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Abstract 
Background:  Acute coronary syndrome (ACS) exhibits important age-related differences 
in risk-factor burden, lipid profile, and coronary anatomical complexity. Atherogenic 
dyslipidemia may contribute to coronary disease severity, while the SYNTAX score 
provides an angiographic measure of coronary complexity. Aim and Objectives: To assess 
age-related differences in atherogenic dyslipidemia and coronary angiographic profile 
among patients with ACS and to evaluate the relationship between lipid characteristics, 
atherogenic dyslipidemia, and SYNTAX score categories. Materials and Methods: Results: 
Mean age was 57.3±11.8 years and 80% were male. Hypertension (p=0.002), diabetes 
(p=0.018), smoking (p=0.018), and CKD (p=0.028) differed significantly across age 
groups. Younger patients had higher TC, LDL-C and non-HDL-C, whereas older patients 
had more multivessel and triple-vessel disease. Triple-vessel disease increased from 
16.0% to 42.9% (p=0.035), and multivessel disease from 48.0% to 82.9% (p=0.018). 
Atherogenic dyslipidemia was present in 62.0% overall and increased across SYNTAX 
categories from 50.0% to 81.8% (p=0.036). Conclusion: All age groups had atherogenic 
dyslipidemia, and angiographic complexity increased with age. Given its strong 
correlation with higher SYNTAX categories, composite lipid assessment may offer 
valuable insights into the severity of coronary anatomy. 
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INTRODUCTION 
Acute coronary syndrome (ACS) is a major clinical manifestation of coronary artery disease (CAD) and remains an 

important cause of morbidity and mortality worldwide. ACS includes ST-segment elevation myocardial infarction 

(STEMI), non-ST-segment elevation myocardial infarction (NSTEMI), and unstable angina, with most cases resulting from 

disruption or erosion of an atherosclerotic coronary plaque followed by thrombus formation [1]. The clinical presentation, 

cardiovascular risk-factor profile, extent of coronary atherosclerosis, and anatomical complexity of CAD may vary 

substantially with age. Ageing is associated with progressive vascular changes, cumulative exposure to cardiovascular risk 

factors, and increased prevalence of comorbidities, all of which may influence the development and severity of ACS [2].The 
risk-factor profile of ACS differs between younger and older patients. Young patients presenting with ACS frequently have 

a greater contribution from cigarette smoking, obesity, dyslipidemia, and a family history of premature CAD, whereas 

older patients generally have a higher cumulative burden of hypertension, diabetes mellitus, chronic kidney disease, and 

established vascular disease [3]. The INTERHEART study demonstrated that several modifiable risk factors, particularly 

abnormal lipid levels, smoking, hypertension, diabetes, and abdominal obesity, account for a substantial proportion of the 

risk of myocardial infarction across different populations [3].  

 

Studies of young adults with coronary disease have also highlighted the importance of premature exposure to cardiovascular 

risk factors and lipid abnormalities in the development of CAD at an early age [4]. Dyslipidemia plays a central role in the 
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initiation and progression of atherosclerosis. LDL-C is considered a major causal factor in atherosclerotic cardiovascular 

disease, with cumulative exposure to elevated LDL-C contributing to progressive plaque formation throughout life [5]. 

Atherogenic dyslipidemia is characterized by increased triglyceride-rich lipoproteins, elevated atherogenic cholesterol, and 

reduced HDL-C concentrations [6]. In addition to LDL-C, non-HDL-C represents the cholesterol content of all major 

atherogenic apolipoprotein B-containing lipoproteins and may provide additional information regarding cardiovascular 

risk, particularly in individuals with elevated triglyceride levels [6,7]. Composite lipid parameters such as the triglyceride-

to-HDL-C ratio (TG/HDL-C) and atherogenic index of plasma (AIP) have also been investigated as markers of an adverse 

lipid profile and insulin resistance-associated dyslipidemia [8]. Coronary angiography remains an important investigation 

for determining the distribution and severity of obstructive CAD in patients with ACS. However, conventional 

angiographic assessment may not fully capture the overall anatomical complexity of coronary disease.  

 

The SYNTAX score was developed as an angiographic scoring system that incorporates lesion number, location, 

bifurcation involvement, total occlusion, calcification, thrombus, and other morphological characteristics to quantify the 
complexity of CAD [9]. A higher SYNTAX score indicates more complex coronary anatomy and has important 

implications for revascularization strategies and prognosis.Previous studies have demonstrated associations between 

adverse lipid characteristics and the extent or complexity of coronary artery disease. However, the relationship between 

atherogenic dyslipidemia and coronary anatomical complexity may differ across age groups because of differences in lipid 

metabolism, duration of exposure to cardiovascular risk factors, and vascular ageing. Therefore, evaluating age-related 

variations in lipid characteristics together with angiographic disease severity may provide clinically relevant information 

for risk stratification.The present study was undertaken to evaluate age-related differences in atherogenic dyslipidemia and 

coronary angiographic profiles among patients with acute coronary syndrome. The study further aimed to examine the 

association between conventional and composite lipid parameters and coronary anatomical complexity as assessed by the 

SYNTAX score. Understanding these relationships may contribute to improved identification of high-risk patients and 

support more individualized approaches to cardiovascular risk assessment and management. 

