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ABSTRACT　
 
OBJECTIVE　 To investigate the association between baseline hemoglobin A1c (HbA1c) levels and bleeding in patients with non-
ST-segment elevation acute coronary syndrome (NSTE-ACS) who underwent percutaneous coronary intervention (PCI).
 
METHODS　  This  observational  cohort  study  enrolled  6283  consecutive  NSTE-ACS  patients  undergoing  PCI  from  January
1, 2010 to December 31, 2014. Based on baseline HbA1c levels,  the patients were divided into the group with HbA1c < 7% (n =
4740)  and the  group with  HbA1c ≥  7% (n =  1543).  The primary outcomes are  major  bleeding (BARC grades  3-5)  and all-cause
death during follow-up.
 
RESULTS　Of patients enrolled, 4705 (74.9%) were male, and 2143 (34.1%) had a history of diabetes mellitus, with a mean (SD)
age of 64.13 (10.32) years. The median follow-up duration was 3.21 years. Compared with the patients with HbA1c < 7%, the risk
of major bleeding events during follow-up was higher in patients with HbA1c ≥ 7% (adjusted hazard ratio [HR] = 1.57; 95% con-
fidence interval [CI]: 1.01-2.44; P = 0.044), while the risk of all-cause death during follow-up was not associated with the higher
HbA1c levels (adjusted HR = 0.88; 95% CI: 0.66-1.18; P = 0.398).
 
CONCLUSIONS　Compared with the lower baseline HbA1c levels, the higher baseline HbA1c levels were associated with an
increase in long-term bleeding risk in NSTE-ACS patients undergoing PCI, though higher baseline HbA1c levels were not associ-
ated with the higher risk in all-cause death.

  

D iabetes mellitus (DM) is associated with
a higher risk of ischemia events, includ-
ing mortality, heart failure, and stroke,

in patients with non-ST-segment elevation acute co-
ronary syndrome (NSTE-ACS).[1−3] Noticeably, pa-
tients with NSTE-ACS and DM had the worst long-
term prognosis among all ACS patients.[4] Addition-

ally, DM has been determined as the independent
predictor of in-hospital bleeding events in patients
with non-ST-segment elevation myocardial infarc-
tion (NSTEMI).[5,6] Although dual antiplatelet ther-
apy (DAPT) has been identified as the core compon-
ent of management of NSTE-ACS, no specific re-
commendation on antithrombotic pharmacother-
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apy for NSTE-ACS patients with DM has been
made.[7,8] Thus, the optimal prediction for the pro-
gnosis of patients with NSTE-ACS is important.

Since the history of DM has been identified as the
independent predictive factor for bleeding events in
patients with NSTEMI,[5] HbA1c levels may be a
predictive factor of bleeding in ACS patients under-
going percutaneous coronary intervention (PCI). A
recent study has demonstrated that the association
between baseline HbA1c levels and all-cause death
or myocardial infarction in patients with ACS dis-
plays U-shape curve.[9]

The previous study has reported that higher HbA-
1c levels were associated with a higher incidence of
bleeding events in ACS patients, including those
who received invasive treatment or only medical ma-
nagement.[10] NSTE-ACS patients undergoing PCI
who were administrated with additional anticoagu-
lants during procedure had a higher risk of bleed-
ing events.[11,12] Thus, the association between bas-
eline HbA1c levels and bleeding events in NSTE-
ACS patients undergoing PCI should be further in-
vestigated. 

METHODS
 

Study Design and Population

Based on our previously published multicenter

cohort study,[13] this observational cohort study en-
rolled 8197 consecutive NSTE-ACS patients under-
going PCI from January 1, 2010 to December 31,
2014 at five centers in China. The study protocol
was approved by the central ethics committee of the Gu-
angdong Provincial People’s Hospital, Guangzhou,
China, with a waiver of informed consent (No. GD-
REC2016210H(R1)). Central ethical approval was
applicable at the other collaborating hospitals as
well. The patients above 18 years and had informa-
tion about the history of T2DM and admission Hb-
A1c were enrolled. Patients were excluded if they
required an intra-aortic balloon pump, did not re-
ceive stent implantation or aspiration, were read-
mitted to the hospital, and their information on PCI
procedure was missed. Finally, 6283 patients were
included in this study. Based on baseline HbA1c
levels, the patients were divided into the HbA1c <
7% group and the HbA1c ≥ 7% group (Figure 1).

