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Effects of ABO/RhD Blood Types and HbA1c Levels 
on the Postoperative Cardiac Morbidity in Morbidly 
Obese Patients who Underwent Sleeve Gastrectomy

Objective: This study was designed to evaluate the impacts of high preoperative HbA1c levels and ABO and Rhesus D 
antigen (RhD) blood types on the risk of postoperative cardiac morbidity in morbidly obese patients who underwent sleeve 
gastrectomy.

Materials and Methods: In this retrospective study, 364 morbidly obese patients who underwent elective laparoscopic 
sleeve gastrectomy operation were included. Data regarding patients’ demographics, preoperative HbA1c levels (low: 4–6%, 
high: >6%), ABO/RhD blood types, cardiac complaints within the first postoperative week and serum cardiac troponin levels 
(ng/mL) in patients with postoperative cardiac complaints were recorded.

Results: The findings showed that HbA1c levels were >6.0% in 38.2% of the patients, blood type A (45.9%) was the most 
prevalent blood type, and postoperative cardiac symptoms were evident in 16.5% of patients. Patients with high and low 
HbA1c levels were similar concerning ABO/RhD blood type or rate of postoperative cardiac complaints. In patients with 
postoperative cardiac complaints, a significant positive weak correlation was noted with high troponin levels and high preop-
erative HbA1c levels (r=0.215, p=0.022).

Conclusion: In conclusion, these findings of a retrospective cohort of morbidly obese patients who underwent sleeve gas-
trectomy revealed a significant positive weak correlation between high preoperative HbA1c levels and cardiac troponin levels 
in patients with postoperative cardiac complaints, while ABO/RhD blood type was not associated with preoperative HbA1c 
levels or the likelihood of postoperative cardiac complaints.
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INTRODUCTION

Obesity is a rapidly growing public health problem associated with increased risk of many severe health problems, 
such as hypertension, cardiovascular diseases, and type 2 diabetes mellitus (DM) (1).

Given the expression of ABO antigens not only on red blood cell membranes but also on the epithelium, platelet 
and vascular endothelium, ABO antigen type has been considered likely to be involved in cardiovascular disease 
and postoperative outcomes in addition to its well-known role in determining the compatibility of transfusion 
(2). Accordingly, ABO blood type has been postulated to be associated with dyslipidemia (3), obesity (4), stroke 
(5), coronary artery disease (CAD) (6) and DM (3, 7) specifically, non-O blood groups have been associated with 
increased risk cardiovascular events including myocardial infarction (MI) (8), increased risk of thrombosis (9), pe-
ripheral vascular disease (10) and cerebral ischemia (11), while blood type B vs. type O has been considered to 
be associated with an increased risk of type 2 DM (3). Blood concentration of high-sensitivity cardiac troponin T 
(hs-cTnT) is an established and standard biomarker for predicting cardiovascular events (12) while haemoglobin 
A1c (HbA1c) reflects long-term glycemic control and is considered important not only for monitoring the clinical 
management of hyperglycemia but also as an independent predictor of increased risk of CAD in diabetic patients 
(13). Notably, a close relationship has been suggested between DM and hs-cTnT elevation in the general popula-
tion (14). The risk of coronary artery disease increases in patients with diabetes over 10 years.

The racial and ethnic disparities in the distribution of ABO blood groups in different people globally emphasize the 
relevance of population-based studies, while the relationship of ABO blood group with obesity, diabetes or CAD 
remains inconclusive with inconsistent findings reported in the literature (2, 15).

Given that surgery is a source of stress, research into the evaluation of the effects of ABO blood group and diabe-
tes on postoperative cardiac morbidity is scarce in the literature. This study was designed to investigate the effects 
of ABO/RhD blood groups and preoperative high HbA1c values on postoperative cardiac morbidity (cardiac 
complaints, unstable angina, high cardiac troponin levels, ST elevation, collapse, myocardial infarction findings 
on ECG) in morbidly obese patients who underwent sleeve gastrectomy. 
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MATERIALS and METHODS

Study Population
This study was conducted in accordance with the Declaration of 
Helsinki from 2017 to 2018 after obtaining approval from the 
Institutional Ethics Committee (Date-Decision no: 28.03.2019 - 
10/9).

