Glycated Hemoglobin (HbA1c) Correlation with Severity of Thrombus Burden in Non-diabetic and Diabetic Patients with STEMI

ABSTRACT

OBJECTIVES: The objective of our study was to assess the correlation between levels of HbA1c on admission and the angiographic thrombus burden in both diabetic and non-diabetic patients with STEMI.
METHODOLOGY: This cross-sectional study was conducted at National Institute of Cardiovascular Diseases (NICVD) Karachi, Pakistan. Study includes 212 consecutive patients presented with ST Elevation Myocardial Infarction (STEMI). Demographic details and self-reported duration of diabetes was recorded. Thrombus burden was assessed on angiography classifying 0 for no thrombus, 1 for possible thrombus, 2 for small, 3 for moderate, 4 for large and 5 in cases of total occlusion. Collected data were entered an analyzed using SPSS 21.  

RESULTS: Out of total of 212 patients 173 [81.6%] were male, mean age was 54.62 ± 11.75 years, and 75 [35.4%] had BMI above critical value for obesity (≥ 30 kg/m2). Known diabetic cases were 82 [38.7%] with around two-third having diabetes for more than five years and 20 [24.4%] of them were insulin dependent. Mean Glycated Hemoglobin (HbA1c) level was found to be 7.18 ± 2.03% with 96 [45.3%] patients having HbA1c above the critical value of 6.5%. In around more than half, 118 [55.7%], patients pre-procedure thrombus score of 3 and 4 was observed indicating moderate to large thrombus, while, 57 [26.9%] patients had total occlusion.

A significant correlation between HbA1c level (%) and thrombus score was observed on overall, diabetic as well as non-diabetic patients with Pearson correlation coefficient of 0.490 [p-value <0.001], 0.503 [p-value <0.001], and 0.392 [p-value <0.001] respectively. 
CONCLUSION: Increased Glycated Hemoglobin (HbA1c) level has positive correlation with the thrombus score in both diabetic and non-diabetic patients. Pre procedure Glycated Hemoglobin (HbA1c) level can be used as a risk stratification marker of increased thrombogenicity.
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Introduction:

Acute coronary syndrome is broadly classified into ST-segment elevation myocardial infarction (STEMI), non-STEMI and unstable angina. ACS as a whole carries a huge medical, economical and social burden around the globe [1, 2]. More than half of the cardiovascular diseases related mortality is caused by acute coronary syndrome mostly Acute Myocardial infarction [1]. To enhance the prognosis, recognition of patients at highest risk is inevitable to provide specified management and tailored cure [3]. Diabetes mellitus (DM) is included in the list of most notorious risk factors for cardiovascular diseases.

 When compared to non-diabetics it increases the cardiovascular disease risk up to eight folds of similar sex, ethnicity and age [4]. Elevated hemoglobin A1c (HbA1c) levels and high blood sugar levels are associated with increased risk of cardiovascular diseases[5].However, the surge of catecholamine due to stress of acute myocardial infarction may cause hyperglycemia [6]. So, at an initial stage of AMI, serum glucose level is not a true indicator of glycemic control prior to admission [7]. On the other hand, hemoglobin A1c (HbA1c) is less affected by the stress of AMI, as it denotes an average concentration of blood glucose over 8-12 weeks. Hence, the association between chronic control of blood sugars and clinical parameters of patients with acute MI is better evaluated by HbA1c levels. American Diabetes Association (ADA) recommends the use of HbA1c in diagnosis of diabetes mellitus [8]. HbA1c levels should be less than 7%to decrease cardiovascular complications [9]. 

T2DM patients have increased thrombogenicity of blood leading to increased complication rate and poor prognosis [10]. Similarly, the thrombus is more in quantity, have lesser tensile strength and more resistant to autolysis in patients with T2DM [11]. Even at the time of diagnosis, many patients have signs of cardiovascular disease on the background of long standing insulin resistance and endothelial cells malfunction. So, this morbidity–mortality relationship starts at initial stages of the disease process [12, 13]. STEMI patients with increased HbA1c levels show a 1.25-fold mortality risk at 30 day and 1.45-fold of long-term mortality risk [14]. Many researches have shown a correlation between HbA1c levels and severity of coronary artery disease [15]. In known diabetics, coronary artery disease is usually diagnosed at an advanced stage; however, little is known about the pre-diabetics or asymptomatic undiagnosed diabetics [16, 17].

