratory equipment and trained personnel, 
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often unavailable in primary healthcare contexts (Cornejo et  al., 2021; Sharma et  al., 2023). These limita-
tions have intensified interest in simpler, cost-effective biomarkers for identifying at-risk individuals before 
progression to overt T2DM or CVD (Guo et  al., 2022; Mahdavi-Roshan et  al., 2022).

Among the proposed markers, lipid abnormalities—specifically elevated triglycerides (TG) and reduced 
high-density lipoprotein cholesterol (HDL-C)—are consistently linked to IR (Kosmas et  al., 2023; Tong 
et  al., 2022). Mechanistically, dyslipidaemia contributes to IR through multiple pathways, including 
increased free fatty acid flux, ectopic lipid deposition, and altered lipoprotein metabolism (Frankowski 
et  al., 2023; Wali et  al., 2021). The triglyceride-to-HDL cholesterol ratio (TG/HDL-C) has therefore gained 
attention as a surrogate marker of IR, with mounting evidence supporting its predictive value across 
diverse populations (Baneu et  al., 2024; Colantoni et  al., 2024; Khan et  al., 2024; Kosmas et  al., 2023; Yuan 
et  al., 2025). However, the transferability of these findings to young South African adults remains uncer-
tain due to population-specific genetic, environmental, and lifestyle influences (Peng et  al., 2021).

The rural community of Lephalale provides a unique epidemiological context for studying IR. Situated 
in Limpopo Province, the area reflects a mix of traditional subsistence practices alongside rapid industri-
alisation and urbanisation, producing distinct metabolic risk profiles (Ofori et  al., 2024; Prashant et  al., 
2024; Tejera et  al., 2021). Limited access to advanced diagnostic tools further emphasises the need for 
simple screening methods adaptable to primary healthcare settings (Li et  al., 2022; Rodríguez-Mañas 
et  al., 2022). Despite increasing research on metabolic disorders in South Africa, there remains a paucity 
of data evaluating lipid-based markers of IR in young, semi-rural populations (Armanini et  al., 2022; Li 
et  al., 2022).

This study addresses this gap by evaluating TG, HDL-C, and the TG/HDL-C ratio as predictors of insulin 
resistance in young adults from Lephalale. We hypothesised that the TG/HDL-C ratio would outperform 
individual lipid markers in predicting IR. The novelty of this work lies in its focus on young adults in a 
rural African context, where early identification of metabolic dysfunction is essential for targeted inter-
ventions. Given emerging evidence linking the TG/HDL-C ratio not only to metabolic dysfunction but also 
to chronic inflammation and cardiovascular risk (Kosmas et  al., 2023; Li et  al., 2022; Ofori et  al., 2024; 
Rodríguez-Mañas et  al., 2022), this study may inform low-cost screening strategies with broad utility in 
resource-limited settings.

Research methods

Study design and data source

This study utilised a cross-sectional design based on secondary data obtained from the Ellisrus 
Longitudinal Study (ELS), a longitudinal cohort conducted in Lephalale, Limpopo Province, South Africa. 
The ELS was established to investigate the evolving burden of metabolic, cardiovascular, and 
lifestyle-related conditions in rural and peri-urban young adults. The present analysis used de-identified 
data from the most recent wave available, focusing on metabolic biomarkers relevant to insulin resistance.

Study population and setting

A total of 781 participants aged 20–29 years were included in this analysis. Among them, 305 individuals 
were classified as diabetic based on clinical diagnosis and documented medication use within the ELS 
dataset, while 476 were non-diabetic. The sample comprised 405 females and 376 males. Participants 
were included if they had complete data on fasting triglycerides (TG), high-density lipoprotein choles-
terol (HDL-C), fasting insulin, and glucose.

