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Abstract
Background  The risk of bleeding associated with antiplatelet therapy in patients with coronary artery disease (CAD) 
has received a lot of attention. The aim of this study was to investigate the relationship between ABO blood system 
and low on-treatment platelet reactivity (LTPR) in patients with CAD and type 2 diabetes mellitus (T2DM).

Methods  This study examined 10,724 consecutive patients who received percutaneous coronary intervention in 
China between January and December in 2013 and applied logistic regression to assess the association between 
ABO blood types and LTPR. These patients who were diagnosed with T2DM, had thromboelastogram (TEG) results 
and were administered clopidogrel were ultimately enrolled. LTPR is defined by a platelet maximum amplitude of 
< 31 mm on TEG, induced by adenosine diphosphate.

Results  Among 3,039 patients (mean age, 59.35 ± 9.89; male, 74.60%), 1,089 (35.83%) presented with LTPR. 
Multivariate logistic regression revealed that blood type O was independently related to higher odds of LTPR (OR 
O vs. Non−O: 1.298, 95% CI 1.099–1.534) and that blood type A was independently related to lower odds of LTPR (OR 
A vs. Non−A: 0.804, 95% CI 0.674–0.958). For further analysis, multivariate logistic regression revealed that, compared to 
blood type A, type O was independently related to higher odds of LTPR (OR O vs. A: 1.409, 95% CI 1.147–1.729).
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Background
There is a close relationship between type 2 diabetes 
mellitus (T2DM) and coronary artery disease (CAD), 
both of which are becoming increasingly prevalent 
[1]. Patients with both CAD and T2DM are typically 
associated with worse clinical outcomes [2]. Previ-
ous studies indicated that CAD patients with T2DM 
have higher odds of bleeding complications, which are 
strongly linked to increased mortality [3, 4]. There-
fore, identifying risk factors and understanding the 
mechanisms underlying the high bleeding risk in CAD 
patients with comorbid T2DM is crucial. Platelet reac-
tivity is considered a key factor in assessing the like-
lihood of hemostasis and thrombosis, with notable 
variability among CAD patients treated with clopido-
grel [5]. Low on-treatment platelet reactivity (LTPR) 
has been identified as a factor which could cause 
higher risk of bleeding for patients [6]. Clopidogrel-
related platelet reactivity is affected by several factors, 
such as genetic and nongenetic determinants such as 
drug interactions, comorbidities, and age. However, 
the precise determinants in CAD patients with T2DM 
remain unclear [7].

Everyone has an ABO blood type, which has 
emerged as an important factor in various diseases, 
including cardiovascular diseases, cancer and hemato-
logic disorders [8]. Studies suggested that blood type 
O patients may have prolonged bleeding times and 
were more prone to bleeding [9]. Another systematic 
review revealed that blood type O patients had a small 
but significantly increased risk of bleeding events, 
including gastrointestinal, intracranial, mucosal bleed-
ing, and other complications [10, 11]. However, the 
association between ABO blood types and clopido-
grel-related platelet reactivity has been studied in few 
studies.

This study demonstrated the influence of ABO blood 
types on clopidogrel-related platelet reactivity in a 
large group of patients with T2DM undergoing percu-
taneous coronary intervention (PCI). These findings 
may offer valuable mechanistic insights and inform 
future clinical application.

Methods
Study population
A total of 10,724 patients undergoing PCI at Fu Wai 
Hospital from January to December in 2013 were 

included in this prospective, single-center, observa-
tional study. Of these, TEG test results were available 
for 6,784 patients. According to the Guidelines for 
the Prevention and Treatment of Diabetes in China, 
T2DM was defined as follows [12]. After selecting 
patients with T2DM and excluding those treated with 
ticagrelor or missing ABO blood type data, the study 
eventually enrolled a total of 3,039 patients (Fig. 1).

All participants were administered aspirin and clopi-
dogrel before PCI. Those who were not on antiplate-
let therapy prior to the procedure were given a loading 
dose of 300 mg of aspirin and 300 to 600 mg of clopi-
dogrel. Written informed consent was provided by 
each participant before the study, and the study pro-
tocol was approved by the Ethics Committee of Fuwai 
Hospital (approval number: 2013 − 449).

Laboratory measurements
Within 24  h of admission, blood samples were taken 
from all patients after an overnight fast. Biochemi-
cal markers, including total cholesterol (TC), low-
density lipoprotein cholesterol (LDL-C), triglycerides, 
high-density lipoprotein cholesterol (HDL-C), glu-
cose, and estimated glomerular filtration rate (eGFR), 
were measured using an automated biochemical ana-
lyzer (LABOSPECT 008, HITACHI, Japan). Leukocyte 
count and hemoglobin levels were determined with a 
Sysmex XN 2000 automated blood cell counter (Sys-
mex Corporation, Kobe, Japan). ABO blood type was 
determined using standard agglutination techniques.

Platelet reactivity determination and definition
Platelet reactivity was assessed using adenosine 
diphosphate-induced maximum amplitude via throm-
boelastogram (TEG), which reflects clot strength after 
P2Y12 receptor antagonist administration. Venous 
blood samples were taken from patients in the supine 
position on the morning after PCI for the point-of-
care TEG analysis. TEG parameters were measured 
using the TEG@5,000 thromboelastograph hemostasis 
system (American Hemoscope Corporation). Based on 
established definitions, LTPR is defined by a platelet 
maximum amplitude of < 31 mm on TEG, induced by 
adenosine diphosphate [13].

Conclusions  This study reported that in patients with CAD and T2DM, blood type O was independently associated 
with higher odds of LTPR, indicating a greater likelihood of bleeding, while blood type A was independently related to 
lower odds of LTPR, suggesting a reduced likelihood of bleeding.