 

MATERIALS AND METHODS 
Type of Study: Prospective observational, hospital-based study 

 
Place of Study:  Nilratan Sircar Medical College and Hospital 

 
Study Duration: 1 year 

 
Study Setting: The study will be conducted in the Department of Cardiology, Nilratan Sircar Medical College and 

Hospital, Kolkata, West Bengal, a tertiary-care teaching hospital providing comprehensive cardiac services, including 

evaluation and management of patients with acute coronary syndrome (ACS), coronary angiography, and percutaneous 

coronary intervention (PCI). 

Sample Size: 100 patients 

 

Inclusion Criteria: 

 Patients diagnosed with Acute Coronary Syndrome (ACS), including STEMI, NSTEMI, or unstable angina. 

 Patients aged ≥18 years. 

 Patients who undergo coronary angiography as part of their clinical evaluation. 

 Patients with adequate coronary angiographic images suitable for assessment of coronary artery disease. 

 Patients in whom SYNTAX score can be calculated from the angiographic findings. 

 Patients with available lipid profile parameters, including total cholesterol, LDL-C, HDL-C, and triglycerides. 

 Patients willing to participate in the study and providing written informed consent. 

 Patients with complete or adequately documented clinical, biochemical, and angiographic data required for analysis. 

 

Exclusion Criteria: 

 Patients with a previous history of coronary artery bypass grafting (CABG). 

 Patients with previous coronary angioplasty/stenting where assessment of native coronary anatomy is significantly 

affected. 

 Patients with severe valvular heart disease. 

 Patients with congenital heart disease. 

 Patients with severe hepatic dysfunction affecting lipid metabolism. 

 Patients with severe renal failure/end-stage renal disease. 

 Patients with active malignancy. 

 Patients receiving lipid-altering therapy for a condition other than dyslipidemia. 
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 Patients with incomplete clinical, biochemical, or angiographic data. 

 Patients unwilling to provide informed consent. 

 

Study Variables  

 Age (years) 

 Age group (<60 years / ≥60 years) 

 Sex 

 Residence 

 Duration of symptoms 

 Heart rate 

 Systolic blood pressure 

 Diastolic blood pressure 

 Body weight 

 Height 

 

Statistical Analysis: 
Data were entered into Excel and subsequently analyzed using SPSS and GraphPad Prism. Continuous variables were 

summarized as means with standard deviations, while categorical variables were presented as counts and percentages. 

Comparisons between independent groups were performed using two-sample t-tests, and paired t-tests were applied for 

correlated (paired) data. Categorical data were compared using chi-square tests, with Fisher’s exact test applied when 

expected cell counts were small. A p-value of ≤ 0.05 was considered statistically significant. 

 

RESULTS 

Table 1. Cardiovascular Risk Factors According to Age Group 

Variable <50 50–64 ≥65 Total p 

Hypertension 8 (32.0) 21 (52.5) 27 (77.1) 56 (56.0) 0.002 

Diabetes 6 (24.0) 17 (42.5) 21 (60.0) 44 (44.0) 0.018 

Smoking 18 (72.0) 24 (60.0) 13 (37.1) 55 (55.0) 0.018 

Family history CAD 9 (36.0) 13 (32.5) 8 (22.9) 30 (30.0) 0.519 

Previous MI 2 (8.0) 7 (17.5) 10 (28.6) 19 (19.0) 0.109 

Previous PCI 1 (4.0) 5 (12.5) 7 (20.0) 13 (13.0) 0.178 

CKD 1 (4.0) 4 (10.0) 9 (25.7) 14 (14.0) 0.028 

 

Table 2. Lipid Profile According to Age Group 

Parameter <50 50–64 ≥65 Overall p 

TC (mg/dL) 211.6±38.2 198.4±34.7 183.2±31.6 196.2±35.7 0.008 

LDL-C 139.4±30.5 128.7±28.6 116.1±25.9 127.3±28.9 0.006 

HDL-C 39.2±7.4 37.1±6.8 35.4±6.1 37.1±6.8 0.071 

TG 177.8±61.3 171.2±57.6 153.5±48.9 167.5±56.3 0.184 

Non-HDL-C 172.4±37.1 161.3±33.4 147.8±30.1 159.8±34.0 0.014 

TC/HDL 5.52±1.21 5.41±1.14 5.22±1.09 — 0.604 

LDL/HDL 3.64±0.92 3.49±0.86 3.31±0.81 — 0.338 

TG/HDL 4.72±1.94 4.66±1.87 4.42±1.63 — 0.789 

AIP 0.63±0.18 0.61±0.17 0.58±0.16 — 0.511 

 