A total of 364 morbidly obese (BMI >40 kg/m2) patients (mean±SD 
39.6±11.8 years, 73.1% were females) who underwent elective 
laparoscopic sleeve gastrectomy operation were included in this 
retrospective study conducted between 2017 and 2018 at a ter-
tiary care hospital. Patients with available data on preoperative 
HbA1c levels and ABO/RhD blood types and patients with dia-
betes over ten years were included in this study. Hypertension, 
smoking and hyperlipidemia comorbidity were excluded from this 
study. Patients with familial heart disease who had unstable he-
modynamics during the operation and who were transferred to 
the postoperative intensive care unit were not evaluated. Patient 
data, electronic patient data system (SARUS) and patient files were 
created by examining.

Assessments
Troponin values are not routinely measured after sleeve gastrec-
tomy. Data were recorded from patients’ demographics (age, 
gender), preoperative HbA1c levels, ABO/RhD blood types, and 
serum cardiac troponin levels (ng/mL) in patients with postopera-
tive cardiac complaints. Troponin and blood groups were evaluated 
in patients with unstable angina in the postoperative hospitaliza-
tion period (1 week) and in patients with ST elevation, collapse, 
myocardial infarction findings on ECG. ABO/RhD blood type and 
preoperative HbA1c levels (low: 4–6%, high: >6%) were analyzed 
in respect to the presence of cardiac complaints within the first 
postoperative week.

Anesthesia
Following monitoring with electrocardiography (ECG), and pe-
ripheral oxygen saturation (SpO

2
), general anesthesia was in-

duced with 2% lidocaine (1 mg/kg) intravenously to reduce the 
pain of propofol. After induction with propofol (3 mg/kg) and 
fentanyl (1 µg/kg), rocuronium (0.6 mg/kg) was administered for 
muscle relaxation. For maintenance of anesthesia, a 50% air-ox-
ygen, remifentanil (0.5 µg/kg/min) infusion and desflurane inha-
lation (1 MAC) was applied. After inserting the orogastric cath-
eter, end-tidal CO

2
 (EtCO

2
) was monitored with capnography. 

When the bispectral index (BIS) was at a level between 40–60, 
the reverse-Trendelenburg position was obtained and 15 mmHg 
intra-abdominal insufflation pressure was applied for the opera-
tion. This protocol was applied to all patients and the surgical and 
anesthesia team were the same.

Statistical Analysis
Statistical analysis was carried out using IBM SPSS Statistics for 
Windows, Version 25.0 (IBM Corp., Armonk, NY, USA). Fisher’s 
exact test, Freeman Halton test (Monte Carlo) and Pearson Chi-
Square test (Monte Carlo or Exact) were used for the comparison 
of categorical data, while numerical data were analyzed using the 
Mann-Whitney U test (Monte Carlo). Correlation analysis was per-
formed with Kendall’s tau-b test. Data were expressed as median 

(min-max) and n (%) where appropriate. A value of p<0.05 was 
considered statistically significant.

RESULTS

Overall, HbA1c levels were 4.0–6.0% in 225 (61.8%) patients 
and >6.0% in 139 (38.2%) patients. Blood type A (45.9%) was 
the most prevalent blood type, followed by blood type O (33.5%), 
and 90.9% of patients were RhD-positive. RhD-negative rates per 
blood type were 4.7%, 1.6%, 0.8% and 1.9% for A, B, AB and 
O blood types, respectively. Postoperative cardiac symptoms were 
evident in 60 (16.5%) patients (Table 1). In patients with postop-
erative cardiac complaints, a significant positive weak correlation 
was found in the relationship between high HbA1c levels and high 
postoperative troponin levels (r=0.215, p=0.022) (Table 2). No 
significant difference was noted in ABO/RhD blood types between 
patients with cardiac complaints in the preoperative high vs. low 
HbA1c groups (Table 3).

Table 1. Baseline characteristics (n=364)

		  n	 %

Age (year), mean±SD– 

median (min/max)		  39.6±11.9–39 (17/69)

Gender

	 Female	 266	 73.1

	 Male	 98	 26.9

Preoperative HbA1c

	 4.0–6.0	 225	 61.8

	 >6.0	 139	 38.2

ABO blood grouping

	 0	 122	 33.5

	 A	 167	 45.9

	 AB	 26	 7.1

	 B	 59	 16.2

Blood type

	 0-	 7	 1.9

	 0+	 105	 28.8

	 A-	 17	 4.7

	 A+	 150	 41.2

	 AB-	 3	 0.8

	 AB+	 23	 6.3

	 B-	 6	 1.6

	 B+	 53	 14.6

Rh factor

	 Rh-	 33	 9.1

	 Rh+	 331	 90.9

Postoperative cardiac complaints

	 No 	 304	 83.5

	 Yes 	 60	 16.5

SD: Standard deviation
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DISCUSSION

