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The association of HbA1c with severity of coronary artery disease in patients presenting as acute coronary syndrome
ABSTRACT 

	Introduction:
Diabetes mellitus (DM) is recognized as a critical and independent predictor of mortality in coronary artery disease (CAD). Glycated hemoglobin (HbA1c) serves as a crucial indicator for monitoring blood sugar control in diabetic individuals. 
Aim:
This study aimed to explore how HbA1c levels correlate with the severity of coronary artery disease in patients presenting with acute coronary syndrome (ACS). 
Materials and methods:
We performed an observational retrospective study including 90 patients who underwent coronary angiography due to angina were enrolled. 
All patients gave their informed consent before taking part.
Results:
The study included 90 patients, with a demographic breakdown of 77% male and 23% female. 
Within this group, 33% were hypertensive, 50% were smokers, and 43% had dyslipidemia. Analysis of HbA1c levels revealed that 13% of participants had values in the non diabetic range, 46% were classified as pre-diabetic, and 40% were within the diabetic range (7% had HbA1c levels between 6.5-7%, 13% ranged from 7-8%, and 20% exceeded 8%). 
The predominant type of ACS observed was ST-elevation myocardial infarction, present in 70% of cases, followed by NSTEMI in 26% and unstable angina in 4%. 
Coronary angiography findings indicated single-vessel disease in 43% of patients, double-vessel disease in 33%, and triple-vessel disease in 24%. 
And the left anterior descending (LAD) artery was the most frequently affected seen in 90% of cases.
Conclusion:
Our analysis indicates that HbA1c variability plays a role for the severity of CAD in patients with T2DM. HbA1c variability may provide additional information and require management even at the glycemic target
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1. INTRODUCTION 

With the improvement of living standard, the prevalence of diabetes is increasing year by year. According to the latest epidemiological survey and research in Morocco, more than 2 million people aged 18 and older are diabetic. [1] Diabetes has become a global public health problem and danger to human health.[2]As known patients with diabetes have a higher risk of cardiovascular events so a higher risk of morbi-mortality related to MACEs.[3]
Glycosylated hemoglobin (HbA1c), as an indicator that reflects the average blood glucose level over the past 3 months, is recommended as a gold standard in blood glucose management. However, recent clinical trials of intensive glycemic control in patients with Type 2 diabetes did not demonstrate beneficial effects on cardiovascular complications suggesting that focusing only on HbA1c standard may have limitations.[4]
The severity of coronary artery disease (CAD) can influence patient prognosis. However, there is a limited amount of research exploring the connection between long-term glucose variability and the severity of CAD in individuals with type 2 diabetes mellitus (T2DM). Currently, there are a variety of scoring systems used for quantitative analysis of coronary artery lesions;The SYNTAX score is generated using a computer program that features a series of sequential and interactive self-guided questions. This algorithm includes twelve primary questions, which can be categorized into two groups. The first three questions assess the dominance, the total number of lesions, and the vessel segments involved for each lesion, and they are presented only once.The last nine questions refer to adverse lesion characteristics and are repeated for each lesion.[5] This study aimed to explore how HbA1c levels correlate with the severity of coronary artery disease in patients presenting with acute coronary syndrome (ACS).


2. material and methods 

Study design and population
To underline the relation between HBA1C and the severity of coronary disease we performed an observational retrospective study including 90 patients admitted to our hospital between June 2024 and January 2025. 
All the patients  underwent coronary angiography due to acute coronary disease defined as the ESC 2023 recommendation.[6] The whole spectrum of ACS including unstable angina, non ST segment elevation myocardial infarction and ST segment elevation myocardial infarction.The severity of CAD was expressed by the number of involved vessels and the syntax score.
Analysis of HBA1c on admission was done in every patient with ACS.Diabetes mellitus was defined by HBA1c>6.5%
Data collection:
Clinical information from each patient was gathered through review of clinical notes and charts. Demographic data and past medical history, including cardiovascular (CV) risk factors and comorbidities, were collected. The investigation results including blood tests and electro-cardiographic findings were also recorded. The type of reperfusion therapy (thrombolytic therapy, percutaneous coronary intervention (PCI), and coronary artery bypass grafting) was documented.
We used SPSS version 17.0 for statistical analysis.
Ethical Considerations
Data collection was carried out in accordance with general ethical guidelines,respecting patient confidentiality and data protection.