Keywords  Platelet function tests, ABO blood-group system, Percutaneous coronary intervention, Diabetes mellitus, 
Bleeding
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Statistical analysis
All Continuous variables are presented as mean ± stan-
dard deviation for data because of the normal distri-
bution, while categorical variables are presented as 
frequencies (percentages). The independent t-test or 
Wilcoxon test compared continuous variables, and the 
Chi-square or Fisher’s exact test was chosen to com-
pare these categorical variables between the LTPR and 
non-LTPR groups.

Univariate logistic regression was used to identify 
factors related to LTPR. Based on significant vari-
ables from the univariate analysis, multivariate logis-
tic regression was performed to assess the association 
between ABO blood types and LTPR. The impact of 
ABO blood types on LTPR across different subgroups 
was evaluated using multivariate logistic regression 
with tests for interaction. Statistical significance was 
defined as a two-sided P value < 0.05. All analyses 
were performed using SPSS version 26.0 (IBM Corp., 
Armonk, NY, USA).

Results
Baseline characteristics
In total, 3,039 PCI patients with comorbid T2DM 
(mean age 59.35 ± 9.89 years; 74.60% male) treated with 
clopidogrel were included in the analysis. The average 
adenosine diphosphate-induced maximum amplitude 

(MA(ADP)) measured by TEG was 37.00 ± 17.81  mm. 
Based on the MA(ADP) values, 1,089 (35.83%) patients 
presented LTPR, while 1,950 (64.17%) presented non-
LTPR. The ABO blood type distribution was as fol-
lows: 896 (29.48%) type O, 834 (27.44%) type A, 999 
(32.87%) type B, and 310 (10.20%) type AB.

There were statistically significant differences in sex, 
age, MA(ADP), smoking history, acute coronary syn-
drome (ACS), hypertension, prior myocardial infarc-
tion (MI), prior PCI, hemoglobin (HB), platelet count 
(PLT), LDL-C, TC, eGFR, O/non-O, A/non-A, and 
blood model between the LTPR and non-LTPR (all 
P < 0.05). For other indicators, there were no signifi-
cant differences (all P > 0.05) (Table 1).

Relationship between ABO blood types and LTPR
A total of 357 (32.78%) patients with blood type O, 
261 (23.97%) with type A, 364 (33.43%) with type B, 
and 107 (9.83%) with type AB presented with LTPR. 
In the O/non-O model, after adjusting for signifi-
cant variables identified in the univariate analysis 
(Table  2), the multivariate logistic regression model 
showed that blood type O was independently related 
to LTPR (adjusted OR O vs. non−O: 1.298, 95% CI 1.099–
1.534,  P= 0.002). Additionally, HB, PLT, and ACS were 
also independently associated with LTPR (all P< 0.05) 
(Table 3).

Fig. 1  Study flow chart. PCI, percutaneous coronary intervention
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Parameter LTPR
(N = 1089)

Non-LTPR
(N = 1950)

P-value

Sex [male, n(%)] 898 (82.46) 1369 (70.21) < 0.001
Age, year 58.574 ± 9.723 59.787 ± 9.966 0.001
BMI, kg/m2 26.288 ± 3.345 26.369 ± 3.044 0.493
MA(ADP), mm 16.878 ± 9.065 48.242 ± 9.803 < 0.001
Smoking history, n (%) 681 (62.53) 1042 (53.44) < 0.001
ACS, n (%) 557 (51.15) 1119 (57.38) < 0.001
Hyperlipidemia, n (%) 787 (72.27) 1437 (73.69) 0.396
Hypertension, n (%) 735 (67.49) 1399 (71.74) 0.014
COPD, n (%) 25 (2.30) 37 (1.90) 0.457
Family history of CHD, n (%) 268 (24.61) 474 (24.31) 0.842
Cerebrovascular disease history, n (%) 125 (11.48) 250 (12.82) 0.281
Peripheral vascular disease, n (%) 46 (4.22) 68 (3.49) 0.305
Prior myocardial infarction, n (%) 257 (23.60) 388 (19.90) 0.017
Prior PCI, n (%) 336 (30.85) 517 (26.51) 0.011
Prior CABG, n (%) 58 (5.33) 94 (4.82) 0.540
LVEF, % 62.657 ± 7.261 62.467 ± 7.439 0.496
Hemoglobin, g/L 146.271 ± 14.677 139.650 ± 15.459 < 0.001
PLT, 109/L 198.386 ± 55.648 207.777 ± 56.909 < 0.001
MPV, fL 10.687 ± 0.929 10.658 ± 0.938 0.417
LDL-C, mmol/L 2.385 ± 0.866 2.521 ± 0.915 < 0.001
HDL-C, mmol/L 1.017 ± 0.266 1.012 ± 0.263 0.597
TC, mmol/L 4.089 ± 1.040 4.245 ± 1.117 < 0.001
Triglyceride, mmol/L 1.852 ± 1.183 1.868 ± 1.163 0.713
Glucose, mmol/L 7.150 ± 2.243 7.303 ± 2.417 0.085
Glycosylated hemoglobin, % 7.436 ± 1.221 7.521 ± 1.312 0.078
eGFR, ml/min 91.235 ± 15.025 90.048 ± 15.787 0.043
The duration of DM, year 7.876 ± 6.234 8.082 ± 6.159 0.484
Use of hypoglycemic drugs, n (%) 555 (50.96) 1041 (53.38) 0.547
The type of drugs
Insulin, n (%) 234 (21.49) 483 (24.77) 0.169
Metformin, n (%) 205 (18.82) 354 (18.15) 0.177
Alpha-glucosidase inhibitors, n (%) 151 (13.87) 268 (13.74) 0.427
Sulfonylureas, n (%) 104 (9.55) 164 (8.41) 0.102
Non-sulfonylurea insulin secretagogues, n (%) 46 (4.22) 85 (4.36) 0.863
Thiazolidinediones, n (%) 8 (0.76) 9 (0.46) 0.271
Blood model, n (%) <0.001
O 357 (32.78) 539 (27.60)
A 261 (23.97) 203 (10.40)
B 364 (33.43) 635 (32.60)
AB 107 (9.83) 203 (10.40)
O/non-O model, n (%) 0.003
O 357 (32.78) 539 (27.64)
Non-O 732 (67.22) 1411 (72.36)
A/non-A model, n (%) 0.001
A 261 (23.97) 573 (29.38)
Non-A 828 (76.03) 1377 (70.62)
B/non-B model, n (%) 0.628
B 364 (33.43) 635 (32.56)
Non-B 725 (66.57) 1315 (67.44)
AB/non-AB model, n (%) 0.610

