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ABSTRACT
Background: This study evaluated lipid accumulation product index (LAPi), visceral adiposity index (VAI), and atherogenic risk indices in diabetics in Port Harcourt, Nigeria.
Materials and Methods: A total of 300 subjects comprising 150 diabetic subjects (tests) and 150 non-diabetic subjects (controls) were recruited for the study. Subjects observed an overnight fast prior to sample collection. Fasting blood sugar (FBS) was determined using the glucose oxidase method. Fasting insulin was determined using the enzyme–linked immunosorbent assay (ELISA) method.   Glycated haemoglobin (HbA1c) was determined using fluorescence immunoassay method. Insulin resistance was calculated using the homeostatic model assessment of insulin resistance (HOMA-IR). Triglyceride-glucose index (TyG) was calculated using standardized protocol. Total cholesterol (TCHOL), triglycerides (TG) and high-density lipoprotein cholesterol (HDL-C) were determined using enzymatic methods. Low-density lipoprotein cholesterol (LDL-C) was calculated using Friedewald’s equation. Body mass index (BMI), waist to hip (WHR), lipid accumulation product index (LAPi) and visceral adiposity index (VAI) were calculated using their respective standardised protocols for calculation. The atherogenic risk indices; Castelli risk index I and II (CRI-I and CRI-II), atherogenic coefficient (AC), non-HDL cholesterol (non-HDL-C), triglyceride to HDL-C (TG/HDL-C) ratio, and the atherogenic index of plasma (AIP) were also calculated using their respective standardized protocols. 
Results: BMI, WHR, LAPi and VAI were significantly higher (P<0.05) in diabetic subjects compared to the non-diabetic controls. There were also significant differences (P<0.05) in HbA1c, HOMA-IR and TyG index as the diabetic subjects had higher values compared to the non-diabetic controls. TCHOL, TG and LDL-C were significantly higher (P<0.05), while HDL-C was significantly lower (P<0.05) in the diabetic group compared to the non-diabetic controls. The atherogenic indices (CRI-I, CRI-II, AC, non-HDL-C, TG/HDL, and AIP) were significantly higher (P<0.05) in the diabetic group compared to the non-diabetic controls. Correlation analyses indicated significant positive relationships between LAPi, VAI and HOMA-IR. LAPi and VAI were positively correlated with TyG, TG/HDL-C ratio, CRI-I, CRI-II, AC, non-HDL-C, and AIP.
Conclusion: Type 2 diabetes mellitus (T2DM) is a chronic metabolic condition characterised by insulin resistance, lipid accumulation, visceral/central adiposity and atherogenic dyslipidaemia. The vicious metabolic cycle in diabetes heightens the risk of cardiovascular complications. LAPi and VAI provide easy and sex-specific assessments of cardiometabolic risk, and should be incorporated in clinical settings in combination with the atherogenic indices, for early detection of cardiovascular risk and to improve patient outcomes.
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1. INTRODUCTION
There is a global rise in the prevalence of diabetes mellitus. According to the World Health Organization (WHO), about 537 million people aged 20-79 years across the world had diabetes in 2021, and experts predict that this number will rise to 643 million by 2030 and 783 million by 2045 (Magliano et al., 2021). Diabetes is characterised by persistent hyperglycaemia due to defects in insulin secretion, insulin action or both (Alam et al., 2021). The disease is broadly categorised into type 1 diabetes mellitus (T1DM), resulting from autoimmune destruction of the pancreatic β-cells, and type 2 diabetes mellitus (T2DM), which has a distinct feature of insulin resistance and relative insulin deficiency (Galicia-Garcia et al., 2020). Type 2 diabetes mellitus accounts for over 90% of global diabetes cases and is often associated with obesity, physical inactivity, and cardiovascular risk (ADA, 2014; Kumar et al., 2020).