These findings of a retrospective cohort of morbidly obese patients 
who underwent sleeve gastrectomy revealed preoperatively high 
HbA1c (>6.0%) levels in 38.2% of patients, blood type A in 45.9% 
of patients and the presence of cardiac complaints within the first 
postoperative week in 16.5% of patients. No significant associa-
tion of ABO/RhD blood type was noted of postoperative cardi-
ac complaints. A significant positive weak correlation was noted 
between high preoperative HbA1c levels and troponin levels in 
patients with postoperative cardiac complaints.

The positive weak correlation of high preoperative HbA1c levels 

with age and with cardiac troponin levels in patients with postop-
erative cardiac complaints in this study supports the findings from a 
previous study of patients with type 2 DM, which indicated signifi-
cantly higher age and HbA1c levels in those with a detectable ele-
vation of hs-cTnT levels compared to those without elevated levels 
(12). A significant association of elevated cardiac troponin blood 
concentrations with markers of glycemic control (fasting blood glu-
cose, HbA1c levels) has also been reported in other studies (16). In 
addition, a significant increase in cardiac troponin I (cTnI) levels has 
been reported in diabetic patients compared to a healthy control 
group as well as in diabetic patients with vs. without ischemic heart 
disease or hypertension and a strong positive correlation between 
the duration of diabetes and the serum levels of cTnI (17).

Given that cardiac troponin is an extremely sensitive specific 
biomarker of myocardial necrosis and MI (13), the current study 
findings seem to emphasize the adverse impacts of poor glyce-
mic control on the development of myocardial damage, which 
has been suggested to occur via dysfunction of the microcircula-
tion, increased oxidative stress, or other pathways (12, 18). Stress 
hormones due to surgical stress in non-cardiac surgery can cause 
myocardial damage (19). Insulin resistance and oxidative stress 
are among the causes of vascular aging (20). In this study, we did 
not find a significant difference in the preoperative HbA1c groups 
concerning troponin levels. However, a significant positive weak 
correlation between cardiac complaints and troponin and preoper-
ative HbA1c levels may be due to surgical stress.

In this cohort of morbidly obese patients, including patients with 
type 2 diabetes for at least 10 years, ABO blood grouping revealed 
blood type A (45.9%) to be the most prevalent type, followed by 
blood type O (33.5%), B (16.2%) and AB (7.1%), and 90.9% of 
patients were RhD-positive. This seems consistent with the pre-
viously reported distribution of ABO blood groups in Turkish pa-
tients with acute ST elevation MI and healthy subjects, including 
similar rates for A (43.1 vs 44.3%), O (31.1 vs. 28.1%), B (15.1 
vs. 15.3%) and AB (10.7 vs. 12.3%) in patients versus a control 
group, in accordance with the official data from the general Turk-
ish population (21). Similarly, in an analysis of ABO blood group 
distribution of 238 patients with CAD in the general population, 
the authors reported rates for blood types A, O, B and AB to be 
47.6%, 30.1% 14.6% and 7.5%, respectively, and RhD positivity 
in 90.3% of patients (22). In addition, blood group A was report-
ed to be higher in Turkish patients with type 2 DM compared to 
control subjects (23).

In an analysis of ABO/RhD blood types in a study with 3.815 pa-
tients with chronic heart failure in the USA, the authors reported 
ABO blood type distribution (A 40%, O 33%, B 20%, AB 8%) 
and RhD-negative per blood type (A 10%, B 9%, AB 10%, and 
O 7%) in the heart failure population to be similar to that of the 
general national population, while RhD-negative was reported to 
be associated with a worse prognosis in patients with ischemic car-
diomyopathy (24).

RhD-negative per blood type (A 4.7%, B 1.6%, AB 0.8%, and O 
1.9%) rates were much lower in the current study cohort together 
with similar RhD status in respect of high vs. low preoperative 
HbA1c levels and the presence or absence of postoperative cardiac 
complaints.