Table 1  Baseline characteristics of patients according to platelet reactivity
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In the A/non-A model, after adjusting for signifi-
cant variables identified in the univariate model analy-
sis (Table  2), multivariate logistic regression reported 
that blood type A was independently related to LTPR 
(adjusted OR A vs. non−A: 0.804, 95% CI 0.674–0.958, 
P = 0.015). In additional, HB, PLT, and ACS were also 
independently associated with LTPR (all P < 0.05) 
(Table 3).

In the B/non-B and AB/non-AB model, after adjust-
ing for significant variables identified in the univariate 
analysis, multivariate logistic regression revealed that 
blood types B and AB were not related to the LTPR (all 
P > 0.05) (Table 4).

We further subdivided non-A blood types into O, B 
and AB. Compared with type A, only type O was inde-
pendently related to LTPR (adjusted OR O vs. A: 1.409, 
95% CI 1.147–1.729, P = 0.001). Additionally, HB, PLT, 
and ACS were independently associated with LTPR 
(all P < 0.05). In comparison with blood type O, both 
type A and type B were independently associated with 
LTPR (adjusted OR A vs. O: 0.710, 95% CI 0.578–0.872, 
P = 0.001; adjusted OR B vs. O: 0.823, 95% CI 0.679–
0.998, P = 0.047). HB, PLT, and ACS remained inde-
pendently associated with LTPR in these comparisons 
(all P < 0.05) (Table 5).

Subgroup analysis
In the subgroup analysis, we investigated the interac-
tions of blood type O and type A with LTPR, strati-
fied by potential risk factors for age, sex, ACS, and 
hypertension.

In the O/non-O model, the association between 
blood type O and LTPR was not significant for age, 
sex, ACS, or hypertension (All P for interaction > 0.05). 
Similarly, in the A/non-A model, the relationship 
between blood type A and LTPR was not significant 
for age, sex, ACS, or hypertension (All P for interac-
tion > 0.05) (Fig. 2).

In ABO blood model 1, compared with blood type A, 
the association between blood type O and LTPR was 
not significant for age, sex, ACS, or hypertension (All 
P for interaction > 0.05). (Fig. 3).

In conclusion, after adjusting for potential confound-
ers, no significant interactions were found between 
blood type O, type A and the subgroup variables. 

These findings demonstrated that the effects of these 
blood types on LTPR are independent of the specific 
factors tested.

Discussion
This research utilized a large sample (n = 3,039), real-
world, prospective cohort to examine the associa-
tions between ABO blood types and LTPR in patients 
with CAD and comorbid T2DM undergoing PCI with 
clopidogrel treatment. The main findings were as fol-
lows: (1) Blood type O was identified as an indepen-
dent factor associated with higher odds of LTPR in 
patients with CAD and T2DM, potentially indicating 
an increased likelihood of bleeding; (2) Blood type A 
was recognized as an independent factor related to 
lower odds of LTPR, suggesting a reduced tendency for 
bleeding complications.

ABO blood types and clopidogrel-related platelet reactivity
Our study reported the association between ABO 
blood types and LTPR, defined by MA (ADP) on TEG, 
in patients with CAD and T2DM. It is plausible that 
ABO blood types may affect platelet reactivity in these 
patients, thereby affecting their susceptibility to bleed-
ing complications. These findings provided novel per-
spectives into the potential mechanisms underlying 
platelet reactivity in this population.

Our research focused on CAD patients with comor-
bid T2DM undergoing PCI and demonstrated that 
blood type O can significantly affect platelet reactivity, 
potentially increasing the odds of bleeding events. Pre-
vious studies have also highlighted the importance of 
blood type O in bleeding across various conditions. For 
instance, in a group of 111 patients with left ventricu-
lar assist devices, blood type O was related to a signifi-
cantly higher odds of bleeding complications within 
one year [14]. Dini et al. confirmed that blood type 
O was prevalent among patients with unknown cause 
bleeding and was associated with increased severity 
of bleeding [15]. Previous studies have reported that 
blood type O are at higher likelihood of bleeding com-
plications, including severe traumatic bleeding, post-
partum hemorrhage, and gastrointestinal bleeding, 
compared to those with non-O blood types [9, 16].

Parameter LTPR
(N = 1089)

Non-LTPR
(N = 1950)

P-value

AB 107 (9.83) 203 (10.41)
Non-AB 982 (90.17) 1747 (89.59)
BMI, body mass index; MA(ADP), adenosine diphosphate (ADP)-induced platelet maximum amplitude; ACS, acute coronary syndrome; COPD, chronic obstructive 
pulmonary disease; CHD, coronary heart disease; PCI, percutaneous coronary intervention; CABG, coronary artery bypass graft; LVEF, left ventricle ejection fraction; 
PLT, platelet count; MPV, mean platelet volume; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; TC, total cholesterol; eGFR, 
estimated glomerular filtration rate; DM, diabetes mellitus

Table 1  (continued) 
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As for blood type A, few studies have reported an 
association with bleeding. To our knowledge, only 
one study has indicated an elevated risk of throm-
botic events in individuals who had blood type A [17]. 
The specific mechanism of the protective influence of 
blood type A on bleeding events could be useful for 
further exploration.

