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Abstract
Background: Type 2 diabetes mellitus (T2DM) is a growing public health concern in sub-Saharan Africa, with urban Nigerian populations experiencing rising cardiometabolic risk. Central adiposity and atherogenic lipid indices have emerged as key determinants; however, their combined effects with diabetes duration remain insufficiently characterized.
Objective: To evaluate the interplay between adiposity, diabetes duration, and atherogenic indices in predicting cardiometabolic risk among adults with T2DM in an urban Nigerian setting.
Methods: A cross-sectional analytical study was conducted among adult diabetic patients attending a tertiary hospital clinic in Port Harcourt. Sociodemographic, anthropometric, and biochemical data were collected. Adiposity indices (BMI), lipid parameters, and derived atherogenic indices (AIP, atherogenic coefficient, Castelli’s indices, TyG) were computed. Statistical analyses included ANOVA, chi-square tests, and multiple linear regression models, with significance set at p<0.05.
Results: BMI and occupational status were significantly associated with diabetes duration. Overweight and obesity were linked to adverse lipid profiles, elevated triglycerides, reduced HDL, and higher atherogenic indices. Cardiometabolic risk peaked at 5–10 years of diabetes duration. Regression analyses demonstrated strong predictive performance across models (R² up to 0.96), with lipid parameters (HDL, VLDL, TG/CHOL, non-HDL) and fasting blood glucose as dominant predictors, while BMI and duration showed variable effects.
Conclusion: Cardiometabolic risk in urban Nigerian T2DM patients is driven predominantly by dyslipidaemia and glycaemic burden, with central adiposity and disease duration exerting complementary influences. Integrative risk models may improve early detection and targeted management.
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Introduction
Type 2 diabetes mellitus (T2DM) is an expanding public health challenge in sub-Saharan Africa, with urban Nigerian populations experiencing a disproportionate rise in cardiometabolic complications. Emerging evidence indicates that adiposity—particularly central or visceral fat accumulation—is a major driver of cardiovascular risk in these settings. Anthropometric indices such as waist circumference (WC), waist–hip ratio (WHR), and waist–height ratio (WHtR) demonstrate stronger and more consistent associations with hypertension and insulin resistance than body mass index (BMI), which shows only modest predictive utility for long-term cardiovascular disease (CVD) risk (Azeez, n.d.; Basil et al., 2024). Furthermore, visceral adiposity index (VAI) has been strongly linked to insulin resistance and adipokine imbalance, with notable sex differences suggesting a higher burden among female patients (Ayodele et al., 2024; Bolarinwa et al., 2018).
Beyond adiposity, the duration of diabetes has emerged as an important determinant of cardiometabolic outcomes. Prolonged disease duration is associated with increased 10-year CVD risk and a higher likelihood of hypertension, reflecting the cumulative effects of chronic hyperglycemia and metabolic dysregulation (Mohammed et al., 2025; Mba et al., 2025). However, inconsistencies in the behavior of key biomarkers such as VAI, HOMA-IR, and glycated hemoglobin (HbA1c) across duration categories suggest that the relationship between disease chronicity and metabolic risk may be complex and influenced by treatment patterns and individual variability (Bolarinwa et al., 2018).
In parallel, atherogenic lipid indices—including the atherogenic index of plasma (AIP), atherogenic coefficient (AQ), and low-density lipoprotein cholesterol (LDL-C)—have been increasingly recognized as robust predictors of insulin resistance and vascular risk. These indices not only correlate with hypertension and coronary artery disease (CAD) but also identify a substantial proportion of high-risk individuals within clinical populations (Ayodele et al., 2024; Onwukwe et al., 2022). Despite this growing body of evidence, most studies have examined these determinants in isolation, with limited integration of adiposity measures, disease duration, and lipid indices within a unified risk framework.
This fragmentation highlights a critical research gap in the Nigerian context: the lack of comprehensive models that simultaneously evaluate the interplay between central adiposity, diabetes duration, and atherogenic lipid profiles in predicting cardiometabolic risk. Addressing this gap is essential for improving risk stratification and informing targeted interventions, particularly in resource-constrained urban settings where the burden of T2DM and its complications continues to rise.
Methodology 
This cross-sectional analytical study was conducted in Port Harcourt to investigate the relationships between adiposity, diabetes duration, and cardiometabolic risk among adults with diabetes mellitus. Participants were adults aged 18 years and above with a confirmed diagnosis of diabetes, recruited from the Metabolic Clinic of the Teaching Hospital using a convenience sampling approach. Individuals with incomplete anthropometric or biochemical data were excluded from the analysis.
Sociodemographic and clinical data, including age, sex, and occupational status (classified as business, civil service, or pensioners), were obtained using structured questionnaires. Duration of diabetes was self-reported and categorized into <5 years, 5–10 years, and >10 years. Anthropometric measurements were obtained using standard procedures. Body mass index (BMI) was calculated as weight in kilograms divided by height in meters squared and categorized into underweight, normal weight, overweight, and obese according to standard criteria.
Fasting venous blood samples were collected after an overnight fast for the assessment of fasting blood glucose and lipid profile parameters, including total cholesterol, triglycerides, high-density lipoprotein (HDL), low-density lipoprotein (LDL), and very low-density lipoprotein (VLDL). Derived lipid measures included non-HDL cholesterol, triglyceride-to-cholesterol ratio, and HDL-to-LDL ratio. Cardiometabolic risk was further evaluated using established indices, including the atherogenic index of plasma, atherogenic coefficient, Castelli’s Risk Indices I and II, and the triglyceride–glucose index.
Data were analysed using appropriate statistical software. Continuous variables were summarized as mean ± standard deviation, while categorical variables were expressed as frequencies and percentages. Group comparisons across BMI categories and diabetes duration were performed using analysis of variance and chi-square tests, with post hoc analyses applied where necessary. Multiple linear regression models were constructed to identify independent predictors of cardiometabolic risk indices. Model performance was assessed using correlation coefficients, coefficients of determination, and standard error estimates. Statistical significance was set at p<0.05. Ethical approval was obtained from the appropriate review board, and all participants provided written informed consent in accordance with the Declaration of Helsinki.
Results
Table 1 presents the distribution of sex, job category, and BMI across durations of diabetes mellitus. Males constituted a higher proportion of participants, although sex was not significantly associated with disease duration. In contrast, job category showed a significant relationship, with business individuals predominating, while civil servants and pensioners varied across duration groups. BMI also demonstrated a strong association with duration, with overweight and obesity more common in early disease stages, and normal BMI more frequent in longer durations. Underweight was rare. Overall, the findings suggest that occupational status and BMI are important factors linked to the progression of diabetes.
Tables 2a–2b show significant variations in age and cardiometabolic parameters across BMI categories. Age differed across groups, with overweight individuals being older, while obese participants were relatively younger. Fasting blood glucose was highest in underweight and obese groups, indicating poorer glycaemic control at both extremes. Triglycerides and VLDL increased with BMI, while HDL levels were lower in higher BMI groups, reflecting elevated cardiovascular risk. Atherogenic indices, including Castelli’s indices and TyG, differed significantly, with higher risk observed in overweight and obese individuals. Post hoc analysis confirmed these patterns, highlighting worsening lipid profiles and insulin resistance with increasing adiposity.
Tables 3a–b highlight significant variations in demographic, glycaemic, and cardiometabolic parameters across durations of diabetes mellitus. Age and BMI differed significantly, with BMI declining as disease duration increased. Fasting blood glucose and most lipid parameters peaked in the 5–10 years group, indicating poorer glycaemic control and elevated cardiovascular risk during this period. Atherogenic indices, including Castelli’s indices and TyG, were also highest in this group. Post hoc analysis confirmed these trends, showing worse metabolic and lipid profiles compared to <5 years. In contrast, longer durations showed modest improvements in some parameters, suggesting partial stabilization over time.