Table 2. ABO/RhD blood type and postoperative cardiac complaints 

in patients with low vs. high preoperative HbA1c levels

HbA1c values		 Preoperative Hb-A1c levels 
ABO/RhD blood type

		  Low (4–6%)	 High (>6%)	 p

Age (year), median 

(min/max)	 35 (17/64)	 44 (19/69)	 <0.0011

Preoperative HbA1c (%)

	 4.0–6.0	 –	 –	
–

	 >6.0	 –	 –	

ABO types, n (%)

	 0	 69 (30.7)	 43 (30.9)

	 A	 104 (46.2)	 63 (45.3)	
0.7432

	 AB	 17 (7.6)	 9 (6.5)

	 B	 35 (15.6)	 24 (17.3)

Blood type, n (%)

	 0-	 6 (2.7)	 1 (0.7)

	 0+	 63 (28.0)	 42 (30.2)	

	 A-	 12 (5.3)	 5 (3.6)	

	 A+	 92 (40.9)	 58 (41.7)	
0.9573

	 AB-	 2 (0.9)	 1 (0.7)	

	 AB+	 15 (6.7)	 8 (5.8)	

	 B-	 2 (0.9)	 4 (2.9)	

	 B+	 33 (14.7)	 20 (14.4)	

RhD factor status

	 Rh-	 22 (9.8)	 11 (7.9)	 0.5803

	 Rh+	 203 (90.2)	 128 (92.1)

Postoperative 

cardiac complaint

	 No 	 193 (85.8)	 111 (79.9)	 0.1483

	 Yes 	 32 (14.2)	 28 (20.1)	

Troponin, median(min/max) 

in pa-tients with cardiac 

complaints	 3.38 (3/448)	 5.68 (3/138.1)	 0.0521

1: Mann-Whitney U Test (Monte Carlo); 2: Freeman Halton Test (Monte Carlo); 3: 

Pearson Chi-Square Test (Monte Carlo or Exact)
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Therefore, the lack of a significant association of ABO blood 
groups with preoperative HbA1c levels or postoperative cardiac 
risk in morbidly obese patients seems to support the view that 
ABO blood group might not be significantly associated with car-
diovascular risk factors, CAD and MI (21).

In fact, the distribution pattern of ABO blood groups in the Cau-
casian population worldwide is considered to involve blood type 
O (44.0%) as the most prevalent blood group, followed by group 
A (43%) group B (9%) and group AB (4%) (2), while blood group 
O has been reported to be the most common blood type in obese 
individuals (44.7%), followed by A (30%), B (20%), and AB (5.3%) 
groups (25).

Although no statistically significant differences have been reported 
between different ABO/RhD blood types in respect of overweight 
or obesity (25), it should be noted that blood type A was the most 
prevalent blood group in the current study cohort of morbidly 
obese patients, which seems to differ from the rates reported in 
the healthy or obese Caucasian population (2, 25).

A higher prevalence of blood type A in the general population has 
been reported in other studies (21–23) and seems notable given 
the association of blood type A with higher levels of cholesterol 
and low-density lipoprotein and increased risk of CAD or MI (2, 
21, 26–28) as well as with higher baseline troponin T and creatine 
kinase-MB (CK-MB) index and post-interventional CK-MB index in 
patients who have undergone percutaneous coronary intervention 

(29). However, the association of ABO blood group with cardio-
vascular risk and mortality remains inconclusive (2) given that re-
ported studies also involve the association of blood type O (30) or 
AB (11) with a higher risk of CAD or no association between blood 
type and CAD (31). Indeed, it has been emphasized that there is a 
risk of bias due to studying the association of MI and ABO blood 
group only in survivors of hospital-admitted MI, together with a 
lack of clarity on which ABO phenotypes or genotypes increase 
CAD and/or MI risk (2). The limiting aspect of this study was the 
lack of postoperative troponin values in all patients due to its ret-
rospective nature.

CONCLUSION

In conclusion, these findings of a retrospective cohort of morbid-
ly obese patients who underwent sleeve gastrectomy revealed a 
significant positive weak correlation between high preoperative 
HbA1c levels and cardiac troponin levels in patients with post-
operative cardiac complaints, while ABO/RhD blood type was 
not associated with preoperative HbA1c levels or the likelihood 
of postoperative cardiac complaints. Blood type A was the most 
prevalent blood type, which was consistent with the official data 
from the general population. Future prospective larger-scale stud-
ies with healthy individuals, as well as patients at risk of coronary 
atherosclerosis, are needed to more appropriately address the as-
sociation of ABO blood group distribution with the development or 
prognosis of cardiac morbidity.