The study was conducted in Lephalale, a semi-rural municipality in the western region of Limpopo 
Province, South Africa. This area is predominantly inhabited by Black African communities and is under-
going rapid urbanization and industrial development, which has influenced lifestyle transitions and con-
tributed to an increasing burden of non-communicable diseases. Lephalale faces several public health 
challenges, including limited access to advanced medical infrastructure, shortages of healthcare profes-
sionals, and constrained diagnostic capacity. The study population was drawn from the Ellisras Longitudinal 
Study, a well-established cohort designed to investigate health outcomes in young adults from this 
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region. Data collection was conducted by trained staff using standardized procedures. All samples were 
analyzed in a single centralized laboratory affiliated with the Ellisras Longitudinal Study, using standard-
ized procedures and quality control protocols.

Variables and definitions

Insulin resistance was estimated using the Homeostatic Model Assessment of Insulin Resistance (HOMA-IR), 
calculated as: fasting insulin (μU/mL) multiplied by fasting glucose (mmol/L) divided by 22.5. A threshold 
of HOMA-IR ≥2.5 was used to define insulin resistance, consistent with existing literature in similar pop-
ulations. Lipid markers were classified using standard clinical cut-offs: elevated triglycerides were defined 
as TG ≥1.7 mmol/L, low HDL-C was defined as <1.0 mmol/L in males and <1.2 mmol/L in females, and a 
TG/HDL-C ratio ≥2.0 was used as an indicator of dyslipidaemia associated with metabolic risk.

Statistical analysis

Statistical analysis was performed using Stata version 17.0. Descriptive statistics were used to characterize 
the sample, with continuous variables presented as means and standard deviations (SD) or medians and 
interquartile ranges (IQR) depending on distribution, and categorical variables expressed as frequencies 
and percentages. Group comparisons between diabetic and non-diabetic participants were performed 
using independent samples t-tests or Mann–Whitney U tests for continuous variables and chi-square 
tests for categorical variables. To examine the relationship between lipid markers and insulin resistance, 
participants were stratified by TG, HDL-C, and TG/HDL ratio categories. Associations between these lipid 
markers and IR prevalence were assessed using chi-square tests. Receiver operating characteristic (ROC) 
curve analysis was conducted to determine the diagnostic accuracy of TG, HDL-C, and TG/HDL ratio for 
predicting IR, with area under the curve (AUC) values and optimal cut-off points calculated using the 
Youden Index. Multivariable logistic regression models were constructed to evaluate the independent 
associations between lipid parameters and insulin resistance, adjusting for age and sex. Adjusted odds 
ratios (AORs) and 95% confidence intervals (CIs) were reported. Subgroup analyses were performed to 
assess whether the predictive value of the TG/HDL ratio varied by diabetes status and sex. Adjustment 
in regression models was limited to age and sex, as key potential confounders such as body mass index, 
waist circumference, physical activity, alcohol consumption, and family history of diabetes were unavail-
able. As this study relied on secondary data from the Ellisras Longitudinal Study, researchers had no 
control over original data collection, and some important variables may have been missing.

Ethical considerations

The current was conducted in adherence to strict ethical standards to ensure the protection, dignity, and 
well-being of all participants. This research forms part of the broader Ellisras Longitudinal Study (ELS). In 
the original study, informed consent was obtained from parents or legal guardians, and assent was pro-
vided by the children, with participation being entirely voluntary. Privacy and confidentiality were main-
tained through anonymized data storage and secure handling of participant information.

The research was culturally sensitive, minimized risks, and was designed with the intention of bene-
fiting the local community, particularly by improving understanding of child and adolescent nutrition 
and metabolic health. Local stakeholders were engaged throughout the research process to ensure that 
the study remained relevant, fair, and responsive to community needs. Results and findings were shared 
equitably with all involved parties. The study also prioritized transparency, actively avoided bias, and 
disclosed any potential conflicts of interest to uphold academic integrity and accountability.