Previous studies also have demonstrated that sex, 
PLT and HB are related to platelet reactivity [13, 18–
20]. Our study also indicates that these factors are 
related to LTPR in patients undergoing PCI. Despite 
our efforts to include these variables in the multivari-
ate regression model, blood type O and blood type 
A remained independent indicators of LTPR. This 

Table 2  Logistic regression for LTPR (univariate logistic regression)
Variables Crude OR 95% CI P-value
Sex 1.995 1.660–2.398 < 0.001
Age 0.988 0.980–0.995 0.001
BMI 0.992 0.969–1.015 0.493
Smoking history 1.454 1.250–1.693 < 0.001
ACS 0.778 0.670–0.902 < 0.001
Hyperlipidemia 0.930 0.788–1.099 0.395
Hypertension 0.818 0.696–0.960 0.014
COPD 1.215 0.727–2.029 0.457
Family history of CHD 1.018 0.857–1.209 0.842
Cerebrovascular disease history 0.882 0.701–1.018 0.281
Peripheral vascular disease 1.221 0.833–1.788 0.306
Prior myocardial infarction 1.244 1.040–1.487 0.017
Prior PCI 1.237 1.051–1.456 0.011
Prior CABG 1.111 0.794–1.554 0.540
LVEF 1.004 0.993–1.014 0.496
Hemoglobin 1.030 1.024–1.035 < 0.001
PLT 0.997 0.996–0.998 < 0.001
MPV 1.033 0.955–1.118 0.417
LDL-C 0.841 0.772–0.915 < 0.001
HDL-C 1.078 0.815–1.427 0.597
TC 0.874 0.815–0.937 < 0.001
Triglyceride 0.988 0.927–1.053 0.713
Glucose 0.972 0.942–1.004 0.085
Glycosylated hemoglobin 0.949 0.894–1.006 0.078
eGFR 1.005 1.000-1.010 0.043
The duration of DM 0.995 0.980–1.010 0.484
Use of hypoglycemic drugs 1.095 0.815–1.470 0.547
Use of insulin 0.870 0.713–1.061 0.169
Use of metformin 1.155 0.937–1.425 0.177
Use of alpha-glucosidase inhibitors 1.097 0.873–1.380 0.427
Use of sulfonylureas 1.251 0.957–1.635 0.102
Use of non-sulfonylurea insulin secretagogues 1.033 0.712-1.500 0.863
Use of thiazolidinediones 1.702 0.653–4.435 0.276
O /non-O model 1.277 1.087–1.499 0.003
A /non-A model 0.758 0.639–0.898 0.001
B /non-B model 1.040 0.888–1.217 0.628
AB /non-AB model 0.938 0.733-1.200 0.610
Blood model
A Ref
O 1.454 1.193–1.773 < 0.001
B 1.258 1.036–1.529 0.021
AB 1.157 0.878–1.525 0.300
BMI, body mass index; ACS, acute coronary syndrome; COPD, chronic obstructive pulmonary disease; CHD, coronary heart disease; PCI, percutaneous coronary 
intervention; CABG, coronary artery bypass graft; LVEF, left ventricle ejection fraction; PLT, platelet count; MPV, mean platelet volume; LDL-C, low-density lipoprotein 
cholesterol; HDL-C, high-density lipoprotein cholesterol; TC, total cholesterol; eGFR, estimated glomerular filtration rate; DM, diabetes mellitus; OR, odd ratio; CI, 
confidence interval
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suggests that blood type itself independently influ-
ences platelet reactivity in PCI patients.

Potential mechanisms
The exact mechanisms by which ABO blood types 
influence platelet reactivity to clopidogrel remain 
uncertain. Potential mechanisms include the expres-
sion of A and B antigens on red blood cell surfaces 
in individuals with blood type A and B, respectively, 
while individuals with blood type O lack these antigens 

and express only the H antigen, a precursor to A and B 
[21]. Among individuals possessing A and B antigens, 
the levels of factor VIII (FVIII) and von Willebrand 
factor (vWF) are notably elevated [22]. This contrib-
utes to the posttranslational glycosylation of proteins 
induced by A and B antigens, and the degree of gly-
cosylation can decrease the clearance rate of vWF and 
FVIII. As a result, individuals with blood type O, lack-
ing A and B antigens, tend to have lower levels of FVIII 
and vWF due to their faster clearance rates. VWF 

Table 3  Multivariate logistic regression for LTPR (O/non-O model and A/non-A model)
Variables O/non-O model A/non-A model

Adjusted OR
(95% CI)

P-value Adjusted OR
(95% CI)

P-value

Sex 1.033 (0.801–1.331) 0.804 1.034 (0.802–1.332) 0.799
Age 1.000 (0.990–1.010) 0.993 1.000 (0.989–1.010) 0.943
Smoking history 1.082 (0.901-1.300) 0.399 1.096 (0.912–1.316) 0.327
ACS 0.824 (0.705–0.964) 0.015 0.817 (0.699–0.955) 0.011
Hypertension 0.880 (0.744–1.042) 0.138 0.883 (0.746–1.045) 0.149
Prior MI 1.058 (0.870–1.287) 0.570 1.058 (0.870–1.286) 0.574
Prior PCI 1.127 (0.944–1.345) 0.185 1.136 (0.952–1.355) 0.157
Hemoglobin 1.030 (1.023–1.036) <0.001 1.029 (1.023–1.036) <0.001
PLT 0.998 (0.997-1.000) 0.018 0.998 (0.997-1.000) 0.029
LDL-C 0.890 (0.707–1.119) 0.318 0.889 (0.707–1.119) 0.317
TC 0.932 (0.769–1.128) 0.469 0.934 (0.772–1.131) 0.486
eGFR 0.998 (0.991–1.004) 0.491 0.998 (0.991–1.004) 0.443
Non-O Ref -- --
O 1.298 (1.099–1.534) 0.002 -- --
Non-A -- -- Ref
A -- -- 0.804 (0.674–0.958) 0.015
MI, myocardial infarction; PCI, percutaneous coronary intervention; PLT, platelet count; LDL-C, low-density lipoprotein cholesterol; TC, total cholesterol; eGFR, 
estimated glomerular filtration rate; OR, odd ratio; CI, confidence interval

