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This study investigates the impact of hemoglobin A1c on platelet reactivity and cardiovascular 
outcomes in patients undergoing drug-eluting stent implantation. HbA1c levels were categorized 
into 3 groups: < 6.5%, 6.5–8.5%, and > 8.5%. ROC (resistance to clopidogrel) and ROA (resistance to 
aspirin) were calculated. The primary endpoint was a composite of MACE, including all-cause mortality, 
nonfatal MI, and ischemia-driven revascularization. The secondary endpoints comprised individual 
MACE components. The incidence of ROC was 9.3% (151 of 1621), whereas that of ROA was 16.5% 
(268 of 1621). The ROC for each of the 3 groups significantly increased with increasing HbA1c levels 
[4.3% vs. 7.1% vs. 10.1%, p = 0.006]; however, the ROA did not [16.4% vs. 17.7% vs. 14.3%, P = 0.694]. 
HbA1c > 8.5 was significantly associated with ROC (3.356 [1.231, 9.234], p = 0.009). Compared with the 
HbA1c < 6.5 subgroup, the HbA1c˃8.5 subgroup was significantly associated with MACE (3.142 [2.346, 
4.206], < 0.001), nonfatal MI (2.297 [1.275, 4.137], P = 0.006) and ischemia-driven revascularization 
(3.845 [2.082, 7.101], p < 0.001), but not all-cause mortality (2.371 [0.551, 10.190], 0.246) at the 
36-month follow-up. HbA1c levels were positively correlated with ROC, but the adverse cardiovascular 
events were driven by elevated HbA1c, constituting an argument to intensify glycemic control in 
subjects with diabetes after intracoronary stent placement.
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Key aspects associated with diabetes mellitus, such as hyperglycemia, inflammation, and oxidative stress, 
increase platelet reactivity1. Currently, high residual platelet reactivity in patients after clopidogrel treatment 
has been confirmed to be an independent predictor of adverse cardiovascular events following coronary stent 
implantation2–8. In addition, numerous studies9–11 have also verified that elevated glycated hemoglobin levels 
indicate an adverse cardiovascular prognosis. These findings may imply that high residual platelet reactivity is 
a driving factor of adverse cardiovascular events after intracoronary stenting in patients with hyperglycemia 
and that intensified antiplatelet therapy is required in patients with hyperglycemia after PCI with a drug-eluting 
stent. Nonetheless, the associations between platelet reactivity, glycemic control status and outcomes in patients 
after PCI with a drug-eluting stent remain unclear. Additionally, a few studies12,13 have failed to demonstrate that 
glycated hemoglobin levels are independently associated with platelet activity or that lower platelet reactivity 
after intensive glycemic control in patients with poorly controlled glycemia, meaning that glycemic control has 
no impact on platelet reactivity14. The purpose of this study was to investigate whether glycated hemoglobin 
levels were independently associated with high residual platelet activity in a large-scale Chinese population and 
whether the correlation between glycated hemoglobin and clinical prognosis was mediated by high residual 
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platelet activity, thereby establishing an argument for intensive antiplatelet therapy in patients with poor 
glycemic control.

Methods
Study population
A total of 1621 patients who underwent intracoronary drug-eluting stent implantation at Shanghai General 
Hospital and Jiading Branch of Shanghai General Hospital from January 2016 to January 2021 and who 
simultaneously underwent HbA1c and TEG (thromboelastographic) testing were consecutively enrolled. All 
patients signed informed consent forms before the procedure. Patients were divided into three groups based 
on their HbA1c levels (< 6.5, 6.5 ≤ HbA1c ≤ 8.5, and HbA1c > 8.5), and relevant clinical data and biochemical 
parameters were collected. The grouping of the HbA1c cut points were predetermined based on findings from 
previous cohorts9,15. The exclusion criteria were as follows: (1) age < 18 years; (2) severe hepatic dysfunction 
(transaminase greater than 5 times the upper limit of normal); (3) severe renal failure (estimated glomerular 
filtration rate [eGFR] < 30 ml/min*1.73 m2 or renal replacement therapy); (4) abnormal coagulation function 
(international normalized ratio, INR ≥ 1.5);   (5) recent (< 6 months) history of severe active bleeding or 
major surgery; (6) allergy or contraindications to aspirin or clopidogrel; and (7) platelet count < 60*109/L or 
> 500 × 109/L.