Ethical approval for the original study was granted by the Turfloop Research Ethics Committee 
(MREC/P/204/2013: IR and TREC/323/2017: IR-Renewed). For this secondary analysis focusing on insulin 
resistance among young adults, additional ethical clearance was obtained. All participants included in 
the current study had previously provided written informed consent during their initial enrolment in 
the ELS.
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Results

Participant characteristics

The study analyzed data from 781 participants aged 20 to 29 years, with a breakdown of 305 (39.1%) 
diabetic individuals and 476 (60.9%) non-diabetic individuals. The cohort included 405 females (51.8%) 
and 376 males (48.2%). The mean age of the participants was 24.8 ± 2.3 years. Demographic and clinical 
characteristics of the study population are presented in Table 1.

Diabetic participants were significantly older than their non-diabetic counterparts (mean age 25.7 vs. 
24.3 years, p < 0.001). Diabetic individuals also exhibited significantly higher levels of fasting glucose 
(9.4 mmol/L [IQR: 8.1–11.3] vs. 5.1 mmol/L [IQR: 4.7–5.5]; p < 0.001), fasting insulin (18.2 μU/mL [IQR: 13.0–
24.7] vs. 9.6 μU/mL [IQR: 7.4–13.2]; p < 0.001), and HOMA-IR (7.6 [IQR: 4.9–10.1] vs. 2.2 [IQR: 1.6–2.8]; 
p < 0.001), reflecting the presence of insulin resistance in this subgroup. In contrast, non-diabetic individ-
uals had significantly lower fasting glucose and insulin levels, and their HOMA-IR scores were within the 
non-insulin-resistant range (Table 1).

Lipid profiles also differed significantly between the two groups. Diabetic individuals exhibited ele-
vated triglycerides (TG) (1.8 ± 1.3 vs. 1.1 ± 0.8 mmol/L; p < 0.001) and lower HDL-C (0.9 ± 0.3 vs. 
1.2 ± 0.3 mmol/L; p < 0.001) compared to non-diabetic individuals. The TG/HDL ratio was significantly 
higher in diabetic individuals (2.3 ± 1.8 vs. 1.5 ± 1.3; p < 0.001), further highlighting lipid dysregulation 
associated with insulin resistance.

Association between lipid categories and insulin resistance

As shown in Table 2, a clear association emerged between lipid profiles and the presence of insulin 
resistance. Among participants with elevated triglycerides (≥1.7 mmol/L), 70.4% were classified as 
insulin-resistant, compared to only 29.6% of those with triglyceride levels below this threshold (p < 0.001).

Similarly, low HDL-C (<1.0 mmol/L for males, <1.2 mmol/L for females) was significantly associated with 
insulin resistance, with 70.1% of participants with low HDL-C being insulin-resistant (p < 0.001). The TG/
HDL ratio also exhibited a strong association with insulin resistance, as 78.3% of participants with a ratio 
≥2.0 were insulin-resistant, compared to 31.2% of those with a ratio <2.0 (p < 0.001).

Diagnostic accuracy of lipid markers

The ability of lipid markers to predict insulin resistance was evaluated using ROC curve analysis, as pre-
sented in Table 3 and Figure 1. The TG/HDL ratio exhibited the highest diagnostic performance, with an 
AUC of 0.88 (95% CI: 0.85–0.91), indicating good discriminatory power. This was significantly higher than 
the AUC for TG (0.78; 95% CI: 0.74–0.82) and HDL-C (0.75; 95% CI: 0.71–0.79), suggesting that the TG/HDL 
ratio is the most reliable lipid-based predictor of insulin resistance in this population.