3. results and discussion

Results:  
Basic Characteristics of the Study Population:
The study included 90 patients, with a demographic breakdown of 77% male and 23% female.
 
Figure 1: distribution by sex
The mean age of our patients was 65 yo with a min of 41 yo and a max of 89 yo.
Concerning major modifiables risk factors, within this group, 50% were smokers for an average duration of 5 years, 33% were controlled hypertensives which 89% were on dual antihypertensive therapy and 43% had dyslipidemia with an average of LDLc of 1.12g/L .

Figure 2: distribution of major risk factors
Analysis of HbA1c levels revealed that 13% of participants had values in the non diabetic range, 46% were classified as pre-diabetic, and 40% were within the diabetic range (7% had HbA1c levels between 6.5-7%, 13% ranged from 7-8%, and 20% exceeded 8%). 

Figure 3: Distribution of HBA1C in diabetes patient
The predominant type of ACS observed was ST-elevation myocardial infarction, present in 70% of cases, followed by NSTEMI in 26% and unstable angina in 4%. 
Coronary angiography findings indicated single-vessel disease in 43% of patients, double-vessel disease in 33%, and triple-vessel disease in 24%. 
And the left anterior descending (LAD) artery was the most frequently affected seen in 90% of cases.
In our study, the severity of coronary artery disease was evaluated according to the extent of stenosis. Of the affected coronary arteries, 83% exhibited severe stenosis, 11% had moderate stenosis, and the remaining percentage was classified as mild.
The correlation between HbA1c levels and the severity of the coronary disease is shown in the following tables :
Table I:The correlation between HBA1c and the number of coronary
Number of coronary
HbA1c		Single vessel	Double vessel	Triple vessel
<5,8	6	6	0
5,8-6,5	15	6	3
6,5-7	6	0	3
7-8	9	6	6
>8	3	13	9

Table II: the correlation between HBA1c and the severity of CAD
Severity of coronary disease
HbA1c		Mild stenosis	Moderate stenosis	Severe stenosis
<5,8	3	0	15
5,8-6,5	3	6	27
6,5-7	0	0	15
7-8	6	3	30
>8	0	9	45
Discussion:

HBA1c , the most used indicator of chronic glucose, is commonly known as a prominent  risk factor of cardiovascular disease. Diabetes mellitus has two to eightfold higher risks for occurrence of cardiovascular disease compared with nondiabetic individuals of comparable sex, age and ethnicity.(7). The duration of diabetes mellitus is also a known of the appearance of cardiovascular complications.(8)
This study aimed to explore the relationship between HbA1c levels and the severity of coronary artery disease (CAD) in patients presenting with acute coronary syndrome (ACS). Our findings highlight important differences in CAD burden among diabetic, pre-diabetic, and non-diabetic patients, offering insights into the impact of chronic glycemic status on coronary pathology.
The mean age of the study group was 65 years, indicating that ACS among our  patients was more common in advanced age groups. Our findings are also linked to the study of Ahmed A. (9),Mohamed H. et al. [10] and Hertz et al. which had reported similar results [11].
A higher incidence of ST-elevation myocardial infarction (STEMI) was observed in both the diabetic (51.5%) and non-diabetic (48.8%) groups. This may suggest that ACS in these populations could, in part, result from underlying pro-thrombotic mechanisms. In contrast, patients with diabetes exhibited greater prevalence of non-ST-elevation ACS presentations, such as unstable angina and NSTEMI, aligning with previous observations [12,13].
Our results confirm that diabetic patients had significantly more severe coronary involvement compared to non-diabetics. This included a higher frequency of multivessel disease, particularly triple-vessel involvement, which was found in 19% of diabetics but only about 3% of pre-diabetics. Pre-diabetic patients tended to present with milder forms, often with single-vessel disease. These findings are consistent with prior studies demonstrating the extent of multivascular disease in individuals with diabetes [14,15].
HbA1c, as an indicator of average blood glucose concentrations over the preceding two to three months, serves as a reliable marker for long-term glycemic control [16]. The normal value of HbA1c is below 42 mmol/mol (6.0%). Prediabetes is classified HbA1c value ranges from 42 to 47 mmol/mol (6.0% to 6.4%). Diabetes is when HbA1c value above 48 mmol/mol (6.5% or over). Elevated HbA1c levels were positively correlated with more severe angiographic findings in our study, reinforcing the growing body of evidence that chronic hyperglycemia is a key driver in the pathogenesis and progression of atherosclerosis. Its clinical relevance extends beyond glycemic monitoring; elevated HbA1c levels have been associated with structural and functional changes in the vasculature that predispose individuals to atherosclerotic cardiovascular disease.
Chronic hyperglycemia exerts its harmful effects through several interrelated mechanisms. These include endothelial dysfunction, where the inner lining of blood vessels loses its ability to regulate vascular tone and maintain homeostasis; increased oxidative stress, which damages cellular structures and impairs nitric oxide availability; and a pro-inflammatory state that facilitates monocyte adhesion, lipid infiltration, and plaque formation. Additionally, persistent high glucose levels promote the formation of advanced glycation end-products (AGEs), which cross-link with proteins in the vascular wall and accelerate stiffening and plaque instability. Collectively, these processes contribute to both the initiation and progression of coronary artery disease (CAD).

