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Background: This study compared differences in the risk factors and clinical outcomes

of primary percutaneous coronary intervention (PCI) in type 2 diabetes mellitus (DM)

and non-DM patients with de novo lesions (DNLs) and late or very late stent

thrombosis (LST/VLST).

Methods: We used angiography to screen 4,151 patients with acute coronary syndrome

for DNL and LST/VLST lesions. Overall, 3,941 patients were included in the analysis and

were allocated to the DM (n = 1,286) or non-DM (n = 2,665) group at admission. The

primary endpoint was a composite of major adverse cardiovascular events (MACEs),

defined as death, myocardial infarction, revascularization, and ischemic stroke, within a

median follow-up period of 698 days.

Results: In the group with a total white blood cell count >10 × 109/L (P = 0.004), a

neutral granular cell count>7× 109/L (P= 0.030), and neutrophil–lymphocyte ratio>1.5

(P = 0.041), revascularization was better for DNL than for LST/VLST lesions. Among DM

patients with DNLs, each unit increase in age was associated with a 53.6% increase in

the risk of MACEs [hazard ratio (HR): 1.536, 95% confidence interval (CI), 1.300–1.815,

P < 0.0001]. Older age (≥65 years) was associated with a significantly greater risk of

MACEs (P < 0.0001). Furthermore, each standard deviation (SD) increase in the level of

peak white blood cell counts was associated with a 50.1% increase in the risk of MACEs

(HR, 1.501; 95% CI, 1.208–1.864; P = 0.0002). When stratifying the DM population with

DNLs according to the D-dimer baseline and peak levels <0.5 vs. ≥0.5 mg/L, the high
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D-dimer group at baseline had a 2.066-fold higher risk of MACEs (P < 0.0001), and

the high peak level D-dimer group had a 1.877-fold higher risk of MACEs (P = 0.001)

compared to the low-level groups. Among DMpatients with LST/VLST, each unit increase

in age was associated with a 75.9% increase in the risk of MACEs (HR: 1.759, 95% CI,

1.052–2.940, P = 0.032). Furthermore, for each SD increase in the peak D-dimer level,

the risk of MACEs increased by 59.7% (HR, 1.597; 95% CI, 1.110–2.295; P = 0.041).

Conclusion: Following successful primary PCI, the measurement of baseline and peak

D-dimer values may help identify individuals at high cardiovascular risk. This suggests a

potential benefit of lowering D-dimer levels among T2DMpatients with DNL. Furthermore,

age and the peak D-dimer values may facilitate the risk stratification of T2DM patients

with LST/VLST.

Keywords: de novo lesions, late or very late stent thrombosis, diabetes mellitus, percutaneous coronary

intervention, metabolic

INTRODUCTION

Patients with type 2 diabetes mellitus (DM), a pro-inflammatory
disease (1), exhibit an enhanced inflammatory reaction at the
site of implantation of stents. Compared with non-DM patients,
DM patients who have undergone stent implantation often
present neointimal hyperplasia and diffusely diseased vessels,
along with deleterious local phenomena (2), various healing
responses, and arterial remodeling (3). However, the long-term
prognosis of DM patients with de novo lesions (DNLs) and very
late stent thrombosis (LST/VLST) who have undergone primary
percutaneous coronary intervention (PCI) remains unknown.

This retrospective, single-center, all-comer trial aimed to
compare the differences in the long-term prognosis of DM
and non-DM patients who underwent PCI for DNLs and
for LST/VLST.

METHODS

Study Population and Design
This retrospective observational study adhered to the
Strengthening the Reporting of Observational Studies in
Epidemiology statement. This study was conducted according to
the principles outlined in the Declaration of Helsinki and was
approved by the Ethics Committee of Fuwai Hospital. All study
subjects provided written informed consent.

The study was conducted on patients who had undergone
primary PCI at Fuwai Hospital (National Center for
Cardiovascular Diseases, Peking Union Medical College
and Chinese Academy of Medical Sciences) in Beijing, China,
between January 2010 and June 2017. From among 4,151 patients
admitted for acute myocardial infarction (MI), 3,941 patients
were included in this study (Figure 1) and were divided into
a DM group (n = 1,286) and a non-DM group (n = 2,655).
The types of coronary lesions, including DNL (n = 3,661) and
LST/VLST (n = 280), were identified angiographically. Patients
who were lost to follow-up, whose coronary angiography
parameters were not available, or who refused participation were
excluded from the analysis.

By using coronary angiography, stent thrombosis (ST) was
defined as when a thrombus originated in a segment 5mm
distal or proximal to the stent, or in the stent, in patients
with acute coronary syndrome (ACS) (4). The Academic
Research Consortium (ARC) defined late ST as ST that occurred
between 30 days and 1 year, and VLST as ST that occurred
>1 year, after stent implantation (4). Three independent and
blinded interventional cardiologists with >5 years’ experience
in interventional cardiology screened all patients with a history
of stent implantation. Anonymized angiographic data for each
patient were allocated to two of the three cardiologists at random.
The cardiologists analyzed the data independently and blindly;
disagreements were resolved by discussion to consensus among
all three cardiologists.

Clinical Outcomes
Clinical outcomes were obtained during follow-up via a
telephone call or were confirmed from health records, as
approved by the Review Board of Fuwai Hospital. The
primary endpoints were major adverse cardiovascular events
(MACEs), all-cause death, cardiac-related death, recurrent MI,
revascularization, and ischemic stroke. AMACEwas a composite
of all-cause death, recurrent MI, and ischemic stroke. The
physicians in charge of the follow-up identified and extracted
primary endpoints from hospital records, laboratory reports, and
clinical notes in the event of death.

Statistical Analyses
Time-to-event variables are presented as Kaplan–Meier (K-M)
curves, in R (https://www.r-project.org/), and MACE incidences
in subgroups were compared using the log-rank test. Baseline
patient characteristics were compared between patients with
DNL and LST/LVST and among DM and non-DM patients.

Continuous variables are presented as the means ± standard
errors and categorical data are presented as counts and
percentages. Differences between continuous variables were
compared using independent t-tests, and those between
categorical variables were compared using the χ

2-test or
Fisher’s exact test to assess the interaction between lesion
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FIGURE 1 | Flow chart. ACS, acute coronary syndrome; LST, late stent thrombosis; VLST, very late stent thrombosis.

types and baseline clinical, laboratory index, or angiographic
characteristics. We conducted the subgroup analysis by
stratification into WBC, other cell counts, D-dimer levels,
etc. to access the association between the MACEs and
various parameters.

Propensity score matching (PSM) is an increasingly utilized
statistical method in non-randomized and observational research
in order to make estimation of the influence of the treatment on
endpoints accurately (5). It removes the confounding bias factors
from the observational cohorts by matching already treated
subjects with observational subjects to reduce the unwanted
influences of covariates, help account for such imbalances, and
allow for proper measurement of the intended variable (6).
PSM was employed to adjust for potential confounders and
to minimize the impact of selection bias on the comparison
between the DM and non-DM groups. We used the one-to-
one nearest-neighbor matching for the PSM of patients in
different groups, with a caliper width equal to 0.2 of the
standard deviation (SD). The procedure yielded 1,178 matched
pairs among DNL patients and 108 matched pairs among
LST/VLST patients.

The event-free survival rates among groups were calculated
by the Kaplan–Meier analysis using method of propensity
match and compared by the log-rank test. The confounder

factors of models include age, gender, history of hypertension,
history of PCI, history of coronary artery bypass graft, history
of chronic kidney disease, Killip classification, high-sensitivity
C-reactive protein, and estimated glomerular filtration rate.
The Mantel–Cox method was used to calculate hazard ratios
(HRs) and 95% confidence intervals (CIs) for comparisons
of clinical outcomes, including MACEs and all-cause death,
between groups, and the log-rank test was used to calculate
corresponding P-values. We conducted two-sided analyses to
allow conventional interpretation of results, and a P < 0.05 was
considered statistically significant. Missing data were handled by
single imputation.

Most of the statistical analyses were conducted using R version
I 386 3.6.2 (R Foundation for Statistical Computing, Vienna,
Austria). Other analyses were performed using SPSS Statistics
version 20.0 (SPSS, Inc., Chicago, IL).

RESULTS

Table 1 presents the baseline demographic data, indicators
of serum inflammation, lipids, angiographic features, and
procedural characteristics of the entire study population. In total,
3,941 patients were divided into the DM group (1,178 DNL and
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TABLE 1 | Baseline characteristics of entire population.

Variables De novo lesion patients Propensity-matched de novo lesion patients LST/VLST patients Propensity-matched LST/VLST patients

DM

De novo lesion

(N = 1,178)

Non-DM

De novo lesion

(N = 2,483)

P1 DM

De novo lesion

(N = 1,178)

Non-DM

De novo lesion

(N = 1,178)

P1
′ DM

LST/VLST

(N = 108)

Non-DM

LST/VLST

(N = 172)

P2 DM

LST/VLST

(N = 108)

Non-DM

LST/VLST

(N = 108)

P2′

Age (years) 60.5±11.3 58.0 ± 12.3 <0.001* 60.5 ± 11.3 66.6 ± 11.1 <0.001* 62.4 ± 9.8 59.46 ± 8.8 0.018* 62.4 ± 9.8 61.5 ± 12.5 0.529

Male [% (n)] 861 (73.1%) 2,027 (81.6%) <0.001* 861 (73.1%) 723 (61.4%) <0.001* 76 (70.4%) 142 (82.6%) 0.013* 76 (70.4%) 78 (72.2%) 0.764

Heart rate (beats/min) 78.7±15.4 76.9 ± 15.3 0.177 78.7 ± 15.4 77.0 ± 16.0 0.008* 77.9 ± 14.8 75.99 ± 1.18 0.859 77.9 ± 14.8 76.5 ± 14.2 0.506

SBP (mmHg) 125.7±17.7 123.5 ± 18.1 0.001* 125.7 ± 17.7 124.4 ± 18.8 0.106 127.5 ± 18.7 124.98 ± 1.64 0.979 127.5 ± 18.7 125.5 ± 20.0 0.441

DBP (mmHg) 73.8±12.4 74.4 ± 12.9 0.185 73.8 ± 12.4 72.8 ± 7.4 0.049* 74.6 ± 12.2 72.53 ± 1.43 0.630 74.6 ± 12.2 76.4 ± 12.7 0.299

EF at admission 53.4±7.9 54.0 ± 7.3 0.033 53.4 ± 7.9 53.5 ± 7.4 0.712 52.3 ± 8.5 51.40 ± 0.63 0.392 52.3 ± 8.5 50.6 ± 8.3 0.156

Risk factors

Hypertension [% (n)] 769 (65.3%) 1,149 (58.4%) <0.001* 769 (65.3%) 762 (64.7%) 0.762 74 (68.5%) 107 (62.2%) 0.282 74 (68.5%) 69 (63.9%) 0.472

Hyperlipidemia [% (n)] 997 (94.0%) 2,031 (91.3%) 0.008* 997 (94.0%) 940 (89.7%) <0.001* 91 (95.8%) 143 (91.7%) 0.158 91 (95.8%) 87 (88.8%) 0.069