Tables 4a–4c present the multiple regression analysis for predictors of the atherogenic index of plasma. The model demonstrated an excellent fit (R = 0.968) with very high explanatory power (R² = 0.938; adjusted R² = 0.936) and a low standard error (0.07), indicating high precision. The model was highly significant (F = 786.29, p < 0.0001), confirming strong joint effects of the predictors. Significant variables included sex, age, diabetes duration, BMI, and fasting blood glucose. Lipid parameters showed the strongest influence, with HDL and VLDL as negative predictors, and TG/CHOL and non-HDL as strong positive predictors, while LDL and HDL/LDL were not significant.

Tables 5a–5c summarize the multiple regression analysis for predictors of the atherogenic coefficient. The model demonstrated a strong fit (R = 0.85) and high explanatory power (R² = 0.73; adjusted R² = 0.72), indicating that about 73% of the variation is explained by demographic, clinical, and lipid variables, with moderate precision (SEE = 2.29). The model was highly significant (F = 139.47, p < 0.001), confirming the joint contribution of the predictors. Significant factors included age, job, BMI, fasting blood glucose, and several lipid indices. Notably, HDL showed a strong protective effect, while LDL, VLDL, HDL/LDL ratio, and non-HDL cholesterol increased risk, highlighting the dominant influence of lipid parameters.

Tables 6a–6c present the results of the multiple regression analysis for predictors of Castelli’s Risk Index 1. The model showed a strong fit (R = 0.85) and high explanatory power (R² = 0.73; adjusted R² = 0.72), indicating that about 73% of the variability in the outcome is explained by demographic, metabolic, and lipid factors, with a low standard error (2.29) reflecting good precision. The model was highly significant (F = 139.47, p < 0.0001). Significant predictors included HDL, HDL/LDL ratio, NON-HDL, TG/CHOL, LDL, VLDL, age, BMI, fasting blood glucose, and job, while sex and diabetes duration were not significant.

Tables 7a–7c present the results of the multiple regression analysis for predictors of Castelli’s Risk Index 2. The model showed a strong fit, with a high correlation (R = 0.85) and substantial explanatory power (R² = 0.73; adjusted R² = 0.72), along with a relatively low standard error (2.14), indicating good predictive performance. The ANOVA results demonstrated that the overall regression model was highly significant (F = 138.30, p < 0.0001), confirming that the included variables jointly contributed meaningfully to variations in Castelli’s Risk Index 2. Examination of the regression coefficients revealed that HDL, LDL, HDL/LDL ratio, TG/CHOL, VLDL, age, BMI, fasting blood glucose, and job were significant predictors. In contrast, sex, diabetes duration, and Non-HDL did not show significant associations. Overall, these findings underscore the dominant role of lipid and metabolic parameters, alongside selected demographic factors, in determining cardiovascular risk as measured by Castelli’s Risk Index 2.