Prolonged hyperglycaemia in T2DM is associated with both microvascular and macrovascular complications that contribute to diabetes pathology. Microvascular complications include diabetic nephropathy, retinopathy, and neuropathy, primarily due to damage to capillary networks by the actions of inflammatory molecules and oxidative stress conditions (Fowler, 2008; Mansour et al., 2023). Macrovascular complications in T2DM involve damage to larger blood vessels, thereby predisposing affected individuals to cardiovascular complications such as coronary artery disease (CAD), stroke, and peripheral artery disease (PAD). With cardiovascular disease being the leading cause of death among patients with T2DM, these macrovascular complications are a major cause of morbidity and mortality in diabetic individuals (Zakir et al., 2023; Fox et al., 2015). “Cardiovascular complications in T2DM are largely driven by endothelial dysfunction, chronic inflammation, oxidative stress and dyslipidaemia” (Goldberg, 2003). Diabetic dyslipidaemia is characterised by an increase in triglycerides and low-density lipoproteins, with a low concentration of high-density lipoproteins, all of which contribute to increased atherogenic risk. 
“Derangement in lipid metabolism leads to lipid and visceral fat accumulation, which is also linked to the development of cardiovascular diseases. Visceral fat, a specific type of fat found around organs deep within the abdominal cavity, surrounds vital organs such as the liver, heart, and pancreas. Unlike subcutaneous fat, visceral adipose tissue is metabolically active and plays a central role in promoting insulin resistance, systemic inflammation, and metabolic dysfunction” (Ibrahim, 2010). Lipid accumulation product index and visceral adiposity index, are sex-specific surrogate markers, calculated from waist circumference, fasting lipid levels, and body mass index (BMI), and are indicative of fat distribution and function. These indices integrate metabolic and anthropometric parameters, providing more accurate assessments of visceral fat accumulation, distribution and adiposity (Kahn, 2005; Amato et al., 2010; Kamarudin et al., 2023), and could be better indicators in linking adiposity, visceral and metabolic dysfunction to cardiovascular diseases (cardiometabolic risk).
“Furthermore, atherogenic risk indices serve as another important measure of cardiovascular and metabolic risk, offering predictive insights into the likelihood of cardiovascular complications. These indices integrate different lipid parameters and may demonstrate an effective predictive value for atherosclerosis and cardiovascular events than using only the lipid profile” (Onat et al., 2010). Combined use of these indices could therefore gain prominence in evaluating cardiovascular risk, especially in individuals with T2DM, with the aim of early disease detection and intervention. This study evaluated lipid accumulation product, visceral adiposity and atherogenic risk indices in diabetic patients attending tertiary healthcare facilities in Port Harcourt, Nigeria.
2. MATERIALS AND METHODS