Smoking [% (n)] 622 (58.3%) 1,553 (69.3%) <0.001* 622 (58.3%) 574 (54.0%) 0.046 58 (61.1%) 103 (64.8%) 0.321 58 (61.1%) 53 (53.5%) 0.290

Previous PCI [% (n)] 122 (10.4%) 164 (6.6%) <0.001* 122 (10.4%) 86 (7.3%) 0.009 97 (89.8%) 139 (80.8%) 0.030* 97 (89.8%) 84 (77.8%) 0.016

Previous CABG [% (n)] 24 (2.0%) 17 (0.7%) 0.001* 24 (2.0%) 9 (0.8%) 0.009 1 (0.9%) 1 (0.6%) 0.624 1 (0.9%) 1 (0.9%) 1.000

CKD [% (n)] 107 (9.1%) 170 (6.8%) 0.019* 107 (9.1%) 118 (10.0%) 0.441 11 (10.2%) 12 (7.0%) 0.231 11 (10.2%) 11 (10.2%) 1.000

Comorbidities

Malignancy 12 (1.0%) 34 (1.4%) 0.374 12 (1.0%) 27 (2.3%) 0.015 1 (0.9%) 2 (1.2%) 0.851 1 (0.9%) 2 (1.9%) 0.561

Arrhythmology 284 (24.1%) 625 (25.2%) 0.487 284 (24.1%) 359 (30.5%) <0.001 21 (19.4%) 48 (27.9%) 0.110 21 (19.4%) 36 (33.3%) 0.021

Alimentary ulcer 64 (5.4%) 157 (6.3%) 0.291 64 (5.4%) 80 (6.8%) 0.169 – – – – – –

Hypoproteinemia 17 (1.4%) 18 (0.7%) 0.037 17 (1.4%) 14 (1.2%) 0.588 2 (1.9%) 0 (0.0%) 0.073 2 (1.9%) 0 (0.0%) 0.155

Pulmonary disease 81 (6.9%) 147 (5.9%) 0.264 81 (6.9%) 104 (8.8%) 0.078 – – – – – –

Gastritis 95 (8.1%) 216 (8.7%) 0.520 95 (8.1%) 115 (9.8%) 0.148 4 (3.7%) 15 (8.7%) 0.104 4 (3.7%) 10 (9.3%) 0.097

Reflux esophagitis 259 (22.0%) 527 (21.2%) 0.600 259 (22.0%) 245 (20.8%) 0.482 0 (0.0%) 1 (0.6%) 1.000 0 (0.0%) 1 (0.9%) 0.316

Cardiomyopathy 9 (0.8%) 8 (0.3%) 0.066 9 (0.8%) 4 (0.3%) 0.164 1 (0.9%) 2 (1.2%) 1.000 1 (0.9%) 2 (1.9%) 0.561

Respiratory failure 13 (1.1%) 12 (0.5%) 0.033 13 (1.1%) 9 (0.8%) 0.392 1 (0.9%) 0 (0.0%) 0.386 1 (0.9%) 0 (0.0%) 0.316

Laboratory examinations

HDL (mg/dl) 1.87 ± 1.37 1.62 ± 0.02 <0.001* 1.87 ± 1.37 1.49 ± 0.93 <0.001* 1.80 ± 1.31 1.57 ± 0.85 0.082 1.80 ± 1.31 1.58±0.98 0.163

LDL (mg/dl) 2.69 ± 0.90 2.81 ± 0.02 <0.001* 2.69 ± 0.90 2.75 ± 0.90 0.158 2.29 ± 0.91 2.45 ± 1.05 0.199 2.29 ± 0.91 2.44±0.95 0.244

Triglycerides (mg/dl) 1.02 ± 0.27 1.06 ± 0.01 0.027* 1.02 ± 0.27 1.10 ± 0.29 0.001* 1.06 ± 0.40 1.05 ± 0.32 0.816 1.06 ± 0.40 1.09±0.30 0.576

LPA (g/L) 252.87 ± 235 269.58 ± 4.95 0.052 252.87 ± 235.70 284.70 ± 250.69 0.002 264.45 ± 242.23 328.38 ± 312 0.071 264.45 ± 242.23 319.63 ± 298.18 0.137

hs-CRP 7.88 ± 5.01 7.54±0.10 0.054 7.88 ± 5.01 7.90 ± 5.03 0.913 7.27 ± 4.71 6.53 ± 4.75 0.205 7.27 ± 4.71 6.78 ± 4.83 0.451

D-dimer of baseline 0.74 ± 1.83 0.53 ± 0.04 0.533 0.74 ± 1.83 0.77 ± 1.50 0.645 0.96 ± 2.21 0.77 ± 2.11 0.484 0.96 ± 2.21 0.99 ± 2.59 0.937

Peak level of D-dimer 1.14 ± 2.57 0.91 ± 0.05 0.524 1.14 ± 2.57 1.28 ± 2.38 0.247 1.64 ± 0.64 1.13 ± 2.63 0.238 1.64 ± 0.64 1.46 ± 3.22 0.747

Crea 82.69 ± 28.29 81.30 ± 0.45 0.138 82.69 ± 28.29 81.39 ± 26.30 0.249 82.53 ± 25.90 81.93 ± 22.21 0.836 82.53 ± 25.90 82.76 ± 24.65 0.946

eGFR (MDRD) 87.89 ± 65.59 91.78 ± 1.83 0.191 87.89 ± 65.59 83.70 ± 64.67 0.119 81.90 ± 22.42 91.51 ± 98.04 0.318 81.90 ± 22.42 82.27 ± 22.22 0.904

Peak level of TnI 8.44 ± 16.94 4.09 ± 0.28 0.177 8.44 ± 16.94 9.10 ± 15.98 0.585 6.37 ± 4.31 16.44 ± 26.99 0.078 6.37 ± 4.31 17.78 ± 26.90 0.048

Glycemia 3.53 ± 2.72 3.02 ± 1.62 <0.001* 3.53 ± 2.72 3.06 ± 1.66 <0.001* 4.05 ± 3.34 3.05 ± 1.63 0.002 4.05 ± 3.34 3.11 ± 1.76 0.015

(Continued)
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TABLE 1 | Continued

Variables De novo lesion patients Propensity-matched de novo lesion patients LST/VLST patients Propensity-matched LST/VLST patients

DM

De novo lesion

(N = 1,178)

Non-DM

De novo lesion

(N = 2,483)

P1 DM

De novo lesion

(N = 1,178)

Non-DM

De novo lesion

(N = 1,178)

P1
′ DM

LST/VLST

(N = 108)

Non-DM

LST/VLST

(N = 172)

P2 DM

LST/VLST

(N = 108)

Non-DM

LST/VLST

(N = 108)

P2′

Discharge medication regimen

Statin [% (n)] 1,112 (94.4%) 2,316 (93.3%) 0.218 1,112 (94.4%) 1,122 (95.2%) 0.353 102 (94.4%) 159 (92.4%) 0.349 102 (94.4%) 100 (92.6%) 0.580

Aspirin [% (n)] 1,160 (98.5%) 2,467 (99.4%) 0.015* 1,160 (98.5%) 1,168 (99.2%) 0.128 106 (98.1%) 170 (98.8%) 0.500 106 (98.1%) 106 (98.1%) 1.000

Clopidogrel [% (n)] 924 (78.4%) 1,912 (77.0%) 0.352 924 (78.4%) 920 (78.1%) 0.842 75 (69.4%) 121 (70.3%) 0.488 75 (69.4%) 81 (75.0%) 0.362

Ticagrelor [% (n)] 244 (20.9%) 553 (22.4%) 0.303 244 (20.9%) 553 (22.4%) 0.290 31 (29.2%) 50 (29.1%) 0.540 31 (29.2%) 27 (25.0%) 0.485

ACEI [% (n)] 721 (61.2%) 1,547 (62.3%) 0.536 721 (61.2%) 709 (60.2%) 0.613 61 (56.5%) 105 (61.0%) 0.263 61 (56.5%) 64 (59.3%) 0.679

ARB [% (n)] 124 (10.5%) 195 (7.9%) 0.008* 124 (10.5%) 97 (8.2%) 0.056 13 (12.0%) 18 (10.5%) 0.412 13 (12.0%) 12 (11.1%) 0.832

ACEI/ARB [% (n)] 843 (71.6%) 1,741 (70.1%) 0.393 843 (71.6%) 805 (68.3%) 0.088 74 (68.5%) 123 (71.5%) 0.344 74 (68.5%) 76 (70.4%) 0.768

Beta-Blockers [% (n)] 1,040 (88.3%) 2,150 (86.6%) 0.154 1,040 (88.3%) 1,011 (85.8%) 0.075 89 (82.4%) 161 (93.6%) 0.003* 89 (82.4%) 98 (90.7%) 0.072

Diuretic [% (n)] 365 (31.0%) 674 (27.1%) 0.017* 365 (31.0%) 366 (31.1%) 0.964 35 (32.4%) 66 (38.4%) 0.189 35 (32.4%) 46 (42.6%) 0.122

Spironolactone [% (n)] 246 (20.9%) 530 (21.3%) 0.762 246 (20.9%) 267 (22.7%) 0.295 26 (24.1%) 56 (32.6%) 0.083 26 (24.1%) 39 (36.1%) 0.054

P2Y12 inhibitors 1,167 (99.1%) 2,465 (99.3%) 0.550 1,167 (99.1%) 1,166 (99.0%) 0.834 106 (98.1%) 171 (99.4%) 0.331 106 (98.1%) 108 (100.0%) 0.155

Lesion and procedural characteristics

Lesion length, mm 28.53 ± 16.33 27.01 ± 15.16 <0.001* 28.53 ± 16.33 27.99 ± 16.44 0.366 26.01 ± 15.80 27.72 ± 15.31 0.369 26.01 ± 15.80 27.2 ± 16.0 0.596

Lesion diameter, mm 3.05 ± 0.52 3.12 ± 0.51 0.006 3.05 ± 0.52 3.08 ± 0.53 0.055 3.03 ± 0.42 3.06 ± 0.49 0.657 3.03 ± 0.42 3.0 ± 0.4 0.881

Degree of lesion

stenosis

97.00 ± 0.16 97.22 ± 0.11 0.249 97.02 ± 5.28 97.16 ± 5.97 0.425 98.34 ± 4.19 98.40 ± 4.15 0.431 98.34 ± 4.19 98.86 ± 2.89 0.93

Bifurcation lesion 405 (34.4%) 862 (34.7%) 0.853 405 (34.4%) 413 (35.1%) 0.729 27 (25.0%) 49 (28.5%) 0.310 27 (25.0%) 0.178

TIMI after PCI 0.112 0.585 0.748 0.441

0 25 (2.1%) 28 (1.1%) – 25 (2.1%) 17 (1.4%) – 5 (4.6%) 5 (2.9%) - 5 (4.6%) 2 (1.9%)