Tables 8a–8c summarize the multiple regression analysis examining predictors of the TyG index. The model demonstrated an excellent fit, with a strong correlation (R = 0.978) and a very high proportion of explained variance (R² = 0.96; adjusted R² = 0.96), alongside a minimal standard error (0.0667), indicating exceptional predictive accuracy. The ANOVA results confirmed that the overall regression model was highly significant (F = 1125.79, p < 0.0001), with the predictors collectively accounting for a substantial share of the variability in the TyG index. Analysis of the regression coefficients revealed that fasting blood glucose and the TG/CHOL ratio were the most influential positive predictors. Additional significant positive contributors included HDL, NON-HDL, LDL, age, diabetes duration, and sex. In contrast, HDL/LDL ratio and VLDL were significantly associated with lower TyG values. Job category and BMI did not show significant associations. Overall, the findings highlight the dominant role of lipid and glycaemic parameters in determining the TyG index.












Table 1: Distribution of socio-demographic characteristics and body mass index (BMI) across duration of diabetes mellitus among study participants.
	
	DURATION OF DIABETES MELLITUS
	
	

	
	<5 years
	5-10 years
	11-15 years
	>15 years
	Total
	Χ2
	p-value

	Sex
Male
Female 
	
98 (67.1%)
48 (32.9%)
	
146 (61.1%)
93 (38.9%)
	
87 (64.9%)
47 (35.1%)
	
75 (62.0%)
46 (38.0%)
	
406 (63.4%)
234 (36.6%)
	1.66
	0.65

	Job Description
Business
clergy + artisans
civil servant
Pensioner 
	
63 (43.2%)
9 (6.2%)
29 (19.9%)
45 (30.8%)
	
96 (40.2%)
13 (5.4%)
66 (27.6%)
64 (26.8%)
	
38 (28.4%)
23 (17.2%)
47 (35.1%)
26 (19.4%)
	
68 (56.2%)
3 (2.5%)
13 (10.7%)
37 (30.6%)
	
265 (41.4%)
48 (7.5%)
155 (24.2%)
172 (26.9%)
	56.68
	<0.001

	BMI
<20.0 kg/m2 (under-weight)
20.1 - 25.0 kg/m2 (ideal body weight)
25.1 - 30.0 kg/m2 (over weight)
>30.0 kg/m2 (obese)
	
13 (8.9%)
10 (6.8%)
71 (48.6%)
52 (35.6%)
	
0 (0.0%)
19 (7.9%)
158(66.1%)
62 (25.9%)
	
0 (0.0%)
57 (42.5%)
46 (34.3%)
31 (23.1%)
	
0 (0.0%)
70 (57.9%)
36 (29.8%)
15 (12.4%)
	
13 (2.0%)
156(24.4%)
311(48.6%)
160(25.0%)
	206.68
	<0.0001






















Table 2a: Comparison of age and cardiometabolic parameters across body mass index (BMI) categories among study participants.
	
	<20.0 kg/m2 (underweight)
	20.1 - 25.0 kg/m2 (ideal body weight)
	25.1 - 30.0 kg/m2 (over weight)
	>30.0 kg/m2 (obese)
	Total
	
	

	
	Mean (sem)
	Mean (sem)
	Mean (sem)
	Mean (sem)
	Mean (sem)
	F
	p-value

	Age (years)
	55.08 (3.06)
	56.71 (0.69)
	59.00 (0.42)
	54.70 (0.49)
	57.29 (0.30)
	12.45
	<0.0001

	FBG (mmol/L)
	13.98 (1.94)
	7.63 (0.18)
	7.05 (0.20)
	9.23 (0.34)
	7.88 (0.15)
	25.72
	<0.0001

	Cholesterol 
	5.42 (0.18)
	5.30 (0.07)
	5.34 (0.06)
	5.56 (0.09)
	5.39 (0.04)
	2.08
	0.10

	Triglyceride 
	0.95 (0.11)
	0.96 (0.02)
	1.08 (0.03)
	1.20 (0.05)
	1.08 (0.02)
	5.96
	0.001

	HDL-C
	1.08 (0.03)
	0.87 (0.03)
	0.82 (0.01)
	0.98 (0.02)
	0.88 (0.01)
	13.05
	<0.0001

	LDL-C
	3.93 (0.16)
	4.03 (0.06)
	3.98 (0.06)
	4.02 (0.08)
	4.00 (0.04)
	0.09
	0.96

	VLDL-C
	0.43 (0.05)
	0.43 (0.01)
	0.49 (0.01)
	0.55 (0.02)
	0.49 (0.01)
	5.96
	0.001

	HDL/LDL
	0.28 (0.02)
	0.23 (0.01)
	0.22 (0.01)
	0.26 (0.01)
	0.24 (0.004)
	5.48
	0.001

	TG/CHOL
	0.17 (0.02)
	0.18 (0.003)
	0.20 (0.01)
	0.22 (0.01)
	0.20 (0.004)
	4.86
	0.002

	NON-HDL
	4.34 (0.20)
	4.43 (0.07)
	4.53 (0.06)
	4.58 (0.09)
	4.51 (0.04)
	0.65
	0.58

	atherogenic index of plasma
	-0.10 (0.07)
	0.07 (0.02)
	0.09 (0.02)
	0.05 (0.03)
	0.07 (0.01)
	2.48
	0.06

	Atherogenic coefficient
	4.10 (0.26)
	6.53 (0.37)
	6.58 (0.27)
	5.50 (0.25)
	6.25 (0.17)
	3.53
	0.02