Data including patient demographics, laboratory
test results, PCI procedural details, antithrombotic
therapies, other medical treatments, and clinical
events were extracted from the hospital electrical
records by investigators. Follow-up was conducted
by trained nurses via telephone interviews or clinical
visits. 

Outcomes

The primary outcomes were major bleeding and
 

Figure 1    Flowchart. HbA1c: Hemoglobin A1c; PCI: percutaneous coronary intervention.

JOURNAL OF GERIATRIC CARDIOLOGY RESEARCH ARTICLE

488 http://www.jgc301.com; jgc@jgc301.com  



all-cause death during follow-up. The secondary
outcomes included several in-hospital events, in-
cluding all-cause death, major bleeding, any bleed-
ing, and major adverse cardiovascular events (MA-
CEs). The secondary outcomes also included any
bleeding during follow-up.

Major bleeding and any bleeding were defined by
the BARC grades 3-5 and grades 1-5,[14] respectively.
MACEs were defined as the composite events of all-
cause death, myocardial infarction, target vessel re-
vascularization, and stroke. 

Statistical Analyses

Continuous variables following normal distribu-
tion were presented as mean ± SD, and the differ-
ences between groups were analyzed using two-
sample t-tests. Non-normally distributed continu-
ous variables were expressed as medians and in-
terquartile ranges and were compared using Wil-
coxon rank-sum tests. Categorical variables were
described as a number (n) with percentage (%), and
differences were analyzed by Pearson χ2 or Fisher
exact test.

Logistic regression was performed as a multivari-
able analysis for in-hospital outcomes. Cox propor-
tional hazards regression model was performed as a
multivariable analysis for clinical outcomes during
follow-up. An additive hazards model was used to
detect time-varying associations. Potential con-
founders that were significant in the univariate ana-
lysis or clinically important. Age, sex, heart rate,
systolic blood pressure, hemoglobin levels, history
of DM, history of myocardial infarction, history of
PCI, history of hypertension, current smoking, es-
timated glomerular filtration rate (eGFR), DAPT,
glycoprotein Ⅱb/Ⅲa inhibitor, warfarin, parenter-
al anticoagulation therapy, the diagnosis of NSTE-
ACS subtypes were adjusted in the multivariable
models for bleeding events in hospital and during
follow-up.

For adjustment of logistic regression analyses for
in-hospital death and in-hospital MACEs, age, sex,
history of myocardial infarction, history of stroke,
chronic heart failure, eGFR, diagnosis of NSTE-ACS
subtypes, coronary anatomy, the interval from ad-
mission to PCI procedure were included. For ad-
justment of all-cause death during follow-up, age,
sex, heart rate, systolic blood pressure, left ventricu-

lar ejection fraction (LVEF), history of DM, history
of myocardial infarction, history of PCI, history of
hypertension, current smoking, eGFR, DAPT, gly-
coprotein Ⅱb/Ⅲa inhibitor, angiotensin convert-
ing enzyme inhibitors/angiotensin receptor block-
ers (ACEI/ARB), parenteral anticoagulation ther-
apy, coronary anatomy, implanted stents number,
total implanted stents length, the diagnosis of NSTE-
ACS subtypes, and the interval from admission to
PCI procedure were included in multivariable ana-
lyses.

Subgroup analyses were conducted for major bl-
eeding during follow-up. For each outcome, the most-
clinically relevant subgroups were analyzed. For
each subgroup, the multivariable analysis was per-
formed by adjusting all other subgroup factors.
Forest plots were used to show the results.

All analyses were performed with SAS version
9.4 (SAS Institute, Cary, NC). All significant interac-
tions were also examined. A two-sided P < 0.05 was
considered statistically significant. 