1 5 (0.4%) 9 (0.4%) – 5 (0.4%) 6 (0.5%) – 0 (0.0%) 1 (0.6%) - 0 (0.0%) 0 (0.0%)

2 23 (2.0%) 42 (1.7%) – 23 (2.0%) 27 (2.3%) – 1 (0.9%) 2 (1.2%) - 1 (0.9%) 2 (1.9%)

3 1,125 (95.5%) 2,404 (96.8%) – 1,125 (95.5%) 1,128 (95.8%) – 102 (94.4%) 164 (95.3%) - 102 (94.4%) 104 (96.3%)

PTCA 1,031 (87.5%) 2,176 (87.6%) 0.915 1,031 (87.5%) 1,047 (88.9%) 0.307 100 (92.6%) 158 (91.9%) 0.509 100 (92.6%) 103 (95.4%) 0.391

Thrombus aspiration 456 (38.7%) 1,085 (43.7%) 0.005* 456 (38.7%) 489 (41.5%) 0.165 39 (36.1%) 76 (44.2%) 0.113 39 (36.1%) 45 (41.7%) 0.402

Stent implantation 1,043 (88.5%) 2,264 (91.2%) 0.014* 1,043 (88.5%) 1,063 (90.2%) 0.181 61 (56.5%) 118 (68.6%) 0.027* 61 (56.5%) 75 (69.4%) 0.049

IABP 120 (10.2%) 230 (9.3%) 0.400 120 (10.2%) 136 (11.5%) 0.290 11 (10.2%) 21 (12.2%) 0.377 11 (10.2%) 11 (10.2%) 1.000

Multi-vessel disease 958 (81.3%) 1,780 (71.7%) <0.001* 958 (81.3%) 903 (76.7%) 0.005 86 (79.6%) 130 (75.58%) 0.432 86 (79.6%) 79 (73.1%) 0.262

Type of ACC 0.087 0.010 0.580 0.590

A 25 (2.1%) 42 (1.7%) – 25 (2.1%) 13 (1.1%) – 2 (1.9%) 4 (2.33%) – 2 (1.9%) 3 (2.8%) –

B1 90 (7.6%) 147 (5.9%) – 90 (7.6%) 59 (5.0%) – 5 (4.6%) 7 (4.07%) – 5 (4.6%) 4 (3.7%) –

B2 132 (11.2%) 323 (13.0%) – 132 (11.2%) 144 (12.2%) – 11 (10.2%) 10 (5.81%) – 11 (10.2%) 6 (5.6%) –

C 931 (79.0%) 1,971 (79.4%) – 931 (79.0%) 962 (81.7%) – 90 (83.3%) 151 (87.79%) – 90 (83.3%) 95 (88.0%) –

Site of lesion 0.050 0.092 0.097 0.006

LAD 170 (14.4%) 385 (15.5%) – 170 (14.4%) 148 (12.6%) – 23 (21.3%) 20 (11.6%) – 23 (21.3%) 7 (6.5%) –

(Continued)

F
ro
n
tie
rs

in
C
a
rd
io
va
sc

u
la
r
M
e
d
ic
in
e
|w

w
w
.fro

n
tie
rsin

.o
rg

5
Ju

n
e
2
0
2
1
|
V
o
lu
m
e
8
|A

rtic
le
6
5
3
4
6
7

https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles


Zhao et al. DNL and ST With DM

T
A
B
L
E
1
|
C
o
n
tin

u
e
d

V
a
ri
a
b
le
s

D
e
n
o
v
o
le
s
io
n
p
a
ti
e
n
ts

P
ro
p
e
n
s
it
y
-m

a
tc
h
e
d
d
e
n
o
v
o
le
s
io
n
p
a
ti
e
n
ts

L
S
T
/V

L
S
T
p
a
ti
e
n
ts

P
ro
p
e
n
s
it
y
-m

a
tc
h
e
d
L
S
T
/V

L
S
T
p
a
ti
e
n
ts

D
M

D
e
n
o
v
o
le
s
io
n

(N
=

1
,1
7
8
)

N
o
n
-D

M

D
e
n
o
v
o
le
s
io
n

(N
=

2
,4
8
3
)

P
1

D
M

D
e
n
o
v
o
le
s
io
n

(N
=

1
,1
7
8
)

N
o
n
-D

M

D
e
n
o
v
o
le
s
io
n

(N
=

1
,1
7
8
)

P
1
′

D
M

L
S
T
/V

L
S
T

(N
=

1
0
8
)

N
o
n
-D

M

L
S
T
/V

L
S
T

(N
=

1
7
2
)

P
2

D
M

L
S
T
/V

L
S
T

(N
=

1
0
8
)

N
o
n
-D

M

L
S
T
/V

L
S
T

(N
=

1
0
8
)

P
2

′

R
C
A

4
7
6
(4
0
.4
%
)

9
4
0
(3
7
.9
%
)

–
4
7
6
(4
0
.4
%
)

4
7
4
(4
0
.2
%
)

–
3
5
(3
2
.4
%
)

4
9
(2
8
.5
%
)

–
3
5
(3
2
.4
%
)

3
1
(2
8
.7
%
)

–

L
A
D

4
9
3
(4
1
.9
%
)

1
,0
9
1
(4
3
.9
%
)

–
4
9
3
(4
1
.9
%
)

5
1
1
(4
3
.4
%
)

–
4
7
(4
3
.5
%
)

9
9
(5
7
.6
%
)

–
4
7
(4
3
.5
%
)

6
8
(6
3
.0
%
)

–

L
M

2
9
(2
.5
%
)

6
1
(2
.5
%
)

–
2
9
(2
.5
%
)

4
2
(3
.6
%
)

–
3
(2
.8
%
)

3
(1
.7
%
)

–
3
(2
.8
%
)

1
(0
.9
%
)

–

V
e
in

g
ra
ft

1
0
(0
.8
%
)

6
(0
.2
%
)

–
1
0
(0
.8
%
)

3
(0
.3
%
)

–
0
(0
.0
%
)

1
(0
.6
%
)

–
0
(0
.0
%
)

1
(0
.9
%
)

–

E
n
d
p
o
in
t
e
v
e
n
ts

M
A
C
E

1
4
1
(1
2
.0
%
)

2
0
9
(8
.4
%
)

0
.0
0
1
*

1
4
1
(1
2
.0
%
)

1
3
8
(1
1
.7
%
)

0
.8
4
8

1
5
(1
3
.9
%
)

3
0
(1
7
.4
%
)

0
.2
6
9

1
5
(1
3
.9
%
)

2
2
(2
0
.4
%
)

0
.2
0
6

A
ll
c
a
u
se

d
m
o
rt
a
lit
y

8
2
(7
.0
%
)

1
0
6
(4
.3
%
)

0
.0
0
1
*

8
2
(7
.0
%
)

8
5
(7
.2
%
)

0
.8
1
0

6
(5
.6
%
)

1
7
(9
.9
%
)

0
.1
4
4

6
(5
.6
%
)

1
3
(1
2
.0
%
)

0
.0
9
3

C
a
rd
io
va
sc

u
la
r
d
e
a
th

5
0
(4
.2
%
)

7
1
(2
.9
%
)

0
.0
3
7
*

5
0
(4
.2
%
)

5
6
(4
.8
%
)

0
.5
5
1

5
(4
.6
%
)

1
1
(6
.4
%
)

0
.3
8
6

5
(4
.6
%
)

9
(8
.3
%
)

0
.2
6
9

R
e
c
u
rr
e
n
c
e
M
I

4
3
(3
.7
%
)

7
0
(2
.8
%
)

0
.1
8
4

4
3
(3
.7
%
)

7
0
(2
.8
%
)

0
.1
7
6

6
(5
.6
%
)

1
0
(5
.8
%
)

0
.5
7
6

6
(5
.6
%
)

7
(6
.5
%
)

0
.7
7
5

Is
c
h
e
m
ic
st
ro
ke

2
1
(1
.8
%
)

4
2
(1
.7
%
)

0
.8
9
2

2
1
(1
.8
%
)

4
2
(1
.7
%
)

0
.8
4
5

5
(4
.6
%
)

3
(1
.7
%
)

0
.1
4
9

5
(4
.6
%
)

2
(1
.9
%
)

0
.2
4
9

D
M
,
d
ia
b
e
te
s
m
e
lli
tu
s
;
L
S
T,
la
te
s
te
n
t
th
ro
m
b
o
s
is
;
V
L
S
T,
ve
ry
la
te
s
te
n
t
th
ro
m
b
o
s
is
;
S
B
P,
s
ys
to
lic

b
lo
o
d
p
re
s
s
u
re
;
D
B
P,
d
ia
b
e
te
s
b
lo
o
d
p
re
s
s
u
re
;
E
F,
e
je
c
ti
o
n
fr
a
c
ti
o
n
;
P
C
I,
p
e
rc
u
ta
n
e
o
u
s
c
o
ro
n
a
ry
in
te
rv
e
n
ti
o
n
;
C
A
B
G
,
c
o
ro
n
a
ry
a
rt
e
ry

b
yp
a
s
s
g
ra
ft
;
A
F,
a
tr
ia
lfi
b
ri
lla
ti
o
n
;
C
K
D
,
c
h
ro
n
ic
ki
d
n
e
y
d
is
e
a
s
e
;
H
D
L
,
h
ig
h
-d
e
n
s
it
y
lip
o
p
ro
te
in
;
L
D
L
,
lo
w
-d
e
n
s
it
y
lip
o
p
ro
te
in
;
L
P
A
,
lip
a
s
e
a
c
ti
va
to
r;
h
s
-C
R
P,
h
ig
h
-s
e
n
s
it
iv
it
y
C
-r
e
a
c
ti
ve

p
ro
te
in
;
e
G
F
R
,
e
s
ti
m
a
te
d
g
lo
m
e
ru
la
r
fil
tr
a
ti
o
n
ra
te
;
A
C
E
I,

a
n
g
io
te
n
s
in
-c
o
n
ve
rt
in
g
e
n
zy
m
e
in
h
ib
it
o
r;
A
R
B
,
a
n
g
io
te
n
s
in
re
c
e
p
to
r
b
lo
c
ke
r;
T
n
I,
tr
o
p
o
n
in
;
T
IM
I,
th
ro
m
b
o
ly
s
is
in
m
yo
c
a
rd
ia
l
in
fa
rc
ti
o
n
;
P
T
C
A
,
p
e
rc
u
ta
n
e
o
u
s
tr
a
n
s
lu
m
in
a
l
c
o
ro
n
a
ry
a
n
g
io
p
la
s
ty
;
IA
B
P,
in
tr
a
-a
o
rt
ic
b
a
llo
o
n
p
u
m
p
;
M
A
C
E
,

m
a
jo
r
a
d
ve
rs
e
c
a
rd
io
va
s
c
u
la
r
e
ve
n
t;
M
I,
m
yo
c
a
rd
ia
li
n
fa
rc
ti
o
n
.
*P

<
0
.0
5
.