Table 4  Multivariate logistic regression for LTPR (B/non-B model and AB/non-AB model)
Variables B/non-B model AB/non-AB model

Adjusted OR
(95% CI)

P-value Adjusted OR
(95% CI)

P-value

Sex 1.026 (0.796–1.322) 0.842 1.031 (0.800-1.329) 0.812
Age 0.999 (0.989–1.010) 0.992 1.000 (0.989–1.010) 0.925
Smoking history 1.088 (0.906–1.306) 0.367 1.086 (0.904–1.304) 0.377
ACS 0.814 (0.697–0.952) 0.010 0.815 (0.697–0.952) 0.010
Hypertension 0.886 (0.749–1.048) 0.159 0.888 (0.750–1.050) 0.165
Prior MI 1.053 (0.866–1.279) 0.607 1.054 (0.867–1.281) 0.597
Prior PCI 1.131 (0.948–1.349) 0.171 1.129 (0.946–1.347) 0.178
Hemoglobin 1.030 (1.023–1.036) <0.001 1.030 (1.023–1.036) <0.001
PLT 0.998 (0.997-1.000) 0.026 0.998 (0.997-1.000) 0.026
LDL-C 0.880 (0.700-1.107) 0.276 0.882 (0.701–1.109) 0.282
TC 0.937 (0.774–1.134) 0.506 0.936 (0.774–1.133) 0.499
eGFR 0.997 (0.991–1.004) 0.431 0.998 (0.991–1.004) 0.442
B 0.981(0.833–1.155) 0.816 -- --
Non-B Ref -- --
AB -- -- 0.915 (0.710–1.180) 0.494
Non-AB -- -- Ref
MI, myocardial infarction; PCI, percutaneous coronary intervention; PLT, platelet count; LDL-C, low-density lipoprotein cholesterol; TC, total cholesterol; eGFR, 
estimated glomerular filtration rate; OR, odd ratio; CI, confidence interval
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binds to the GPIb-IX-V complex, triggering platelet 
activation [23, 24]. It also binds to FVIII, stabilizing it 
in circulation and preventing rapid degradation. When 
VWF or FVIII is absent or dysfunctional, platelet 
activation is impaired, increasing the risk of bleeding 
events [25, 26]. Therefore, in healthy people, individu-
als with blood type O may have lower baseline plate-
let activity due to lower levels of vWF/FVIII, whereas 
individuals with blood type A, due to higher levels of 
VWF/FVIII, may have greater baseline platelet activity. 
Notably, reduced levels of FVIII and vWF are related 
to an elevated risk of bleeding [10, 11]. Therefore, 
compared to individuals with blood type A, blood type 
O are believed to have a higher risk for bleeding events 
[10, 22].

A U.S. study involving 8,582 patients undergoing 
PCI found that those with T2DM exhibited higher 
platelet reactivity [27]. Recent studies have shown 
that inflammation may increase platelet reactivity [7, 
28]. T2DM is characterized by endothelial dysfunction 
and chronic inflammation, both of which contribute 
to platelet activation. Therefore, we hypothesize that 
elevated inflammation in T2DM patients may increase 
platelet reactivity [29, 30]. Additionally, the A allele 
has been linked to increased vascular inflammation, 
promoting the release of inflammatory factors that 
accelerate atherosclerosis [31, 32]. Based on this, we 
speculate that individuals with blood type A may have 
higher platelet reactivity than those with blood type O, 
potentially reducing bleeding risk. Further studies are 

needed to clarify the mechanisms linking ABO blood 
types and platelet reactivity in T2DM patients.

Clinical implications and future directions
The current research is the first to explore the link 
between the ABO blood types and LTPR, utilizing 
the MA (ADP) of the TEG as an indicator. Our study 
revealed that in patients who received clopidogrel, 
blood type O was independently related to higher 
odds of LTPR, indicating a greater likelihood of bleed-
ing, while blood type A was independently related to 
lower odds of LTPR, suggesting a reduced likelihood 
of bleeding, which may partially elucidate new insights 
and mechanisms.

Blood type is a universal attribute in individuals, 
and our study suggests that, in patients with CAD and 
T2DM, the influence of blood type on platelet reactiv-
ity may have been previously underestimated. In the 
future, the noteworthy findings of this study under-
score the importance of physicians being mindful of 
the blood type of CAD and comorbid T2DM patients 
upon admission. This heightened awareness can facili-
tate diligent monitoring of bleeding tendencies in clin-
ical settings.

Limitation
There are several limitations to the analysis in our 
study. Firstly, our study was a single-center study that 
may limit the generalizability of our results. Secondly, 
we did not record the dose and duration of clopidogrel, 

Table 5  Multivariate logistic regression for LTPR (ABO blood model)
Variables ABO blood model 1 ABO blood model 2

Adjusted OR
(95% CI)

P-value Adjusted OR
(95% CI)