Table 3. ABO/RhD blood types according to postoperative cardiac status in patients with low vs. high preoperative HbA1c levels

ABO/RhD blood types 				    Preoperative HbA1c level

			  Low (4.0–6.0 %) Cardiac symptoms					     High (>6%) Cardiac symptoms		  p

		  No (n=193)		  Yes (n=32)		  No (n=111)		  Yes (n=28)

		  n	 %	 n	 %	 n	 %	 n	 %

ABO blood grouping

	 0	 57	 82.6	 12	 17.4	 35	 81.4	 8	 18.6	 0.9991

	 A	 88	 84.6	 16	 15.4	 48	 76.2	 15	 23.8	 0.2181

	 AB	 17	 100.0	 0	 0.0	 7	 77.8	 2	 22.2	 0.1112

	 B	 31	 88.6	 4	 11.4	 21	 87.5	 3	 12.5	 0.9991

Blood type

	 0-	 5	 83.3	 1	 16.7	 1	 100.0	 0	 0.0	 –

	 0+	 52	 82.5	 11	 17.5	 34	 81.0	 8	 19.0	 0.9991

	 A-	 8	 66.7	 4	 33.3	 4	 80.0	 1	 20.0	 0.5282

	 A+	 80	 87.0	 12	 13.0	 44	 75.9	 14	 24.1	 0.1201

	 AB-	 2	 100.0	 0	 0.0	 1	 100.0	 0	 0.0	 –

	 AB+	 15	 100.0	 0	 0.0	 6	 75.0	 2	 25.0	 0.1112

	 B-	 2	 100.0	 0	 0.0	 4	 100.0	 0	 0.0	 –

	 B+	 29	 87.9	 4	 12.1	 17	 85.0	 3	 15.0	 0.9991

RhD factor status

	 Rh-	 17	 77.3	 5	 22.7	 10	 90.9	 1	 9.1	 0.6371

	 Rh+	 176	 86.7	 27	 13.3	 101	 78.9	 27	 21.1	 0.0681

1: Pearson Chi-Square Test (Exact); 2: Fisher Exact Test (Exact)



Görgülü and Koşar. The Relationship of HbA1c with the Cardiac MorbidityErciyes Med J 2020; 42(4): 395–9 399

Ethics Committee Approval: This study was conducted in accordance 
with the ethical principles stated in the “Declaration of Helsinki” and per-
mission was obtained from Ethics Committee of Antalya Training and Re-
search Hospital for the use of patient data for publication purposes (date: 
28.03.2019, number: 10/9).

Peer-review: Externally peer-reviewed.

Author Contributions: Concept – ÖG; Design – MNK; Supervision – 
ÖG; Resource – MNK; Materials – ÖG; Data Collection and/or Processing 
– MNK; Analysis and/or Interpretation – MNK; Literature Search – ÖG; 
Writing – ÖG; Critical Reviews – MNK.

Conflict of Interest: The authors have no conflict of interest to declare.

Financial Disclosure: The authors declared that this study has received 
no financial support.

REFERENCES

1.	 Agha M, Agha R. The rising prevalence of obesity: part A: impact on 
public health. Int J Surg Oncol (N Y) 2017; 2(7): e17. [CrossRef]

2.	 Zhou S, Welsby I. Is ABO blood group truly a risk factor for thrombosis 
and adverse outcomes?. World J Cardiol 2014; 6(9): 985–92. [CrossRef]

3.	 Meo SA, Rouq FA, Suraya F, Zaidi SZ. Association of ABO and Rh 
blood groups with type 2 diabetes mellitus. Eur Rev Med Pharmacol Sci 
2016; 20(2): 237–42.

4.	 Chandra T, Gupta A. Association and Distribution of Hypertension, 
Obesity and ABO Blood groups in Blood Donors. Iran J Ped Hematol 
Oncol 2012; 2(4): 140–5.

5.	 Zakai NA, Judd SE, Alexander K, McClure LA, Kissela BM, Howard 
G, et al. ABO blood type and stroke risk: the REasons for Geographic 
And Racial Differences in Stroke Study. J Thromb Haemost 2014; 
12(4): 564–70. [CrossRef]

6.	 He M, Wolpin B, Rexrode K, Manson JE, Rimm E, Hu FB, et al. ABO 
blood group and risk of coronary heart disease in two prospective co-
hort studies. Arterioscler Thromb Vasc Biol 2012; 32(9): 2314–20. 