108 LST/VLST lesions) and non-DM group (2,483 DNL and 172
LST/VLST lesions). The mean ages of the patients were 60.51 ±

0.33 and 62.44 ± 0.95 years in the DNL and LST/VLST groups
among the DM patients, respectively. Compared with the non-
DM patients, subgroups of patients with LST/VLST among the
DM patients were older (62.44 ± 0.95 years vs. 59.46 ± 0.80
years, P = 0.018), had a smaller proportion of men (70.4%
years vs. 82.6%, P = 0.013), and underwent PCI (89.8 vs. 80.8%,
P = 0.003). After PSM, these baseline differences were almost
balanced between the two groups.

The findings of revascularization were consistent across the
stratified subgroup analyses, including variables representing
serum inflammation, lipids, and thrombus levels (Figure 2).
In particular, in the subgroup with a total white blood cell
(WBC) count >10 × 109/L (P = 0.004, Pinteraction = 0.233),
a neutral granular cell count >7 × 109/L (P = 0.030,
Pinteraction = 0.847), neutrophil–lymphocyte ratio (NLR) >1.5
(P = 0.041, Pinteraction = 0.662), peak D-dimer level <0.5 mg/L
(P = 0.042, Pinteraction = 0.001), and not currently smoking
(P = 0.012, Pinteraction = 0.028), DNLs were more likely to be
revascularized than LST/VLST lesions at a median follow-up of
698 days.

Table 2 describes the associations of MACEs, stratified
according to the immunity index, and lipid and inflammatory
marker levels during treatment. Among the DM patients with
DNLs, each unit increase in age was associated with a 53.6%
increase in the risk of MACEs (HR: 1.536, 95% CI, 1.300–
1.815, P < 0.0001). Older age (≥65 years) was associated with
a significantly greater risk of MACEs (HR, 2.115; 95% CI, 1.519–
2.944; P < 0.0001). Furthermore, each SD increase in the peak
WBC level was associated with a 50.1% increase in the risk of
MACEs (HR, 1.501; 95% CI, 1.208–1.864; P = 0.0002). When
stratifying the DM population with DNLs according to the D-
dimer levels (baseline and peak level) <0.5 vs. ≥0.5 mg/L, the
group with the higher D-dimer level at baseline had a 2.066-fold
higher risk of MACEs (P < 0.0001). Patients with a higher peak
D-dimer level had a 1.877-fold higher risk of MACEs (P= 0.001)
than those with lower levels. Among the DM patients with
LST/VLST lesions, each unit increase in age was associated with a
75.9% increase in the risk of MACEs (HR: 1.759, 95% CI, 1.052–
2.940, P = 0.032). Furthermore, each SD increase in the peak
D-dimer level was associated with a 59.7% increase in the risk
of MACEs (HR, 1.597; 95% CI, 1.110–2.295; P= 0.041). Each SD
increase in the level of lipoprotein A was associated with a 58.1%
decrease in the risk of MACEs (HR, 0.419; 95% CI, 0.179–0.979;
P = 0.045).

Multivariate Cox regression of the DNL and LST/VLST
patients with DM is summarized in Table 3. Age >65 years
was the only independent predictor for the composite endpoint
among the DM patients with DNL, and no predictor of the
composite endpoint was identified in this subgroup.

Table 4 and Figure 3 present the cumulative incidence of
clinical outcomes by KM analysis at 2 years after PCI. Among
the patients with DNL, the cumulative incidences of MACEs
(8.42 vs. 11.97%, log rank = 0.0002), all-cause death (4.27
vs. 6.91%, log rank = 0.00032), cardiac-related death (2.86 vs.
4.24%, log rank = 0.021), and revascularization (1.34 vs. 1.49%,
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FIGURE 2 | Stratified analysis of the revascularization at a median follow-up of 698 days in patients with DNL or LST/VLST lesion. Values are n (%). The primary

endpoint is revascularization. *Interaction is for risk ratio −2 to 1 year and risk ratio 1–4 years for LST/VLST and DNL. DNL, de novo lesion; LST, late stent thrombosis;

VLST, very late stent thrombosis; CI, confidence interval; WBC, white blood cell; NEUT, neutral granular cell counts; NLR, neutrophil–lymphocyte ratio; LDL,

low-density lipoprotein; eGFR, estimated glomerular filtration rate; PCI, percutaneous coronary intervention.
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TABLE 2 | Association between MACE and different subgroups of variables among patients with DM.

Subgroups DNL patients with DM LST/VLST patients with DM

HR (95% CI) P-value HR (95% CI) P-value

Age

Age per SD 1.536 (1.300, 1.815) <0.0001* 1.759 (1.052, 2.940) 0.032*

<65 yr 1 [reference] 1 [reference]

≥65 yr 2.115 (1.519, 2.944) <0.0001* 2.217 (0.789, 6.232) 0.131

Total WBC amounts

Total WBC per SD 1.197 (0.936, 1.530) 0.153 1.202 (0.727, 1.988) 0.474

<10 × 109/L 1 [reference] 1 [reference]

≥10 × 109/L 1.306 (0.761, 2.241) 0.333 0.897 (0.240, 3.348) 0.871

Peak of WBC amounts

Peak of WBC per SD 1.501 (1.208, 1.864) 0.0002* 1.023 (0.978, 1.176) 0.752

<10 × 109/L 1 [reference] 1 [reference]

≥10 × 109/L 1.128 (0.575, 2.211) 0.726 0.867 (0.202, 3.722) 0.848

NLR

NLR per SD 1.289 (1.035, 1.603) 0.023* 0.920 (0.463, 1.828) 0.812

<1.5 1 [reference] 1 [reference]

≥1.5 1.128 (0.575, 2.211) 0.726 0.419 (0.050, 3.517) 0.423

Hs-CRP

Hs-CRP per SD 1.021 (0.864, 1.207) 0.806 0.912 (0.533, 1.561) 0.738

<Median 1 [reference] 1 [reference]

≥Median 1.040 (0.744, 1.453) 0.819 0.511 (0.179, 1.454) 0.208

Lpa

Lpa per SD 0.908 (0.714, 1.153) 0.428 0.419 (0.179, 0.979) 0.045*

<Median 1 [reference] 1 [reference]

≥Median 1.092 (0.784, 1.521) 0.602 0.312 (0.099, 0.986) 0.047*

TG

TG per SD 0.952 (0.806, 1.125) 0.056 1.292 (0.917, 1.819) 0.143

<Median 1 [reference] 1 [reference]

≥Median 1.108 (0.795, 1.546) 0.544 1.123 (0.396, 3.183) 0.827

Ldl

Ldl per SD 1.046 (0.880, 1.243) 0.609 0.661 (0.343, 1.275) 0.217

<1.8 (mg/dl) 1 [reference] 1 [reference]

≥1.8 (mg/dl) 1.176 (0.708, 1.923) 0.532 0.647 (0.233, 1.802) 0.405

D-dimer at admission

D-dimer per SD 1.150 (1.050, 1.260) 0.0026* 1.139 (0.828, 1.566) 0.425

<0.5 1 [reference] 1 [reference]

≥0.5 2.066 (1.448, 2.948) <0.0001* 2.089 (0.635, 6.871) 0.225

Peak value of D-dimer

D-dimer per SD 1.103 (0.993, 1.226) 0.067 1.597 (1.11, 2.295) 0.041*

<0.5 1 [reference] 1 [reference]

≥0.5 1.877 (1.291, 2.728) 0.001* 2.742 (0.646, 11.635) 0.172

eGFR (MDRD)

eGFR per SD 0.906 (0.732, 1.122) 0.365 0.681 (0.421, 1.103) 0.118

<90 1 [reference] 1 [reference]

≥90 0.681 (0.473, 0.980) 0.359* 0.314 (0.071, 1.394) 0.128

SD, standard deviation; HR, hazard ratio; CI, confidence interval; DNL, de novo lesion; LST, late stent thrombosis; VLST, very late stent thrombosis; DM, diabetes mellitus; MACE, major

adverse cardiovascular events; yr, year; WBC, white blood cell; NLR, neutrophil–lymphocyte ratio; LDL, low-density lipoprotein; LPA, lipase activator; hs-CRP, high-sensitivity C-reactive

protein; eGFR, estimated glomerular filtration rate; *P < 0.05.

log rank = 0.029) were lower in the non-DM group than in
the DM group.

Table 5 presents the cumulative incidence of clinical outcomes
by KM analysis at a median follow-up of 698 days after

PSM. Among the patients with DNL, the cumulative incidences
of MACEs (crude HR, 1.497, 95% CI, 1.209–1.853, log rank
P < 0.001), all-cause death (crude HR, 1.687, 95% CI, 1.264–
2.251, log rank P < 0.001), and cardiac-related death (crude HR,
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TABLE 3 | Multivariate Cox regression analysis of patients with divided into DNL and LST/VLST.

Variables DNL patients with DM (N = 1,177) LST/VLST patients with DM (N = 108)

Coefficient HR

[exp(coef)]

95% CI

upper

95% CI

lower

P-value Coefficient HR

[exp(coef)]

95% CI

upper

95% CI

lower

P-value

Male −0.2879 0.7498 0.4899 1.1476 0.1848 1.4519 4.2712 0.3730 48.9158 0.2432

Age >65 yr 0.4245 1.5289 1.0016 2.3338 0.0492* 0.0897 1.0938 0.1260 9.4931 0.9352

History of hypertension 0.2176 1.2431 0.8039 1.9223 0.3279 0.8767 2.4029 0.2104 27.4361 0.4804

History of hyperlipidemia −0.0493 0.9519 0.4572 1.9820 0.8952 −0.1430 0.8667 0.0288 26.1243 0.9344

LDL-C ≥median 0.0417 1.0426 0.5927 1.8340 0.8850 −0.2628 0.7689 0.1151 5.1358 0.7862

Hs-CRP ≥median −0.2108 0.8100 0.5456 1.2025 0.2958 −1.2242 0.2940 0.0320 2.7025 0.2794

eGFR (MDRD) ≥90 −0.0398 0.9610 0.6163 1.4984 0.8605 −2.1170 0.1204 0.0079 1.8250 0.1269

D-dimer at admission ≥0.5 0.2899 1.3363 0.7108 2.5123 0.3681 18.3358 Inf. 0.0000 Inf. 0.9985

Peak value of D-dimer ≥0.5 0.2484 1.2819 0.6880 2.3884 0.4341 −16.6900 Inf. 0.0000 Inf. 0.9986

Lpa ≥median 0.2343 1.2640 0.8548 1.8693 0.2405 −1.6927 0.1840 0.0254 1.3350 0.0941

TG ≥median 0.0968 1.1017 0.7478 1.6229 0.6242 −0.1185 0.8882 0.1324 5.9576 0.9029

DNL, de novo lesion; LST, late stent thrombosis; VLST, very late stent thrombosis; DM, diabetes mellitus; yr, year; TG, triglyceride; LDL, low-density lipoprotein; LPA, lipase activator;

hs-CRP, high-sensitivity C-reactive protein; eGFR, estimated glomerular filtration rate; MDRD, modification of diet in renal disease equation; HR indicates hazard ratio; CI, confidence

interval; *P < 0.05.