Table 1. B aseline characteristics by diabetes status among young adults in lephalale.
Variable Total (n = 781) Non-diabetic (n = 476) Diabetic (n = 305) p-value

Age (years), mean ± SD 25.0 ± 1.9 24.7 ± 1.8 25.4 ± 2.0 0.002
Sex (M/F) 376/405 229/247 147/158 0.763
Fasting Glucose (mmol/L) 6.5 ± 1.7 5.1 ± 0.6 8.4 ± 2.0 <0.001
TG (mmol/L), median (IQR) 1.7 (1.1–2.5) 1.4 (0.9–1.9) 2.3 (1.7–3.1) <0.001
HDL-C (mmol/L), mean ± SD 1.1 ± 0.3 1.2 ± 0.3 0.9 ± 0.2 <0.001
TG/HDL Ratio, median (IQR) 1.55 (1.0–2.4) 1.2 (0.8–1.8) 2.5 (1.8–3.4) <0.001
HOMA-IR, mean ± SD 3.6 ± 2.0 2.1 ± 0.9 5.6 ± 2.3 <0.001

Table 2.  Prevalence of insulin resistance by TG and HDL categories among young adults in lephalale.
Lipid category IR (n, %) Non-IR (n, %) p-value

Triglycerides ≥ 1.7 mmol/L (n = 372) 262 (70.4%) 110 (29.6%) <0.001
HDL-C < 1.0 mmol/L (M) or <1.2 mmol/L 

(F) (n = 318)
223 (70.1%) 95 (29.9%) <0.001

TG/HDL Ratio ≥ 2.0 (n = 300) 235 (78.3%) 65 (21.7%) <0.001

Note: IR status defined via HOMA-IR cut-off (e.g., ≥2.5); categories reflect clinical thresholds.
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Using the Youden Index, the optimal cut-off for the TG/HDL ratio was identified as ≥2.0, with a sen-
sitivity of 82.1% and a specificity of 85.0%. This cut-off provides a balance between correctly identifying 
insulin-resistant individuals while minimizing false positives, making it a practical screening tool for 
detecting metabolic risk in resource-limited settings.

Independent predictors of insulin resistance

Multivariable logistic regression analysis was conducted to assess the independent association of lipid 
markers with insulin resistance, adjusting for age and sex. As shown in Table 4, elevated TG (adjusted 
odds ratio [aOR] = 2.92, 95% CI: 2.04–4.18), low HDL-C (AOR = 2.47, 95% CI: 1.75–3.48), and high TG/HDL 
ratio (AOR = 4.85, 95% CI: 3.32–7.08) were independently associated with an increased likelihood of 
insulin resistance.

Additionally, age was positively associated with insulin resistance, with each one-year increase in age 
leading to a 6% higher odds of being insulin-resistant (AOR = 1.06, 95% CI: 1.01–1.12, p = 0.027). However, 
sex did not significantly affect the odds of insulin resistance (AOR = 1.12, 95% CI: 0.89–1.41, p = 0.472), 
suggesting that the relationships between lipid markers and insulin resistance are similar across both 
genders.

Table 3. R OC curve analysis of lipid markers for predicting insulin resistance among young adults in lephalale.
Marker AUC (95% CI) Optimal cut-off Sensitivity (%) Specificity (%)

Triglycerides 0.78 (0.74–0.82) ≥1.7 mmol/L 71.5 77.0
HDL-C 0.75 (0.71–0.79) ≤1.0 (M) / 1.2 (F) 69.3 73.9
TG/HDL Ratio 0.88 (0.85–0.91) ≥2.0 82.1 85.0

ROC = Receiver Operating Characteristic; AUC = Area Under the Curve.

Figure 1. R eceiver operating characteristic (ROC) curve for the triglyceride-to-HDL-cholesterol (TG/HDL-C) ratio to dis-
criminate insulin resistance (HOMA-IR ≥ 2.5) among young adults in lephalale.