P-value

Sex 1.039 (0.806–1.339) 0.770 0.963 (0.747–1.241) 0.770
Age 1.000 (0.990–1.010) 0.995 1.000 (0.990–1.010) 0.995
Smoking history 1.087 (0.904–1.305) 0.375 1.087 (0.904–1.305) 0.375
ACS 0.824 (0.705–0.964) 0.015 0.817 (0.699–0.955) 0.011
Hypertension 0.881 (0.744–1.042) 0.139 0.881 (0.744–1.042) 0.139
Prior MI 1.061 (0.873–1.290) 0.552 1.061 (0.873–1.290) 0.552
Prior PCI 1.129 (0.946–1.348) 0.178 1.129 (0.946–1.348) 0.178
Hemoglobin 1.029 (1.023–1.036) <0.001 1.029 (1.023–1.036) <0.001
PLT 0.998 (0.997-1.000) 0.021 0.998 (0.997-1.000) 0.021
LDL-C 0.894 (0.710–1.125) 0.340 0.894 (0.710–1.125) 0.340
TC 0.931 (0.768–1.127) 0.461 0.931 (0.768–1.127) 0.461
eGFR 0.998 (0.991–1.004) 0.494 0.998 (0.991–1.004) 0.494
A Ref 0.710 (0.578–0.872) 0.001
O 1.409 (1.147–1.729) 0.001 Ref
B 1.159 (0.947–1.418) 0.152 0.823 (0.679–0.998) 0.047
AB 1.083 (0.815–1.439) 0.580 0.769 (0.583–1.016) 0.064
ABO blood model1: non-A blood types were divided into B, AB and O

ABO blood model2: non-O blood types were divided into B, AB and A

MI, myocardial infarction; PCI, percutaneous coronary intervention; PLT, platelet count; LDL-C, low-density lipoprotein cholesterol; TC, total cholesterol; eGFR, 
estimated glomerular filtration rate; OR, odd ratio; CI, confidence interval
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which are important factors that can influence plate-
let reactivity in PCI patients [33]. Third, despite our 
efforts to control multiple variables, this study was 
inevitably subject to several confounding factors. 
Fourth, we focused only on the ABO blood types in the 
Chinese population. As the distribution of blood types 
varies worldwide, further research should explore the 
RhD system and include diverse ethnic populations 
to gain a more comprehensive understanding [17]. 
Fifth, this study lacked detailed procedural records 
regarding the platelet reactivity test, such as tube type, 
time from venipuncture to testing, and needle gauge. 
Finally, although this study observed the impact of 
T2DM on the relationship between ABO blood types 
and LTPR, this finding was an exploratory analysis. 

Future studies are needed to further validate this find-
ing in the future.

Conclusions
This large-sample research explored the relationship 
between ABO blood types and LTPR in CAD patients 
with T2DM receiving PCI and treated with clopido-
grel. Blood type O was identified as an independent 
factor associated with increased odds of LTPR, while 
blood type A served as an independent protective fac-
tor. These findings provide a novel perspective on the 
importance of ABO blood types in CAD patients with 
comorbid T2DM, though further investigation into the 
underlying mechanisms is needed.

Fig. 2  Subgroup analysis of the association of O/non-O model and A/non-A model with LTPR
A: O/non-O blood model; B: A/non-A blood model
ACS, acute coronary syndrome; LTPR, low on-treatment platelet reactivity

 



Page 10 of 11Liu et al. Diabetology & Metabolic Syndrome          (2025) 17:151 

Abbreviations
ACS	� Acute coronary syndrome
ADP	� Adenosine diphosphate
BMI	� Body mass index
CABG	� Coronary artery bypass graft
CAD	� Coronary artery disease
CHD	� Coronary heart disease
CI	� Confidence interval
COPD	� Chronic obstructive pulmonary disease
eGFR	� Estimated glomerular filtration rate
FVIII	� Factor VIII
HB	� Hemoglobin
HDL-C	� High-density lipoprotein cholesterol
LDL-C	� Low-density lipoprotein cholesterol
LTPR	� Low on-treatment platelet reactivity
LVEF	� Left ventricle ejection fraction
MA(ADP)	� Adenosine diphosphate-induced platelet maximum amplitude
MPV	� Mean platelet volume
OR	� Odd ratio
PCI	� Percutaneous coronary intervention
PLT	� Platelet count
T2DM	� Type 2 diabetes mellitus
TC	� Total cholesterol
TEG	� Thromboelastogram
vWF	� von Willebrand factor

Supplementary Information
The online version contains supplementary material available at ​h​t​t​p​s​:​​​/​​/​d​o​​i​.​​o​r​​
g​​/​​1​0​​.​1​1​​​8​6​​/​s​1​3​​0​9​8​-​​0​2​5​-​0​​1​7​1​6​-​6.

Supplementary Material 1

Acknowledgements
We thank all the participants who contributed to this research.

Author contributions
ML designed this study, analyzed data, and drafted the manuscript. JL, KY, 
KZ, PZ, XT, and DY contributed to the acquisition, analysis, or interpretation 
of data. XZ, JY, YY, and RG developed the idea and revised the manuscript. All 
authors reviewed the manuscript.

Funding
Basic Research Key Project of the XPCC Natural Science Support Plan 
(2024DA013); the National High Level Hospital Clinical Research Funding 
(2023-GSP-GG-40); CS Optimizing Antithrombotic Research Fund 
(BJUHFCSOARF201801-06); CAMS Innovation Fund for Medical Sciences 
(2023-I2M-1-002).

Data availability
Due to ethical restrictions imposed by the informed consent agreements 
established at study commencement, the research datasets are subject to 
controlled access protocols. Interested researchers may submit formal data 
requests to the corresponding author. Such requests will require subsequent 
approval by the Institutional Review Board of the State Key Laboratory of 
Cardiovascular Disease at Fu Wai Hospital, National Center for Cardiovascular 
Diseases.

Declarations

Ethics approval and consent to participate
The studies involving human participants were reviewed and approved by the 
Fuwai hospital institutional review board (approval number: 2013 − 449). The 
patients/participants provided written informed consent to participate in this 
study.

Consent for publication
All the authors have approved the manuscript that is enclosed for publication.

Competing interests
The authors declare no competing interests.