RESULTS
 

Baseline Characteristics

Of 6283 patients enrolled, 4705 (74.9%) were
male, and 2143 (34.1%) had a history of T2DM, with
a mean age of 64.13 ± 10.32 years. The median follow-
up duration was 3.21 years. Among these patients,
3497 were diagnosed with NSTEMI (55.7%), and
2786 were diagnosed with unstable angina (44.3%).
Based on baseline HbA1c levels, 4740 patients had
the levels of admission HbA1c < 7%, and 1543 pa-
tients had the levels of admission HbA1c ≥ 7%. Pa-
tients with baseline HbA1c levels ≥ 7% were older
and more likely to have higher heart rate, systolic
blood pressure, serum creatinine levels, history of
T2DM, and chronic heart failure than those with
baseline HbA1c levels < 7%. Additionally, those
with baseline HbA1c levels ≥ 7% had lower hemato-
crit and eGFR. Among patients with baseline Hb-
A1c levels ≥ 7%, 1365 were diagnosed with T2DM,
and 30.1% were administrated insulin. In patients
with baseline HbA1c levels < 7%, 778 patients had
T2DM, and 1.8% received insulin (Table 1). 

In-hospital Outcomes

As to in-hospital outcomes, there was no differ-
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Table 1    Characteristics of patients at index hospitalization according to HbA1c levels.

Characteristics HbA1c ≥ 7% (n = 1543) HbA1c < 7% (n = 4740) Total (n = 6283) P-value
Age

　Mean, yrs     64.72 ± 9.73           63.93 ± 10.50       64.13 ± 10.32        0.007

　≥ 65 yrs, 806 (52.2%) 2343 (49.4%) 3149 (50.1%)    0.056

Female 471 (30.5%) 1107 (23.4%) 1578 (25.1%) < 0.001

Weight, kg     67.79 ± 12.21         65.89 ± 11.77       66.36 ± 11.90     < 0.001

Heart rate, beats/min     75.72 ± 11.96         73.13 ± 11.33       73.77 ± 11.54     < 0.001

Blood pressure, mmHg

　Systolic   136.70 ± 19.63       133.89 ± 19.59     134.58 ± 19.64     < 0.001

　Diastolic     77.58 ± 11.54         77.63 ± 11.74       77.62 ± 11.69        0.873

LVEF, % 60.39% ± 10.92% 62.19% ± 9.65% 61.75% ± 10.01% < 0.001

History of disease and risk factors

　Myocardial infarction 263 (17.0%) 710 (15.0%) 973 (15.5%)    0.051

　PCI 332 (21.5%) 758 (16.0%) 1090 (17.3%) < 0.001

　CABG 20 (1.3%) 49 (1.0%) 69 (1.1%)    0.390

　Stroke 116 (7.5%) 338 (7.1%) 454 (7.2%)    0.610

　Chronic heart failure 237 (15.4%) 578 (12.2%) 815 (13.0%)    0.001

　Atrial fibrillation 55 (3.6%) 157 (3.3%) 212 (3.4%)    0.634

　Current smoker 372 (24.1%) 1412 (29.8%) 1784 (28.4%) < 0.001

　Diabetes mellitus 1365 (88.5%) 778 (16.4%) 2143 (34.1%) < 0.001

　Hypertension 1142 (74.0%) 3107 (65.5%) 4249 (67.6%) < 0.001

　Hyperlipemia 339 (22.0%) 1062 (22.4%) 1401 (22.3%)    0.722

eGFR

　Mean, mL/min per 1.73 m2     80.94 ± 28.33         83.19 ± 24.19       82.64 ± 25.29        0.005

　≤ 60 mL/min per 1.73 m2 357 (23.1%) 699 (14.7%) 1056 (16.8%) < 0.001

Serum creatinine level, mg/dL       1.07 ± 0.70             1.02 ± 0.63           1.03 ± 0.65          0.017

Anemia 531 (34.4%) 1401 (29.6%) 1932 (30.7%) < 0.001

Haemoglobin, g/L   132.00 ± 17.51       134.42 ± 16.45     133.82 ± 16.75     < 0.001

Type of disease,

　NSTEMI 677 (43.9%) 2109 (44.5%) 2786 (44.3%)    0.671

　UA 866 (56.1%) 2631 (55.5%) 3497 (55.7%)