2.1 Study Area
The study was carried out in Port Harcourt, the capital of Rivers State, Nigeria, situated by the Bonny River in the Niger Delta. Subjects for the study were recruited from the Rivers State University Teaching Hospital (RSUTH) and the University of Port Harcourt Teaching Hospital (UPTH). Ethical approvals with reference numbers RSUTH/REC/2024427 and UPTH/ADM/90/5.11/VOL.Xi/1725 were gotten from the ethics and research committees of both institutions. Informed consent was also obtained from the study participants, after being made to understand the nature of the study. 
2.2 Study Design and Study Population
A cross-sectional study design was adopted for the study. A total of 300 subjects were recruited for the study. This was made up of two main groups: 150 type 2 diabetic (test) subjects and 150 non-diabetic age-matched (control) subjects. Type 2 diabetes was confirmed with glycated haemoglobin (HbA1c) levels greater than or equal to 6.5% (ADA, 2018). The sample size for this study was calculated by Cochran’s sample size model (Cochran, 1977), using a prevalence rate of 7.96% for diabetes in Rivers State (Cookey et al., 2022). The study period was between September 2024 and July 2025.
2.3 Eligibility of Subjects
Subjects in the study were selected according to some particular criteria, which required them to be at least 21 years old, non-pregnant, and residents of Port Harcourt. Individuals with chronic illnesses or comorbidities that might affect metabolic markers, were excluded. Participation was voluntary and confidentiality of data was maintained at all times, during and after the study.
2.4 Sample Collection
Proper venipuncture technique was employed in the collection of the blood samples. Special care was taken to avoid haemolysis of the blood samples during specimen separation and handling.
2.5 Reagents and Biochemical Analyses
“All reagents were acquired commercially, and the standard operating procedures provided by the manufacturers were meticulously adhered to. Fasting blood sugar (FBS) was determined using the glucose oxidase method” (Barham & Trinder 1972), as described by Randox Laboratories Limited, United Kingdom (UK).  Glycated haemoglobin (HbA1c) was determined using the fluorescence immunoassay technique (Hicks, 1984), as described by Finecare™, China. Fasting insulin levels were determined using the enzyme-linked immunosorbent assay (ELISA) method (Engvall & Perlmann, 1971), as described by Elabscience Biotechnology Company Limited, China. Insulin resistance was determined using the homeostatic model assessment of insulin resistance (HOMA-IR) method (Matthews et al., 1985). Total cholesterol was determined using the spectrophotometric enzymatic method (Allain et al., 1974), as described by Randox Laboratories Limited, United Kingdom (UK). “Triglycerides (TG) were determined using the enzymatic method” (Sullivan et al., 1985), as described by Randox Laboratories Limited, United Kingdom (UK). High-density lipoprotein cholesterol (HDL-C) was determined through a precipitation enzymatic method (Lopes-Virella et al., 1977), as described by Randox Laboratories Limited, United Kingdom (UK). “Low-density lipoprotein cholesterol (LDL-C) was determined using Friedewald’s equation (Friedewald et al., 1972). The lipid accumulation product index (LAPI) was determined with the formula: [Waist circumference (WC) (cm) – 65] × [TG (mmol/L)] for men, and [WC (cm) – 58] × [TG (mmol/L)] for women (Kahn, 2005). Visceral adiposity index (VAI) was determined with the formula: VAI = WC/39.68 +(1.88 × BMI)] × (TG/1.03) × (1.31/HDL) for men, and [WC/36.58 + (1.89 × BMI)] × (TG/0.81) × (1.52/HDL) for women (Amato et al., 2010). Body mass index (BMI) was determined with the formula: BMI = weight (kg) / height² (m²) (Nuttall, 2015). Waist to hip ratio (WHR) was determined with the formula: WHR= Waist circumference (WC) (cm) / Hip Circumference (HC) (cm)” (Baioumi, 2019).  “The Castelli risk index I and II (CRI-I and CRI-II) were both determined using standard calculation methods (Castelli et al., 1983). The triglyceride-glucose index (TyG), atherogenic coefficient (AC), non-HDL cholesterol (non-HDL-C), triglyceride-to-HDL-C (TG/HDL-C) ratio, and atherogenic index of plasma (AIP) were all determined according to their specific standardised calculation protocols” (Karpaga Selvi et al., 2021; Brehm et al., 2004; Grundy et al., 2005; McLaughlin et al., 2005; Dobiasova & Frohlich, 2001).
2.6 Statistical Analysis
The data collected was analysed using GraphPad Prism version 8.0.2. Independent t-test, analysis of variance (ANOVA), and Tukey post-test were applied as needed. Additionally, Pearson’s correlation was utilised to determine the relationship between parameters. A significance level of 95% confidence interval (P ≤ 0.05) was applied. Results are presented as mean ± standard deviation. 
3. RESULTS AND DISCUSSION
Table 1: Showing Lipid Accumulation Product Index (LAPi), Visceral Adiposity index (VAI) and Anthropometric parameters of the Subjects
	Subjects
	BMI (Kg/m2)
	WHR
	LAPi
	VAI