Beyond absolute HbA1c levels, recent evidence has shed light on the significance of HbA1c variability — the degree to which glycemic levels fluctuate over time. Emerging studies suggest that such variability may exert independent adverse effects on the vasculature, regardless of the mean HbA1c. Frequent glucose excursions may trigger repeated endothelial injury and amplify oxidative stress, thereby compounding vascular damage. This "metabolic memory" effect — where past glycemic instability continues to influence vascular outcomes — may explain why some patients with moderately controlled HbA1c still develop significant cardiovascular complications. Thus, both sustained hyperglycemia and glycemic instability appear to synergistically enhance the risk of atherosclerosis.

Importantly, our findings also highlight a significant gradient in CAD severity between pre-diabetic and non-diabetic individuals, a trend that has been echoed in several prior studies [17]. This observation suggests that the atherosclerotic process does not begin only at the onset of overt diabetes but rather starts much earlier, during the phase of impaired glucose regulation. Even modest elevations in glucose and HbA1c levels — within the pre-diabetic range — may initiate low-grade vascular inflammation and endothelial changes that predispose individuals to future cardiovascular events. Consequently, this underscores the need for proactive screening, lifestyle interventions, and possibly pharmacologic strategies in pre-diabetic populations to halt or slow the progression of atherosclerosis before it culminates in clinically significant CAD.

In summary, the relationship between HbA1c and CAD severity is multifaceted, involving not only the cumulative burden of hyperglycemia but also the dynamic fluctuations in glucose levels over time. Addressing both aspects in clinical practice could play a crucial role in reducing cardiovascular risk and improving outcomes in at-risk populations.


4. Limitations: 
The study has several limitations. Firstly, the sample size was small, which limits the generalizability of the findings. Therefore, larger studies involving both pre-diabetic and non-diabetic populations are warranted. Secondly, the short duration of the study did not allow for long-term follow-up of the patients. Additionally, potential underlying mechanisms—such as insulin resistance or pro-thrombotic states—were not explored. Future prospective studies in pre-diabetic individuals are essential to better understand these mechanisms and to inform management strategies. Lastly, the assessment of coronary angiographic and echocardiographic findings was based on visual interpretation, which may be subject to inter- and intra-observer variability.
5. Conclusion :

Our analysis suggests that HbA1c variability is significantly associated with the severity of coronary artery disease (CAD) in patients with type 2 diabetes mellitus (T2DM). While maintaining HbA1c within target ranges has long been a central goal in diabetes management, our findings highlight that fluctuations in HbA1c levels over time—even when average values remain within the recommended limits—may have important clinical implications. This variability could reflect underlying metabolic instability, glycemic excursions, or inconsistent treatment adherence, all of which may contribute to the progression of atherosclerosis and cardiovascular risk.
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Distribution by sex 
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Major risk factors 

HTA	Smoking	Dyslipidemia	Diabetes 	33	50	43	40	