 These observations in diabetic patients necessitate the diagnostic strategies to diagnose CAD at an initial asymptomatic stage that perhaps shows better anatomy of coronary vessel. Few researches have been conducted to know about the correlation of HbA1c levels with the severity of coronary artery disease but the data regarding thrombus burden in diabetics and non-diabetics with STEMI is scarce. So, we aimed our study to investigate the association between admission HbA1c levels and angiographic thrombus burden both in diabetic and non-diabetic patients undergoing Primary PCI.
MATERIALS AND METHODS

After the approval of ethical review committee of National Institute of Cardiovascular Disease (NICVD), Karachi, Pakistan, data was collected on pre-designed structured questionnaire. It was cross-sectional study and carried out from Jun 2018 to Jul 2019. Sample size was estimated using Open epi sample size calculator; with 95% confidence interval, 6.8% margin of error (d) and 50% of expected prevalence (p), a minimum of 210 STEMI patients. All consecutive patients including diabetics and non-diabetics undergoing Primary PCI for Acute STEMI of either gender of age 20-70 years were included in the study. Patients with old MI, underlying Chronic Kidney disease, liver disease and sepsis were excluded from the study.
Prior to inclusion the purpose, procedure, risk and benefits of the study were explained to all participants. Informed consent was taken by the principal investigator. Study related information listed on the study proforma was obtained for all enrolled patients. Patients were be considered diabetic already diagnosed according to the ADA criteria such as; HbA1c ≥ 6.5 %, FPG ≥ 7.0 mmol/l, 2h PG ≥ 11.1 mmol/l and symptoms of hyperglycaemia and random plasma glucose ≥ 11.1 mmol/l. Typical chest pain for more than 30 minutes and ST segment elevation of >1 mm in 2 consecutive leads or presumed to be new onset of left bundle branch block was considered as acute MI. Primary was performed which consists of urgent angioplasty (with or without stenting), without the previous administration of fibrinolytic therapy or platelet glycoprotein IIb/IIIa inhibitors, to open the infarct-related artery during an acute myocardial infarction with ST-segment elevation within 90 min of door to balloon time. The thrombus burden was graded as; G0 = no thrombus, G1 = possible thrombus, G2 = small [greatest dimension ≤ 1/2 vessel diameter (VD)], G3 = moderate (> 1/2 but < 2VD), G4 = large (≥ 2VD), G5 = vessel occlusion. 
Statistical package for social sciences (SPSS 21) was used for the analysis of baseline characteristics. Shapiro-Wilk test was applied to check the hypothesis of normality for quantitative (continuous) variables. Descriptive statistics such as mean ± SD, median (IQR), skewness, maximum and minimum were calculated for quantitative (continuous) variables. Frequency and percentages were calculated for categorical variables. For between the groups comparison of quantitative (continuous) variables, t-test was employed and in case quantitative (continuous) variables fail to comply with normality assumption Mann-Whitney U test was used. Chi-square test or fisher exact test were performed to evaluate the effect of effect modifiers (confounding variables) on study outcome. A two-sided p-value of less than 0.05 was taken as criteria for significance.

Results:
A total of 212 patients were included in this study with mean age of 54.62 ± 11.75 years, majority of them, 184 [86.8%], were between 41 to 80 years of age. Male patients comprise of more than three-forth, 39 [18.4%], of the study sample. More than one-third of the patients, 75 [35.4%], fall above the BMI critical value for obesity (≥ 30 kg/m2). Known diabetic cases were 82 [38.7%] with around two-third having diabetes for more than five years and 20 [24.4%] of them were insulin dependent. Baseline characteristics of the patients are presented in Table 1.

	Table 1: Baseline characteristics of the patients

	Characteristics
	Total (n = 212)

	Gender

	Male
	173 [81.6%]

	Female
	39 [18.4%]

	Age (years)

	Mean ± SD
	54.62 ± 11.75 years

	18 to 40 years
	28 [13.2%]

	41 to 80 years
	184 [86.8%]

	Body Mass Index (BMI)

	Mean ± SD
	29.24 ± 5.0 kg/m2

	Obese (≥ 30 kg/m2)
	75 [35.4%]

	Non obese (< 30 kg/m2)
	137 [64.6%]

	Blood Sugar Level

	On admission
	185.46 ± 92.82 mg/dL

	Fasting
	149.23 ± 64.21 mg/dL

	Random
	180.88 ± 87.65 mg/dL

	Diabetes Mellitus
	82 [38.7%]

	**Diabetes Status [n=82]

	Newly diagnosed
	9 [11%]

	< 5 years
	18 [22%]

	5 to 10 years
	26 [31.7%]

	> 10 years
	29 [35.4%]

	**Frequency of sugar monitoring [n=82]

	Daily
	23 [28%]

	Weekly
	13 [15.9%]

	Monthly
	19 [23.2%]

	Occasionally
	27 [32.9%]

	**Medications used for diabetes [n=82]

	Insulin
	20 [24.4%]

	OHD
	45 [54.9%]

	Both
	6 [7.3%]

	None
	11 [13.4%]


Mean Glycated Hemoglobin (HbA1c) level was found to be 7.18 ± 2.03% with 96 [45.3%] patients having HbA1c above the critical value of 6.5%. In around more than half, 118 [55.7%], patients pre-procedure thrombus score of 3 and 4 was observed indicating moderate to large thrombus, while, in 57 [26.9%] patients there was total vessel occlusion. HbA1c level and pre-procedure thrombus score are presented in Table 2.