	Diabetics (Test) n=150
	27.70 ± 5.07
	0.94 ± 0.13 
	69.92 ± 13.60
	1.68 ± 0.81

	Non-Diabetics (Control) 
n=150
	24.74 ± 4.67
	0.81 ± 0.06
	45.42 ± 12.69
	1.03 ± 0.30

	P-Value
	0.0106
	< 0.0001
	< 0.0001
	< 0.0001

	Summary
	S
	S
	S
	S


Key: S – Significant, NS – Not Significant, n – Number of Subjects
Table 1 shows the results of lipid accumulation product index (LAPi), visceral adiposity index (VAI), body mass index (BMI), and waist-to-hip ratio (WHR) of the subjects. The results show that BMI was significantly higher (P<0.05) in the diabetics (27.70 ± 5.07 Kg/m2), compared to the non-diabetics (24.74 ± 4.67 Kg/m2). “This implies that type 2 diabetes is associated with an elevated body mass index (BMI). According to the World Health Organization, people with a BMI between 25.0 and 29.9 are considered pre-obese” (WHO, 2010). The elevated BMI in the pre-obese diabetics could be due to high-calorie intake, lack of exercise, and other metabolic derangements associated with diabetes. In a similar study by Al Mansour (2019) on “the prevalence and risk factors of type 2 diabetes mellitus (T2DM) in a semi-urban Saudi population, the results from the research showed that there was a significant association between obesity and T2DM”. Furthermore, a case-cohort study carried out by Schnurr et al. (2020) on “obesity and unfavourable lifestyle and genetic risk factors of type 2 diabetes mellitus, further supports the relationship between obesity and type 2 diabetes mellitus (T2DM)”.
“The diabetics had a significantly higher (P<0.05) WHR, compared to the controls. This implies that type 2 diabetes is associated with central obesity, pointing towards visceral fat accumulation. Type 2 diabetes is characterised by insulin resistance and metabolic dysfunction, leading to fat accumulation around the abdomen. This buildup of visceral fat, which is more metabolically active than subcutaneous fat, triggers the release of inflammatory cytokines. This process results in metabolic dysfunction, a key feature of type 2 diabetes mellitus” (Chait & den Hartigh, 2020). In a similar study, Ke et al. (2021), found that “the waist-to-hip ratio (WHR) was increased in people living with T2DM and also found that the waist-to-hip ratio was significantly associated with the risk of cardio-cerebrovascular events (CCBVEs)”. 
[bookmark: _Hlk192857790]“The diabetics had significantly higher (P<0.05) lipid accumulation product index (LAPi) and visceral adiposity index (VAI), when compared to the controls. Type 2 diabetes is associated with lipid accumulation, which is implicated in metabolic dysfunction and insulin resistance. As a result, insulin loses its normal role in inhibiting lipolysis in adipose tissue, leading to elevated triglyceride (TG) levels, which are a major component of lipid accumulation” (Li et al., 2022). “Also, there is a dysregulation in fat storage and fat release. This is evidenced by subcutaneous-tissue fat resistance, thus driving deposition of fat into the visceral depots. The buildup of visceral fat, especially around the waist contributes to central adiposity and an increased WHR. Additionally, excess visceral fat releases free fatty acids (FFAs) that impair insulin signalling, further exacerbating insulin resistance” (Gastaldelli et al., 2017; Li et al., 2022). The results are in consonance with the work by Ikoyo et al. (2025), who found elevated VAI and leptin in diabetics, with a positive significant association (r=0.698) between insulin resistance and VAI.

Table 2: Showing Glycaemic Parameters of the Subjects
	[bookmark: _Hlk192858764]Subjects
	HbA1c (%)
	HOMA-IR
	TyG