Author details
1National Clinical Research Center for Cardiovascular Diseases, State Key 
Laboratory of Cardiovascular Disease, Fu Wai Hospital, National Center 
for Cardiovascular Diseases, Chinese Academy of Medical Sciences and 
Peking Union Medical College, Beijing 100037, People’s Republic of China

Received: 3 December 2024 / Accepted: 25 April 2025

Fig. 3  Subgroup analysis of the association of blood type O with LTPR in blood model 1
ABO blood model 1: non-A blood types were divided into B, AB and O
ACS, acute coronary syndrome; LTPR, low on-treatment platelet reactivity

 

https://doi.org/10.1186/s13098-025-01716-6
https://doi.org/10.1186/s13098-025-01716-6


Page 11 of 11Liu et al. Diabetology & Metabolic Syndrome          (2025) 17:151 

References
1.	 Karagiannidis E, Moysidis DV, Papazoglou AS, Panteris E, Deda O, Stalikas N, 

Sofidis G, Kartas A, Bekiaridou A, Giannakoulas G, et al. Prognostic significance 
of metabolomic biomarkers in patients with diabetes mellitus and coronary 
artery disease. Cardiovasc Diabetol. 2022;21(1):70.

2.	 Einarson TR, Acs A, Ludwig C, Panton UH. Prevalence of cardiovascular dis-
ease in type 2 diabetes: a systematic literature review of scientific evidence 
from across the world in 2007–2017. Cardiovasc Diabetol. 2018;17(1):83.

3.	 Mehran R, Pocock S, Nikolsky E, Dangas GD, Clayton T, Claessen BE, Caixeta 
A, Feit F, Manoukian SV, White H, et al. Impact of bleeding on mortality after 
percutaneous coronary intervention results from a patient-level pooled 
analysis of the REPLACE-2 (randomized evaluation of PCI linking angiomax 
to reduced clinical events), ACUITY (acute catheterization and urgent 
intervention triage strategy), and HORIZONS-AMI (harmonizing outcomes 
with revascularization and stents in acute myocardial infarction) trials. JACC 
Cardiovasc Interv. 2011;4(6):654–64.

4.	 Gargiulo G, Windecker S, da Costa BR, Feres F, Hong MK, Gilard M, Kim 
HS, Colombo A, Bhatt DL, Kim BK, et al. Short term versus long term dual 
antiplatelet therapy after implantation of drug eluting stent in patients 
with or without diabetes: systematic review and meta-analysis of individual 
participant data from randomised trials. BMJ. 2016;355:i5483.

5.	 Gurbel PA, Bliden KP, Hiatt BL, O’Connor CM. Clopidogrel for coronary stent-
ing: response variability, drug resistance, and the effect of pretreatment 
platelet reactivity. Circulation. 2003;107(23):2908–13.

6.	 Liu R, Li T, Yuan D, Chen Y, Tang X, Gao L, Zhang C, Jia S, Zhu P, Xu O, et al. 
Long-term effects of baseline on-treatment platelet reactivity in patients with 
acute coronary syndrome and thrombocytopenia undergoing percutaneous 
coronary intervention. J Int Med Res. 2022;50(4):3000605221081725.

7.	 Frelinger AL 3rd, Bhatt DL, Lee RD, Mulford DJ, Wu J, Nudurupati S, Nigam A, 
Lampa M, Brooks JK, Barnard MR, et al. Clopidogrel pharmacokinetics and 
pharmacodynamics vary widely despite exclusion or control of polymor-
phisms (CYP2C19, ABCB1, PON1), noncompliance, diet, smoking, co-med-
ications (including proton pump inhibitors), and pre-existent variability in 
platelet function. J Am Coll Cardiol. 2013;61(8):872–9.

8.	 Abegaz SB. Human ABO blood groups and their associations with different 
diseases. Biomed Res Int. 2021;2021:6629060.

9.	 Aliskan H, Kilic M. Association between ABO blood groups and mor-
tality in upper gastrointestinal bleeding. Rev Assoc Med Bras (1992). 
2023;69(7):e20230386.

10.	 Sun GH, Ortoleva JP, Lu SY, Vanneman MW, Tanaka K, Mazzeffi M, Dalia AA. 
ABO blood group and bleeding and survival in VA-ECMO patients. J Intensive 
Care Med. 2023;38(11):1015–22.

11.	 Dentali F, Sironi AP, Ageno W, Bonfanti C, Crestani S, Frattini F, Steidl L, 
Franchini M. Relationship between ABO blood group and hemorrhage: 
a systematic literature review and meta-analysis. Semin Thromb Hemost. 
2013;39(1):72–82.

12.	 Wang L, Peng W, Zhao Z, Zhang M, Shi Z, Song Z, Zhang X, Li C, Huang Z, Sun 
X, et al. Prevalence and treatment of diabetes in China, 2013–2018. JAMA. 
2021;326(24):2498–506.

13.	 Tantry US, Bonello L, Aradi D, Price MJ, Jeong YH, Angiolillo DJ, Stone GW, 
Curzen N, Geisler T, Ten Berg J, et al. Consensus and update on the definition 
of on-treatment platelet reactivity to adenosine diphosphate associated with 
ischemia and bleeding. J Am Coll Cardiol. 2013;62(24):2261–73.

14.	 Tscharre M, Wittmann F, Kitzmantl D, Schloglhofer T, Cichra P, Lee S, Eichel-
berger B, Wadowski PP, Laufer G, Wiedemann D, et al. Impact of ABO blood 
group on thromboembolic and bleeding complications in patients with left 
ventricular assist devices. Thromb Haemost. 2023;123(3):336–46.

15.	 Mehic D, Hofer S, Jungbauer C, Kaider A, Haslacher H, Eigenbauer E, Rejto 
J, Schwartz D, Jilma B, Ay C, et al. Association of ABO blood group with 
bleeding severity in patients with bleeding of unknown cause. Blood Adv. 
2020;4(20):5157–64.

16.	 Takayama W, Endo A, Koguchi H, Sugimoto M, Murata K, Otomo Y. The impact 
of blood type O on mortality of severe trauma patients: a retrospective 
observational study. Crit Care. 2018;22(1):100.