Table 3. Lipid Abnormalities and Atherogenic Dyslipidemia 

Variable <50 50–64 ≥65 Total p 

Elevated LDL-C 18 (72.0) 25 (62.5) 17 (48.6) 60 (60.0) 0.190 

Low HDL-C 15 (60.0) 27 (67.5) 27 (77.1) 69 (69.0) 0.341 

Elevated TG 14 (56.0) 22 (55.0) 16 (45.7) 52 (52.0) 0.619 

Elevated non-HDL-C 17 (68.0) 24 (60.0) 17 (48.6) 58 (58.0) 0.276 

High TG/HDL 16 (64.0) 25 (62.5) 18 (51.4) 59 (59.0) 0.509 

High AIP 17 (68.0) 25 (62.5) 19 (54.3) 61 (61.0) 0.558 

Atherogenic dyslipidemia 13 (52.0) 24 (60.0) 25 (71.4) 62 (62.0) 0.282 
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Table 4. Coronary Angiographic Findings According to Age Group 

Finding <50 50–64 ≥65 Total p 

Single-vessel 11 (44.0) 12 (30.0) 6 (17.1) 29 (29.0) 0.073 

Double-vessel 8 (32.0) 14 (35.0) 10 (28.6) 32 (32.0) 0.831 

Triple-vessel 4 (16.0) 10 (25.0) 15 (42.9) 29 (29.0) 0.035 

Left main 1 (4.0) 3 (7.5) 5 (14.3) 9 (9.0) 0.353 

LAD 17 (68.0) 30 (75.0) 29 (82.9) 76 (76.0) 0.392 

LCX 10 (40.0) 21 (52.5) 23 (65.7) 54 (54.0) 0.144 

RCA 12 (48.0) 22 (55.0) 24 (68.6) 58 (58.0) 0.229 

Multivessel 12 (48.0) 27 (67.5) 29 (82.9) 68 (68.0) 0.018 

CTO 2 (8.0) 5 (12.5) 8 (22.9) 15 (15.0) 0.214 

Stenosis ≥70% 15 (60.0) 29 (72.5) 30 (85.7) 74 (74.0) 0.063 

 

SYNTAX score distribution: low <22: 46 (46.0%); intermediate 22–32: 32 (32.0%); high >32: 22 (22.0%). 

 

Table 5. Lipid Parameters According to SYNTAX Score 

Parameter Low <22 Intermediate 22–32 High >32 p 

TC 187.4±31.2 201.6±34.5 209.8±39.1 0.032 

LDL-C 119.2±25.7 130.8±28.4 139.7±30.6 0.018 

HDL-C 38.2±6.7 36.9±6.5 35.1±6.2 0.183 

TG 155.3±51.2 172.8±55.4 184.6±62.7 0.091 

Non-HDL-C 150.7±30.4 164.7±33.1 174.5±37.2 0.021 

TC/HDL 5.18±1.06 5.42±1.13 5.67±1.21 0.274 

LDL/HDL 3.28±0.79 3.51±0.84 3.76±0.91 0.116 

TG/HDL 4.31±1.62 4.69±1.79 5.02±1.96 0.291 

AIP 0.57±0.15 0.62±0.17 0.66±0.18 0.087 

Atherogenic dyslipidemia 23 (50.0) 21 (65.6) 18 (81.8) 0.036 

 

 
Figure 1. Lipid Abnormalities and Atherogenic Dyslipidemia 

 

The study included 100 patients, with cardiovascular risk factors showing significant age-related differences. Hypertension 

increased progressively from 32.0% in participants aged <50 years to 52.5% in those aged 50–64 years and 77.1% among 

those aged ≥65 years (p=0.002), while diabetes also increased significantly with age (24.0%, 42.5%, and 60.0%, 

respectively; p=0.018). Smoking was significantly more common among younger participants (72.0% in <50 years vs. 

37.1% in ≥65 years; p=0.018), whereas CKD increased significantly with age (4.0%, 10.0%, and 25.7%; p=0.028). Family 

history of CAD, previous MI, and previous PCI did not differ significantly across age groups.  

 
Lipid parameters showed significantly higher total cholesterol, LDL-C, and non-HDL-C levels in younger participants, 

with TC of 211.6±38.2 mg/dL, LDL-C of 139.4±30.5 mg/dL, and non-HDL-C of 172.4±37.1 mg/dL in the <50-year group, 
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compared with 183.2±31.6, 116.1±25.9, and 147.8±30.1 mg/dL, respectively, in those aged ≥65 years (p=0.008, 0.006, and 

0.014). However, HDL-C, TG, TC/HDL, LDL/HDL, TG/HDL, and AIP did not show significant age-wise differences. 