	Table 2: HbA1c level and pre-procedure thrombus score

	Characteristics
	Total (n = 212)

	HbA1c Level

	Mean ± SD
	7.18 ± 2.03%

	Low : Less than 5.5%
	17 [8%]

	Intermediate: 5.5% to 6.5%
	99 [46.7%]

	High: 6.5% to 9.0%
	60 [28.3%]

	Very High: More than 9%
	36 [17%]

	Thrombus Score

	0 = no thrombus
	3 [1.4%]

	1 = possible thrombus
	8 [3.8%]

	2 = small [greatest dimension ≤ 1/2 vessel diameter]
	26 [12.3%]

	3 = moderate (> 1/2 but < 2VD)
	44 [20.8%]

	4 = large (≥ 2VD)
	74 [34.9%]

	5 = unable to assess TB due to vessel occlusion
	57 [26.9%]


Correlation and association between HbA1c level (%) on admission and angiographic thrombus burden in diabetic and non-diabetic patients is are presented in Table 3. A significant correlation between HbA1c level (%) and thrombus score was observed on overall, diabetic as well as non-diabetic patients with Pearson correlation coefficient of 0.490 [p-value <0.001], 0.503 [p-value <0.001], and 0.392 [p-value <0.001] respectively. Similarly, Chi-square test was significant with p-value of <0.001, 0.001, and <0.001 for total, diabetic, and non diabetic patients respectively. 

	Table 3: Correlation between HbA1c on admission and angiographic thrombus burden in diabetic and non-diabetic patients

	Thrombus Score
	Glycated Haemoglobin (HbA1c)

	
	Low
(Less than 5.5%)
	Intermediate 
(5.5% to 6.5%)
	High 
(6.5% to 9.0%)
	Very High 
(More than 9%)

	Total

	0 = no thrombus
	1 [5.9%]
	2 [2%]
	0 [0%]
	0 [0%]

	1 = possible thrombus
	4 [23.5%]
	2 [2%]
	2 [3.3%]
	0 [0%]

	2 = small [greatest dimension ≤ 1/2 vessel diameter]
	7 [41.2%]
	17 [17.2%]
	2 [3.3%]
	0 [0%]

	3 = moderate (> 1/2 but < 2VD)
	4 [23.5%]
	28 [28.3%]
	9 [15%]
	3 [8.3%]

	4 = large (≥ 2VD)
	1 [5.9%]
	36 [36.4%]
	27 [45%]
	10 [27.8%]

	5 = unable to assess TB due to vessel occlusion
	0 [0%]
	14 [14.1%]
	20 [33.3%]
	23 [63.9%]

	Correlation and association
	Chi-Square p-value < 0.001*
	Correlation = 0.490 [p-value <0.001]

	Diabetic

	0 = no thrombus
	0 [0%]
	0 [0%]
	0 [0%]
	0 [0%]

	1 = possible thrombus
	1 [25%]
	0 [0%]
	2 [5.3%]
	0 [0%]

	2 = small [greatest dimension ≤ 1/2 vessel diameter]
	1 [25%]
	0 [0%]
	2 [5.3%]
	0 [0%]

	3 = moderate (> 1/2 but < 2VD)
	2 [50%]
	3 [60%]
	4 [10.5%]
	3 [8.6%]

	4 = large (≥ 2VD)
	0 [0%]
	1 [20%]
	16 [42.1%]
	10 [28.6%]

	5 = unable to assess TB due to vessel occlusion
	0 [0%]
	1 [20%]
	14 [36.8%]
	22 [62.9%]

	Correlation and association
	Chi-Square p-value = 0.001*
	Correlation = 0.503 [p-value <0.001]

	Non-diabetic

	0 = no thrombus
	1 [7.7%]
	2 [2.1%]
	0 [0%]
	0 [0%]

	1 = possible thrombus
	3 [23.1%]
	2 [2.1%]
	0 [0%]
	0 [0%]

	2 = small [greatest dimension ≤ 1/2 vessel diameter]
	6 [46.2%]
	17 [18.1%]
	0 [0%]
	0 [0%]

	3 = moderate (> 1/2 but < 2VD)
	2 [15.4%]
	25 [26.6%]
	5 [22.7%]
	0 [0%]

	4 = large (≥ 2VD)
	1 [7.7%]
	35 [37.2%]
	11 [50%]
	0 [0%]