 Data extraction
The following participant data were collected from the hospital’s electronic medical records: demographic 
information (age, sex), smoking status, vital signs (heart rate, blood pressure), body mass index, medical history 
(prior MI, prior PCI, hypertension, diabetes, hyperlipidemia), medication (aspirin, clopidogrel, beta blocker, 
statins, angiotensin-converting enzyme inhibitor [ACEI], angiotensin receptor blocker [ARB]), laboratory 
parameters (platelet, troponin I [TNI], B-type natriuretic peptide [BNP], high-sensitivity C-reactive protein [hs-
CRP], low-density lipoprotein cholesterol [LDL-C], creatinine, albumin (g/L), hemoglobin(g/dl), left ventricular 
ejection fraction [LVEF], coronary angiography results (left main [LM] lesion, left anterior descending [LAD] 
lesion, stents > 2, calcified coronary lesion), acute coronary syndrome.

Methods of medication for antiplatelet drugs
Aspirin was administered either as (1) an oral chewed dose of 300 mg at least 6 h before PCI or (2) a dose of 
100 mg/day for at least 5 days before PCI. Clopidogrel was given either as (2) at an oral dose of 600 mg at least 6 h 
before the procedure, (2) at a dose of 300 mg at least 12 h before the procedure, or (3) at a dose of 75 mg/day for 
at least 5 days before PCI. Platelet activity is tested after successful stenting and after an adequate period (at least 
12 h after procedure) to ensure sufficient antiplatelet effects using TEG. If tirofiban was used intraoperatively, 
a 24-h washout period was required before platelet reactivity estimation. After successful PCI, patients were 
treated with aspirin (100 mg/day) indefinitely, and clopidogrel (75 mg/day) was administered for at least 1 year.

Definition of ROC, ROA, and outcome
ROC (resistance to clopidogrel, ROC) and ROA (resistance to aspirin) were defined as the ADP (adenosine 
diphosphate.) inhibition rate of less than 30% and an AA (Arachidonic Acid.) inhibition rate of less than 
50% by TEG, respectively16,17. The primary outcome was a composite outcome, main adverse cardiovascular 
event (MACE), which included all-cause mortality, nonfatal MI, and ischemia-driven revascularization. The 
secondary endpoints were individual components of MACE. The events adjudication committee consisted 
of veteran clinicians who were unaware of the clinical treatment regimens adjudicated for the primary and 
secondary outcomes.

Follow-up
After successful PCI, all patients were routinely followed up at 3, 6, and 12 months until 36 months post-
procedure by telephone with patients or their family members. If patients experienced more than one adverse 
event during the 36-month follow-up period, only the first occurrence was counted for this study.

Statistical analysis
All participants were categorized into three groups based on their glycated hemoglobin (HbA1c) levels. For 
normally distributed parametric data, variables are described as the mean ± standard deviation (sd); otherwise, 
they are described as the median (interquartile range). Intergroup differences were assessed by the Kruskal‒
Wallis test or one-way analysis of variance (ANOVA). Categorical variables are expressed as numbers (%), and 
differences between groups were tested by the Chi-square test.

Kaplan‒Meier curves were used to compare the 36-month incidence of MACE, all-cause death, nonfatal 
myocardial infarction, and ischemia-driven revascularization between different HbA1c groups by the log-
rank test. Cox regression analysis was performed to further examine the relationship between HbA1c levels 
and adverse cardiovascular outcomes, with the HbA1c < 6.5 group serving as the reference group. Regression 
analysis results are presented as hazard ratios (HRs) and 95% confidence intervals (CIs). Covariates were 
included in the regression analysis based on statistical evidence (stepwise method with exclusion at P > 0.05) 
and clinical judgment. Additionally, based on the Cox regression analysis model, we plotted a restricted cubic 
spline to investigate the relationship between HbA1c levels as a continuous variable and MACE with three knots. 
Receiver operating characteristic (ROC) curve analysis was conducted to assess the predictive value of HbA1c 
levels for MACE, and the area under the curve (AUC) was calculated.
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All analyses were performed with SPSS version 23, and plots were constructed in R version 4.3.3 using the 
ggplot package 2. A p value less than 0.05 was considered statistically significant for all tests, which were two-
tailed.