	Castelli's risk index 1
	5.10 (0.26)
	7.53 (0.37)
	7.58 (0.27)
	6.50 (0.25)
	7.25 (0.17)
	3.53
	0.02

	Castelli's risk index 2
	3.71 (0.22)
	5.95 (0.34)
	5.85 (0.26)
	4.83 (0.22)
	5.58 (0.16)
	3.73
	0.01

	TC/LDL
	1.38 (0.01)
	1.33 (0.01)
	1.70 (0.20)
	1.41 (0.01)
	1.53 (0.10)
	0.99
	0.39

	TC/TG
	6.82 (0.85)
	5.82 (0.11)
	6.26 (0.20)
	6.24 (0.30)
	6.16 (0.13)
	0.88
	0.45

	TC/HDL
	5.10 (0.26)
	7.53 (0.37)
	7.58 (0.27)
	6.50 (0.25)
	7.25 (0.17)
	3.53
	0.02

	TG/HDL
	0.92 (0.11)
	1.38 (0.09)
	1.47 (0.05)
	1.45 (0.09)
	1.43 (0.04)
	1.56
	0.19

	TYG
	0.99 (0.15)
	0.83 (0.01)
	0.79 (0.02)
	0.93 (0.03)
	0.84 (0.01)
	8.49
	<0.0001








Table 2b: Post hoc multiple comparison analysis of age and cardiometabolic parameters across body mass index (BMI) categories.
	Dependent Variable
	(I) BMI CLASS
	(J) BMI CLASS
	Mean Difference (I-J)
	Std. Error
	Sig.

	Age
	20.1 - 25.0 kg/m2
	25.1 - 30.0 kg/m2
	-2.29
	0.74
	0.002

	
	
	>30.0 kg/m2 
	2.01
	0.84
	0.02

	FBG
	20.1 - 25.0 kg/m2
	<20.0 kg/ m2
	-6.35
	1.04
	<0.0001

	
	
	>30.0 kg/ m2 
	-1.60
	0.41
	<0.0001

	CHOLESTEROL
	20.1 - 25.0 kg/m2
	>30.0 kg/ m2 
	-0.26
	0.11
	0.024

	Tg
	20.1 - 25.0 kg/m2
	25.1 - 30.0 kg/ m2
	-0.12
	0.05
	0.017

	
	
	>30.0 kg/ m2 
	-0.25
	0.06
	<0.0001

	HDL-C
	20.1 - 25.0 kg/m2
	<20.0 kg/ m2 
	-0.21
	0.08
	0.01

	
	
	>30.0 kg/ m2
	-0.11
	0.03
	0.001

	VLDL-C
	20.1 - 25.0 kg/m2
	25.1 - 30.0 kg/ m2 
	-0.06
	0.02
	0.02

	
	
	>30.0 kg/ m2
	-0.11
	0.03
	<0.0001

	HDL/LDL
	20.1 - 25.0 kg/m2
	>30.0 kg/ m2
	-0.03
	0.01
	0.008

	TG/CHOL
	20.1 - 25.0 kg/m2
	25.1 - 30.0 kg/ m2
	-0.02
	0.01
	0.006

	
	
	>30.0 kg/ m2
	-0.03
	0.01
	<0.0001

	Atherogenic index of plasma
	20.1 - 25.0 kg/m2
	<20.0 kg/ m2
	0.17
	0.08
	0.04

	Atherogenic coefficient
	20.1 - 25.0 kg/m2
	>30.0 kg/ m2
	1.04
	0.49
	0.03

	Castelli's risk index 1
	20.1 - 25.0 kg/m2
	>30.0 kg/ m2 
	1.04
	0.49
	0.03

	Castelli's risk index 2
	20.1 - 25.0 kg/m2
	>30.0 kg/ m2 
	1.13
	0.45
	0.01

	TC/HDL
	20.1 - 25.0 kg/m2
	>30.0 kg/ m2 
	1.04
	0.49
	0.03

	TYG
	20.1 - 25.0 kg/m2
	>30.0 kg/ m2
	-0.10
	0.03
	0.003




















Table 3a: Comparison of age, anthropometric indices, glycaemic status, lipid profile, and atherogenic indices across duration of diabetes mellitus among study participants.
	
	DURATION OF DIABETES MELLITUS
	
	

	
	<5 years
	5-10 years
	11-15 years
	>15 years
	Total
	F
	Sig.

	
	Mean (sem)
	Mean (sem)
	Mean (sem)
	Mean (sem)
	Mean (sem)
	
	

	Age (years)
	58.15 (0.69)
	55.93 (0.35)
	54.84 (0.65)
	61.63 (0.82)
	57.29 (0.30)
	22.56
	<0.0001

	BMI (Kg/m2)
	28.01 (0.36)
	28.76 (0.24)
	26.44 (0.33)
	25.75 (0.31)
	27.53 (0.16)
	21.29
	<0.0001

	Fasting Blood Glucose (mmol/L)
	6.59 (0.31)
	9.21 (0.30)
	6.94 (0.18)
	7.82 (0.21)
	7.88 (0.15)
	19.70
	<0.0001

	Cholesterol (mmol/L)
	4.93 (0.08)
	5.88 (0.07)
	5.30 (0.07)
	5.05 (0.06)
	5.39 (0.04)
	39.21
	<0.0001

	Triglycerides (mmol/L) 
	0.97 (0.03)
	1.28 (0.04)
	0.93 (0.04)
	0.96 (0.03)
	1.08 (0.02)
	20.65
	<0.0001