In-hospital medication

　Aspirin 1503 (97.4%) 4631 (97.7%) 6134 (97.6%)    0.431

　Clopidogrel 1530 (99.2%) 4699 (99.1%) 6229 (99.1%)    0.007

　Ticagrelor 3 (0.2%) 8 (0.2%) 11 (0.2%)    0.044

　Dual antiplatelet therapy 1496 (97.0%) 4604 (97.1%) 6100 (97.1%)    0.720

　Statin 1511 (97.9%) 4648 (98.1%) 6159 (98.0%)    0.744

　Warfarin 13 (0.8%) 20 (0.4%) 33 (0.5%)    0.047

　ACEI/ARB 1270 (82.3%) 3655 (77.1%) 4925 (78.4%) < 0.001

　Beta blockers 1300 (84.3%) 3961 (83.6%) 5261 (83.7%)    0.526

　Parenteral anticoagulation therapy 592 (38.4%) 1895 (40.0%) 2487 (39.6%)    0.261

　Glycoprotein IIb/IIIa inhibitor 186 (12.1%) 525 (11.1%) 711 (11.3%)    0.292

Hypoglycemic therapy
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ence between patients with HbA1c < 7% and pa-
tients with HbA1c ≥ 7% in all-cause death, MACEs
and any bleeding, but those whose HbA1c ≥ 7% had
higher incidence of major bleeding. (1.5% vs. 2.3%,
P = 0.038; Table 2). After adjusted by multivariable
models, baseline HbA1c levels ≥7% did not show
association with a higher risk of major bleeding (ad-
justed OR: 1.40, 95% CI: 0.81-2.44, P = 0.230), all-
cause death (adjusted OR: 0.19, 95% CI: 0.02-1.49, P =

0.114), MACEs (adjusted OR: 0.87, 95% CI: 0.44-1.74,
P = 0.703), and any bleeding (adjusted OR: 0.86,
95% CI: 0.68-1.09, P = 0.218; Table 2 and Table 4).
 

Long-term Outcomes

Compared with the patients with HbA1c < 7%,
the risk of major bleeding events was higher in the
patients with HbA1c ≥ 7% during long-term follow-
up but not in short-term follow-up (in 30 days: ad-

Continued

Characteristics HbA1c ≥ 7% (n = 1543) HbA1c < 7% (n = 4740) Total (n = 6283) P-value

　Insulin 322 (30.1%) 58 (1.8%) 380 (9.0%) < 0.001

　hypoglycemic drugs 748 (70.0%) 358 (11.3%) 1106 (26.1%) < 0.001

Positive cardiac biomarkers 820 (55.2%) 2460 (53.7%) 3280 (54.1%)    0.315

Procedure characteristics

Access site

　Transradial access 1312 (85.0%) 4076 (86.0%) 5388 (85.8%)    0.347

　Transfemoral access 231 (15.0%) 664 (14.0%) 895 (14.2%)

Coronary anatomy

　Left main 188 (12.2%) 576 (12.2%) 764 (12.2%)

　Multivessel disease 1077 (69.8%) 2928 (61.8%) 4005 (63.7%) < 0.001

　Other 278 (18.0%) 1236 (26.1%) 1514 (24.1%)

Stents number 2.13 ± 1.22 1.99 ± 1.14 2.02 ± 1.16 < 0.001

Total length of stents, mm 46 (28-72) 42 (24-66) 42 (24-68) < 0.001

Interval between admission and procedure

　Median, days 2 (1-4) 2 (1-3) 2 (1-4)    0.021

　< 24 h 628 (40.7%) 2064 (43.5%) 2692 (42.8%)

　24-72 h 500 (32.4%) 1497 (31.6%) 1997 (31.8%)    0.115

　> 72 h 415 (26.9%) 1179 (24.9%) 1594 (25.4%)

Data are presented as n (%) or median (IQR). ACEI: angiotensin converting enzyme inhibitors; ARB: angiotensin receptor blockers;
BMS: bare metal stent; CABG: coronary artery bypass graft; DES: drug eluting stent; eGFR: estimated glomerular filtration rate; HbA1c:
hemoglobin A1c; IQR: interquartile range; LVEF: left ventricular ejection fraction; NSTEMI: non-ST-segment elevation myocardial
infarction; PCI: percutaneous coronary intervention; PTCA: percutaneous transluminal coronary angioplasty; UA: unstable angina.

 

Table 2    In-hospital clinical outcomes according to HbA1c levels.