Results
Study population and baseline characteristics
A total of 1621 patients who underwent PCI treatment and hemoglobin A1c testing were included in this study. 
These patients were divided into three groups based on their hemoglobin A1c levels. ; HbA1c < 6.5 (n = 1103), 
6.5 ≤ HbA1c ≤ 8.5  (n = 341), HbA1c > 8.5, n = 117.

Compared to patients with lower hemoglobin A1c levels, a greater proportion of patients with higher 
hemoglobin A1c levels were female, had a greater heart rate, and had a greater incidence of previous myocardial 
infarction (MI) and diabetes. Moreover, they received more ACEI and ARB therapy. In terms of laboratory 
parameters, participants with high hemoglobin A1c levels had a higher TNI, BNP, and hsCRP, whereas the level 
of hemoglobin was lower. Patients with higher hemoglobin A1c levels were more likely to be diagnosed with 
acute coronary syndrome and had a greater risk of left main vessel and calcified lesions and a greater probability 
of implantation of stents > = 2 (Table 1).

Characteristic

Levels of hemoglobin A1c

P value
HbA1c < 6.5
n = 1103

6.5 ≤ HbA1c ≤ 8.5
n = 341

HbA1c > 8.5
n = 177

Age (years) 64.38 ± 10.96 68.04 ± 9.33 65.98 ± 10.58 0.059

Female n (%) 246 (23.3%) 113 (33.3%) 66 (37%) 0.023

Smoke n (%) 341 (30.9%)  113 (33.3%) 54 (30.4%) 0.563

Vital signs

 Heart rate (beats/min) 68.8 ± 8.3 69.4 ± 8.6 71.6 ± 10.5 < 0.003

 Systolic blood pressure (mmHg) 130.6 ± 16.6 129.3 ± 17.1 129.9 ± 16.8 0.546

 Diastolic blood pressure (mmHg) 77.3 ± 9.9 78.1 ± 10.1 77.5 ± 9.5 0.326

 Body mass index (kg/m2) 26.2 ± 3.4 26.4 ± 3.2 26.5 ± 3.6 0.383

 Prior PCI,  n (%) 214 (19.4%) 63 (18.5%) 39 (21.7%) 0.823

 Prior MI,  n (%) 208 (18.9%) 68 (19.8%) 51 (28.4%) < 0.001

 Hypertension, n (%) 731 (66.2%) 255 (74.8%) 127 (71.7%) 0.167

 Diabetes,  n (%) 133 (12.1%) 197 (57.8%) 151 (84.8%) < 0.001

 Hyperlipidemia, n (%) 990 (89.8) 312 (91.5) 163 (92) 0.502

Aspirin  1102 (99.9%) 341 (100%) 177 (100%) 0.645

Clopidogrel 1102 (99.9%) 340 (99.7%) 177 (100%) 0.652

Beta-blocker 998 (90.5%) 311 (91.2%) 163 (92.2%) 0.594

ACEI 294 (26.6%) 107 (31.3%) 63 (35.2%) 0.024

ARB 410 (37.2%) 138 (40.5%) 76 (42.6%) 0.035

Statins 1086 (98.5%) 339 (99.3%) 176 (99.2%) 0.315

Platelet (109/L) 198.17 ± 62.70 198.17 ± 62.70 199.1 ± 136.01 0.345

TnI (µg/L) 0.01 (0.01,  0.1) 0.01 (0.01,  0.12) 0.02 (0.01,  0.58) 0.038

BNP (pg/mL) 45 (20, 116) 50 (25.5,  144.5) 89 (41.5,  146) < 0.001

hs-CRP (mg/L) 0.5 (0.5, 4.49) 1 (0.5, 4.49) 2.38 (0.8, 5.02) < 0.001

LDL-C (mmol/L) 2.43 ± 0.93 2.50 ± 1.00 2.62 ± 0.98 0.205

Creatinine (mmol/L) 77.00 ± 38.42 73.00 ± 23.93 74.43 ± 24.15 0.528

Albumin (g/L) 43.3 ± 3.8 43.5 ± 3.7 43.6± 0.362

Hemoglobin (g/dL) 147.6 ± 13.5 142.8 ± 14.3 139.5 ± 13.1 < 0.001

LVEF (%) 50.12 ± 12.13 52.14 ± 13.12 51.34 ± 12.3 0.678

LM lesion, n (%) 52 (5.0%) 45 (13.2%) 26 (14.3%) < 0.001

Calcified coronary lesion,  n (%) 59 (5.3%) 38 (11%) 25 (13.9%) < 0.001

LAD lesion,  n (%) 747 (67.7%) 213 (62.5%) 116 (65.2%) 0.623

Stents > = 2,  n (%) 436 (39.5%) 143 (41.8%) 78 (44.1%) 0.023