	HDL-Cholesterol (mmol/L)
	0.85 (0.02)
	0.86 (0.02)
	0.98 (0.03)
	0.83 (0.03)
	0.88 (0.01)
	7.35
	<0.0001

	LDL-Cholesterol (mmol/L)
	3.67 (0.09)
	4.35 (0.07)
	3.91 (0.06)
	3.82 (0.07)
	4.00 (0.04)
	17.85
	<0.0001

	VLDL-Cholesterol (mmol/L)
	0.44 (0.02)
	0.58 (0.02)
	0.42 (0.02)
	0.44 (0.01)
	0.49 (0.01)
	20.65
	<0.0001

	HDL/LDL
	0.25 (0.01)
	0.21 (0.01)
	0.26 (0.01)
	0.24 (0.01)
	0.24 (0.004)
	6.01
	<0.0001

	TG/CHOL
	0.21 (0.01)
	0.22 (0.01)
	0.17 (0.01)
	0.19 (0.01)
	0.20 (0.004)
	8.66
	<0.0001

	NON-HDL
	4.09 (0.08)
	5.03 (0.07)
	4.32 (0.07)
	4.22 (0.07I
	4.51 (0.04)
	36.55
	<0.0001

	Atherogenic index of plasma
	0.04 (0.03)
	0.16 (0.02)
	-0.06 (0.03)
	0.07 (0.02)
	0.07 (0.01)
	19.23
	<0.0001

	Atherogenic coefficient
	5.71 (0.36)
	7.32 (0.34)
	5.03 (0.20)
	6.13 (0.33)
	6.25 (0.17)
	9.44
	<0.0001

	Castelli's risk index 1
	6.71 (0.36)
	8.32 (0.34)
	6.03 (0.20)
	7.13 (0.33)
	7.25 (0.17)
	9.44
	<0.0001

	Castelli's risk index 2
	5.10 (0.32)
	6.46 (0.33)
	4.57 (0.19)
	5.54 (0.29)
	5.58 (0.16)
	7.45
	<0.0001

	TC/LDL
	1.38 (0.01I)
	1.81 (0.26)
	1.36 (0.01)
	1.35 (0.01)
	1.53 (0.10)
	1.68
	0.17

	TC/TG
	6.28 (0.28)
	5.51 (0.14)
	7.47 (0.42)
	5.85 (0.19)                                                                                                                                                                                                             
	6.16 (0.13)
	11.58
	<0.0001

	TC/HDL
	6.71 (0.36)
	8.32 (0.34)
	6.03 (0.20)
	7.13 (0.33)
	7.25 (0.17)
	9.44
	<0.0001

	TG/HDL
	1.42 (0.10)
	1.66 (0.06)
	1.05 (0.05)
	1.42 (0.10)
	1.43 (0.04)
	11.49
	<0.0001

	TYG
	0.72 (0.02)
	0.97 (0.02)
	0.73 (0.03)
	0.83 (0.02)
	0.84 (0.01)
	30.99
	<0.0001















Table 3b: Post hoc multiple comparison analysis of age, anthropometric, glycaemic, lipid, and atherogenic parameters across duration of diabetes mellitus.

	Dependent Variable
	(I) DM DURATION
	(J) BMI CLASS
	Mean Difference (I-J)
	Std. Error
	Sig.

	Age
	<5 years
	5-10 years
	2.22
	0.77
	0.004

	
	
	11-15 years
	3.32
	0.88
	<0.0001

	
	
	>15 years
	-3.48
	0.90
	<0.0001

	BMI
	<5 years
	11-15 years
	1.57
	0.46
	0.001

	
	
	>15 years
	2.25
	0.47
	<0.0001

	FBG
	<5 years
	5-10 years
	-2.62
	0.38
	<0.0001

	
	
	>15 years
	-1.23
	0.45
	0.006

	Cholesterol (mmol/L)
	<5 years
	5-10 years
	-0.95
	0.10
	<0.0001

	
	
	11-15 years
	-0.37
	0.11
	0.001

	Triglycerides (mmol/L) 
	<5 years
	5-10 years
	-0.31
	0.05
	<0.0001

	HDL-Cholesterol (mmol/L)
	<5 years
	11-15 years
	-0.13
	0.03
	<0.0001

	LDL-Cholesterol (mmol/L)
	<5 years
	5-10 years
	-0.68
	0.10
	<0.0001

	
	
	11-15 years
	-0.24
	0.12
	0.04

	VLDL
	<5 years
	5-10 years
	-0.14
	0.02
	<0.0001

	HDL/LDL
	<5 years
	5-10 years
	0.04
	0.01
	0.001

	TG/CHOL
	<5 years
	11-15 years
	0.04
	0.01
	<0.0001

	NON-HDL
	<5 years
	5-10 years
	-0.94
	0.10
	<0.0001

	
	
	11-15 years
	-0.23
	0.12
	0.046

	atherogenic index of plasma
	<5 years
	5-10 years
	-0.11
	0.03
	<0.0001

	
	
	11-15 years
	0.10
	0.03
	0.001

	Atherogenic coefficient
	<5 years
	5-10 years
	-1.61
	0.45
	<0.0001

	Castelli's risk index 1
	<5 years
	5-10 years
	-1.61
	0.45
	<0.0001

	Castelli's risk index 2
	<5 years
	5-10 years
	-1.36
	0.42
	0.001

	TC/TG
	<5 years
	5-10 years
	0.77
	0.33
	0.02

	
	
