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Abstract
Background: We compared the 2-year clinical outcomes between prediabetes and type 2 diabetes mellitus (T2DM) 
according to the pre-percutaneous coronary intervention (PCI) thrombolysis in myocardial infarction (TIMI) flow grade 
in patients with ST-segment elevation myocardial infarction.
Methods: Overall, 6448 STEMI patients were divided into two groups: pre-PCI TIMI 0/1 group (n = 4854) and pre-PCI 
TIMI 2/3 group (n = 1594). They were further divided into patients with normoglycemia, prediabetes, and T2DM. The 
major endpoint was major adverse cardiac events (MACEs), defined as all-cause death, recurrent myocardial infarction, 
or any repeat revascularization.
Results: In the pre-PCI TIMI 0/1 group, all-cause death rate was higher in both prediabetes (adjusted hazard ratio 
[aHR]: 1.633, p = 0.045) and T2DM (aHR: 2.064, p = 0.002) groups than in the normoglycemia group. In the pre-PCI 
TIMI 2/3 group, any repeat revascularization rate was also higher in both prediabetes (aHR: 2.511, p = 0.039) and T2DM 
(aHR: 3.156, p = 0.009) than normoglycemia. In each group (pre-PCI TIMI 0/1 or 2/3), the MACEs and all other clinical 
outcomes rates were similar between the prediabetes and T2DM groups.
Conclusions: Prediabetes showed comparable worse clinical outcomes to those of T2DM regardless of the pre-PCI 
TIMI flow grade.
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Introduction

Thrombolysis in myocardial infarction (TIMI) flow grade 
2/3 before percutaneous coronary intervention (PCI) has 
shown better clinical outcomes in patients with ST-segment 
elevation myocardial infarction (STEMI) than TIMI flow 
grade 0/1.1,2 Patients with acute myocardial infarction 
(AMI) and diabetes mellitus (DM) show a more than two-
fold higher risk for recurrent MI (Re-MI) and long-term 
mortality than patients without DM.3,4 According to recent 
reports, prediabetes is also associated with worse cardio-
vascular outcomes.5–7 However, studies6,7 comparing 
between prediabetes and diabetes did not investigate long-
term clinical outcomes based on the TIMI flow grade. 
Hence, in this study, we aimed to compare the 2-year clini-
cal outcomes between prediabetes and type 2 diabetes mel-
litus (T2DM) according to the pre-PCI TIMI flow grade of 
the infarct-related artery (IRA) in patients with ST-segment 
elevation myocardial infarction (STEMI) who underwent 
successful PCI with newer-generation drug-eluting stents 
(DESs).

Methods

Study population

Patients from the Korea AMI Registry (KAMIR) were 
included in this study. KAMIR8 is a nationwide, prospec-
tive, multicenter registry in South Korea that was estab-
lished in November 2005 to evaluate the current 
epidemiology, as well as short-term and long-term clinical 
outcomes of patients with AMI. The details of the registry 
can be found at the KAMIR website (http://www.kamir.
or.kr). In this study, we tried to confine T2DM patients to 
diabetes cases. Therefore, we defined T2DM based on a 
previous study9 that also included patients from the 
KAMIR. Hence, a total of 13,006 STEMI patients aged 
⩾30 years at the onset of diabetes, who underwent suc-
cessful PCI using newer-generation DESs from November 
2005 to June 2015 were evaluated. Among them, patients 
with incomplete laboratory results including unidentified 
results of blood glycated hemoglobin (HbA1c) and blood 
glucose (n = 5895, 45.3%) and those who were lost to fol-
low-up (n = 663, 5.1%) were excluded. Finally, a total of 
6448 STEMI patients who underwent successful primary 
PCI with newer-generation DESs were included. These 
patients were divided into two groups: pre-PCI TIMI flow 
grade 0/1 group (n = 4854, 75.3%) and pre-PCI TIMI flow 
grade 2/3 group (n = 1594, 24.7%). Subsequently, these 
two groups were further divided into patients with normo-
glycemia (group A1 [n = 1303, 26.8%] and group A2 
[n = 446, 28.0%]), prediabetes (group B1 [n = 1632, 33.6%] 
and group B2 [n = 471, 29.5%]), and T2DM (group C1 
[n = 1919, 39.5%] and group C2 [n = 677, 42.5%]) (Figure 
1). All patients provided written informed consent before 
enrollment. We followed up the enrolled patients through 

face-to-face interview, phone call, and chart review. A total 
of 6448 STEMI patients completed the scheduled follow-
up. Additionally, all clinical events were evaluated by an 
independent event adjudicating committee. The process of 
event adjudication has been described in a previous publi-
cation of the KAMIR investigators.8 The study protocol 
was approved by the institutional review board of each 
participating center, and the study was conducted in 
accordance with the 1975 Declaration of Helsinki.