Acute coronary syndrome (n, %) 426 (38.6%) 144 (42.2%) 89 (50%) < 0.001

Table 1.  Characteristics of the study patients stratified by hemoglobin A1c levels. The values are expressed 
as the mean ± SD or n (%). PCI percutaneous coronary intervention, MI myocardial infarction, SD standard 
deviation, ACEI angiotensin-converting enzyme inhibitor, ARB angiotensin receptor blocker, TNI troponin 
I, LVEF left ventricular ejection fraction, BNP B-type natriuretic peptide, hs-CRP high-sensitivity C-reactive 
protein, LDL-C low-density lipoprotein cholesterol, LM left main coronary artery, LAD left anterior descending 
coronary artery.
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Platelet reactivity test and association between hemoglobin A1c levels and ROC
The median inhibition rates of AA for each group were similar (88.8 [60.2, 98.6], 88.1 [61.2, 97.9], and 83.9 
[61.1, 98] for HbA1c < 6.5, 6.5 ≤ and ≤ 8.5, and > 8.5, respectively; P = 0.83), whereas the median inhibition rate 
of ADP increased significantly with increasing HbA1c levels (90.8 [57.6, 98.6], 80 [52.4, 98.2], 73 [42.4, 96.1], 
P = 0.03).

A total of 9.3% patient (151 of 1621) had ROC defined by inhibition rate of ADP < 30%, and the incidence 
of ROC for each groups was dramatically different (4.3% [17/396], 7.1% [8/130], 10.1% [4/56], for HbA1c < 6.5, 
6.5 ≤ and ≤ 8.5, and > 8.5, respectively; P = 0.006, Fig. 1a), whereas more than 16.5% patients (268 of 1621) had 
ROA defined by inhibition rate of AA < 50%,and the proportion of patients with ROA was not associated with 
HbA1c levels (16.4% [65/396], 17.7% [23/130], 14.3% [8/36], P = 0.694, Fig. 1b)

According to the univariate analysis model, both HbA1c > 8.5 and 6.5 ≤ HbA1c ≤ 8.5 were significantly 
associated with the ROC. However, after adjustment for other covariables, only HbA1c > 8.5 remained 
significantly associated with ROC (3.356 [1.231, 9.234], p = 0.009; Table 2).

In the multi-variables adjusted model, ROC was observed among those with BMI ≥ 30 kg/m2  [3.215 (1.219, 
8.589), P = 0.013; Table 2].

The impact of hemoglobin A1c levels and ROC on patient outcomes
According to the Cox regression model adjusted for ROC only, compared with HbA1c < 6.5, HbA1c > 8.5 was 
significantly associated with nonfatal MI (2.297 [1.275, 4.137], P = 0.006), ischemia-driven revascularization 

Univariate unadjusted Fully adjusted*

Odds ratio (95% CI) P value Odds ratio (95% CI) P value

③ vs ① 4.116 (1.583,  10.711) 0.004 3.356 (1.231,  9.234) 0.009

② vs ① ROC 2.219 (1.011,  4.872) 0.047 2.165 (0.953,  4.919) 0.065

Male vs Female 1.546 (0.892,  2.367) 0.452

Age < 60 (years) (yes vs. no) 1.678 (0.912,  3.002) 0.356

Smoking (yes vs. no) 1.723 (0.924,  4.158) 0.468

Hypertension (yes vs. no) 1.321 (0.892,  2.872) 0.621

Hyperlipidemia (yes vs. no) 2.213  (0.945,  3.956) 0.092

Diabetics (yes vs. no) 2.836 (1.408,  5.714) 0.003 1.909 (0.811,    4.495) 0.139

eGFR < 60 mL/min/1.73 m2 1.876 (0.834,  4.643) 0.213

BMI ≥ 30 kg/m2 (yes vs. no) 3.853 (1.426,  10.563) 0.008 3.215 (1.219,  8.589) 0.013