TABLE 4 | The cumulative incidence of clinical outcomes by Kaplan–Meier analysis at median 698 follow-up days among all enrolled patients.

Endpoints DNL N = 2,661 LST/VLST N = 280

DM

(N = 1,178)

Non-DM

(N = 2,483)

Log rank DM

(N = 108)

Non-DM

(N = 172)

Log rank

MACE 141 (11.97%) 209 (8.42%) 0.0002* 15 (12.89%) 30 (17.44%) 0.94

All-cause death 82 (6.91%) 106 (4.27%) 0.00032* 6 (5.56%) 17 (9.88%) 0.44

Cardiac-caused death 50 (4.24%) 71 (2.86%) 0.021* 5 (4.63%) 11 (4.40%) 0.87

Recurrence MI 43 (3.65%) 70 (2.82%) 0.12 6 (5.56%) 10 (5.81%) 0.79

Revascularization 175 (1.49%) 332 (1.34%) 0.029* 21 (19.44%) 27 (15.70%) 0.085

Ischemic stroke 21 (1.78%) 42 (1.69%) 0.67 5 (4.63%) 3 (1.74%) 0.088

LST, late stent thrombosis; VLST, very late stent thrombosis; DM, diabetes mellitus; MACE, major adverse cardiovascular events; MI, myocardial infarction.*P < 0.05.

1.529, 95% CI, 1.065–2.196, log rank P= 0.021) were lower in the
non-DM group than in the DM group. After adjusting for age,
sex, history of hypertension, history of PCI, history of CABG,
history of CKD, Killip classification, high-sensitivity C-reactive
protein, and estimated glomerular filtration rate, the cumulative
incidences of MACEs (adjusted HR, 1.269, 95% CI, 1.023–1.576,
log rank P = 0.031) and all-cause death (crude HR, 1.355, 95%
CI, 1.011–1.815, log rank P = 0.042) were lower in the non-DM
group than in the DM group after PSM.

The results of the time-to-event analysis for the primary
endpoint of MACEs, all-cause death, cardiac-related death,
recurrent MI, revascularization, and ischemic stroke at follow-up
between the DNL and LST/VLST groups among the DM patients
are summarized in Table 6.

DISCUSSION

Main Findings
In this study, which involved 3,941 real-world consecutive
patients who had undergone primary PCI in China, we obtained

the following major findings. The cumulative incidences
of MACEs, all-cause death, cardiac-related death, and
revascularizations were lower among patients with DNL in
the non-DM group than in those in the DM group. Age, WBC
count, and baseline and peak D-dimer levels were associated
with increased MACEs. In particular, after successful primary
PCI, the measurement of baseline and peak D-dimer levels in
patients may help identify individuals at higher cardiovascular
risk. Additionally, our finding suggests a potential benefit of
lowering D-dimer levels among DM patients with DNL. Age and
peak D-dimer levels may facilitate the risk stratification of DM
patients with LST/VLST.

Impact of Inflammatory Cells on DNLs and
LST/VLST Lesions Among DM Patients
Previous studies showed that an elevated WBC count was
correlated with myocardial perfusion disorders (7) and an
increased death risk during the first 6 months following MI
among patients with ACS (8). Furthermore, a WBC count
>10,000/L indicated an increased mortality risk among acute MI
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FIGURE 3 | Kaplan–Meier curve analysis for MACE (A)/all-cause death (B)/cardiac-caused death (C)/revascularization (D) at follow-up between the DM group and

the non-DM group. DNL, de novo lesion; LST, late stent thrombosis; VLST, very late stent thrombosis groups = 0, non-diabetes mellitus group; groups = 1, diabetes

mellitus group.

patients (9). It has been reported that increased leukocyte counts
on admission are associated with congestive heart failure, shock,
and the development of worse microvascular injury in patients
with ACS (10).

The main mechanism of post-angioplasty restenosis is the
binding of leukocyte P-selectin glycoprotein ligand-1 (PSGL-
1) to platelet P-selectin, which causes marked neointimal
proliferation and thrombo-inflammation, leading to luminal loss
(11). Consequently, in our study, we observed that each SD

increase in the level of peak WBC counts was associated with
a 50.1% increase in the risk of MACEs (HR, 1.501; 95% CI,
1.208–1.864; P = 0.0002) among DM patients with DNLs.

The NLR, one of the best-assessed hematological biomarkers,
is measured by dividing the neutrophil count by the lymphocyte
count; it provides diagnostic and prognostic information in
ACS (12). In patients with ST-segment elevation MI (STEMI),
a high pre-procedural NLR (>4.9) enables a clinician to predict
in-hospital mortality with 70% accuracy and 65% specificity
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TABLE 5 | Primary outcomes by propensity score matching before and after fully adjustment.

Endpoints Propensity-matched DNL patients Propensity-matched LST/VLST

DM (N = 1,178) vs. non-DM (N = 1,178) DM (N = 108) vs. non-DM (N = 108)

Crude

HR (95% CI)

P-value Adjusted

HR (95% CI)

Adjusted

P-value

Crude

HR (95% CI)

P-value Adjusted

HR (95% CI)

Adjusted

P-value

MACE 1.497 (1.209, 1.853) <0.001* 1.269 (1.023, 1.576) 0.031* 0.858 (0.442, 1.668) 0.652 0.629 (0.290, 1.363) 0.240

All-cause death 1.687 (1.264, 2.251) <0.001* 1.355 (1.011, 1.815) 0.042* 0.578 (0.217, 1.544) 0.274 0.201 (0.049, 0.829) 0.027*

Cardiac-caused death 1.529 (1.065, 2.196) 0.021* 0.861 (0.588, 1.261) 0.442 0.723 (0.236, 2.217) 0.571 0.121 (0.018, 0.836) 0.032*

Recurrence MI 1.348 (0.922, 1.971) 0.123 2.398 (0.539, 10.675) 0.251 1.025 (0.344, 3.054) 0.965 2.335 (0.593, 9.198) 0.225

Revascularization 1.009 (0.828, 1.230) 0.929 1.018 (0.832, 1.247) 0.860 0.462 (0.210, 1.018) 0.055 0.503 (0.187, 1.352) 0.173

Ischemic stroke 1.120 (0.663, 1.892) 0.671 1.006 (0.592, 1.709) 0.982 3.233 (0.627, 16.677) 0.161 2.290 (0.429, 12.214) 0.332

HR indicates hazard ratio; DNL, de novo lesion; LST, late stent thrombosis; VLST, very late stent thrombosis; DM, diabetes mellitus; MACE, major adverse cardiovascular events; MI,

myocardial infarction. *P < 0.05. Adjusted P values are HRs (95% confidence intervals) from models adjusted for age, gender, history of hypertension, history of percutaneous coronary

intervention, history of coronary artery bypass graft, history of chronic kidney disease, Killip classification, high-sensitivity-C reaction protein, and estimated glomerular filtration rate.

TABLE 6 | The cumulative incidence of clinical outcomes by Kaplan–Meier

analysis at 698 median follow-up days among DM subjects.

Endpoints DNL

N = 1,178

LST/VLST

N = 108

Log rank

MACE 141 (11.97%) 15 (12.89%) 0.250

All-cause death 82 (6.91%) 6 (5.56%) 0.736

Cardiac-caused death 50 (4.24%) 5 (4.63%) 0.720

Recurrence MI 43 (3.65%) 6 (5.56%) 0.320

Revascularization 175 (1.49%) 21 (19.44%) 0.0002*

Ischemic stroke 21 (1.78%) 5 (4.63%) 0.033*

LST, late stent thrombosis; VLST, very late stent thrombosis; DM, diabetes mellitus;

MACE, major adverse cardiovascular events; MI, myocardial infarction. *P < 0.05.

and is associated with both LST and VLST (13). Among
patients undergoing angiography or cardiac revascularization,
NLR is related to the progression of coronary atherosclerosis
(14) and plays the role of a predictor of cardiovascular
events and all-cause mortality (15). In the present study,
we observed that each SD increase in the peak NLR level
was associated with a 28.9% increase in the risk of MACEs
(HR, 1.289; 95% CI, 1.035–1.603; P = 0.023), which was
consistent with a previous report (16) on type 2 DM
patients with DNL undergoing primary PCI. However, no
significant difference was observed in the subgroup of patients
with LST/VLST lesions. Furthermore, Soehnlein et al. (17)
examined the contribution of neutrophils to the process
of arterial healing after injury and found that neutrophil-
derived cathelicidin limited neointima formation and promoted
re-endothelialization after stent implantation. However, the
potential causal mechanisms are currently still obscure and
require further investigation.

Impact of D-Dimer on DNL and LST/VLST
Lesions Among DM Patients
D-dimer, a marker of hypercoagulability, fibrin formation, and
thrombin generation, has been implicated in angiogenesis and

metastatic spread (18). Increased D-dimer levels were reported
to be an independent risk factor for in-hospital MACEs and
a long-term risk of cardiovascular disease-related mortality in
STEMI patients undergoing primary PCI (19, 20). Over the 6
years of the trial, the D-dimer level was one of several biomarkers
that predicted cardiovascular disease events, and the associations
remained strong more than 10 years after the initial D-dimer
reading (21). The long-term risk indicated by D-dimer levels is
related to many pathogenic pathways, including inflammatory
and atherosclerotic processes. However, the role of D-dimer
levels in predicting outcomes ≥5 years in LST/VLST patients
with type 2 DM who have undergone primary PCI has not
been as clearly defined. In the present study, DM patients
with DNL with high D-dimer levels at baseline had a 2.066-
fold increase in the risk of MACEs (P < 0.0001) and those
with a high peak D-dimer level had a 1.877-fold increase in
the risk of MACEs (P = 0.001), compared with those with
low D-dimer levels. Furthermore, each SD increase in the
peak D-dimer value was associated with a 59.7% increase in
the risk of MACEs (HR, 1.597; P = 0.041) in DM patients
with LST/VLST.

DM and DNL
This study showed that DM patients have significantly higher
incidences of MACEs (11.97 vs. 8.42%, P = 0.0002), all-cause
death (6.91 vs. 4.27%, P = 0.00032), cardiac-related death (4.24
vs. 2.86%, P = 0.021), and revascularization (1.49 vs. 1.34%,
P = 0.029) than non-DM patients among patients with DNL.
Owing to microvascular dysfunction, thrombus burden, unstable
plaque, and diffuse distribution of atherosclerotic lesions, DM
patients with ACS generally had higher incidences of LST/VLST
(22, 23). Inflammation and accumulation of reactive oxygen
species and metabolic cytokines are primary mechanisms of
vascular remodeling and progression of adverse myocardial
diseases resulting from glycemic variability and hyperglycemia
(24–28). Furthermore, a previous study has reported that insulin
resistance is higher in patients with cardiovascular disease
(29). Various biomarkers are proposed to play a role in the
stratification of ACS. Cyr61, which predicts primary endpoints
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in patients with ACS, is involved in cell adhesion, proliferation,
migration, and inflammation (30). Indeed, glycemic variability
has previously been shown as an outcome predictor of patients
with ACS undergoing PCI (31). Furthermore, the risk for
repeat revascularization has been related to DM severity,
with insulin-dependent DM having the highest risk factor
for repeat revascularization (32). Elevated glucose level is
markedly related to sympathetic stimulation, and catecholamine
can stimulate glucose release and control hyperglycemia (33).
Mechanistically, an increase in the incidence ofMACE,mortality,
and stroke among DM patients might be a result of direct
glucotoxic effects, which lead to the attenuation of endothelium-
dependent vasodilatation and myocardial perfusion damage
(34). Furthermore, hyperglycemia can cause conformational
changes in platelet glycoproteins and affect platelet function and
intraplatelet signaling pathways; as a result, more solid coronary
clots are formed (35, 36).