PCI procedures and medical treatment

Diagnostic coronary angiography (CAG) and PCI were 
performed using standard techniques.10 Unfractionated 
heparin at a dose of 50–100 IU/kg was administered dur-
ing the procedure to maintain an activated clotting time of 
250 to 300 s. Before PCI, all patients received loading 
doses of aspirin (200–300 mg) and other anti-platelet 
agents, including clopidogrel, ticagrelor, or prasugrel 
before PCI. After the index PCI, aspirin at a dose of 
100 mg once daily was continued indefinitely, and clopi-
dogrel (75 mg once daily) was recommended for at least 
1 year and dual antiplatelet therapy (DAPT; a combination 
of aspirin 100 mg/day with clopidogrel 75 mg/day or tica-
grelor 90 mg twice daily or prasugrel 5–10 mg/day) was 
recommended for at least 1 year. Optimal medications 
therapy, including β-blocker, renin-angiotensin system 
blockade, calcium channel blocker, and lipid-lowering 
agents were also recommended to all patients at the dis-
cretion of the responsible clinicians. Additionally, based 
on previous reports11,12 triple antiplatelet therapy (TAPT, 
aspirin + clopidogrel + cilostazol [100 mg twice daily]) 
has been used and the use of TAPT was left to the discre-
tion of the individual operators.

Study definitions and clinical outcomes

The inclusion criteria of STEMI was defined according 
to the current guidelines.13,14 The degree of coronary flow 
before PCI was classified according to TIMI flow grade 
as assessed by the investigators.15 Glycemic categories 
were determined according to medical history and HbA1c 
and fasting plasma glucose (FPG) or random plasma glu-
cose (RPG) levels at the index hospitalization.7 We clas-
sified glycemic categories according to the American 
Diabetes Association guidelines.16 Normoglycemia was 
defined as HbA1c < 5.7% and FPG < 100 mg/dL 
(5.6 mmol/L), prediabetes as HbA1c 5.7%–6.4% and 
FPG 100–125 mg/dL (5.6–6.9 mmol/L), and T2DM as 
known T2DM for which patients receive medical treat-
ment (insulin or antidiabetics) or as newly diagnosed 
T2DM defined as HbA1c ⩾ 6.5%, FPG ⩾ 126 mg/dL 
(7.0 mmol/L), or RPG ⩾ 200 mg/dL (11.1 mmol/L).7 If 
there were some discrepancy between the level of HbA1c 
and those FPG or RPG, we made the level of HbA1c a 
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priority.17 The major clinical endpoint of this study was 
the occurrence of major adverse cardiac events (MACEs), 
defined as all-cause death, Re-MI, or any coronary repeat 
revascularization. All-cause death was classified as car-
diac death (CD) or non-CD. Any repeat revascularization 
included target lesion revascularization (TLR), target 
vessel revascularization (TVR), and non-TVR. The defi-
nitions of successful PCI, complete or incomplete revas-
cularization, Re-MI, TLR, TVR, and non-TVR were also 
previously reported.18,19

Statistical analysis

Baseline characteristics were described by using counts 
and percentage for categorical data and the differences 
between the groups were analyzed using the chi-square 
test or Fisher’s exact test. In case of continuous variables, 
data are expressed as mean ± standard deviation, or as 
median (quartile 1–quartile 3). The differences among the 
three groups were evaluated using analysis of variance or 
the Jonckheere-Terpstra test. Moreover, post-hoc analysis 
between two groups was performed using the Hochberg 
test or Dunnett T3 test. Various clinical outcomes were 
estimated using Kaplan-Meier curve analysis, and differ-
ences between the groups were compared using the log-
rank test. A two-tailed p-value of <0.05 was considered 
statistically significant. In order to adjust for possible con-
founders as much as possible, the Cox proportional hazard 
regression analysis was performed. Variables with a p 
value of <0.001 in the univariate analysis were entered 
into the multivariate analysis. The statistical analysis was 

performed with Statistical Package for the Social Sciences 
(SPSS) version 20 (IBM, Armonk, NY, USA).