ACS (yes vs. no) 1.923 (0.876,  4.753) 0.254

Table 2.  Adjusted and unadjusted odds ratios for ROC. ① (HbA1c < 6.5), ② (6.5 ≤ HbA1c ≤ 8.5),     ③ 
(HbA1c > 8.5). ACS acute coronary syndrome, BMI body mass index. Adjusted model selected by stepwise 
selection with 0.1 entry and exit criteria. acute coronary syndrome status.

 

Fig. 1.  Prevalence of ROC, ROA by HbA1C category. (a) The prevalence of ROC. ROC is defined as ADP 
inhibition rate of less than 30%. (b) The prevalence of ROA. ROA is defined as AA inhibition rate of less than 
50% assessed by TEG. ROC resistance to clopidogrel, ADP adenosine diphosphate, ROA resistance to aspirin, 
AA arachidonic acid, TEG thromboelastographic.
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(3.845 [2.082, 7.101], p < 0.001) and MACE (3.142 [2.346, 4.206], < 0.001), but not all-cause mortality (2.371 
[0.551, 10.190], 0.246), even after fully adjusting for female sex, HbA1c category, prior MI, hypertension, 
baseline hsCR, BNP, TNI, hemoglobin, and acute coronary syndrome, whereas ROC was not (Table 3).

In terms of the endpoints of all-cause mortality and nonfatal MI, there was no difference in event rates 
or HR between the HbA1c < 6.5 and 6.5 ≤ HbA1c ≤ 8.5 groups, whereas the HbA1c ≤ 6.5 to 8.5 group had a 
greater risk of adverse events regarding ischemia-driven revascularization (2.336 [1.379, 3.958],  p = 0.002) and 
overall MACE (1.657 [1.098). 2.500], p = 0.016), which was mainly driven by ischemia-driven revascularization, 
compared to the HbA1c < 6.5 group. Furthermore, the difference remained after adjusting for female gender, 
HbA1c category, prior MI, Hypertension, baseline hsCR, BNP, TNI, Hemoglobin and Acute coronary syndrome 
in a cox regression analysis model (Table 3). When HbA1c was considered a continuous variable in the Cox 
regression analysis, the HbA1c levels were associated with a 1.287-fold (1.287 [1.215, 1.365], P = 0.001) 
increase in the incidence of MACE. Regardless of whether it was a categorical variable or continuous variable, 
higher HbA1c levels were significantly associated with an increased risk of nonfatal MI and ischemia-driven 
revascularization.

The all-cause mortality and rates of nonfatal MI and ischemia-driven revascularization in all participants 
were 1.8% (33 of 1621), 5.0% (92 of 1621) and 11.4% (209 of 1621), respectively. The K‒M curve showed 
that elevated HbA1c levels were associated with an increasing rate of MACE (log rank, p < 0.0001) (Fig. 2A). 
In addition, higher HbA1c levels were significantly related to a greater incidence of nonfatal MI (log rank, 
p = 0.027) (Fig. 2B) and ischemia-driven revascularization (log rank, P < 0.0001) (Fig. 2D). However, there was 
no association between HbA1c levels and all-cause mortality (log rank, p = 0.063) (Fig. 2C). In subgroup analysis 
of association between HBIaC level and MACE, there were 1140 patients with non-diabetics. The highest HR 
values were still observed among those with high HbA1c levels with no significant interaction in subgroups. In 
addition, the results were almost consistent in subgroup of age, gender, obesity status, hypertension status, as 
shown in Table 4.

The RCS was drawn to explore the nonlinear relationship between HbA1c levels and the incidence of MACEs 
as a continuous variable (nonlinear P < 0.001) based on a Cox regression model. Finally, the results revealed that 
HbA1c levels were positively associated with the risk of MACE after adjustment for female sex, age, smoking 
status, BMI, prior MI, hypertension, baseline hsCRP, BNP, TNI, hemoglobin, and acute coronary syndrome 
(Fig. 3).