17.	 Dahlen T, Clements M, Zhao J, Olsson ML, Edgren G. An agnostic study 
of associations between ABO and RhD blood group and phenome-wide 
disease risk. Elife. 2021;10.

18.	 Ranucci M, Aloisio T, Di Dedda U, Menicanti L, de Vincentiis C, Baryshnikova E. 
Surgical, clinical outcome Rg: gender-based differences in platelet function 
and platelet reactivity to P2Y12 inhibitors. PLoS ONE. 2019;14(11):e0225771.

19.	 Giustino G, Kirtane AJ, Genereux P, Baber U, Witzenbichler B, Neumann FJ, 
Weisz G, Maehara A, Rinaldi MJ, Metzger C, et al. Relation between platelet 
count and platelet reactivity to thrombotic and bleeding risk: from the 
assessment of dual antiplatelet therapy with drug-eluting stents study. Am J 
Cardiol. 2016;117(11):1703–13.

20.	 Tekkesin AI, Kaya A, Cakilli Y, Turkkan C, Hayiroglu MI, Borklu EB, Kalenderoglu 
K, Gumusdag A, Yildirimturk O, Bozbeyoglu E, et al. The first six-month clinical 
outcomes and risk factors associated with high on-treatment platelet reactiv-
ity of clopidogrel in patients undergoing coronary interventions. Anatol J 
Cardiol. 2016;16(12):967–73.

21.	 Jajosky RP, Wu SC, Zheng L, Jajosky AN, Jajosky PG, Josephson CD, Hol-
lenhorst MA, Sackstein R, Cummings RD, Arthur CM, et al. ABO blood group 
antigens and differential glycan expression: perspective on the evolution of 
common human enzyme deficiencies. iScience. 2023;26(1):105798.

22.	 Weisel JW, Litvinov RI. Red blood cells: the forgotten player in hemostasis and 
thrombosis. J Thromb Haemost. 2019;17(2):271–82.

23.	 Liu J, Pestina TI, Berndt MC, Jackson CW, Gartner TK. Botrocetin/VWF-induced 
signaling through GPIb-IX-V produces TxA2 in an alphaIIbbeta3- and 
aggregation-independent manner. Blood. 2005;106(8):2750–6.

24.	 Zhang T, Huang X, Gao X, Liu L, Chen D, Huan X, He C, Li Y. Effect of pathologi-
cal high shear exposure time on platelet activation and aggregation. Clin 
Hemorheol Microcirc. 2023;84(2):125–39.

25.	 Huang L, Shao B. New insights of glycoprotein Ib-IX-V complex organiza-
tion and glycoprotein ibalpha in platelet biogenesis. Curr Opin Hematol. 
2024;31(6):294–301.

26.	 Kiouptsi K, Reinhardt C. Physiological roles of the von Willebrand Factor-
Factor VIII interaction. Subcell Biochem. 2020;94:437–64.

27.	 Shahim B, Redfors B, Stuckey TD, Liu M, Zhou Z, Witzenbichler B, Weisz G, 
Rinaldi MJ, Neumann FJ, Metzger DC, et al. On-treatment platelet reactivity 
and ischemic outcomes in patients with diabetes mellitus: two-year results 
from ADAPT-DES. J Am Heart Assoc. 2023;12(1):e026482.

28.	 Wilczynski M, Krejca M, Stepinski P, Rozalski M, Golanski J. Platelet reactiv-
ity expressed as a novel platelet reactivity score is associated with higher 
inflammatory state after coronary artery bypass grafting. Arch Med Sci. 
2023;19(2):392–400.

29.	 Despa F, Goldstein LB. Amylin dyshomeostasis hypothesis: small vessel-type 
ischemic stroke in the setting of type-2 diabetes. Stroke. 2021;52(6):e244–9.

30.	 Mao Y, Zhu B, Wen H, Zhong T, Bian M. Impact of platelet hyperreactivity and 
diabetes mellitus on ischemic stroke recurrence: a single-center cohort clini-
cal study. Int J Gen Med. 2024;17:1127–38.

31.	 Kiechl S, Pare G, Barbalic M, Qi L, Dupuis J, Dehghan A, Bis JC, Laxton RC, Xiao 
Q, Bonora E, et al. Association of variation at the ABO locus with circulating 
levels of soluble intercellular adhesion molecule-1, soluble P-selectin, and 
soluble E-selectin: a meta-analysis. Circ Cardiovasc Genet. 2011;4(6):681–6.

32.	 Barbalic M, Dupuis J, Dehghan A, Bis JC, Hoogeveen RC, Schnabel RB, Nambi 
V, Bretler M, Smith NL, Peters A, et al. Large-scale genomic studies reveal 
central role of ABO in sP-selectin and sICAM-1 levels. Hum Mol Genet. 
2010;19(9):1863–72.

33.	 Kalantzi KI, Dimitriou AA, Goudevenos JA, Tselepis AD. The platelet hypore-
sponsiveness to clopidogrel in acute coronary syndrome patients treated 
with 75 mg/day clopidogrel may be overcome within 1 month of treatment. 
Platelets. 2012;23(2):121–31.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	﻿The relationship between ABO blood types and clopidogrel-related low on-treatment platelet reactivity in patients with coronary artery diseases and type 2 diabetes mellitus: a secondary analysis of a prospective cohort study
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Study population
	﻿Laboratory measurements
	﻿Platelet reactivity determination and definition
	﻿Statistical analysis

	﻿Results
	﻿Baseline characteristics
	﻿Relationship between ABO blood types and LTPR
	﻿Subgroup analysis

	﻿Discussion
	﻿ABO blood types and clopidogrel-related platelet reactivity
	﻿Potential mechanisms
	﻿Clinical implications and future directions
	﻿Limitation

	﻿Conclusions
	﻿References