Results

Baseline characteristics

Tables 1 and 2 and Supplemental Material 1 show the 
baseline characteristics of the study population. In both 
the pre-PCI TIMI flow grade 0/1 and 2/3 groups, the nor-
moglycemia group (groups A1 and A2) included the 
highest proportion of men, highest prescription rates of 
ticagrelor, and angiotensin-converting enzyme inhibitors, 
highest number of patients with single-vessel disease, 
and highest mean diameter of deployed stents. The pre-
diabetes group (groups B1 and B2) included the greatest 
number of smokers, patients with the highest mean value 
of total cholesterol and low-density lipoprotein-choles-
terol, and patients with the highest prescription rates of 
clopidogrel. The T2DM group (groups C1 and C2) 
included the oldest mean patient age; the highest number 
of patients with hypertension, dyslipidemia, and a previ-
ous history of PCI; the greatest proportion of patients 
who received the highest number of stents; the highest 
mean values of N-terminal pro-brain natriuretic peptide 
and triglyceride; the highest prescription rates of angio-
tensin receptor blockers; the highest number of patients 
who had the right coronary artery as the IRA and treated 
vessel; the highest number of patients with three-vessel 
disease; and the lowest mean estimated glomerular 
filtration rates.

Overall, 13006 STEMI patients aged ≥ 30 years at the onset of diabetes, who underwent 
successful newer-generation DESs implantation from November 2005 to June 2015 

in the KAMIR 

Exclusion
- Incomplete laboratory results including unidentified    

results of blood HbA1c and blood glucose (n = 5895)
- Lost to follow-up (n = 663)

Group A1 Group B1

Pre-PCI TIMI flow grade 0/1
(n = 4854)

NG
(n = 1303)

Group C1 Group A2 Group B2 Group C2

Prediabetes
(n = 1632)

T2DM
(n = 1919)

NG
(n = 446)

Prediabetes
(n = 471)

T2DM
(n = 677)

Pre-PCI TIMI flow grade 2/3
(n = 1594)

Finally, a total of 6448 STEMI patients who underwent successful primary PCI with      
newer-generation DESs were included

Figure 1. Flow chart.
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Clinical outcomes

The cumulative incidences of major clinical outcomes dur-
ing the 2-year follow-up period are summarized in Table 3 
and Figure 2. In the total study population, after adjust-
ment, the cumulative incidences of MACEs (adjusted haz-
ard ratio [aHR]: 1.380; 95% confidence interval [CI]: 
1.073–1.775; p = 0.012), all-cause death (aHR: 1.602; 95% 
CI: 1.092–2.350; p = 0.016), CD (aHR: 1.993; 95% CI: 
1.262–3.149; p = 0.003), and Re-MI (aHR: 1.717; 95% CI: 
1.030–2.860; p = 0.038) were significantly higher in the 
pre-PCI TIMI flow grade 0/1 group than in the pre-PCI 
TIMI flow grade 2/3 group. The cumulative incidences of 
MACEs (aHR: 1.402; 95% CI: 1.069–1.839; p = 0.010), 
all-cause death (aHR: 1.530; 95% CI: 1.009–2.319; 
p = 0.035), and CD (aHR: 1.630; 95% CI: 1.011–2.628; 
p = 0.032) were significantly higher in the prediabetes 
group (groups B1 and B2) than in the normoglycemia 
group (groups A1 and A2). The cumulative incidences of 
MACEs (aHR: 1.716; 95% CI: 1.332–2.211; p < 0.001), 
all-cause death (aHR: 1.879; 95% CI: 1.265–2.791; 
p = 0.002), CD (aHR: 2.117; 95% CI: 1.345–3.333; 
p = 0.001), and any repeat revascularization (aHR: 1.597; 
95% CI: 1.087–2.348; p = 0.017) were significantly higher 
in the T2DM group (groups C1 and C2) than in the normo-
glycemia group. Moreover, the cumulative incidence 
MACEs (aHR: 1.277; 95% CI: 1.029–1.584; p = 0.026) 
was significantly higher in the T2DM group (groups C1 
and C2) than in the prediabetes group (groups B1 and B2). 
However, the cumulative incidences of all-cause death, 
CD, Re-MI, and any repeat revascularization were similar 
between these two groups (group B1 and B2 vs group C1 
and C2) (Table 3).