The efficacy of the use of the HbA1c level as a continuous variable for predicting MACEs is demonstrated in 
Fig. 4. The AUC of HbA1c levels for 36-month MACE was 0.636 (0.612, 0.624, P < 0.001).

Discussion
In this large-scale retrospective study of patients in the Chinese population after intracoronary stenting with 
available HbA1c values and platelet reactivity tests, ROC after clopidogrel administration tested by TEG was not 
frequent, with 9.3% of patients showing an inhibition rate of ADP < 30% after PCI. The proportion of patients 
with ROC progressively increased with increasing HbA1c levels. However, ROA, defined as an inhibition rate 
of AA less than 50%, occurred more frequently in 16.5% of patients after the administration of a loading dose 

Adjusted for ROC only Fully adjusted

Hazard ratio (confidential interval) P value Hazard ratio (confidential interval) P value

MACE

 ③ vs ① 3.142 (2.346,  4.206) < 0.001 3.077 (1.737, 5.451) < 0.001

 ② vs ① 1.657 (1.098,  2.500) 0.016 1.521 (1.034,  2.321) 0.013

 ROC 1.374 (0.764,  2.473) 0.289 1.352 (0.745,  2.452) 0.322

All-cause mortality

 ③ vs ① 2.371 (0.551,  10.190) 0.246 2.480 (0.568,  10.828) 0.227

 ② vs ① 0.911 (0.181,  4.985) 0.910 0.561 (0.121,  3.557 0.307

 ROC 0.823 (0.231,  3.542) 0.456 1.131 (0.612,  2.346) 0.563

Nonfatal MI

 ③ vs ① 2.297 (1.275,  4.137) 0.006 2.829 (0.981,  8.153) 0.045

 ② vs ① 1.524 (0.942,  2.465) 0.086 1.326 (0.550,  3.197) 0.530

 ROC 1.956 (0.747,  5.125) 0.172 1.895 (0.718,  5.000) 0.234

Ischemia-driven revascularization

 ③ vs ① 3.845 (2.082,  7.101) < 0.001 4.721 (2.308,  9.654) < 0.001

 ② vs ① 2.336 (1.379,  3.958) 0.002 2.658 (1.461,  4.833) 0.001

 ROC 0.643 (0.232,  1.786) 0.397 0.680 (0.243,  1.904) 0.463

Table 3.  Adjusted hazard ratios for the ROC and HbA1c levels. ① (HbA1c < 6.5), ② (6.5 ≤ HbA1c ≤ 8.5),  ③ 
(HbA1c > 8.5). ROC Resistance on clopidogrel),  MACE Main adverse cardiovascular event),  MI myocardial 
infarction.  Adjusted models selected with a stepwise selection process with entry and exit criteria both = 0.1, 
adjusting for female gender, HbA1c category, prior MI, hypertension, baseline hsCR,  BNP, TNI and hemog 
lobin, Acute coronary syndrome. ROC and HbA1c were included in both model analyses.
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of aspirin, but was not associated with HbA1c levels. As we know, Clopidogrel is a pro-drug that requires 
biotransformation into its active metabolite through cytochrome P450 (CYP) enzymes, particularly CYP2C19. 
Elevated HbA1c levels, indicative of poor glycemic control, may impact this metabolic pathway in several ways. 
Firstly, Diabetes and high HbA1c levels were known to affect CYP enzyme activity and could lead to altered 
CYP enzyme function, including CYP2C19. This might impair the conversion of clopidogrel into its active 
form, which irreversibly inhibits binding of ADP to the P2Y12 receptor on the platelet, thereby contributing 
to clopidogrel resistance. Additionally, poor glycemic control could lead to increased platelet activation and 
aggregation due to oxidative stress and metabolic derangements18. In contrast, our study did not find a significant 
association between HbA1c levels and aspirin ROA. Several reasons could explain this discrepancy. Firstly, the 
mechanism of the action of aspirin is briefly mentioned as following that aspirin irreversibly acetylates the platelet 
cyclooxygenase-1 (COX-1) enzyme, which prevents the formation of thromboxane A2, a platelet activator, and 