DM and LST/VLST
In the implantation of first-generation DES, the incidence of
LST/VLST was correlated with incomplete stent apposition
and delayed endothelial coverage, thereby leading to chronic
inflammation (37). However, second-generation DES, which is
characterized with durable, biodegradable, and biocompatible
polymers, is not resistant to LST/VLST (38). The mechanisms
of thrombosed stent segments are fibrin deposition and chronic
inflammation leading to strut malapposition, delayed healing,
and heart remodeling, which are distinct from early ST (37,
39). Previous studies (40, 41) have identified DM as an
important clinically independent predictor of poor outcome
in ST in the real world of mixed use of bare-metal stents
(BMS) and DES. Longer lesion length, smaller vessel size, a
higher rate of residual dissections, increasing thrombus burden,
and bifurcation lesions might be the underlying reasons for
a predisposition of DM patients to ST (42, 43). This study
highlights that total WBC count (P = 0.021) and neutral
granular cell count (P = 0.018) were independent risk factors
of LST/VLST among DM patients. This is consistent with the
severe inflammation status of DM patients with LST/VLST.
In addition, this study found a significant increase in the
incidence of ischemic stroke in patients with LST/VLST
compared with those with DNL (log rank = 0.033). A
previous study has reported that neovascularization, fibrin
accumulation, and thrombus burden are accompanied by
inflammation, which correlated with the early healing of
thrombus (44). Occasional accumulation of macrophages,
giant cells, and lymphocytes is a main characteristic of the
inflammatory response after percutaneous coronary stenting
(45). Presence of peristrut eosinophilic material in the plasma
might be a marker of endothelial cell leakage. Therefore, it is
necessary to compare the effects of hypercholesterolemia using
a healthy model.

DM and In-stent Thrombosis
DM patients have a 2- to 4-fold higher risk of developing in-
stent restenosis (ISR) after PCI than non-DM patients and thus
deserve additional attention. Although new-generation DES have

greatly decreased neointimal proliferation, ISR and late stent
failure are common complications and crucial after coronary
stenting. A recent study (46) confirmed that a higher hemoglobin
A1c (HbA1c) variability in type 2 DM patients was more likely
to cause higher incidences of neointimal hyperplasia and ISR
and hypothesized that post-prandial glucose variability might be
more important than fasting glucose in the development of ISR.
Compelling evidence from a notable study (47) has confirmed a
significantly increased rate of ISR in DMpatients undergoing PCI
irrespective of specific treatment modalities, such as BMS, DES,
and balloon angioplasty. Another study reported that endothelial
dysfunction and impaired bioavailability of endothelium-derived
nitric oxide play a critical role in the pathogenesis of post-PCI
restenosis (48). The possible mechanisms of glycemic and HbA1c
variabilities that affect the progression of ISR in DM patients
remain unclear. Previous studies concluded that hyperglycemia
(24, 25), insulin resistance (26), and glycemic variability (27)
result in adverse vascular and myocardial remodeling directly
and indirectly by stimulating the production of inflammatory
factors, metabolic cytokines, and reactive oxygen species. This
is consistent with our finding that the prognosis of DNL
outperformed ISR, especially in the subgroup with total WBC
count >10 × 109/L, neutral granular cell count >7 × 109/L, and
NLR >1.5. Furthermore, accumulating evidence confirmed that
delayed re-endothelialization (49) and endothelial dysfunction
(50) play major roles in the development of ISR and are
significant predictors of ISR after stent implantation. Among
patients with restenosis of the stent, insulin resistance was
an established and acknowledged contributory element. The
higher incidence of MACEs was correlated with endothelial
dysfunction and dysregulated glucose homeostasis, which play
a significant role in restenosis (49). Therefore, delayed re-
endothelialization and endothelial dysfunction are potential
mechanisms in the progression of ISR under the setting of
high glycemic variability (50). Previous studies have reported
(51) that endothelial vasomotor function in the systemic artery
tree is significantly related to the pathobiological process of
ISR by suppressing the proliferation of smooth muscle and
inhibiting intimal hyperplasia. Endothelial vasomotor function
has been shown to reflect nitric oxide-mediated dilation (52).
Furthermore, asymmetric dimethylarginine has been shown
to be correlated with the pathogenesis of atherosclerosis and
endothelial dysfunction (51). A previous study (53) revealed
that serum soluble triggering receptor expressed on myeloid
cells-1 (sTREM-1) level, which is considerably affected by DM,
is a predictive biomarker of ISR and an important mediator
of migration, cellular inflammation, vascular smooth muscle
cell proliferation, and sTREM-1 concentration. A high ISR
rate may be related to dyslipidemia in DM, mainly due to
increased remnant-like particle cholesterol, which is identified
as lipoproteins rich in triglycerides, and in the fasting state,
very low density lipoproteins are major components (54).
Estimated GFR <60 ml/min·m2, a pre-clinical sign of end-
stage renal disease, was a strong independent predictor of
documented poor clinical outcome among patients with acute
MI undergoing successful PCI (55). Due to lipid metabolic
disturbance (56), raised inflammation and oxidative stress (57),
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elevated the level of serum of homocysteine (58), coagulation
and endothelial dysfunction (59), jeopardized homeostasis of
calcium phosphate (60), renal insufficiency lead to poor clinical
outcome. Levey et al. (61) suggested that themost reliablemethod
to estimate GFR was MDRD equation, which takes gender and
age into consideration. In the present study, we have used the
equation of MDRD to translate into a reliable assessment of
kidney function.

Limitations
study had some limitations. First, we retrospectively collected
the clinical data on definite ST in patients who underwent
primary PCI, as reported by site investigators in this study.
Furthermore, the trial was conducted in a single center in China.
Therefore, we cannot exclude geographical variations in PCI
practice outside China or in higher-volume centers. Third, we did
not enroll patients with ST in terms of probability, possibility, or
secondary to chance, which may have led to an underestimation
of the actual ST incidence. However, ST was an endpoint pre-
specified according to the definitions of ARC (26). All ST events
were adjudicated independently by a blinded clinical events
committee according to established criteria, and the incidence
of definite ST continued to diverge between the two investigated
devices for up to 5 years, which would render a chance
finding unlikely. Thus, it is necessary to evaluate demographic
covariates and the longitudinal management of therapeutic
options carefully. Furthermore, the use of ticagrelor/prasugrel
was lower than that of clopidogrel, which could have influenced
the clinical outcomes and should therefore be considered a
study limitation.

CONCLUSION

In conclusion, the study found that DM patients with DNLs
have a higher incidence of composite clinical outcomes than
their non-DM counterparts. Furthermore, compared with
patients with DNL, patients with LST/VLST lesions had
more long-term composite clinical outcome events. Thus,
LST/VLST lesions are critical problems after coronary stenting,
particularly among DM patients. Stronger antithrombotic
therapy may help to reduce the incidence of ST and

improve clinical outcomes after PCI in patients with type
2 DM.

DATA AVAILABILITY STATEMENT

The datasets used and/or analyzed during this study are available
from the corresponding author on reasonable request.

ETHICS STATEMENT

This study was conducted according to the principles which were
outlined in the declaration of Helsinki and has been approved by
the Ethics Committee of Fuwai Hospital. All study subjects have
provided written informed consent. Written informed consent
for publication was obtained from all participants.

AUTHOR CONTRIBUTIONS

HY, XZ, JZ, YT, RC, YW, CL, PZ, ZS, JLi, YC, LS, and
HZ: substantial contributions to conception and design, data
acquisition, or data analysis and interpretation. HY, XZ, JLa, XY,
JZ, RC, YW, YT, CL, PZ, ZS, JLi, YC, LS, and HZ: drafting the
article or critically revising it for important intellectual content,
final approval of the version to be published, and agreement to be
accountable for all aspects of the work in ensuring that questions
related to the accuracy or integrity of the work are appropriately
investigated and resolved. All authors contributed to the article
and approved the submitted version.

FUNDING

This study was supported by the Chinese Academy of Medical
Sciences Innovation Fund for Medical Sciences (2016-I2M-
1–009), National Natural Science Funds (number: 81970308),
and the Fund of Sanming Project of Medicine in Shenzhen
(number: SZSM201911017).

ACKNOWLEDGMENTS

The authors gratefully acknowledge all individuals who
participated in this study.

REFERENCES

1. Grundy SM. Inflammation, metabolic syndrome, and diet responsiveness.

Circulation. (2003) 108:126–8. doi: 10.1161/01.CIR.0000082641.20034.6A

2. Kip KE, Faxon DP, Detre KM, Yeh W, Kelsey SF, Currier JW. Coronary

angioplasty in diabetic patients. The national heart, lung, and blood institute

percutaneous transluminal coronary angioplasty registry. Circulation. (1996)

94:1818–25. doi: 10.1161/01.CIR.94.8.1818

3. Kornowski R, Mintz GS, Kent KM, Pichard AD, Satler LF, Bucher TA, et al.

Increase restenosis in diabetes mellitus after coronary interventions is due

to exaggerated intimal hyperplasia. A serial intravascular ultrasound study.

Circulation. (1997) 95:1366–9. doi: 10.1161/01.CIR.95.6.1366

4. Levine GN, Bates ER, Blankenship JC, Bailey SR, Bittl JA, Cercek B, et al.

2011 ACCF/AHA/SCAI guideline for percutaneous coronary intervention.

A report of the American College of Cardiology Foundation/American

Heart Association task force on practice guidelines and the Society for

Cardiovascular Angiography and Interventions. J Am Coll Cardiol. (2011).

58:e44–2. doi: 10.1161/CIR.0b013e31823ba622

5. Kane LT, Fang T, Galetta MS, Goyal DKC, Nicholson KJ, Kepler CK, et al.

Propensity score matching: a statistical method. Clin Spine Surg. (2020)

33:120–2. doi: 10.1097/BSD.0000000000000932

6. Badhiwala JH, Karmur BS, Wilson JR. Propensity score matching: a powerful

tool for analyzing observational nonrandomized data. Clin Spine Surg. (2021)

34:22–4. doi: 10.1097/BSD.0000000000001055

7. Sabatine MS, Morrow DA, Cannon CP, Murphy SA, Demopoulos LA,

DiBattiste PM, et al. Relationship between baseline white blood cell

count and degree of coronary artery disease and mortality in patients

with acute coronary syndromes. J Am Coll Cardiol. (2002) 1761–8.

doi: 10.1016/S0735-1097(02)02484-1

8. Grau AJ, Boddy AW, Dukovic DA, Buggle F, Lichy C, Brandt T, et al.

Leukocyte count as an independent predictor of recurrent ischemic events.