Table 4.  Multivariable logistic regression – predictors of insulin resistance among young adults in lephalale.
Predictor AOR 95%CI p-value

TG ≥ 1.7 mmol/L 2.92 2.04–4.18 <0.001
HDL-C below threshold 2.47 1.75–3.48 <0.001
TG/HDL Ratio ≥ 2.0 4.85 3.32–7.08 <0.001
Age (per 1-year increase) 1.06 1.01–1.12 0.027
Sex (Female vs. Male) 1.12 0.82–1.52 0.472

Model adjusted for age and sex. TG/HDL remains strongest independent predictor.
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Subgroup analyses

Subgroup analyses examined the relationship between lipid markers and insulin resistance by diabetes 
status and sex. As shown in Table 5, the TG/HDL ratio remained a strong predictor of insulin resistance 
in both diabetic and non-diabetic individuals. The AUC for the TG/HDL ratio was 0.84 (95% CI: 0.80–0.88) 
in non-diabetic participants and 0.81 (95% CI: 0.76–0.85) in diabetic individuals, indicating robust predic-
tive accuracy in both groups.

In diabetic participants, the TG/HDL ratio was strongly associated with insulin resistance (AOR = 2.53, 
95% CI: 1.66–3.85), while in non-diabetic participants, the association was even stronger (AOR = 3.94, 
95% CI: 2.59–6.01). These findings highlight the utility of the TG/HDL ratio as a universal marker of insu-
lin resistance, regardless of diabetes status. Furthermore, when stratified by sex, the TG/HDL ratio was a 
slightly better predictor in males (AUC = 0.86; aOR = 4.42, 95% CI: 2.91–6.70) compared to females (AUC 
= 0.83; AOR = 3.68, 95% CI: 2.38–5.69), although the marker remained significant in both groups.

Discussion

This study provides new insights into the relationship between lipid markers and insulin resistance in 
young adults in Lephalale, Limpopo Province. By focusing on both diabetic and non-diabetic individuals 
in a rural cohort, we demonstrate that dyslipidaemia, specifically elevated triglycerides, reduced HDL-C, 
and a high TG/HDL-C ratio, is strongly associated with IR. Notably, the TG/HDL-C ratio exhibited the high-
est diagnostic accuracy, with an AUC of 0.88, outperforming individual lipid markers. These findings 
underscore the potential of lipid ratios as simple, affordable, and scalable tools for metabolic risk screen-
ing in underserved populations.

Our findings are consistent with global literature that recognises IR as a major driver of metabolic 
disorders (Kruger et  al., 2020). Elevated TG and low HDL-C are hallmark features of the dyslipidaemic 
phenotype associated with IR (Ganeva et  al., 2021; Kosmas et  al., 2023; Tong et  al., 2022). Importantly, 
we confirmed the TG/HDL-C ratio as a robust predictor of IR, consistent with evidence from diverse pop-
ulations where this ratio has been validated as a practical surrogate marker (Kosmas et  al., 2023; Lee 
et  al., 2022). The strength of this marker lies in its accessibility—standard lipid profiles are already widely 
measured, making TG/HDL-C calculation feasible even in low-resource settings (Frankowski et  al., 2023; 
Luo et  al., 2024; Wali et  al., 2021).

Mechanistically, the observed associations can be explained by lipid-induced impairments in insulin 
signalling. Excess free fatty acids interfere with insulin action in skeletal muscle and liver, while ectopic 
lipid deposition exacerbates hepatic and muscular IR (Frankowski et al., 2023; Wali et al., 2021). Reduced 
HDL-C further contributes by impairing reverse cholesterol transport and promoting vascular inflam-
mation (Frankowski et al., 2023). Together, these abnormalities create a pro-inflammatory, pro-atherogenic 
milieu that reinforces IR and accelerates metabolic disease progression (Luo et  al., 2024; Okop 
et  al., 2025).

In this study, subgroup analyses showed the TG/HDL-C ratio to be predictive of IR across sex and 
diabetes-status strata, though slightly stronger among men. This aligns with evidence of sex-related dif-
ferences in lipid metabolism, body fat distribution, and IR susceptibility (Armanini et  al., 2022; Lee et  al., 
2022; Rodríguez-Mañas et  al., 2022). However, the absence of a statistically significant sex effect overall 
suggests the marker is broadly applicable across subgroups. Age also emerged as a significant predictor, 
with each additional year associated with increased odds of IR, reflecting the natural decline in insulin 
sensitivity with age (ElSayed et  al., 2023; Li et  al., 2022).

