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ABSTRACT 

 

Background: Type 2 diabetes mellitus 

(T2DM) is strongly associated with 

increased cardiovascular risk. While 

conventional lipid measurements such as 

LDL-cholesterol (LDL-C) are well-

established markers of atherosclerosis, they 

do not fully explain the excess cardiovascular 

disease (CVD) risk observed in T2DM. Non-

HDL-cholesterol (non-HDL-C) and 

composite lipid ratios like Atherogenic Index 

of Plasma (AIP), Castelli Risk Index-I (CRI-

I), Castelli Risk Index-II (CRI-II), 

Atherogenic Coefficient (AC), and 

triglyceride-to-HDL ratio (TG/HDL) may 

better reflect the burden of atherogenic 

lipoproteins. 

Objective: To evaluate non-HDL-C and 

selected atherogenic indices in adults with 

T2DM and compare them with healthy 

controls. 

Methods: A case control study including 40 

T2DM patients and 40 age-matched controls. 

Fasting glucose, HbA1c, and lipid 

parameters were measured. Non-HDL-C was 

calculated as TC−HDL. Derived indices 

included AIP=log10(TG/HDL), CRI-

I=TC/HDL, CRI-II=LDL/HDL, 

AC=(TC−HDL)/HDL, and TG/HDL ratio. 

Independent t-tests were applied. 

Results: T2DM subjects had significantly 

higher TC (202.8±33.1 mg/dL), TG 

(168.7±71.4 mg/dL), LDL-C (134.7±35.9 

mg/dL), and lower HDL-C (33.8±5.8 mg/dL) 

than controls (p<0.001). Non-HDL-C was 

markedly elevated (168.9±34.0 vs. 

102.9±32.3 mg/dL, p=1.6×10⁻¹³). 

Atherogenic indices were significantly 

higher in T2DM: AIP (0.66±0.23 vs. 

0.40±0.16), CRI-I (6.20±1.56 vs. 3.41±0.90), 

CRI-II (4.17±1.49 vs. 2.47±0.68), AC 

(5.20±1.56 vs. 2.41±0.90), and TG/HDL 

(5.11±2.14 vs. 2.69±1.07). 

Conclusion: Non-HDL-C and atherogenic 

indices were significantly higher in T2DM 

and reflect the atherogenic burden associated 

with diabetic dyslipidaemia. Incorporating 

these indices into routine assessment may 

enhance early detection of CVD risk. 

 

Keywords: Non-HDL cholesterol, T2DM, 

AIP, Castelli Index, atherogenic indices, 

dyslipidaemia. 

 

INTRODUCTION 

Type 2 diabetes mellitus (T2DM) is a major 

global health challenge characterized by a 

substantially increased risk of cardiovascular 

disease (CVD). Despite advances in 

glycaemic management, individuals with 

T2DM continue to experience higher rates of 
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myocardial infarction, stroke, and 

atherosclerotic complications compared with 

non-diabetic individuals [1,2]. Traditional 

lipid markers, particularly LDL-cholesterol 

(LDL-C), only partially explain this elevated 

risk, and many patients develop 

cardiovascular events even after achieving 

guideline-recommended LDL-C targets 

indicating a significant “residual risk” [3]. 

Dyslipidaemia in T2DM typically presents as 

elevated triglycerides (TG), reduced HDL-

cholesterol (HDL-C), and increased small 

dense LDL particles, all of which contribute 

to a more atherogenic lipid profile [4]. This 

has led to growing interest in alternative lipid 

indices that offer better risk prediction. 

Non-HDL-cholesterol (non-HDL-C), 

calculated as total cholesterol minus HDL-C, 

reflects the total burden of apoB-containing 

atherogenic lipoproteins. Several studies 

demonstrate that non-HDL-C is a stronger 

predictor of future CVD events than LDL-C, 

particularly in individuals with diabetes and 

hypertriglyceridaemia [1–3]. 

Another important marker is the Atherogenic 

Index of Plasma (AIP), defined as 

log10(TG/HDL-C). AIP correlates with 

small dense LDL particles, endothelial 

dysfunction, and insulin resistance, and has 

been shown to predict metabolic syndrome 

and cardiometabolic risk [4–7]. Furthermore, 

AIP has been associated with future 

development of diabetes and increased 

vascular risk in diverse populations [8,9]. 

Classical lipid ratios such as the Castelli Risk 

Index-I (CRI-I: TC/HDL-C) and Castelli 

Risk Index-II (CRI-II: LDL-C/HDL-C) 

reflect the balance between atherogenic and 

protective lipoproteins. Elevated CRI-I and 

CRI-II levels have been associated with 

carotid atherosclerosis and coronary artery 

disease [10–12]. 