Stroke. (2004). 1147–52. doi: 10.1161/01.STR.0000124122.71702.64

Frontiers in Cardiovascular Medicine | www.frontiersin.org 13 June 2021 | Volume 8 | Article 653467

https://doi.org/10.1161/01.CIR.0000082641.20034.6A
https://doi.org/10.1161/01.CIR.94.8.1818
https://doi.org/10.1161/01.CIR.95.6.1366
https://doi.org/10.1161/CIR.0b013e31823ba622
https://doi.org/10.1097/BSD.0000000000000932
https://doi.org/10.1097/BSD.0000000000001055
https://doi.org/10.1016/S0735-1097(02)02484-1
https://doi.org/10.1161/01.STR.0000124122.71702.64
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles


Zhao et al. DNL and ST With DM

9. Cannon CP, McCabe CH, Wilcox RG, Bentley JH, Braunwald E. Association

of white blood cell count with increased mortality in acute myocardial

infarction and unstable angina pectoris. Am J Cardiol. (2001) 636–9.

doi: 10.1016/S0002-9149(00)01444-2

10. Barron HV, Cannon CP, Murphy SA, Braunwald E, Gibson CM. Association

between white blood cell count, epicardial blood flow, myocardial perfusion,

and clinical outcomes in the setting of acute myocardial infarction: a

thrombolysis in myocardial infarction 10 substudy. Circulation. (2000) 2329–

34. doi: 10.1161/01.CIR.102.19.2329

11. Tanguay JF, Geoffroy P, Sirois MG, Libersan D, Kumar A, Schaub

RG, et al. Prevention of in-stent restenosis via reduction of thrombo-

inflammatory reactions with recombinant P-selectin glycoprotein ligand-1.

Thromb Haemost. (2004) 92:1186–93. doi: 10.1160/TH03-11-0701

12. Gurm HS, Bhatt DL, Gupta R, Ellis SG, Topol EJ, Lauer MS. Preprocedural

white blood cell count and death after percutaneous coronary intervention.

Am Heart J. (2003) 692–8. doi: 10.1016/S0002-8703(03)00230-8

13. Chia S, Nagurney JT, Brown DFM, Raffel OC, Bamberg F, Senatore

F, et al. Association of leukocyte and neutrophil counts with infarct

size, left ventricular function and outcomes after percutaneous coronary

intervention for ST-elevation myocardial infarction. Am J Cardiol. (2009)

333–7. doi: 10.1016/j.amjcard.2008.09.085

14. Ayça B, Akin F, Celik O, Sahin I, Yildiz SS, Avci II, et al. Neutrophil

to lymphocyte ratio is related to stent thrombosis and high mortality

in patients with acute myocardial infarction. Angiology. (2015) 545–52.

doi: 10.1177/0003319714542997

15. Kalay N, Dogdu O, Koc F, Yarlioglues M, Ardic I, AkpekM, et al. Hematologic

parameters and angiographic progression of coronary atherosclerosis.

Angiology. (2012) 213–7. doi: 10.1177/0003319711412763

16. Adamstein NH, MacFadyen JG, Rose LM, Glynn RJ, Dey AK, Libby P, et al.

The neutrophil-lymphocyte ratio and incident atherosclerotic events: analyses

from five contemporary randomized trials. Eur Heart J. (2021) 42:896–903.

doi: 10.1093/eurheartj/ehaa1034

17. Soehnlein O, Wantha S, Simsekyilmaz S, Döring Y, Megens RTA, Mause SF,

et al. Neutrophil-derived cathelicidin protects from neointimal hyperplasia.

Sci Trans Med. (2011) 3:103ra98. doi: 10.1126/scitranslmed.3002531

18. Ay C, Dunkler D, Pirker R, Thaler J, Quehenberger P, Wagner O, et al.

High D-dimer levels are associated with poor prognosis in cancer patients.

Haematologica. (2012) 97:1158–64. doi: 10.3324/haematol.2011.054718

19. Huang D, Gao W, Wu R, Zhong X, Qian J, Ge J. D-dimer level

predicts in-hospital adverse outcomes after primary PCI for ST-

segment elevation myocardial infarction. Int J Cardiol. (2020) 305:1–4.

doi: 10.1016/j.ijcard.2020.02.010

20. Simes J, Robledo KP,White HD, Espinoza D, Stewart RA, Sullivan DR, et al. D-

dimer predicts long-term cause-specific mortality, cardiovascular events, and

cancer in patients with stable coronary heart disease LIPID study. Circulation.

(2018) 138:712–3. doi: 10.1161/CIRCULATIONAHA.117.029901

21. Tonkin AM, Blankenberg S, Kirby A, Zeller T, Colquhoun DM, Funke-

Kaiser A, et al. Biomarkers in stable coronary heart disease, their modulation

and cardiovascular risk: the LIPID Biomarker Study. Int J Cardiol. (2015)

201:499–507. doi: 10.1016/j.ijcard.2015.07.080

22. Marfella R, Sardu C, Calabrò P, Siniscalchi M, Minicucci F, Signoriello G,

et al. Non-ST-elevation myocardial infarction outcomes in patients with type

2 diabetes with non-obstructive coronary artery stenosis: effects of incretin

treatment. Diabetes Obes Metab. (2018) 20:723–9. doi: 10.1111/dom.13122

23. Marfella R, Sardu C, Balestrieri ML, Siniscalchi M, Minicucci F, Signoriello

G, et al. Effects of incretin treatment on cardiovascular outcomes

in diabetic STEMI-patients with culprit obstructive and multivessel

non obstructive-coronary-stenosis. Diabetol Metab Syndr. (2018) 10:1.

doi: 10.1186/s13098-017-0304-3

24. Sun J, Xu Y, Dai Z, Sun Y. Intermittent high glucose stimulate MCP-

l, IL-18, and PAI-1, but inhibit adiponectin expression and secretion in

adipocytes dependent of ROS. Cell Biochem Biophys. (2009) 55:173–80.

doi: 10.1007/s12013-009-9066-3

25. Sardu C, Barbieri M, Balestrieri ML, Siniscalchi M, Paolisso P, Calabrò P, et al.

Thrombus aspiration in hyperglycemic ST-elevation myocardial infarction

(STEMI) patients: clinical outcomes at 1-year follow-up. Cardiovasc Diabetol.

(2018) 17:152. doi: 10.1186/s12933-018-0795-8

26. D’Onofrio N, Sardu C, Paolisso P, Minicucci F, Gragnano F, Ferraraccio F,

et al. MicroRNA-33 and SIRT1 influence the coronary thrombus burden

in hyperglycemic STEMI patients. J Cell Physiol. (2020) 235:1438–52.

doi: 10.1002/jcp.29064

27. Marfella R, Rizzo MR, Siniscalchi M, Paolisso P, Barbieri M, Sardu C, et al.

Peri-procedural tight glycemic control during early percutaneous coronary

intervention up-regulates endothelial progenitor cell level and differentiation

during acute ST-elevation myocardial infarction: effects on myocardial

salvage. Int J Cardiol. (2013) 168:3954–62. doi: 10.1016/j.ijcard.2013.

06.053

28. Sasso FC, Pafundi PC, Marfella R, Calabrò P, Piscione F, Furbatto F, et al.

Adiponectin and insulin resistance are related to restenosis and overall new

PCI in subjects with normal glucose tolerance: the prospective AIRE study.

Cardiovasc Diabetol. (2019) 18:24. doi: 10.1186/s12933-019-0826-0

29. Kohnert KD, Augstein P, Zander E, Heinke P, Peterson K, Freyse EJ,

et al. Glycemic variability correlates strongly with postprandial beta-cell

dysfunction in a segment of type 2 diabetic patients using oral hypoglycemic

agents. Diabetes Care. (2009) 32:1058–62. doi: 10.2337/dc08-1956

30. Klingenberg R, Aghlmandi S, Liebetrau C, Räber L, Gencer B, Nanchen D,

et al. Cysteine-rich angiogenic inducer 61 (Cyr61): a novel soluble biomarker

of acute myocardial injury improves risk stratification after acute coronary

syndromes. Eur Heart J. (2017) 38:3493–502. doi: 10.1093/eurheartj/ehx640

31. Takahashi H, Iwahashi N, Kirigaya J, Kataoka S, Minamimoto Y, Gohbara M,

et al. Glycemic variability determined with a continuous glucose monitoring

system can predict prognosis after acute coronary syndrome. Cardiovasc

Diabetol. (2018) 17:116. doi: 10.1186/s12933-018-0761-5

32. Orbach A, Halon DA, Jaffe R, Rubinshtein R, Karkabi B, Flugelman

MY, et al. Impact of diabetes and early revascularization on the

need for late and repeat procedures. Cardiovasc Diabetol. (2018) 17:25.

doi: 10.1186/s12933-018-0669-0

33. Jaskiewicz F, Supel K, Koniarek W, Zielinska M. Admission hyperglycemia

in patients with acute coronary syndrome complicated by cardiogenic shock.

Cardiol J. (2015) 22:290–5. doi: 10.5603/CJ.a2014.0087

34. Norhammar A, Mellbin L, Cosentino F. Diabetes: prevalence, prognosis and

management of a potent cardiovascular risk factor. Eur J Prev Cardiol. (2017)

24:52–60. doi: 10.1177/2047487317709554

35. Ferroni P, Basili S, Falco A, Davi G. Platelet activation in

type 2 diabetes mellitus. J Thromb Haemost. (2004) 2:1282–91.

doi: 10.1111/j.1538-7836.2004.00836.x

36. Sumaya W, Wallentin L, James SK, Siegbahn A, Gabrysch K, Bertilsson M,

et al. Fibrin clot properties independently predict adverse clinical outcome

following acute coronary syndrome: a PLATO substudy. Eur Heart J. (2018)

39:1078–85. doi: 10.1093/eurheartj/ehy013

37. Joner M, Finn AV, Farb A, Mont EK, Kolodgie FD, Ladich E, et al. Pathology

of drug-eluting stents in humans: delayed healing and late thrombotic risk. J

Am Coll Cardiol. (2006) 48:193–202. doi: 10.1016/j.jacc.2006.03.042

38. Tada T, Byrne RA, Simunovic I, King LA, Cassese S, Joner M, et al.

Risk of stent thrombosis among bare-metal stents, first-generation

drugeluting stents, and second-generation drug-eluting stents: results

from a registry of 18,334 patients. JACC Cardiovasc Interv. (2013) 6:1267–74.

doi: 10.1016/j.jcin.2013.06.015

39. Nakazawa G, Finn AV, Joner M, Ladich E, Kutys R, Mont EK,

et al. Delayed arterial healing and increased late stent thrombosis at

culprit sites after drug-eluting stent placement for acute myocardial

infarction patients: an autopsy study. Circulation. (2008) 118:1138–45.