7.	 Qi L, Cornelis MC, Kraft P, Jensen M, van Dam RM, Sun Q, et al. 
Genetic variants in ABO blood group region, plasma soluble E-selec-
tin levels and risk of type 2 diabetes. Hum Mol Genet 2010; 19(9): 
1856–62. [CrossRef]

8.	 Reilly MP, Li M, He J, Ferguson JF, Stylianou IM, Mehta NN, et al. 
Identification of ADAMTS7 as a novel locus for coronary atherosclero-
sis and association of ABO with myocardial infarction in the presence 
of coronary atherosclerosis: two genome-wide association studies. Lan-
cet 2011; 377(9763): 383–92. [CrossRef]

9.	 Astarcıoğlu MA, Kalçık M, Yesin M, Gürsoy MO, Şen T, Karakoyun S, 
et al. AB0 blood types: impact on development of prosthetic mechani-
cal valve thrombosis. Anatol J Cardiol 2016; 16(11): 820–3. [CrossRef]

10.	Garrison RJ, Havlik RJ, Harris RB, Feinleib M, Kannel WB, Padgett 
SJ. ABO blood group and cardiovacular disease: the Framingham 
study. Atherosclerosis 1976; 25(2-3): 311–8. [CrossRef]

11.	Clark P, Meiklejohn DJ, O’Sullivan A, Vickers MA, Greaves M. The 
relationships of ABO, Lewis and Secretor blood groups with cerebral 
ischaemia of arterial origin. J Thromb Haemost 2005; 3(9): 2105–8.

12.	Hitsumoto T. Factors Associated with High-sensitivity Cardiac Tropo-
nin T in Patients with Type 2 Diabetes Mellitus. J Nippon Med Sch 
2015; 82(6): 274–80. [CrossRef]

13.	Selvin E, Coresh J, Golden SH, Brancati FL, Folsom AR, Steffes MW. 
Glycemic control and coronary heart disease risk in persons with and 
without diabetes: the atherosclerosis risk in communities study. Arch 

Intern Med 2005; 165(16): 1910–6. [CrossRef]

14.	Wallace TW, Abdullah SM, Drazner MH, Das SR, Khera A, McGuire 
DK, et al. Prevalence and determinants of troponin T elevation in the 
general population. Circulation 2006; 113(16): 1958–65. [CrossRef]

15.	Smith S, Okai I, Abaidoo CS, Acheampong E. Association of ABO 
Blood Group and Body Mass Index: A Cross-Sectional Study from a 
Ghanaian Population. J Nutr Metab 2018; 2018: 8050152. [CrossRef]

16.	Selvin E, Lazo M, Chen Y, Shen L, Rubin J, McEvoy JW, et al. Di-
abetes mellitus, prediabetes, and incidence of subclinical myocardial 
damage. Circulation 2014; 130(16): 1374–82. [CrossRef]

17.	Karar T, Elfaki EM, Qureshi S. Determination of the serum levels of 
troponin I and creatinine among Sudanese type 2 diabetes mellitus 
patients. J Nat Sci Biol Med 2015; 6(Suppl 1): S80–4. [CrossRef]

18.	Cai L, Wang Y, Zhou G, Chen T, Song Y, Li X, et al. Attenuation by 
metallothionein of early cardiac cell death via suppression of mitochon-
drial oxidative stress results in a prevention of diabetic cardiomyopathy. 
J Am Coll Cardiol 2006; 48(8): 1688–97. [CrossRef]

19.	Mahla E, Tiesenhausen K, Rehak P, Fruhwald S, Pürstner P, Metzler 
H. Perioperative myocardial cell injury: the relationship between tropo-
nin T and cortisol. J Clin Anesth 2000; 12(3): 208–12. [CrossRef]

20.	Yu J, Sun H, Shang F, Wu H, Shi H, Ren L, et al. Association Be-
tween Glucose Metabolism And Vascular Aging In Chinese Adults: A 
Cross-Sectional Analysis In The Tianning Cohort Study. Clin Interv 
Aging 2019; 14: 1937–46. [CrossRef]

