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Background: Optimal duration of dual antiplatelet therapy (DAPT) in patients
with diabetes mellitus (DM) who have undergone drug-eluting stent (DES)
implantation is not clearly established. This study sought to impact of DAPT
duration on real-world clinical outcome in patients with or without DM.

Methods: Using a nationwide cohort database, we investigate the association
between DAPT duration and clinical outcome between 1 and 3 years after
percutaneous coronary intervention (PCI). Primary outcome was all-cause
death. Secondary outcomes were cardiovascular death, myocardial infarction,
and composite bleeding events. After weighting, 90,100 DES-treated patients
were included; 29,544 patients with DM and 60,556 without DM; 31,233
patients with standard DAPT (6—-12 months) and 58,867 with prolonged DAPT
(12—-24 months).

Results: The incidence of all-cause death was significantly lower in
patients with prolonged DAPT [8.3% vs. 10.5% in those with standard
DAPT, hazard ratio (HR) 0.78, 95% confidence interval (Cl) 0.72-0.84] in
diabetic patients and non-diabetic patients (4.5% vs. 5.0% in those with
standard DAPT, HR 0.89, 95% CI 0.83-0.96). The incidence of composite
bleeding events was 5.7% vs. 5.4%, respectively, (HR 1.07, 95% Cl 0.96—
1.18) in diabetic patients and 5.6% vs. 5.0%, respectively, in non-diabetic
patients (HR 1.13, 95% CI 1.05-1.21). There was a significant interaction
between the presence of DM and DAPT duration for all-cause death (p for
interaction, pjnt = 0.01) that further favored prolonged DAPT in diabetic
patients. However, there was no significant interaction between the presence
of DM and DAPT duration for composite bleeding events (pj,; = 0.38).
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FIGURE 2

Time-to-event curves for all-cause death, cardiovascular death, myocardial infarction, or composite bleeding events between 1 and 3 years
after PCI. The cumulative incidence of (A) all-cause, (B) cardiovascular mortality, (C) myocardial infarction and (D) composite bleeding events
between 1 and 3 years after PCI. DAPT, dual antiplatelet therapy; DM, diabetes mellitus; PCl, percutaneous coronary intervention. NNT, number
need to treat; NNH, number need to harm.
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Covariates Standard DAPT Prolonged DAPT Hazard ratio . P for'
Patient N 3-year mortality Patient N 3-year mortality (95% CI) interaction
Age
<75 years 7,755 560 (7.2) 14,728 805 (5.5) 0.74 (0.67-0.83) — 016
275 years 2,512 514 (20.4) 4,549 793 (17.3) 0.83 (0.74-0.93) —— '
Sex
Male 6,693 670 (10) 12,508 977 (7.8) 0.77 (0.69-0.85) i 069
Female 3,574 404 (11.3) 6,769 621 (9.2) 0.79 (0.70-0.90) ——
Hypertension
No 3,015 278 (9.2) 5,760 410(7.1) 0.75 (0.65-0.88) —-— 066
Yes 7,252 796 (11) 13,517 1,189 (8.8) 0.79 (0.72-0.86) i
Presentation as Acute M|
No 8,570 866 (10.1) 16,272 1,340 (8.2) 0.80 (0.73-0.87) i 047
Yes 1,697 208 (12.2) 3,005 258 (8.6) 0.69 (0.58-0.81) ——
Insulin-dependent DM
No 8,883 812 (9.4) 16,655 1,224 (7.3) 0.78 (0.72-0.86) —— 078
Yes 1,384 262 (18.9) 2,622 374 (14.3) 0.75 (0.63-0.88) ——
Chronic kidney disease with severe renal impairment
No 9,324 708 (7.6) 17,646 1,073 (6.1) 0.80 (0.73-0.88) - 082
Yes 943 366 (38.8) 1,631 525 (32.1) 0.83 (0.72-0.95) ——
0.5 1 2
Favors Prolonged DAPT Favors Standard DAPT
FIGURE 3
Subgroup analysis for all-cause death in diabetic patients. Numbers and percentages show the number of patients at risk and the all-cause
mortality rate between 1 and 3 years after drug-eluting stent implantation. Cl, confidence interval; MI, myocardial infarction; DM, diabetes
mellitus.

who underwent next-generation DES implantation. This study
included whole patients who were concurrently encountered
in a catheterization laboratory and were very-high-risk (high
bleeding risk, end-stage renal disease, and very elderly patients,
etc.) who were usually excluded from other randomized studies.
The major findings of our study are as follows: (1) in patients
with DM, prolonged DAPT (vs. standard DAPT) was associated
with lower all-cause mortality, cardiovascular mortality, and
myocardial infarction without an increase in composite bleeding
events. (2) In patients without DM, prolonged DAPT (vs.
standard DAPT) was associated with a decrease in all-cause
mortality and cardiovascular mortality and an increase in
composite bleeding events.