Fig. 2.  Kaplan–Meier curves showing the association between HBIaC groups and clinical outcomes. (A) 
Kaplan–Meier curves showing the association between MACE and HBIaC groups. (B) Kaplan–Meier curves 
showing the association between Non-fatal MI and HBIaC groups. (C) Kaplan–Meier curves showing the 
association between all-cause mortality and HBIaC groups. (D) Kaplan–Meier curves showing the association 
between ischemia-driven revascularization and HBIaC groups. MACE major adverse cardiovascular event, MI 
myocardial infarction.
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could also interfere with platelet function by impairment of neutrophil-mediated platelet activation. Therefore, 
ROA could occur more frequently owing to any abnormality in any of pathway mentioned19. Furthermore, ROA 
is typically associated with genetic factors or the presence of specific platelet disorders rather than metabolic 
derangements alone. It is less likely to be affected by chronic glycemic control compared to ROC20.

We found that HbA1c levels were significantly related to nonfatal MI, ischemia-driven revascularization 
and overall MACE at the 36-month follow-up in the adjusted model, and the level of glycemic control was 
progressively associated with the ROC after adjustment for covariables. Furthermore, when HbA1c was treated 
as a continuous variable, the HbA1c level increased the MACE rate by 1.287-fold (1.287 [1.215, 1.365], P = 0.001). 
Conversely, the ROC had no significant relationship with adverse cardiovascular events after adjusting for 
HbA1c and other cardiovascular risks.

We performed RCS analysis to detect the association between HbA1c and MACE when HbA1c was 
considered a continuous variable, in which the curve had no inflection point and the feature of a monotonicity 
function. The study results showed that higher HbA1c levels indicated a greater risk of MACE according to the 
adjusted model for other confounders. In addition, an ROC curve was drawn and showed that HbA1c had a 
moderate capacity to predict the incidence of MACE after PCI.

Our study suggested that although the proportion of ROC increased with increasing HbA1c levels, the 
association between ROC and adverse clinical events was driven by poor glycemic control, which forecasted 
nonfatal MI and ischemia-driven revascularization after coronary drug-eluting stent placement regardless 
of platelet reactivity. Therefore, our findings warranted efforts to intensify hypoglycemic therapy after PCI in 
patients with diabetes to reduce clinical cardiovascular events.

We found a strong relationship between HbA1c > 8.5 and ROC as well as adverse clinical events. These 
results agreed with the findings of Annunziata Nusca et al.21 in 35 patients with chronic coronary syndrome and 
diabetes who underwent PCI. In this study, glycemic control combined with glycemic variability appeared to 
correlate with high platelet reactivity, as tested by the VerifyNow assay after administration of a loading dose of 
clopidogrel, and predicted the incidence of adverse events with the highest diagnostic accuracy.

According to a subgroup analysis of the early PCI-CURE trial22 (clopidogrel in unstable angina to prevent 
recurrent events), the combination therapy of aspirin and clopidogrel in patients with non-ST elevation ACS who 
received PCI treatment significantly reduced adverse clinical events in patients without diabetes but exhibited 
no beneficial effect in patients with diabetes. This subgroup analysis suggested that despite the use of clopidogrel 
on platelet reactivity in patients with diabetes, the increased hazard of cardiovascular events in diabetic patients 
was not fully mitigated23,24. This finding suggested that new potent P2Y12 antagonists are needed to optimize 
post-PCI outcomes in patients with diabetes.

In a prespecified meta-analysis25 to assess post-PCI adverse cardiovascular outcomes and bleeding events 
associated with prasugrel versus clopidogrel, patients with ACS and diabetes showed a greater reduction in 
recurrent MI than patients without diabetes when prasugrel was prescribed compared with clopidogrel. The 
positive effects of prasugrel on platelet reactivity and outcomes in patients with diabetes did not increase the risk 
of major bleeding, implying that more intensive antiplatelet treatment provided by prasugrel may be particularly 
beneficial for patients with diabetes and ACS. In contrast, in another substudy of patients with ACS and diabetes 
in the PLATO trial26, ticagrelor, compared with clopidogrel, reduced adverse events in patients with ACS 
irrespective of glycemic control and diabetes status. In general, it must be noted that patients with diabetes have a 
greater rate of ischemia events than those without diabetes27–29, suggesting that newer potent P2Y12 antagonists 
are not sufficient to fully mitigate the increased risk of adverse cardiovascular events in diabetic patients after 
PCI.