Other indices including the Atherogenic 

Coefficient (AC: [TC−HDL-C]/HDL-C) and 

TG/HDL-C ratio serve as practical surrogate 

markers of insulin resistance and metabolic 

syndrome. Both have been linked with 

subclinical atherosclerosis and adverse 

cardiovascular outcomes [13–15]. 

Given their strong association with metabolic 

derangements and cardiovascular pathology, 

these atherogenic indices may offer 

improved discrimination of cardiometabolic 

risk in T2DM compared with conventional 

lipid parameters. 

Because Indian and South-Asian populations 

possess a high cardiometabolic 

susceptibility, evaluating these indices may 

provide enhanced insight into CVD risk in 

T2DM. 

The present study evaluates the comparative 

performance of non-HDL-C and selected 

atherogenic indices versus conventional lipid 

parameters in T2DM subjects and healthy 

controls. 

 

MATERIALS AND METHODS 

Study Design and Setting 

A case–control study was conducted to 

evaluate lipid parameters in patients with 

diagnosed type 2 diabetes mellitus (T2DM) 

and age-matched healthy controls at the 

Outpatient and Inpatient Departments of the 

Department of General Medicine, Victoria 

Hospital, attached to Bangalore Medical 

College and Research Institute (BMCRI), 

Bengaluru. Ethical approval was obtained 

from the Institutional Ethics and Research 

Committee of BMCRI, and written informed 

consent was obtained from all participants. 

 

Selection of Study Subjects 

A total of 80 subjects were included in the 

study, comprising 40 cases (T2DM patients) 

and 40 age- and sex-matched healthy 

controls, selected based on predefined 

inclusion and exclusion criteria. 

 

Inclusion Criteria 

1. Individuals aged 40–60 years diagnosed 

with T2DM as per the American Diabetes 

Association (ADA) 2018 criteria: 

o Fasting blood sugar ≥ 126 mg/dL 

o Postprandial blood sugar ≥ 200 mg/dL 

o HbA1c ≥ 6.5% 

2. Age- and sex-matched apparently 

healthy, non-diabetic individuals serving 

as controls. 
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Exclusion Criteria 

1. Individuals with Type 1 diabetes mellitus 

2. History of cardiac disease, hepatic 

disease, typhoid, epilepsy, stroke, 

asthma, allergies, anaemia, malignancy, 

tuberculosis, or thyroid disorders 

3. Individuals with a history of alcoholism 

or smoking 

4. Individuals with severe combined 

immunodeficiencies 

5. Those receiving statins, insulin, thiazide 

diuretics, anti-hyperuricaemia 

medications, or multivitamin 

supplements 

6. Pregnant women, women with 

gestational diabetes, and those on 

hormone replacement therapy 

 

Collection of Blood Samples 

After obtaining written informed consent, 6 

mL of venous blood was collected from each 

participant under aseptic conditions. The 

sample was divided into two portions: 

• Part 1: Collected in a sterile EDTA tube 

and used for estimation of HbA1c. 

• Part 2: Collected in a plain tube, 

centrifuged, and the separated serum was 

used for the estimation of lipid profile 

and other biochemical parameters. 

Clinical history and physical 

examination findings were recorded for 

all subjects. 

 

Parameters Analysed 

Fasting blood sugar 

Postprandial blood sugar 

HbA1c 

Lipid profile 

 

Derived Atherogenic Indices 

• Non-HDL-C = TC − HDL 

• AIP = log10(TG/HDL) 

• CRI-I = TC/HDL 

• CRI-II = LDL/HDL 

• AC = (TC − HDL)/HDL 

• TG/HDL ratio = TG/HDL 

 

Analytical methods used: 

• Biochemical parameters: Standard 

enzymatic methods 

• HbA1c: Ion-exchange high-performance 

liquid chromatography (HPLC) 

 

STATISTICAL ANALYSIS 

Data were analysed using SPSS software 

(version 17.0). Descriptive statistics such as 

range, mean, and standard deviation (SD) 

were calculated for all biochemical 

parameters in both groups. 

The student’s t-test was applied to assess the 

significance of differences in mean values 

between cases and controls. A p-value < 0.05 

was considered statistically significant. 