Outcome HbA1c ≥ 7% (n = 1543) HbA1c < 7% (n = 4740) Total (n = 6283) P-value

All-cause death 1 (0.1%) 11 (0.2%) 12 (0.2%) 0.191

MACEs 11 (0.7%) 35 (0.7%) 46 (0.7%) 0.919

TVR 0 4 (0.1%) 4 (0.1%) 0.254

Ischemic stroke 5 (0.3%) 7 (0.1%) 12 (0.2%) 0.168

Myocardial infarction 5 (0.3%) 18 (0.4%) 23 (0.4%) 0.753

Major bleeding 36 (2.3%) 73 (1.5%) 109 (1.7%) 0.038

Any bleeding 191 (12.4%) 627 (13.2%) 818 (13.0%) 0.389

Data are presented as n (%). HbA1c: Hemoglobin A1c; MACEs: major adverse cardiovascular events; TVR: target vessel
revascularization.
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justed HR = 1.48; 95% CI: 0.86-2.55; P = 0.153, in the
whole follow-up: adjusted HR = 1.57; 95% CI: 1.01-
2.44; P = 0.044; Table 3 and Table 4). No difference
was observed in all-cause death and any bleeding
between the patients with HbA1c < 7% and with
HbA1c ≥ 7% (all-cause death: adjusted HR = 0.88;
95% CI: 0.66-1.18; P = 0.398; any bleeding: adjusted
HR = 1.00, 95% CI: 0.84-1.19, P = 0.994; Table 3 and
Table 4). After adjustment of potential confounders
included in multivariable analyses, Cox regression
plots showed that the patients with HbA1c ≥ 7%

had more major bleeding events (P = 0.044), where-
as the all-cause death occurred similarly in both pa-
tients with HbA1c ≥ 7% and with HbA1c < 7% (P =
0.398; Figure S1 in supplemental materials). As to
the Kaplan-Meier analyses for major bleeding, more
major bleeding occurred in patients with HbA1c ≥
7% in the first 30 days, from 30 days to 6 years and
the whole duration of follow-up (P = 0.027, P = 0.049,
P = 0.003, respectively; Figure 2). The long-term
mortality was lower in those patients with HbA1c <
7% (P = 0.005; Figure 2). 

 

Table 3    Long-term clinical outcomes according to Hba1c levels.

Outcome HbA1c ≥ 7% (n = 1543) HbA1c < 7% (n = 4740) Total (n = 6283) P-value
30 days

　All-cause death 2 (0.1%) 17 (0.4%) 19 (0.3%) 0.155

　Major bleeding 37 (2.4%) 73 (1.5%) 110 (1.8%) 0.026

　Any bleeding 196 (12.7%) 631 (13.3%) 827 (13.2%) 0.538

1 year

　All-cause death 29 (1.9%) 89 (1.9%) 118 (1.9%) 0.996

　Major bleeding 43 (2.8%) 81 (1.7%) 124 (2.0%) 0.008

　Any bleeding 230 (14.9%) 719 (15.2%) 949 (15.1%) 0.802

3 years

　All-cause death 91 (5.9%) 216 (4.6%) 307 (4.9%) 0.034

　Major bleeding 55 (3.6%) 106 (2.2%) 161 (2.6%) 0.004

　Any bleeding 280 (18.1%) 887 (18.7%) 1167 (18.6%) 0.619

5 years

　All-cause death 129 (8.4%) 297 (6.3%) 426 (6.8%) 0.004

　Major bleeding 57 (3.7%) 110 (2.3%) 167 (2.7%) 0.004

　Any bleeding 290 (18.8%) 911 (19.2%) 1201 (19.1%) 0.712

HbA1c: Hemoglobin A1c.
 

Table 4    Univariate and multivariable logistic regression and COX proportional hazards regression for the association of baseline
HbA1c levels with outcomes.

Outcomes
Univariate analysis Multivariate analysis

Odds or hazard ratio 95% CI P-value Odds or hazard ratio 95% CI P value
In-hospital

　All-cause death 0.28 0.04-2.16 0.222 0.19 0.02-1.49 0.114

　MACEs 0.97 0.49-1.91 0.919 0.87 0.44-1.74 0.703

　Major bleeding 1.53 1.02-2.29 0.040 1.40 0.81-2.44 0.230

　Any bleeding 0.93 0.78-1.10 0.389 0.86 0.68-1.09 0.218

Follow up

　All-cause death 1.34 1.09-1.64 0.006 0.88 0.66-1.18 0.398

　Major bleeding 1.61 1.17-2.22 0.004 1.57 1.01-2.44 0.044

　Any bleeding 0.98 0.86-1.12 0.772 1.00 0.84-1.19 0.994

MACEs: major adverse cardiovascular events.
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Subgroup Analyses