	Diabetics (Test) 
n=150
	8.86 ± 1.63
	3.17 ± 0.30
	1.78 ± 0.46

	Non-Diabetics (Control) 
n=150
	5.28 ± 0.20
	1.52 ± 0.65
	1.14 ± 0.26

	P-Value
	< 0.0001
	0.0005
	< 0.0001

	Summary
	S
	S
	S


[bookmark: _Hlk192858831]Key: S – Significant, NS – Not Significant, n – Number of Subjects
Table 2 shows the results of glycated haemoglobin (HbA1c), homeostatic model assessment for insulin resistance (HOMA-IR), and triglyceride-glucose index (TyG) of the subjects. HbA1c was significantly higher (P<0.05) in the diabetics, compared to the controls. “This implies that type 2 diabetes is associated with persistent and chronic hyperglycaemia. There is dysregulation in glucose metabolism and poor glycaemic control. HbA1c is a measure of the average blood glucose concentration over the past three (3) months. In people living with type 2 diabetes mellitus, persistent hyperglycaemia causes excessive glucose binding to haemoglobin in red blood cells (RBCs), forming glycated haemoglobin (HbA1c). The significantly higher HbA1c levels in diabetics increases the risk of complications like neuropathy, nephropathy, and retinopathy” (Asmamaw et al., 2021; Boye et al., 2022; Bullen et al., 2022). 
The diabetic group demonstrated significantly higher (P<0.05) insulin resistance, as measured by HOMA-IR. Insulin resistance hinders the effective uptake of glucose by cells, and is the chief driver of metabolic dysfunction in diabetes. As a consequence, chronic insulin resistance results in prolonged hyperglycaemia, leading to persistently elevated HbA1c levels. The results also show that TyG was significantly higher (P<0.05) in the diabetics, compared to the non-diabetic controls.  “The Triglyceride-Glucose (TyG) index is increasingly recognised as a valuable marker for assessing glycaemic control and insulin resistance, particularly in individuals with type 2 Diabetes Mellitus. It is calculated using fasting triglyceride and glucose levels, providing a straightforward and cost-effective way to monitor metabolic health. The results imply elevated triglyceride-glucose index, increased insulin resistance, and poor lipid metabolism in the diabetics. Correspondingly, the elevated TyG index in the diabetics predisposes them to greater risk of cardiovascular disease, as elevated TyG index is associated with an increased risk of major adverse cardiovascular events” (Kurniawan, 2024). In a similar study, Karpaga Selvi et al. (2021) highlighted “a significant correlation between the TyG index and glycated haemoglobin (HbA1c) levels. In addition, there was a positive relationship between the TyG index and insulin resistance, as higher TyG index values corresponded with increased levels of insulin resistance. The findings indicate that elevated TyG index values are linked to insulin resistance and poor glycaemic control in patients with type 2 diabetes mellitus, reinforcing the knowledge that the TyG index can serve as a valuable marker for assessing insulin resistance and metabolic dysfunction”.
Table 3: Lipid Profile Parameters of the Subjects
	Subjects
	TCHOL (mmol/L)
	TG 
(mmol/L)
	HDL-C 
(mmol/L)
	LDL-C 
(mmol/L)

	Diabetics (Test) n=150
	5.46 ± 0.87
	1.71 ± 0.36
	1.25 ± 0.19
	3.44 ± 0.67

	Non-Diabetics (Control) 
n=150
	4.99 ± 0.63
	1.46 ± 0.29
	1.57 ± 0.30
	2.75 ± 0.41

	P-Value
	0.0117
	0.0029
	< 0.0001
	< 0.0001

	Summary
	S
	S
	S
	S


Key: S – Significant, NS – Not Significant, n – Number of Subjects
Table 3 shows the results of lipid profile parameters of the subjects. Total cholesterol (TCHOL), triglycerides (TG), and low-density lipoprotein cholesterol (LDL-C) were significantly higher (P<0.05) in the diabetics, compared to the non-diabetic controls. High-density lipoprotein cholesterol (HDL-C) levels were significantly lower (P<0.05) in diabetics, compared to non-diabetic controls. “The results indicate lipid metabolism abnormalities and significant dyslipidaemia in the diabetic group, having the characteristic pattern of diabetic dyslipidaemia, which is a major risk factor for cardiovascular diseases. With insulin resistance and dysregulation in lipid metabolism, there are changes in the concentration of the different lipoproteins, their content and composition. Hypertriglyceridaemia and presence of triglyceride-rich lipoproteins are thought to play a central role in the disease process and the presentation of diabetic dyslipidaemia” (Briggs et al., 2019; Briggs et al., 2020; Heeren & Scheja, 2022). This favours an increase in lipid and visceral fat accumulation as highlighted earlier.
“Dyslipidaemia is closely tied to the actions of two key enzymes: hormone-sensitive lipase (HSL) and lipoprotein lipase (LPL), both of which are affected by the actions of insulin. HSL promotes the breakdown of stored triglycerides in adipose tissue, but in insulin-resistant states, its activity is often dysregulated, leading to increased FFA release” (Kojta et al., 2020). In contrast, “LPL, which facilitates the clearance of triglyceride-rich lipoproteins from circulation, may also be impaired due to reduced insulin signalling, further contributing to dyslipidaemia” (Ginsberg et al., 2021). The combined effect of altered HSL and LPL activities exacerbates the lipid abnormalities seen in diabetes, driving the elevation of triglycerides, total cholesterol and the eventual presentation of diabetic dyslipidaemia. The results are in agreement with the works of Moon et al. (2023), in which they reported dyslipidaemia among Korean individuals with T2DM, with elevations in total and LDL cholesterol, and a decrease in HDL cholesterol levels. 
Table 4: Atherogenic Indices of the Subjects
	Subjects
	CRI-I
	CRI-II
	AC
	Non-HDL-C (mmol/L)
	TG/HDL-C
	AIP