 

RESULTS 

Table 1. Conventional Lipid Parameters 

Parameter T2DM (mean ± SD) Controls (mean ± SD) p-value 

TC 202.8 ± 33.1 147.4 ± 32.5 p < 0.001 

TG 168.7 ± 71.4 116.0 ± 40.3 p < 0.001 

HDL-C 33.8 ± 5.8 44.5 ± 8.2 p < 0.001 

LDL-C 134.7 ± 35.9 107.2 ± 25.6 p < 0.001 

VLDL-C 33.7 ± 14.3 23.2 ± 8.1 p < 0.001 

 

Table 2. Atherogenic Indices 

Index T2DM Controls p-value 

Non-HDL-C 168.9 ± 34.0 102.9 ± 32.3 p < 0.001 

AIP 0.66 ± 0.23 0.40 ± 0.16 p < 0.001 

CRI-I 6.20 ± 1.56 3.41 ± 0.90 p < 0.001 

CRI-II 4.17 ± 1.49 2.47 ± 0.68 p < 0.001 

AC 5.20 ± 1.56 2.41 ± 0.90 p < 0.001 

TG/HDL 5.11 ± 2.14 2.69 ± 1.07 p < 0.001 

 

Diabetic subjects exhibited significantly 

higher FPG, PPBG, and HbA1c levels, along 

with a classical dyslipidaemia pattern 

characterised by elevated TC, TG, LDL-C, 
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and VLDL-C and markedly reduced HDL-C, 

with all differences being statistically 

significant (p < 0.001). 

 

DISCUSSION 

This study demonstrates that individuals with 

T2DM exhibit significantly higher non-

HDL-cholesterol levels and elevated 

atherogenic lipid indices including AIP, CRI-

I, CRI-II, AC, and TG/HDL-C ratio 

compared with healthy controls. These 

findings are consistent with established 

evidence highlighting the unique lipid 

abnormalities characteristic of diabetes. 

 

Non-HDL-Cholesterol and Residual Risk 

Non-HDL-C showed a marked elevation in 

T2DM participants. This supports previous 

research demonstrating that non-HDL-C is a 

more reliable indicator of atherogenic 

lipoprotein burden and a superior predictor of 

cardiovascular events compared with LDL-

C. Because non-HDL-C includes all apoB-

containing particles, it captures the full scope 

of diabetic dyslipidaemia and has been 

recommended as a primary therapeutic target 

in several lipid management guidelines [16]. 

Large epidemiological and clinical data 

reinforce that overreliance on LDL-C alone 

may underestimate cardiovascular risk in 

diabetes, and incorporating non-HDL-C 

improves prediction of long-term outcomes 
[17]. 

 

Atherogenic Lipoproteins and Diabetic 

Dyslipidaemia 

The atherogenic shifts seen in T2DM 

including increased small dense LDL 

particles and remnant cholesterol are central 

contributors to vascular disease [18]. The 

marked elevation of AIP in our diabetic 

population aligns with prior evidence 

showing that AIP strongly correlates with 

atherogenic dyslipidaemia, insulin 

resistance, and vascular dysfunction. AIP has 

been suggested as a practical and reliable tool 

for stratifying cardiometabolic risk, 

especially in patients with obesity or diabetes 

[19]. 

 

Castelli Indices and Insulin Resistance-

Related Atherogenicity 

CRI-I and CRI-II were significantly higher 

among diabetic subjects, reflecting a 

profound imbalance between pro-

atherogenic lipoproteins and HDL-mediated 

reverse cholesterol transport. Prior studies 

have demonstrated that elevated Castelli 

indices are associated with increased carotid 

intima-media thickness and coronary risk [12]. 

Our findings support their usefulness as 

simple but meaningful clinical risk markers. 

 

Atherogenic Coefficient and TG/HDL-C 

Ratio 

The elevated AC and TG/HDL-C ratio 

observed in this study reflect underlying 

insulin resistance, a key pathological driver 

in T2DM. Existing research highlights these 

indices as reliable indicators of metabolic 

syndrome, endothelial dysfunction, and 

cardiovascular morbidity [14,20,21]. The 

TG/HDL-C ratio, in particular, integrates two 

major lipid abnormalities, 

hypertriglyceridemia and low HDL-C and 

has been shown to correlate with both hepatic 

and peripheral insulin resistance. 

 

Clinical Implications 

• Non-HDL-C may be a useful lipid 

marker for CVD risk reduction in 

diabetes.  

• AIP, Castelli indices, AC, and TG/HDL-

C ratio offer cost-effective, easily 

calculated markers that can enhance risk 

stratification. 

• Incorporating these indices into routine 

reports could improve early detection of 

high-risk metabolic states. 

 

Limitations 

The study is limited by a modest sample size, 

single-centre design, and absence of 

longitudinal cardiovascular outcomes. 

However, the results remain consistent with 

robust international data and reinforce the 

validity of using composite lipid indices in 

T2DM. 
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CONCLUSION 

Non-HDL-cholesterol and atherogenic 

indices including AIP, CRI-I, CRI-II, 

Atherogenic Coefficient, and TG/HDL ratio 

are significantly higher in T2DM and show 

useful discrimination in the study population. 

Incorporating these markers into routine 

assessments may enhance cardiovascular 

risk stratification.  
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