Generally, the association between baseline gly-
cemic status on admission and major bleeding was
consistent across subgroups with primary analyses.
There was no significant interaction between bas-
eline HbA1c levels and other baseline characterist-
ics factors, including the previous diagnosis of T2-
DM and chronic kidney disease (P for interaction >
0.10 in all comparisons; Figure 3). Also, no signific-
ant interaction between baseline HbA1c levels and
insulin use or other hypoglycemic treatment use (P
for interaction = 0.177 and = 0.674, respectively; Fig-
ure S2 in supplemental materials). 

DISCUSSION

This study aimed to investigate the association
between baseline HbA1c levels and bleeding in

NSTE-ACS patients undergoing PCI. We found that
compared with baseline HbA1c < 7%, baseline Hb-
A1c levels ≥ 7% were associated with a higher long-
term risk of major bleeding but not associated with
all-cause death in patients with NSTE-ACS under-
going PCI.

Compared with NSTE-ACS patients who rece-
ived conservative strategies, the patients undergo-
ing PCI who were administered additional antico-
agulants during the procedure had a higher risk of
bleeding events.[11,12] Although DM was reported as
a risk factor both for ischemic events and bleeding
in NSTEMI patients,[5] limited studies have investig-
ated the association between DM and bleeding ev-
ents in NSTE-ACS patients undergoing PCI.

There are inconsistent observations in the associ-
ation between HbA1c levels with all-cause death.
The previous studies showed that baseline HbA1c
was an independent predictive factor for all-cause

 

Figure 2    Kaplan-Meier estimated event rates of major bleeding and all-cause death according to baseline HbA1c levels. Solid lines
indicate the Kaplan-Meier curves, and the shaded area is the 95% CI. HbA1c: Hemoglobin A1c.
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death regardless of whether the patients had a pre-
vious diagnosis of DM.[10,15,16] Recently, Baber, et
al.[9] reported that in patients with ACS undergoing
PCI, baseline HbA1c levels display a U-shaped as-
sociation with long-term all-cause death or myocar-
dial infarction, where the lower HbA1c levels were
also related to a higher ischemic event. Engoren, et
al.[17] also reported that patients with lower HbA1c
undergoing CABG had more cardiovascular death
events.

In the present study, the crude K-M curve show-
ed that relative to baseline HbA1c < 7%, baseline
HbA1c levels ≥ 7% were associated with more all-
cause death events. After adjustment with several
potential confounders, there was no significance in
the association between HbA1c levels and all-cause
death, which possibly suggested that several con-
founders raised from higher HbA1c levels may be
adjusted in this study.

Diabetes was identified as associated with major

bleeding events, including gastrointestinal bleed-
ing and intracranial bleeding.[18] The Can Rapid risk
stratification of Unstable angina patients Suppress
ADverse outcomes with Early implementation of
the ACC/AHA guidelines (CRUSADE) bleeding
score enrolled the history of diabetes as an indepe-
ndent predictive factor for post-MI bleeding risk.[5]

The current evidence showed inconsistent results.
Consistent with the CRUSADE study, Giraldez, et
al.[15] found that in patients with NSTE-ACS, com-
pared with those who had normal glycemic status,
those who had DM experienced a higher risk of
bleeding events defined by GUSTO moderate or
severe bleeding. On the contrary, several recent
studies failed to confirm the roles of DM in increas-
ing the risk of bleeding in patients with coronary
artery diseases undergoing PCI.[19−22] Given that
HbA1c levels were considered a better reflection of
the glycemic status of patients than instant blood
glucose or the history of DM, it might play a more

 

Figure 3      Subgroup analyses  for  the association between baseline hba1c and major  bleeding. HbA1c: Hemoglobin A1c;  UA:  un-
stable angina; NSTEMI: non-ST-segment elevation myocardial infarction.
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crucial role in maintaining the balance between is-
chemia and bleeding.[23] In the latest study, Sam-
uelsen, et al.[24] reported DM defined by HbA1c was
identified as the risk factor for the higher risk of
major bleeding in patients undergoing PCI. Addi-
tionally, a previous study conducted on patients
with stable coronary diseases reported that the hi-
gher baseline HbA1c was also associated with a hi-
gher incidence of major bleeding (BARC > 2 grade)
in patients.[25] The subgroup analysis of the PLATO
study also showed that the higher HbA1c was asso-
ciated with a higher incidence of bleeding events in
ACS patients receiving invasive or non-invasive
strategies. However, there was limited evidence to
investigate the association of HbA1c with bleeding
events in NSTE-ACS patients undergoing PCI.