	Diabetics (Test) n=150
	4.40 ± 0.57
	2.78 ± 0.35
	3.40 ± 0.57
	4.21 ± 0.76
	1.38 ± 0.30
	0.13 ± 0.01

	Non-Diabetics (Control) 
n=150
	3.23 ± 0.47
	1.80 ± 0.40
	2.23 ± 0.47
	3.41 ± 0.47
	0.95 ± 0.23
	-0.03 ± 0.02

	P-Value
	< 0.0001
	< 0.0001
	< 0.0001
	< 0.0001
	< 0.0001
	< 0.0001

	Summary
	S
	S
	S
	S
	S
	S


Key: S – Significant, NS – Not Significant, n – Number of Subjects
Table 4 shows the atherogenic indices of the subjects. The results show significantly higher (P<0.05) atherogenic indices in the diabetic subjects, compared to the non-diabetic controls.  This implies that type 2 diabetes is associated with increased atherogenic risk and cardiovascular complications. Atherogenic indices are critical indicators utilised to evaluate the risk of cardiovascular diseases (CVD), especially in individuals diagnosed with metabolic disorders such as type 2 diabetes mellitus (T2DM). Each index sheds light on lipid metabolism and its consequential effects on the progression of atherosclerosis. 
Castelli risk index-1 (CRI-I) elucidates the balance between total cholesterol (TCHOL) and high-density lipoprotein cholesterol (HDL-C). In the context of T2DM, insulin resistance diminishes the activity of lipoprotein lipase (LPL), resulting in inadequate clearance of triglycerides and an accumulation of small, dense, low-density lipoprotein (LDL) particles” (Feingold et al., 2022). “This perturbation leads to increased CRI-I levels in diabetic subjects. Elevated CRI-I levels are indicative of an enhanced risk of atherosclerosis, characterised by the accumulation of excess cholesterol within arterial walls, thereby facilitating the development of arterial plaques, and a heightened predisposition to coronary artery disease (CAD)” (Rehman et al., 2024; Rokicka et al., 2024). “Castelli risk index-II (CRI-II) evaluates the ratio of LDL-C to HDL-C, with higher CRI-II scores indicating a greater burden of LDL-C relative to HDL-C. This imbalance significantly predisposes diabetic subjects to an elevated risk of myocardial infarction (heart attack) and stroke” (Siam et al., 2024).
“The atherogenic coefficient (AC) is a measure of the relative extent of atherogenic cholesterol compared to HDL-C (Zhou et al., 2022). “The elevated AC observed in diabetic subjects indicates a pronounced lipid imbalance that contributes to endothelial dysfunction and vascular inflammation, stemming from insulin resistance and impaired HDL-C function. This dysfunction hinders reverse cholesterol transport (RCT), exacerbating cardiovascular risks. Non-HDL cholesterol (non-HDL-C) an indicator of all potentially harmful cholesterol types, as it measures all atherogenic lipoproteins, serves as a more robust predictor of CVD risk compared to LDL-C alone” (Raja et al., 2023; Nsiah et al., 2023). Its elevation in the diabetics emphasises the greater susceptibility of diabetic individuals to CVD, a risk that is compounded by chronic inflammation. 
“TG/HDL-C ratio is a surrogate marker for insulin resistance and metabolic syndrome, while the AIP is a novel indicator of atherogenic dyslipidaemia” (Cho, 2022). “Collectively, significant elevations in these indices underscore the heightened cardiovascular risk faced by individuals with T2DM, largely driven by lipid dysregulation and inflammatory processes. Additionally, the impairment in HDL-C functionality and its associated reverse cholesterol transport capabilities contribute to an increased triglyceride-to-HDL cholesterol ratio (TG/HDL-C) and an atherogenic index of plasma (AIP). The results of atherogenic indices” are in consonance with the work of Bais (2023). In the study, the findings revealed significant differences between diabetic individuals and healthy controls. The atherogenic coefficient (AC), non-HDL cholesterol levels and AIP were notably higher in the diabetic patients, compared to the healthy controls.
Table 5: Correlation between Indices in the Diabetic Subjects
	Correlation
	LAPi
	VAI