Although lipid abnormalities were common, including low HDL-C (69.0%), elevated LDL-C (60.0%), elevated non-HDL-

C (58.0%), elevated TG (52.0%), high AIP (61.0%), and atherogenic dyslipidemia (62.0%), none of the individual 

abnormalities differed significantly according to age. Coronary angiography demonstrated a significant increase in triple-

vessel disease with advancing age, from 16.0% in <50 years to 42.9% in ≥65 years (p=0.035), while multivessel disease 

increased significantly from 48.0% to 82.9% (p=0.018). LAD, LCX, RCA involvement, left-main disease, CTO, and 

stenosis ≥70% did not differ significantly across age groups. The SYNTAX score was low in 46.0%, intermediate in 32.0%, 

and high in 22.0% of participants. Importantly, increasing SYNTAX score was associated with significantly higher total 

cholesterol, LDL-C, and non-HDL-C levels (p=0.032, 0.018, and 0.021, respectively), with values progressively increasing 

from the low- to high-SYNTAX groups. Atherogenic dyslipidemia also increased significantly across SYNTAX categories, 

from 50.0% in the low-score group to 65.6% in the intermediate and 81.8% in the high-score group (p=0.036), whereas 

HDL-C, TG, lipid ratios, and AIP did not show statistically significant differences. Overall, the findings indicate that 
advancing age was associated with a greater burden of hypertension, diabetes, CKD, and anatomically extensive coronary 

artery disease, while higher total cholesterol, LDL-C, non-HDL-C, and atherogenic dyslipidemia were significantly 

associated with greater coronary disease severity as reflected by the SYNTAX score. 

 

DISCUSSION 
The present study demonstrates that atherogenic dyslipidemia is common among patients with ACS, while cardiovascular 

risk factors and coronary anatomy differ across age groups. The predominantly male composition is consistent with 

previous Indian ACS studies [10,11].Hypertension, diabetes and CKD were significantly more common among older 

patients, whereas smoking was significantly more frequent among younger patients. This pattern agrees with reports 

describing different risk-factor profiles in young and older ACS patients [11,12,13].Younger patients had significantly 

higher TC, LDL-C and non-HDL-C. Similar differences in lipid profile have been reported in younger ACS populations, 

where dyslipidemia and smoking may contribute to premature coronary disease [13].Atherogenic dyslipidemia was present 

in 62% overall and did not differ significantly by age (p=0.282). Its occurrence across all age groups supports the 

importance of assessing the overall atherogenic lipid phenotype rather than age alone [14,15].Older patients had 

significantly more triple-vessel disease and multivessel disease.  

 

This may reflect cumulative exposure to cardiovascular risk factors, vascular ageing, endothelial dysfunction, arterial 
stiffening, calcification, and progressive atherosclerotic burden [10-12].TC, LDL-C and non-HDL-C increased 

significantly across SYNTAX categories. Atherogenic dyslipidemia increased from 50.0% in the low-SYNTAX group to 

81.8% in the high-SYNTAX group (p=0.036). These findings are consistent with evidence linking dyslipidemia with 

greater coronary anatomical complexity and higher SYNTAX scores [14-15,].AIP increased numerically with increasing 

SYNTAX score but was not statistically significant (p=0.087). Previous research has reported associations between AIP 

and CAD severity, including SYNTAX score, suggesting potential value of composite lipid indices [14-15].  

 

Age alone does not adequately capture atherogenic risk in ACS. Younger patients may have higher current LDL-C and 

non-HDL-C and more smoking, whereas older patients may have greater cumulative vascular injury and more complex 

multivessel disease. Clinically, the findings support early recognition and management of dyslipidemia in younger ACS 

patients and aggressive secondary prevention in older patients with extensive coronary disease. The association of 

atherogenic dyslipidemia with higher SYNTAX categories may warrant further prospective evaluation. Limitations include 

the relatively small sample size and observational design. The supplied data did not include complete information on lipid-

lowering treatment, duration of risk-factor exposure, exact ACS diagnostic criteria, recruitment period, or the operational 

definition of atherogenic dyslipidemia; these factors may affect interpretation. 

 

CONCLUSION 
We concluded that patients with ACS in all age groups frequently have atherogenic dyslipidemia. While older patients 

exhibited considerably more multivessel and triple-vessel coronary disease, younger patients had higher current TC, LDL-

C, and non-HDL-C. greater SYNTAX categories had a considerably greater prevalence of atherogenic dyslipidemia, 

indicating a connection between an unfavorable lipid profile and coronary architectural complexity. Risk stratification and 

secondary prevention in ACS may be enhanced by thorough lipid and cardiovascular risk assessment. 
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