	11-15 years
	-1.19
	0.38
	0.002

	TC/HDL
	<5 years
	5-10 years
	-1.61
	0.45
	<0.0001

	TG/HDL
	<5 years
	5-10 years
	-0.24
	0.10
	0.02

	
	
	11-15 years
	0.36
	0.11
	0.002

	TYG
	<5 years
	5-10 years
	-0.25
	0.03
	<0.0001

	
	
	>15 years
	-0.12
	0.04
	0.001

















Table 4a: Model summary of multiple regression analysis examining the combined effects of demographic, anthropometric, glycaemic, and lipid parameters on the outcome variable.
	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate

	1
	0.968a
	0.938
	0.936
	0.07

	a. Predictors: (Constant), NON-HDL, TG/CHOL, dm duration, job, sex, hdl, fbg, BMI, age, ldl, HDL/LDL, VLDL



Table 4b: Analysis of variance (ANOVA) for the multiple regression model predicting the Atherogenic Index of Plasma from demographic, anthropometric, glycaemic, and lipid parameters.
	Model
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	1
	Regression
	47.149
	12
	3.929
	786.288
	<0.0001

	
	Residual
	3.133
	627
	0.005
	
	

	
	Total
	50.282
	639
	
	
	

	a. Dependent Variable: atherogenic index of plasma

	b. Predictors: (Constant), NON-HDL, TG/CHOL, dm duration, job, sex, hdl, fbg, bmi, age, ldl, HDL/LDL, TG/2.2



Table 4c: Multiple regression coefficients showing the independent predictors of the Atherogenic Index of Plasma among study participants.
	Model
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.

	
	B
	Std. Error
	Beta
	
	

	1
	(Constant)
	-0.430
	0.06
	
	7.72
	<0.0001

	
	Sex 
	-0.014
	0.01
	-0.02
	2.03
	0.04

	
	Age 
	0.001
	0.00
	0.03
	2.04
	0.04

	
	Dm duration
	0.001
	0.00
	0.03
	2.49
	0.01

	
	job
	0.002
	0.002
	0.01
	0.65
	0.51

	
	BMI
	-0.004
	0.001
	-0.06
	5.21
	<0.0001

	
	FBG
	0.008
	0.001
	0.11
	8.88
	<0.0001

	
	HDL
	-0.447
	0.03
	-0.47
	15.51
	<0.0001

	
	LDL
	0.014
	0.01
	0.05
	1.33
	0.19

	
	VLDL
	-0.181
	0.07
	-0.16
	2.75
	0.006

	
	HDL/LDL
	-0.125
	0.09
	-0.05
	1.30
	0.19

	
	TG/CHOL
	2.624
	0.16
	0.83
	16.24
	<0.0001

	
	NON-HDL
	0.095
	0.01
	0.36
	7.38
	<0.0001

	a. Dependent Variable: atherogenic index of plasma





Table 5a: Model summary of multiple regression analysis examining the influence of demographic, anthropometric, glycaemic, and lipid parameters on the outcome variable.
	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate

	1
	0.85a
	0.73
	0.72
	2.29

	a. Predictors: (Constant), NON-HDL, TG/CHOL, dm duration, job, sex, hdl, FBG, BMI, age, ldl, HDL/LDL, VLDL



Table 5b: Analysis of variance (ANOVA) for the multiple regression model predicting the Atherogenic Coefficient from demographic, anthropometric, glycaemic index, and lipid parameters.
	Model
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	1
	Regression
	8775.886
	12
	731.324
	139.468
	.000b

	
	Residual
	3287.786
	627
	5.244
	
	

	
	Total
	12063.672
	639
	
	
	

	a. Dependent Variable: Atherogenic coefficient

	b. Predictors: (Constant), NON-HDL, TG/CHOL, dm duration, job, sex, hdl, FBG, BMI, age, ldl, HDL/LDL, VLDL



Table 5c: Multiple regression coefficients showing the independent predictors of the Atherogenic Coefficient among study participants.
	Model
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.

	
	B
	Std. Error
	Beta
	
	

	1
	(Constant)
	7.426
	1.806
	
	4.111
	<0.0001

	
	sex
	-0.281
	0.219
	-0.031
	-1.285
	0.20

	
	age
	-0.044
	0.015
	-0.078
	-2.848
	0.005

	
	Dm duration
	0.016
	0.014
	0.027
	1.165
	0.24

	
	Job
	0.214
	0.078
	0.062
	2.745
	0.006

	
	BMI
	-0.060
	0.026
	-0.056
	-2.346
	0.02

	
	FBG
	0.067
	0.029
	0.059
	2.334
	0.02

	
	HDL
	-17.384
	0.934
	-1.184
	-18.621
	<0.0001

	
	LDL
	0.981
	0.335
	0.228
	2.928
	0.004

	
	VLDL
	4.377
	2.129
	0.246
	2.056
	0.04

	
	HDL/LDL
	29.647
	3.107
	0.750
	9.542
	<0.0001

	
	TG/CHOL
	-15.809
	5.234
	-0.324
	-3.020
	0.003

	
	NON-HDL
	1.663
	0.417
	0.404
	3.985
	<0.0001

	a. Dependent Variable: Atherogenic coefficient


Table 6a: Model summary of multiple regression analysis assessing the combined effects of demographic, anthropometric, glycaemic, and lipid parameters on the outcome variable.
	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate

	1
	0.85a
	0.73
	0.72
	2.29

	a. Predictors: (Constant), NON-HDL, TG/CHOL, dm duration, job, sex, hdl, fbg, BMI, age, ldl, HDL/LDL, VLDL



Table 6b. Analysis of variance (ANOVA) for predictors of Castelli’s Risk Index 1
	Model
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	1
	Regression
	8775.89
	12
	731.32
	139.47
	<0.0001b

	
	Residual
	3287.79
	627
	5.24
	
	

	
	Total
	12063.67
	639
	
	
	

	a. Dependent Variable: Castelli's risk index 1

	b. Predictors: (Constant), NON-HDL, TG/CHOL, dm duration, job, sex, hdl, fbg, BMI, age, ldl, HDL/LDL, VLDL


Table 6c. Regression coefficients for predictors of Castelli’s Risk Index 1.