In the pre-PCI TIMI flow grade 0/1 group, after adjust-
ment, the cumulative incidence of all-cause death (aHR: 
1.633; 95% CI: 1.001–2.636; p = 0.045) was significantly 
higher in group B1 than in group A1. The cumulative inci-
dences of MACEs (aHR: 1.509; 95% CI: 1.122–2.029; 
p = 0.006), all-cause death (aHR: 2.064; 95% CI: 1.294–
3.290; p = 0.002), and CD (aHR: 2.244; 95% CI: 1.326–
3.798; p = 0.003) were also significantly higher in group 
C1 than in group A1. However, the cumulative incidences 
of MACEs, all-cause death, CD, Re-MI, and any repeat 
revascularization were similar between groups B1 and C1.

In the pre-PCI TIMI flow grade 2/3 group, after adjust-
ment, the cumulative incidence of any repeat revasculari-
zation (aHR: 2.511; 95% CI: 0.978–5.945; p = 0.039) was 
significantly higher in group B2 than in group A2. The 
cumulative incidences of MACEs (aHR: 1.807; 95% CI: 
1.034–3.158; p = 0.038) and any repeat revascularization 
(aHR: 3.156; 95% CI: 1.336–7.455; p = 0.009) were also 
significantly higher in group C2 than in group A2. 
However, the cumulative incidences of MACEs, all-cause 
death, CD, Re-MI, and any repeat revascularization were 
similar between groups B2 and C2.

Table 4 shows the independent predictors for all-cause 
death and any repeat revascularization in the pre-PCI TIMI 
flow grade 0/1 group at 2 years. Old age (⩾65 years) 
decreased left ventricular ejection fraction (LVEF, <40%), 
dyslipidemia, use of lipid-lowering agents, more than 
three-vessel disease, and a >28 mm length of the deployed 
stent were independent predictors of MACEs. More than 
three-vessel disease and culprit-only PCI were independ-
ent predictors of any repeat revascularization. Table 5 
shows the independent predictors of all-cause death and 
any repeat revascularization in the pre-PCI TIMI flow 
grade 2/3 group at 2 years. Decreased LVEF, use of lipid-
lowering agents, and culprit-only PCI were independent 
predictors of all-cause death. More than three-vessel dis-
ease, culprit-only PCI, a <3.0 mm diameter of deployed 
stents, and a >28 mm length of deployed stents were inde-
pendent predictors of any repeat revascularization in this 
study.

Discussion

The main findings of this study were as follows: (1) In the 
total study population, the cumulative incidences of 
MACEs, all-cause death, CD, and Re-MI were signifi-
cantly higher in the pre-PCI TIMI flow grade 0/1 group 
(groups A1, B1, and C1) than in the pre-PCI TIMI flow 
grade 2/3 group (groups A2, B2, and C2), and the cumula-
tive incidence of MACEs was significantly higher in the 
T2DM group (groups C1 and C2) than in the prediabetes 
group (groups B1 and B2). (2) However, in each group 
(pre-PCI TIMI flow grade 0/1 or 2/3), the cumulative inci-
dences of all major clinical outcomes were not signifi-
cantly different between the prediabetes and T2DM groups 
(group B1 vs C1 or group B2 vs C2). (3) In the pre-PCI 
TIMI flow grade 0/1 group, the cumulative incidence of 
all-cause death was higher in both the prediabetes and 
T2DM groups (groups B1 and C1) than in the normoglyce-
mia group (group A1). (4) In the pre-PCI TIMI flow grade 
2/3 group, the cumulative incidence of any repeat revascu-
larization was higher in both the prediabetes and T2DM 
groups (groups B2 and C2) than in the normoglycemia 
group (group A2).

The main focus of this study was comparing the major 
clinical outcomes between prediabetes and T2DM in 
patients with STEMI based on the TIMI flow grade of the 
IRA, especially after the implantation of newer-generation 
DESs. As previously mentioned, TIMI flow grade 2/3 at 
the initial CAG has been reported to show better clinical 
outcomes than TIMI flow grade 0/1 in patients with 
STEMI.1,2 The suggested explanations for this result 
include the observation that compared with “a lack of 
patency (TIMI flow grade 0/1),” “patency (TIMI flow 
2/3)”20 had lower in-hospital rates for new-onset heart fail-
ure and hypotension and were less likely to require intuba-
tion for respiratory failure, which are all surrogates of 
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improved myocardial function.1 Moreover, patients with 
TIMI flow grade 3 at the initial CAG were more likely to 
have TIMI flow grade 3 at the end of the procedure.1,21 
Recent reports22,23 also showed that the patency of the IRA 
in patients with STEMI was related to procedural success 
and decreased enzymatic infarct size, fatal arrhythmic 
events, and in-hospital mortality. Because recent studies5–7 
did not use TIMI flow grade as a variable in estimating the 
clinical outcomes between these two groups, we consid-
ered that the TIMI flow grade can be used as a meaningful 
variable for the comparison of major clinical outcomes 
between prediabetes and T2DM.