In this study, we found that the NSTE-ACS pa-
tients with higher baseline HbA1c levels undergo-
ing PCI had more incidences of major bleeding (3-5
grade). The reasons why high HbA1c levels are as-
sociated with bleeding remain unclear. Lemesle et
al. thought physicians would tend to provide more
stringent secondary prevention to DM patients for
reducing the incidence of ischemic events. Still,
these strategies may increase the risk of bleeding in
turn.[25] Additionally, the patients who were en-
rolled in the CORONOR study and EARLY ACS st-
udy where the higher HbA1c levels or DM were as-
sociated with higher bleeding risk, might be more ad-
ministrated aspirin and clopidogrel.[15,25] The previ-
ous study suggested that clopidogrel usage may in-
crease the risk of bleeding in patients with DM.[22,24]

There also were a high proportion of aspirin use and
clopidogrel use in our study (aspirin: 100.0% and cl-
opidogrel: 99.1%), which may enhance the potenti-
al effect of HbA1c on bleeding in patients with NSTE-
ACS undergoing PCI, but the clear mechanism sh-
ould be further elucidated.

Moreover, we noticed that new major bleeding ev-
ents burst in the first 30 days and the accumulation
trend flatten from 30 days to 6-year follow-up. This
trend may suggest the impact of HbA1c levels on
bleeding events throughout in-hospital antithrom-
botic medication and discharge antiplatelet man-
agement in general. Also, the glucose-lowering
drugs, including metformin and sulfonylureas, may
interact with antithrombotic therapies to decrease
platelet activity, which may be the underlying reas-

on for a higher incidence of bleeding events in this
study.[26] Another potential mechanism could be at-
tributed to the higher PAI-1 and t-PA levels indicat-
ing a disorder in the fibrinolytic system in DM pa-
tients.[27] Hyperglycemia status and increased in-
sulin levels can stimulate the production of PAI-1
by endothelial cells and adipocytes.[28−31] The in-
crease in PAI-1 reduces the serine protease effect of
rtPA, which may produce increased endothelial da-
mage, blood-brain barrier breakdown, and micr-
ovasculature, leading to hemorrhagic complicati-
ons.[32,33] However, clearer mechanisms of the rela-
tion between glycemic status and bleeding still
should be further studied.

Although the previous studies found that the ad-
ministration of insulin increased the incidence of
mortality,[34] this was not associated with the higher
risk of bleeding events in patients with ACS.[19] Co-
nsistently, in the present study, the subgroup ana-
lyses failed to find the differences in the association
between the risk of bleeding and HbA1c levels in
the patients with or without insulin or hypoglycem-
ic treatments. These indicated that further studies
are required for investigating the association bet-
ween insulin or hypoglycemic treatments and bl-
eeding in patients with NSTE-ACS undergoing PCI. 

LIMITATIONS
First, this study is an observational cohort study,

meaning several potential confounders impacted
the results. We minimized this impact by enrolling
multivariate analyses, but there still are residual
confounders unadjusted. Second, the low incidence
of events makes subgroup analyses insufficient to
find the predictive effect of baseline HbA1c levels in
patients with DM or without DM. Alternatively,
further studies could enroll the NSTE-ACS patients
with or without DM respectively to demonstrate the
roles of baseline HbA1c in the prediction of bleed-
ing events in a different group. Third, this study
didn’t record the HbA1c levels during follow-up or
long-term glucose-lowering strategies. Therefore, it
could not determine the long-term glycemic status
on clinical outcomes in patients undergoing PCI for
NSTE-ACS. 

CONCLUSION

Compared with the lower baseline HbA1c levels,
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the higher baseline HbA1c levels were associated
with an increase in long-term bleeding risk in NSTE-
ACS patients undergoing PCI, though higher bas-
eline HbA1c levels were not associated with a high-
er risk of mortality. 
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