	Model
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.

	
	B
	Std. Error
	Beta
	
	

	1
	(Constant)
	8.43
	1.81
	
	4.67
	<0.0001

	
	Sex 
	-0.28
	0.22
	-0.03
	1.29
	0.20

	
	Age 
	-0.04
	0.02
	-0.08
	2.85
	0.005

	
	Dm duration
	0.02
	0.01
	0.03
	1.17
	0.244

	
	job
	0.21
	0.08
	0.06
	2.75
	0.006

	
	BMI
	-0.06
	0.03
	-0.06
	2.35
	0.019

	
	fbg
	0.07
	0.03
	0.06
	2.33
	0.020

	
	hdl
	-17.38
	0.93
	-1.18
	18.62
	<0.0001

	
	ldl
	0.98
	0.34
	0.23
	2.93
	0.004

	
	VLDL
	4.38
	2.13
	0.25
	2.06
	0.040

	
	HDL/LDL
	29.65
	3.11
	0.75
	9.54
	<0.0001

	
	TG/CHOL
	-15.81
	5.23
	-0.32
	3.02
	0.003

	
	NON-HDL
	1.66
	0.42
	0.40
	3.99
	<0.0001

	a. Dependent Variable: Castelli's risk index 1





Table 7a. Model summary for predictors of the outcome variable.
	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate

	1
	0.85a
	0.73
	0.72
	2.14

	a. Predictors: (Constant), NON-HDL, TG/CHOL, dm duration, job, sex, hdl, fbg, BMI, age, ldl, HDL/LDL, VLDL



Table 7b. ANOVA for predictors of Castelli’s Risk Index 2.
	Model
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	1
	Regression
	7596.21
	12
	633.02
	138.30
	<0.0001b

	
	Residual
	2869.93
	627
	4.58
	
	

	
	Total
	10466.13
	639
	
	
	

	a. Dependent Variable: Castelli's risk index 2

	b. Predictors: (Constant), NON-HDL, TG/CHOL, dm duration, job, sex, hdl, FBG, BMI, age, ldl, HDL/LDL, VLDL



Table 7c. Regression coefficients for Castelli’s Risk Index 2.
	Model
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.

	
	B
	Std. Error
	Beta
	
	

	1
	(Constant)
	6.59
	1.69
	
	3.90
	<0.0001

	
	sex
	-0.35
	0.20
	-0.04
	1.72
	0.09

	
	age
	-0.04
	0.01
	-0.08
	2.91
	0.004

	
	Dm duration
	0.02
	0.01
	0.03
	1.15
	0.25

	
	Job
	0.21
	0.07
	0.07
	2.93
	0.003

	
	BMI
	-0.06
	0.02
	-0.05
	2.28
	0.02

	
	Fbg
	0.06
	0.03
	0.06
	2.35
	0.02

	
	Hdl
	-15.95
	0.87
	-1.17
	18.28
	<0.0001

	
	Ldl
	1.97
	0.31
	0.49
	6.28
	<0.0001

	
	vldl
	3.94
	1.99
	0.24
	1.98
	0.048

	
	HDL/LDL
	27.89
	2.90
	0.76
	9.61
	<0.0001

	
	TG/CHOL
	-14.76
	4.89
	-0.32
	3.02
	0.003

	
	NON-HDL
	0.61
	0.39
	0.16
	1.57
	0.12

	a. Dependent Variable: Castelli's risk index 2






Table 8a. Model summary for predictors of the outcome variable. 
	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate

	1
	0.978a
	0.956
	0.955
	0.07

	a. Predictors: (Constant), NON-HDL, TG/CHOL, dm duration, job, sex, hdl, fbg, bmi, age, ldl, HDL/LDL, VLDL



Table 8b. ANOVA for predictors of the TyG index.
	Model
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	1
	Regression
	60.017
	12
	5.001
	1125.79
	<0.0001b

	
	Residual
	2.786
	627
	.004
	
	

	
	Total
	62.802
	639
	
	
	

	a. Dependent Variable: TYG

	b. Predictors: (Constant), NON-HDL, TG/CHOL, dm duration, job, sex, hdl, fbg, BMI, age, ldl, HDL/LDL, VLDL



Table 8c. Regression coefficients for the TyG index.
	Model
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.