	5 = unable to assess TB due to vessel occlusion
	0 [0%]
	13 [13.8%]
	6 [27.3%]
	1 [100%]

	Correlation and association
	Chi-Square p-value < 0.001*
	Correlation = 0.392 [p-value <0.001]


Discussion:

Our study shows that chronic abnormalities in Blood Sugar regulations as assessed by HbA1c levels are closely related with increased thrombus burden in both diabetics and non-diabetics with Pearson correlation coefficient of  0.503 [p-value <0.001], and 0.392 [p-value <0.001] respectively. Similarly, Chi-square test was significant with p-value of 0.001, and <0.001 for diabetic and non-diabetic patients respectively. 
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This is one study, where a correlation is attempted between HbA1c levels on admission and thrombus grade in patients with STEMI undergoing Primary PCI. The present study shows that elevated as well as borderline or high normal blood sugar levels are also associated with increased predisposition to atherogenic load. Previous study clearly indicates that increased thrombus (≥ 2 VD) grade is a significant independent predictor for MACE and mortality [22] and our study indicates that 34.9% of patients with STEMI have a large thrombus of grade 4 and 26.85% have grade 5 delineating the gravity of the situation in the area. 
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An elevated HbA1c levels indicates a hyperglycemic state that causes injury to endothelial cells. Hyperglycemia enhances the production and release of endothelin and prostacyclin and lowers the NO-based vasomotor control. Blood glucose is severely toxic to endothelial cells and repair capacity is impaired, leading to the injury of endothelial cells and promotion of atherosclerosis leading to Myocardial infarction. Our study shows that all of the patients with a very high HbA1c level had thrombus grade 3 or more that further emphasizes the importance of monitoring HbA1c levels and controlling glycemic levels.

Another study shows that in non-diabetic patients with STEMI, prior disruptions in blood glucose levels, as evident by elevated HbA1c, tend to present with decreased endothelial function and increased inflammatory reactions during the acute MI. Moreover, patients with increased HbA1c have a higher long term cardiovascular risk despite of normal admission glucose level. Significantly, difference in HbA1c level of 0.5 % caused a fourfold rise in the incidence of MACE.[18] In our study,46% of patients undergoing primary PCI had an intermediate HbA1c levels from 5.5 – 6.5 at the time of admission, and there is an increase in the thrombus grade with a small rise in the HbA1c level. 
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Rivera et al. [19] studied the association between increasing levels of HbA1c and coronary plaque characteristics in asymptomatic individuals who diagnosed as non-diabetics. Unadjusted analysis showed a positive association between increasing levels of HbA1c and the number of coronary segments (p<0.0001). The association persisted even when traditional risk factors were taken into account [19].  So, measurement of HbA1c levels may improve risk assessment for cardiovascular diseases in both diabetic and non-diabetic patients.

 All these studies showing increased risks for glycemic progression and micro vascular and macro vascular complications in prediabetes strengthen the rationale for early intervention and detection of diabetes in its premature stage. There is a need to simplify screening tests for glycemic disorders so patients can be identified earlier and more efficiently. The global elevation in the incidence of diabetes and prediabetes as a result of worldwide lifestyle modifications and dietary habits are special concern to cardiologists and management of patient necessitates collaboration between cardiologists and diabetologists [20]. The initial recognition of prediabetes and good glycemic control in diabetics may also provide more appropriate knowledge of coronary lesions for revascularization and identifies people at highest risk of developing overt diabetes and CAD [21].

LIMITATIONS

Our study population consisted of males predominantly because of the demographic 
Profile of the admitted patients. 

 First, as all the patients who were enrolled in our study had proven CAD, so the results 
are valid for the high-risk group. Therefore, the diagnostic or screening thresholds obtained from high-risk people may not be generalized to lower risk population. Second, this is a cross-sectional observational study that include relatively small number of population, hence, we cannot determine the directionality of the association. Third, only one parameter was used in the study that is HBA1c and long term effects as well as any factor that can affect the level were not taken into consideration. So a long term study may be conducted for analyzing prognostic importance and outcomes with varying thresholds.

CONCLUSION
Current study demonstrated that elevated HbA1c is significantly associated with the severity of thrombus burden among both diabetic and non-diabetic patients with STEMI undergoing primary PCI. HbA1c level is a useful marker and has a prognostic value to predict the severity of thrombus grade and hence MACE .It can be a useful marker in risk stratification of non-diabetic and diabetic patients presenting with acute coronary syndrome and indicated for coronary angiography. As the association of HbA1c to cardiovascular risk after STEMI is evident before incident diabetes. This signifies the crucial need of propagating an earlier and more effective preventive measures in patients who are at risk for cardiovascular diseases.
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