21.	Sari I, Ozer O, Davutoglu V, Gorgulu S, Eren M, Aksoy M. ABO blood 
group distribution and major cardiovascular risk factors in patients with 
acute myocardial infarction. Blood Coagul Fibrinolysis 2008; 19(3): 
231–4. [CrossRef]

22.	Carpeggiani C, Coceani M, Landi P, Michelassi C, L’abbate A. ABO 
blood group alleles: A risk factor for coronary artery disease. An angio-
graphic study. Atherosclerosis 2010; 211(2): 461–6. [CrossRef]

23.	Oner C, Dogan B, Telatar B, Celik Yagan CF, Oguz A. Frequency of 
ABO/Rhesus Blood Groups in Patients with Diabetes Mellitus. J Coll 
Physicians Surg Pak 2016; 26(1): 74–5.

24.	Gotsman I, Keren A, Zwas DR, Lotan C, Admon D. Clinical Impact 
of ABO and Rhesus D Blood Type Groups in Patients With Chronic 
Heart Failure. Am J Cardiol 2018; 122(3): 413–9. [CrossRef]

25.	Aboel-Fetoh NM, Alanazi AR, Alanazi AS, Alruwili AN. ABO blood 
groups and risk for obesity in Arar, Northern Saudi Arabia. J Egypt 
Public Health Assoc 2016; 91(4): 169–73.

26.	George VT, Elston RC, Amos CI, Ward LJ, Berenson GS. Association 
between polymorphic blood markers and risk factors for cardiovascular 
disease in a large pedigree. Genet Epidemiol 1987; 4(4): 267–75.

27.	Lee HF, Lin YC, Lin CP, Wang CL, Chang CJ, Hsu LA. Association of 
blood group A with coronary ar-tery disease in young adults in Taiwan. 
Intern Med 2012; 51(14): 1815–20. [CrossRef]

28.	Whincup PH, Cook DG, Phillips AN, Shaper AG. ABO blood group 
and ischaemic heart disease in British men. BMJ 1990; 300(6741): 
1679–82. [CrossRef]

29.	Timur AA, Barnard J, Murugesan G, Gandhi S, Bhatt DL, Kottke-March-
ant K. The relation between ABO blood types and clinical and platelet 
function parameters in patients who underwent percutaneous coronary 
intervention. Coron Artery Dis 2019; 30(1): 51–8. [CrossRef]

30.	Biswas S, Ghoshal PK, Halder B, Mandal N. Distribution of ABO blood 
group and major cardiovascular risk factors with coronary heart dis-
ease. Biomed Res Int 2013; 2013: 782941.

31.	Amirzadegan A, Salarifar M, Sadeghian S, Davoodi G, Darabian C, 
Goodarzynejad H. Correlation between ABO blood groups, major risk 
factors, and coronary artery disease. Int J Cardiol 2006; 110(2): 256–8.

https://doi.org/10.1097/IJ9.0000000000000017
https://doi.org/10.4330/wjc.v6.i9.985
https://doi.org/10.1111/jth.12507
https://doi.org/10.1161/ATVBAHA.112.248757
https://doi.org/10.1093/hmg/ddq057
https://doi.org/10.1016/S0140-6736(10)61996-4
https://doi.org/10.14744/AnatolJCardiol.2016.6544
https://doi.org/10.1016/0021-9150(76)90036-8
https://doi.org/10.1111/j.1538-7836.2005.01535.x
https://doi.org/10.1272/jnms.82.274
https://doi.org/10.1001/archinte.165.16.1910
https://doi.org/10.1161/CIRCULATIONAHA.105.609974
https://doi.org/10.1155/2018/8050152
https://doi.org/10.1161/CIRCULATIONAHA.114.010815
https://doi.org/10.4103/0976-9668.166092
https://doi.org/10.1016/j.jacc.2006.07.022
https://doi.org/10.1016/S0952-8180(00)00150-1
https://doi.org/10.2147/CIA.S223690
https://doi.org/10.1097/MBC.0b013e3282f54522
https://doi.org/10.1016/j.atherosclerosis.2010.03.012
https://doi.org/10.1016/j.amjcard.2018.04.018
https://doi.org/10.1002/gepi.1370040405
https://doi.org/10.2169/internalmedicine.51.7173
https://doi.org/10.1136/bmj.300.6741.1679
https://doi.org/10.1097/MCA.0000000000000676
https://doi.org/10.1155/2013/782941
https://doi.org/10.1016/j.ijcard.2005.06.058