	
	B
	Std. Error
	Beta
	
	

	1
	(Constant)
	-0.594
	0.053
	
	11.30
	<0.0001

	
	sex
	-0.022
	0.006
	-0.033
	3.42
	0.001

	
	age
	0.002
	0.000
	0.058
	5.22
	<0.0001

	
	Dm duration
	0.003
	0.000
	0.064
	6.79
	<0.0001

	
	job
	0.002
	0.002
	0.008
	0.86
	0.39

	
	BMI
	-0.001
	0.001
	-0.013
	1.35
	0.18

	
	fbg
	0.055
	0.001
	0.671
	66.16
	<0.0001

	
	hdl
	0.218
	0.027
	0.206
	8.03
	<0.0001

	
	ldl
	0.023
	0.010
	0.072
	2.306
	0.02

	
	VLDL
	-0.159
	0.062
	-0.124
	2.560
	0.01

	
	HDL/LDL
	-0.626
	0.090
	-0.219
	6.921
	<0.0001

	
	TG/CHOL
	2.695
	0.152
	0.765
	17.689
	<0.0001

	
	NON-HDL
	0.064
	0.012
	0.216
	5.280
	<0.0001

	a. Dependent Variable: TYG






DISCUSSION
Evidence from longitudinal and observational studies indicates that cardiovascular risk in diabetes mellitus accumulates progressively with disease duration rather than peaking within a discrete 5–10-year window. Cohort data, including findings from the FinnDiane Study, demonstrate a steady rise in cumulative cardiovascular disease (CVD) incidence over decades, reflecting sustained lifetime risk rather than a transient mid-term surge (Harjutsalo et al., 2021). Similarly, duration beyond 10 years has been strongly associated with markedly increased 10-year atherosclerotic cardiovascular disease (ASCVD) risk (OR = 8.15, 95% CI 5.25–14.42), supporting a threshold effect after the first decade of disease (Basil et al., 2024). In contrast, studies in younger cohorts with type 1 diabetes show relatively low short-term risk for most complications beyond five years, except for myocardial infarction, further arguing against a universal 5–10-year peak (Tawfik et al., 2025). Collectively, current evidence favors a model of cumulative risk escalation, particularly pronounced after prolonged disease duration.
Body mass index (BMI) and markers of visceral adiposity show consistent associations with both diabetes duration and cardiovascular risk. Data from the Société Francophone du Diabète Type 1 cohort indicate that higher BMI categories are linked to longer diabetes duration and independently predict prior cardiovascular events and elevated 5- and 10-year risk estimates (Salle et al., 2024). Measures of central adiposity, such as waist-to-height ratio, have demonstrated even stronger predictive value for cardiovascular risk in some cohorts (Tawfik et al., 2025). In sub-Saharan African populations, including Nigerian cohorts, BMI and waist circumference correlate significantly with blood pressure and contribute meaningfully to cardiovascular risk prediction models (Azeez, 2023). Although socioeconomic indicators such as education and physical activity levels have been associated with variations in risk, consistent and quantifiable effects of occupational status remain insufficiently characterized in the available literature (Borhanuddin et al., 2024a, 2024b). Overall, adiposity—particularly visceral fat—emerges as a robust and reproducible determinant of cardiovascular risk across populations.
Lipid abnormalities are strongly associated with atherogenicity and cardiovascular risk; however, current evidence does not establish their superiority over glycaemic measures such as fasting blood glucose (FBG). Dyslipidaemia, including elevated non-HDL cholesterol and atherogenic indices, has been consistently linked to higher ASCVD risk (Basil et al., 2024; Borhanuddin et al., 2024b). Concurrently, glycaemic markers—particularly HbA1c and its variability—have been associated with incident cardiovascular events and mortality, especially in long-duration diabetes (Harjutsalo et al., 2021). Emerging lipid biomarkers such as apolipoprotein B and apoB/apoA1 ratios also correlate with cardiovascular risk estimates, particularly in younger populations (Tawfik et al., 2025). Nonetheless, the absence of direct comparative analyses precludes definitive conclusions regarding whether lipid parameters outperform FBG in predicting atherogenic indices. Thus, both lipid and glycaemic parameters should be regarded as complementary contributors to cardiovascular risk stratification.
The influence of sex and diabetes duration on cardiovascular risk appears variable across studies, whereas metabolic factors demonstrate more consistent associations. Some cohorts report higher myocardial infarction risk and stronger BMI–risk relationships in males, while others find adiposity indices predictive across both sexes (Tawfik et al., 2025; Azeez, 2023). In contrast, longer diabetes duration consistently correlates with increased cardiovascular risk, particularly beyond 10 years (Harjutsalo et al., 2021; Basil et al., 2024). Importantly, metabolic abnormalities—including elevated BMI, visceral adiposity, and dyslipidaemia—exhibit robust and reproducible relationships with cardiovascular risk, often independent of sex and duration (Salle et al., 2024; Tawfik et al., 2025).
In summary, current evidence supports a model in which cardiovascular risk in diabetes is driven predominantly by cumulative exposure to metabolic derangements, with risk intensifying over time rather than peaking within a defined early window. Adiposity and lipid abnormalities play central roles in this process, while glycaemic control remains an equally important determinant. Sex and duration exert modifying but less consistent effects across populations.

Conclusion
Cardiovascular risk in diabetes mellitus increases cumulatively with disease duration, rather than peaking within an early discrete period, with a marked escalation beyond the first decade. Adiposity, particularly visceral fat, represents a key modifiable determinant with consistent associations across populations. Both lipid abnormalities and glycaemic indices independently and jointly contribute to atherogenic risk, serving complementary roles in cardiovascular risk stratification. In contrast, the effects of sex and duration are less consistent across studies. These findings underscore the necessity for sustained, integrated management strategies focusing on weight control, lipid optimization, and glycaemic regulation to effectively reduce long-term cardiovascular morbidity and mortality in individuals with diabetes.
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