Table 5.  Subgroup analysis – TG/HDL ratio predictive accuracy by diabetes status and sex among young adults in 
lephalale.
Subgroup AUC (TG/hDL) AOR (95% CI) for IR p-value

Non-diabetic 0.84 3.94 (2.59–6.01) <0.001
Diabetic 0.81 2.53 (1.66–3.85) <0.001
Males 0.86 4.42 (2.91–6.70) <0.001
Females 0.83 3.68 (2.38–5.69) <0.001

TG/HDL ratio performs slightly better in non-diabetics and in males, but remains predictive across subgroups.
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The public health implications are notable. South Africa, like many LMICs, is undergoing rapid lifestyle 
transitions with rising obesity and metabolic syndrome prevalence (Okop et  al., 2025). Yet, access to 
advanced diagnostic modalities such as the clamp test remains limited. The TG/HDL-C ratio offers a prag-
matic alternative, enabling frontline healthcare workers to screen for metabolic risk efficiently (Baneu 
et  al., 2024; Colantoni et  al., 2024). Incorporating this marker into primary care could support early iden-
tification, guiding lifestyle interventions and preventing progression to T2DM and CVD (Kosmas et  al., 
2023; Ofori et  al., 2024).

This study has several strengths. First, it leverages a well-characterised cohort of young adults, offering 
insights into early-life metabolic risk. Second, the comprehensive biomarker analysis, combined with rig-
orous ROC and multivariable modelling, strengthens the validity of our conclusions. The focus on a rural 
South African setting also enhances relevance for LMICs, where resource limitations necessitate simple 
screening solutions.

However, limitations must be acknowledged. The cross-sectional design precludes causal inference. 
Reliance on HOMA-IR, though validated, may underestimate or misclassify IR compared to clamp tech-
niques. The absence of confounders such as BMI, waist circumference, and lifestyle variables limits adjust-
ment in regression models. Finally, generalisability is constrained to young, semi-rural Black South 
Africans, and further research is needed in urban, older, and multi-ethnic populations.

In conclusion, the TG/HDL-C ratio demonstrated superior predictive accuracy for IR compared to indi-
vidual lipid markers in young adults from Lephalale. Its low cost, simplicity, and strong diagnostic value 
support its use as a frontline screening tool in rural primary care. Policymakers should consider integrat-
ing TG/HDL-C ratio into routine practice, alongside community-based lifestyle interventions, to curb the 
rising burden of metabolic diseases in South Africa.

Conclusions

This cross-sectional study demonstrates that the triglyceride-to-HDL cholesterol (TG/HDL-C) ratio is a 
strong, low-cost predictor of insulin resistance in young adults from rural South Africa. Elevated TG, low 
HDL-C, and especially a high TG/HDL-C ratio were independently associated with insulin resistance. Given 
its simplicity, affordability, and low burden, the TG/HDL-C ratio should be integrated into routine screen-
ing protocols for early identification of metabolic risk in resource-limited settings.

The TG/HDL-C ratio emerged as a robust, independent predictor of IR across both diabetic and 
non-diabetic participants, and across sexes, with high sensitivity and specificity. Its strong predictive 
value, simplicity of calculation, and reliance on routine lipid panel components make it a promising sur-
rogate marker for early identification of metabolic risk in low-resource, rural settings.

These findings highlight the importance of integrating lipid ratio assessments into screening  
protocols for metabolic disorders among young adults, particularly in underserved populations. 
Longitudinal research is needed to confirm the utility of the TG/HDL-C ratio in predicting future car-
diometabolic outcomes and to inform targeted interventions aimed at reducing the burden of insulin 
resistance and its complications in similar contexts. Importantly, the TG/HDL-C ratio represents a 
low-cost, simple, and low-burden test that can be incorporated into routine care in resource-limited 
rural settings.
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