Subgroups N HbA1c < 6.5
6.5 ≤ HbA1c ≤ 8.5
HR (95% CIs)

HbA1c > 8.5
HR (95% CIs) P for interaction

Age  (years) 0.356

 < 61 794 Reference 1.87 (0.89, 3.72) 3.12 (1.93, 5.69)

 ≥ 61 827 Reference 1.63 (0.82,  2.96) 3.00 (1.79,  4.67)

Gender 0.576

 Male 425 Reference 1.68 (1.05,  2.70) 2.64 (1.37,  5.07)

 Female 1196 Reference 1.57 (0.78,  3.19) 4.18 (1.91, 9.14)

Diabetic status 0.571

 Diabetics 481 Reference 2.78 (1.36,  5.12) 5.08 (2.67, 9.98)

 Non-diabetics 1140 Reference 1.63 (0.96,  2.79) 4.70 (2.41, 8.87)

Obesity status 0.756

 BMI < 30 kg/m2 1358 Reference 1.72 (1.21,  2.76) 3.15 (1.71,  5.75)

 BMI ≥ 30 kg/m2 263 Reference 1.64 (0.79,  3.56) 2.88 (1.21,  6.09)

Hypertension status 0.932

 Hypertension 1113 Reference 1.59 (1.02,  2.50) 3.29 (1.89,  5.81)

 Non-hypertension 508 Reference 1.78 (0.91,  3.91) 2.94 (1.35,  7.84)

Table 4.  Subgroup analysis of association between HBIaC level and MACE.
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Suboptimal glycemic control had been associated with heightened platelet reactivity7–10, thereby contributing 
to an augmented prothrombotic state and increasing the risk of adverse events. However, the clinical necessity 
of intensive antiplatelet treatment in patients with diabetes is still debated, and the beneficial effects might be 
specific to various P2Y12 inhibitors30,31. Although potent P2Y12 inhibition remains integral32,33, its efficacy in 
isolation appears limited in fully mitigating the amplified risk observed in this cohort. Regardless, optimizing 
glycemic control was still the most important measure to improve outcomes in diabetic patients undergoing PCI.

Fig. 3.  RCS model showing the association between HB1aC and MACE. RCS restricted cubic spline, MACE 
major adverse cardiovascular event, HR hazard ratio.
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Limitations
There were several limitations in this study. First, this was a two-center cohort study rather than a randomized 
controlled trial; therefore, this study has some confounding factors and bias, weakening the validity of the 
conclusions in the overall population. Second, despite careful multivariate analysis and appropriate adjustment 
based on clinical knowledge and data-specific findings, the 3 groups of HbA1c levels varied in terms of patient 
characteristics. As a result, we cannot exclude the effects of residual and undetected confounders on our results. 
Third, testing for platelet reactivity was only performed at one time point, whereas a few studies34,35 have 
shown that platelet reactivity might dynamically change over time, indicating that serial testing could provide 
additional prognostic information. Fourth, several unmeasured confounders, including medication adherence, 
incomplete stent expansion and diffuseness of untreated coronary atherosclerosis, may affect the relationship 
between HbA1c and post-PCI events.

Conclusion
In this large-scale study in a Chinese population, HbA1c levels were positively related to ROC but not to 
ROA, but the adverse effect on clinical outcomes was driven by elevated HbA1c, which forecasted nonfatal 

Fig. 4.  ROC curve for prediction of MACE. MACE major adverse cardiovascular even,  ROC receiver 
operating characteristic, AUC area under curve, CI confidential interval.
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MI and ischemia-driven revascularization, constituting an argument to intensify glycemic control in subjects 
with diabetes after intracoronary stent placement. However, care must be taken because hypoglycemia requires 
medical treatment, and weight gain is accompanied by intensive glycemic control.

Data availability
The datasets generated and analyzed during the current study are not publicly available due to the protection of 
patients’ privacy but are available from the corresponding author on reasonable request.
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