In this study, the pre-PCI TIMI flow 2/3 group showed 
better major clinical outcomes, including the cumulative 
incidences of MACEs, all-cause death, CD, and Re-MI, 
in the total study population (Table 3). These results were 
consistent with previous findings.1,2 In each group (pre-
PCI TIMI flow 0/1 or 2/3), the major clinical outcomes 
were similar between prediabetes and T2DM. Despite 
these comparable results, in the total study population, 
the cumulative incidence of MACEs (aHR: 1.277; 95% 
CI: 1.029–1.584; p = 0.026, Table 3) was significantly 
higher in the T2DM group than in the prediabetes group. 
This difference of MACE rates may be related to the 

(a) (b)
Group A1 (pre-TIMI 0/1, Normoglycemia)
Group B1 (pre-TIMI 0/1, Prediabetes)
Group C1 (pre-TIMI 0/1, T2DM)
Group B1 (pre-TIMI 2/3, Normoglycemia)
Group B2 (pre-TIMI 2/3, Prediabetes)
Group C2 (pre-TIMI 2/3, T2DM)

Group A1 (pre-TIMI 0/1, Normoglycemia)
Group B1 (pre-TIMI 0/1, Prediabetes)
Group C1 (pre-TIMI 0/1, T2DM)
Group B1 (pre-TIMI 2/3, Normoglycemia)
Group B2 (pre-TIMI 2/3, Prediabetes)
Group C2 (pre-TIMI 2/3, T2DM)

Log-rank
Group A1 vs. Group B1, p = 0.121
Group A1 vs. Group C1, p < 0.001
Group B1 vs. Group C1, p = 0.030
Group A2 vs. Group B2, p = 0.378
Group A2 vs. Group C2, p = 0.009
Group B2 vs. Group C2, p = 0.076

Log-rank
Group A1 vs. Group B1, p = 0.026
Group A1 vs. Group C1, p < 0.001
Group B1 vs. Group C1, p = 0.060
Group A2 vs. Group B2, p = 0.795
Group A2 vs. Group C2, p = 0.394
Group B2 vs. Group C2, p = 0.550

(c) (d)
Group A1 (pre-TIMI 0/1, Normoglycemia)
Group B1 (pre-TIMI 0/1, Prediabetes)
Group C1 (pre-TIMI 0/1, T2DM)
Group B1 (pre-TIMI 2/3, Normoglycemia)
Group B2 (pre-TIMI 2/3, Prediabetes)
Group C2 (pre-TIMI 2/3, T2DM)

Log-rank
Group A1 vs. Group B1, p = 0.032
Group A1 vs. Group C1, p < 0.001
Group B1 vs. Group C1, p = 0.051
Group A2 vs. Group B2, p = 0.700
Group A2 vs. Group C2, p = 0.374
Group B2 vs. Group C2, p = 0.610

Log-rank
Group A1 vs. Group B1, p = 0.275
Group A1 vs. Group C1, p = 0.067
Group B1 vs. Group C1, p = 0.409
Group A2 vs. Group B2, p = 0.915
Group A2 vs. Group C2, p = 0.047
Group B2 vs. Group C2, p = 0.032

Group A1 (pre-TIMI 0/1, Normoglycemia)
Group B1 (pre-TIMI 0/1, Prediabetes)
Group C1 (pre-TIMI 0/1, T2DM)
Group B1 (pre-TIMI 2/3, Normoglycemia)
Group B2 (pre-TIMI 2/3, Prediabetes)
Group C2 (pre-TIMI 2/3, T2DM)

Figure 2. (Continued)
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summation of numerical differences in each group (pre-
PCI TIMI flow 0/1 or 2/3) between prediabetes and 
T2DM. Hence, we can speculate that prediabetes was a 
worse condition similar to T2DM regardless of pre-PCI 
TIMI flow grade in this study.