	
	r
	P
	r
	P

	HOMA-IR
	0.296
	0.022*
	0.298
	0.039*

	TyG
	0.297
	0.021*
	0.391
	0.016*

	CRI-I
	0.364
	0.004*
	0.664
	6.49e-11*

	CRI-II
	0.277
	0.032*
	0.556
	1.80e-7*

	AC
	0.364
	0.004*
	0.664
	6.49e-11*

	Non-HDL-C
	0.507
	3.62e-5*
	0.528
	0.004*

	TG/HDL-C
	0.501
	4.59e-5*
	0.911
	1.76e-30*

	AIP
	0.529
	1.41e-5*
	0.670
	3.58e-11*

	LAPi
	1
	
	0.585
	2.90e-8*


r- Pearson’s correlation coefficient, P- P-value, *- Significant correlation
[bookmark: _GoBack]Results in Table 5 show the correlation between lipid accumulation product index (LAPi), visceral adiposity index (VAI), insulin resistance (HOMA-IR) and the atherogenic indices in the diabetic subjects. All the correlations were significant (P<0.05). “LAPi was positively correlated with VAI, indicating visceral adiposity increases with lipid deposition and accumulation. HOMA-IR was positively correlated with LAPi and VAI, indicating metabolic dysfunction and insulin resistance increases with lipid accumulation and visceral adiposity. LAPi and VAI were positively correlated with triglyceride-glucose index (TyG), triglyceride-to-high density lipoprotein cholesterol (TG/HDL-C) ratio and all the other atherogenic indices, indicating lipid accumulation and visceral adiposity are associated with increased metabolic dysfunction, plasma atherogenicity and cardiovascular risk. Lipid accumulation and expansion of the visceral adipose tissue cause an increase in the secretion of free fatty acids and pro-inflammatory cytokines, which affect insulin signalling, leading to dysfunction in lipid metabolism and atherogenic dyslipidaemia” (Abubakar et al., 2025; Ikoyo et al., 2025) This vicious metabolic cycle increases the risk of cardiovascular events in diabetes. These indices collectively reflect a cluster of atherogenic dyslipidaemia and support existing literature emphasizing their utility in predicting cardiovascular events, particularly in high-risk populations like diabetics (Wang et al., 2021; Rehunen et al., 2023). “The findings align with research demonstrating the prognostic value of these indices in predicting cardiovascular events in patients with metabolic syndrome” (Drwila et al., 2022; Rokicka et al., 2024).  
4. CONCLUSION
[bookmark: _Hlk198576948]Individuals with diabetes had significantly higher levels of various cardiometabolic parameters compared to the non-diabetic controls. Notably, the lipid accumulation product index (LAPi), visceral adiposity index (VAI), body mass index (BMI), waist-to-hip ratio (WHR), glycated haemoglobin (HbA1c), insulin resistance (HOMA-IR), and triglyceride-glucose (TyG) index were all elevated in the diabetic subjects. Additionally, lipid profile parameters, including total cholesterol (TCHOL), triglycerides (TG), and low-density lipoprotein cholesterol (LDL-C) were significantly higher in the diabetics, with significantly lower high-density lipoprotein cholesterol (HDL-C). All atherogenic indices were also markedly elevated in the diabetic subjects. Correlation analyses revealed positive and significant associations between LAPi, VAI and insulin resistance (HOMA-IR). LAPi and VAI were positively and significantly correlated with the TyG index, TG/HDL-C ratio, atherogenic index of plasma (AIP) and other atherogenic indices. This study gives credence to the usefulness of LAPi and VAI in the evaluation of cardiometabolic risk. LAPi and VAI provide easy and sex-specific assessments of cardiometabolic risk, and should be incorporated in clinical settings in combination with the atherogenic indices, for early detection of cardiovascular risk and to improve patient outcomes.
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