doi: 10.1161/CIRCULATIONAHA.107.762047

40. Airoldi F, Colombo A, Morici N, Latib A, Cosgrave J, Buellesfeld L, et al.

Incidence and predictors of drug-eluting stent thrombosis during and after

discontinuation of thienopyridine treatment. Circulation. (2007) 116:745–54.

doi: 10.1161/CIRCULATIONAHA.106.686048

41. Cutlip DE, Windecker S, Mehran R, Boam A, Cohen DJ, van

Es GA, et al. Clinical end points in coronary stent trials: a case

for standardized definitions. Circulation. (2007) 115:2344–51.

doi: 10.1161/CIRCULATIONAHA.106.685313

42. Mehran R, Dangas GD, Kobayashi Y, Lansky AJ, Mintz GS, Aymong ED, et al.

Short- and long-term results after multivessel stenting in diabetic patients. J

Am Coll Cardiol. (2004) 43:1348–54. doi: 10.1016/j.jacc.2003.04.004

Frontiers in Cardiovascular Medicine | www.frontiersin.org 14 June 2021 | Volume 8 | Article 653467

https://doi.org/10.1016/S0002-9149(00)01444-2
https://doi.org/10.1161/01.CIR.102.19.2329
https://doi.org/10.1160/TH03-11-0701
https://doi.org/10.1016/S0002-8703(03)00230-8
https://doi.org/10.1016/j.amjcard.2008.09.085
https://doi.org/10.1177/0003319714542997
https://doi.org/10.1177/0003319711412763
https://doi.org/10.1093/eurheartj/ehaa1034
https://doi.org/10.1126/scitranslmed.3002531
https://doi.org/10.3324/haematol.2011.054718
https://doi.org/10.1016/j.ijcard.2020.02.010
https://doi.org/10.1161/CIRCULATIONAHA.117.029901
https://doi.org/10.1016/j.ijcard.2015.07.080
https://doi.org/10.1111/dom.13122
https://doi.org/10.1186/s13098-017-0304-3
https://doi.org/10.1007/s12013-009-9066-3
https://doi.org/10.1186/s12933-018-0795-8
https://doi.org/10.1002/jcp.29064
https://doi.org/10.1016/j.ijcard.2013.06.053
https://doi.org/10.1186/s12933-019-0826-0
https://doi.org/10.2337/dc08-1956
https://doi.org/10.1093/eurheartj/ehx640
https://doi.org/10.1186/s12933-018-0761-5
https://doi.org/10.1186/s12933-018-0669-0
https://doi.org/10.5603/CJ.a2014.0087
https://doi.org/10.1177/2047487317709554
https://doi.org/10.1111/j.1538-7836.2004.00836.x
https://doi.org/10.1093/eurheartj/ehy013
https://doi.org/10.1016/j.jacc.2006.03.042
https://doi.org/10.1016/j.jcin.2013.06.015
https://doi.org/10.1161/CIRCULATIONAHA.107.762047
https://doi.org/10.1161/CIRCULATIONAHA.106.686048
https://doi.org/10.1161/CIRCULATIONAHA.106.685313
https://doi.org/10.1016/j.jacc.2003.04.004
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles


Zhao et al. DNL and ST With DM

43. Wenaweser P, Dörffler-Melly J, Imboden K, Windecker S, Togni M, Meier B,

et al. Stent thrombosis is associated with an impaired response to antiplatelet

therapy. J Am Coll Cardiol. (2005) 45:1748–52. doi: 10.1016/j.jacc.2005.01.058

44. Finn AV, Kolodgie FD, Nakano M, Virmani R. The differences between

neovascularization of chronic total occlusion and intraplaque angiogenesis.

JACC Cardiovasc Imaging. (2010) 3:806–10. doi: 10.1016/j.jcmg.2010.03.011

45. Finn AV, Kolodgie FD, Nakano M, Virmani R. Morphological predictors of

restenosis after coronary stenting in humans. Circulation. (2002). 105:2974–

80. doi: 10.1161/01.CIR.0000019071.72887.BD

46. Yang CD, Shen Y, Lu L, Yang ZK, Hu J, Zhang RY, et al. Visit-to-visit HbA1c

variability is associated with in-stent restenosis in patients with type 2 diabetes

after percutaneous coronary intervention. Cardiovasc Diabetol. (2020) 19:133.

doi: 10.1186/s12933-020-01111-7

47. Fröbert O, Lagerqvist B, Carlsson J, Lindbäck J, Stenestrand U, James

SK. Differences in restenosis rate with different drug-eluting stents in

patients with and without diabetes mellitus. SCAAR. (2009). 53:1660–7.

doi: 10.1016/j.jacc.2009.01.054

48. Gilbert J, Raboud J, Zinman B. Meta-analysis of the effect of diabetes on

restenosis‘ rates among patients receiving coronary angioplasty stenting.

Diabetes Care. (2004) 27:990–4. doi: 10.2337/diacare.27.4.990

49. Torimoto K, Okada Y, Mori H, Tanaka Y. Relationship between fluctuations

in glucose levels measured by continuous glucose monitoring and vascular

endothelial dysfunction in type 2 diabetes mellitus. Cardiovasc Diabetol.

(2013) 12:1. doi: 10.1186/1475-2840-12-1

50. Sardu C, Paolisso P, Sacra C,Mauro C,Minicucci F, PortogheseM, et al. Effects

of metformin therapy on coronary endothelial dysfunction in patients with

prediabetes with stable angina and nonobstructive coronary artery stenosis:

the CODYCE multicenter prospective study. Diabetes Care. (2019) 42:1946–

55. doi: 10.2337/dc18-2356

51. Kitta Y, Nakamura T, Kodama Y, Takano H, Umetani K, Fujioka D, et al.

Endothelial vasomotor dysfunction in the brachial artery is associated with

late in-stent coronary restenosis. J Am Coll Cardiol. (2005) 46:648–55.

doi: 10.1016/j.jacc.2005.04.055

52. Lafont A, Durand E, Samuel JL, Besse B, Addad F, Lévy BI, et al.

Endothelial dysfunction and collagen accumulation: two independent factors

for restenosis and constrictive remodeling after experimental angioplasty.

Circulation. (1999) 100:1109–15. doi: 10.1161/01.CIR.100.10.1109

53. Cayatte AJ, Palacino JJ, Horten K, Cohen RA. Chronic inhibition of nitric

oxide production accelerates neointima formation and impairs endothelial

function in hypercholesterolemic rabbits.Arterioscler Thromb. (1994) 14:753–

9. doi: 10.1161/01.ATV.14.5.753

54. Anderson TJ, Uehata A, Gerhard MD, Meredith IT, Knab S, Delagrange

D, et al. Close relation of endothelial function in the human coronary

and peripheral circulations. J Am Coll Cardiol. (1995) 26:1235–41.

doi: 10.1016/0735-1097(95)00327-4

55. Son J, Hur SH, Kim IC, Cho YK, Park HS, Yoon HJ, et al. The impact

of moderate to severe renal insufficiency on patients with acute myocardial

infarction. Korean Circ J. (2011) 41:308–12. doi: 10.4070/kcj.2011.4

1.6.308

56. Massy ZA, Kasiske BL. Hyperlipidemia and its management in

renal disease. Curr Opin Nephrol Hypertens. (1996) 5:141–6.

doi: 10.1097/00041552-199603000-00007

57. Kanani PM, Sinkey CA, Browning RL, Allaman M, Knapp HR, Haynes

WG. Role of oxidant stress in endothelial dysfunction produced by

experimental hyperhomocyst(e)inemia in humans. Circulation. (1999).

100:1161–8. doi: 10.1161/01.CIR.100.11.1161

58. Busch M, Franke S, Müller A, Wolf M, Gerth J, Ott U, et al.

Potential cardiovascular risk factors in chronic kidney disease: AGEs, total

homocysteine and metabolites, and the C-reactive protein. Kidney Int. (2004)

66:338–47. doi: 10.1111/j.1523-1755.2004.00736.x

59. Choi JH, Kim KL, Huh W, Kim B, Byun J, Suh W, et al. Decreased number

and impaired angiogenic function of endothelial progenitor cells in patients

with chronic renal failure. Arterioscler Thromb Vasc Biol. (2004) 24:1246–5.

doi: 10.1161/01.ATV.0000133488.56221.4a

60. Bethel MA, Mentz RJ, Merrill P, Buse JB, Chan JC, Goodman SG, et al.

Microvascular and cardiovascular outcomes according to renal function in

patients treated with once-weekly exenatide: insights from the EXSCEL Trial.

Diabetes Care. (2020) 43:446–52. doi: 10.2337/dc19-1065

61. Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D. A

more accurate method to estimate glomerular filtration rate from

serum creatinine: a new prediction equation. Modification of Diet

in Renal Disease Study Group. Ann Intern Med. (1999). 130:461–70.

doi: 10.7326/0003-4819-130-6-199903160-00002

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2021 Zhao, Lan, Yu, Zhou, Tan, Sheng, Li, Wang, Chen, Liu,

Zhou, Chen, Song, Zhao and Yan. This is an open-access article distributed

under the terms of the Creative Commons Attribution License (CC BY). The

use, distribution or reproduction in other forums is permitted, provided the

original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Cardiovascular Medicine | www.frontiersin.org 15 June 2021 | Volume 8 | Article 653467

https://doi.org/10.1016/j.jacc.2005.01.058
https://doi.org/10.1016/j.jcmg.2010.03.011
https://doi.org/10.1161/01.CIR.0000019071.72887.BD
https://doi.org/10.1186/s12933-020-01111-7
https://doi.org/10.1016/j.jacc.2009.01.054
https://doi.org/10.2337/diacare.27.4.990
https://doi.org/10.1186/1475-2840-12-1
https://doi.org/10.2337/dc18-2356
https://doi.org/10.1016/j.jacc.2005.04.055
https://doi.org/10.1161/01.CIR.100.10.1109
https://doi.org/10.1161/01.ATV.14.5.753
https://doi.org/10.1016/0735-1097(95)00327-4
https://doi.org/10.4070/kcj.2011.41.6.308
https://doi.org/10.1097/00041552-199603000-00007
https://doi.org/10.1161/01.CIR.100.11.1161
https://doi.org/10.1111/j.1523-1755.2004.00736.x
https://doi.org/10.1161/01.ATV.0000133488.56221.4a
https://doi.org/10.2337/dc19-1065
https://doi.org/10.7326/0003-4819-130-6-199903160-00002
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles

	Primary Percutaneous Coronary Intervention in Patients With Type 2 Diabetes With Late/Very Late Stent Thrombosis and de novo Lesions: A Single-Center Observational Cohort Study of Clinical Outcomes and Influencing Factors
	Introduction
	Methods
	Study Population and Design
	Clinical Outcomes
	Statistical Analyses

	Results
	Discussion
	Main Findings
	Impact of Inflammatory Cells on DNLs and LST/VLST Lesions Among DM Patients
	Impact of D-Dimer on DNL and LST/VLST Lesions Among DM Patients
	DM and DNL
	DM and LST/VLST
	DM and In-stent Thrombosis
	Limitations

	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References