The suggested underlying pathological mechanisms 
related to the adverse clinical outcomes in hyperglycemia 
include thrombus formation, vascular inflammation, and 
platelet aggregation.24,25 Previous data suggesting that 
even in a population with diabetes and treated according 
to present guidelines post-MI, the risk for recurrent car-
diovascular events has decreased to some extent but still 
is higher compared to a population without diabetes.26 
Moreover, prediabetes is associated with worse clinical 
outcomes.5,26 However, these harmful effects of prediabe-
tes on long-term clinical outcomes in patients with AMI 
are relatively less well understood than those of diabetes. 
Published reports17,27,28 demonstrated that the compara-
tive clinical outcomes were similar between prediabetes 
and diabetes. In contrast, other report29 suggested that pre-
diabetes is not associated with long-term adverse cardio-
vascular outcomes in patients with coronary artery disease 
and PCI. However, these studies27–29 were not confined to 
STEMI patients and newer-generation DES. Therefore, 
we believe that our results could be more suitable for 
reflecting the contemporary real-world practice of pri-
mary PCI.

Based on our results, we suggest that much more atten-
tion and careful treatment strategies similar to those for 
T2DM are required for prediabetes population. Furthermore, 

we believe that our study can provide meaningful informa-
tion about the significance of prediabetes to interventional 
cardiologists who perform PCI with contemporary newer-
generation DESs in patients with STEMI.

Limitations

This study had several limitations. First, although KAMIR 
is prospective registry,8 this is a retrospective study. 
Therefore, some data might have usual limitations and 
biases inherent to retrospective study designs.7,30 Second, 
we defined T2DM according to medical history and adult-
onset diabetes (after the age of 30). However, <5% of the 
diabetes cases that occur in adulthood are type 1 DM.31 
Hence these might have affected the outcomes. Third, 
compared with an oral glucose test, measurement of 
HbA1c may not be ideal.7 Moreover, it has been proposed 
that impaired glucose tolerance (IGT) prediabetes may be 
associated with a higher cardiovascular risk compared to 
the impaired fasting glucose (IFG) subtype.32 However, in 
this KAMIR data, prediabetes was not classified according 
to these subtypes (isolated IGT, isolated FGT, and com-
bined IGT and IFG). Therefore, these were other important 
bias in this study. Fourth, we could not provide complete 
information about the degree of glycemic control in the 
enrolled patients during the follow-up period because 
detailed information on this variable was not included in 
KAMIR.30 Fifth, we could not consider the duration of dia-
betes as a major determinant factor for long-term clinical 
outcomes in this study because lack of information of this 

(e)
Group A1 (pre-TIMI 0/1, Normoglycemia)
Group B1 (pre-TIMI 0/1, Prediabetes)
Group C1 (pre-TIMI 0/1, T2DM)
Group B1 (pre-TIMI 2/3, Normoglycemia)
Group B2 (pre-TIMI 2/3, Prediabetes)
Group C2 (pre-TIMI 2/3, T2DM)

Log-rank
Group A1 vs. Group B1, p = 0.869
Group A1 vs. Group C1, p = 0.403
Group B1 vs. Group C1, p = 0.260
Group A2 vs. Group B2, p = 0.084
Group A2 vs. Group C2, p = 0.026
Group B2 vs. Group C2, p = 0.640

Figure 2. Kaplan-Meier analysis for MACEs (a), all-cause death (b), cardiac death (c), Re-MI (d), and any repeat revascularization 
(e) at 2 years.
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variable. Sixth, because this study was based on discharge 
medications, we could not precisely know the adherence 
or non-adherence to antidiabetic drugs of the enrolled 
patients.7,17,30 Seventh, although multivariate analysis was 
performed to account for baseline differences, the effect of 
unmeasured baseline confounders or variables not included 
in KAMIR may have affected the study outcomes.7 Finally, 
because the information regarding number of patients who 
received warfarin or new oral anticoagulants (NOACs) 
were not included in this registry, we could not provide the 
results of combination therapy of DAPT and warfarin or 
NOACs.

Conclusion

In the era of contemporary newer-generation DESs, pre-
diabetes was found to show worse clinical outcomes simi-
lar to those of diabetes regardless of pre-PCI TIMI flow 
grade in this study. However, larger randomized controlled 
studies are warranted to confirm these results in the future.
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