Compared to bare-metal stents or first-generation DES, the
favorable mechanochemical characteristics of next-generation
DES have significantly reduced concern for stent thrombosis
(6, 14). In this regard, a growing concern for the risk of
bleeding according to prolonged DAPT has emerged as an
important issue for long-term management of patients who
underwent PCI, and attempts to balance ischemic and bleeding
events have led to further shortening of the duration of
DAPT (15, 16). A recent meta-analysis with 24 randomized
trials reported that extended-term (>12 months) DAPT was
associated with a reduced risk of myocardial infarction and
a higher risk of major bleeding in comparison with short-
term (<6 months) or standard (6-12 months) DAPT (17).
There was no significant difference in mortality between the
patients with extended-term DAPT and those with short-term
or standard DAPT (17). In this regard, the bleeding risk of
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individual patients, as well as ischemic risk, are taken into
consideration for deciding the appropriate length of DAPT
(18, 19).

DM is a well-recognized key risk factor for CAD
and worse prognosis after PCI (8), which is responsible
for systemic atherosclerotic change of the entire vascular
structure (20). Therefore, management for DM includes
multifactorial life style modification together with intensive
medical intervention through glucose lowering agents, lipid-
lowering agents, and blood pressure-lowering agents. Indeed,
adequate control of DM through sodium-glucose cotransporter-
2 inhibitor (21) or glucagon-like peptide-1 receptor agonists
(22) are known to reduce the risk of ischemic stroke
or cardiovascular death as well as recurrent myocardial
infarction, implying that systemic treatment (drugs) rather
than local treatment (PCI) is essential for management of
diabetic patients with cardiovascular complications. Altered
systemic metabolism in patients with DM is associated
with hypercoagulability, endothelial dysfunction, and platelet
activation, together resulting in a prothrombotic state (23)
that possibly requires long-term anti-thrombotic therapy or a
more potent P2Y1; inhibitor. Furthermore, patients with DM
have been reported to have a suboptimal response to aspirin
or clopidogrel, probably due to the altered metabolic and
pharmacokinetic profile (3, 24).

Despite the theoretical benefit of long-term DAPT in
diabetic patients with DES implantation, to date, the clinical
benefit of long-term DAPT in the era of next-generation DES
has not been clearly demonstrated. At an individual patient-level
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meta-analysis that compared the clinical outcome between
short-term (<6 months) and standard (6-12 months) DAPT
in patients with and without DM after DES implantation,
standard DAPT resulted in an augmented risk of bleeding
without significantly reducing the ischemic events (8). All-cause
or cardiovascular mortality within 1 year after PCI were not
different among patients treated with short-term or standard
DAPT regardless of presence of DM (7). However, in a post-hoc
analysis of a randomized DAPT trial that investigated the clinical
outcome between 12 and 30 months DAPT after PCI, extended
DAPT (30 months) was associated with reduced risk of recurrent
myocardial infarction in diabetic patients (25). Another post-
hoc analysis for a randomized DAPT trial identified DM as
a significant predictor for future coronary thrombotic events,
and DM was incorporated as one of the positive predictors
that would benefit from extended DAPT (26). Compared to the
present study, part of the study population included in previous
randomized studies were patients treated with first-generation
DES. The previous randomized studies did not include clinically
very-high-risk patients who might be expected to show worse
prognosis despite successful DES implantation during long-term
follow-up (8, 25, 26). Therefore, the findings of previous studies
might have difficulty representing the current situation in an era
of next-generation DES. Additionally, in contrast to a previous
meta-analysis report from randomized trials that have mostly
investigated 1-year clinical outcomes after index PCI in diabetic
patients (8), our nationwide cohort analysis investigated the
clinical outcome between 1 and 3 years after next-generation
DES implantation in diabetic patients. Given that DM is a long-
lasting risk factor that continuously hampers prognosis after
PCI (27), investigating the clinical impact of DAPT in this
period could be of noteworthy importance. Furthermore, the
DAPT trial investigated the clinical outcomes between 12 and
30 months DAPT after index PCI excluding the patients who
experienced ischemic or bleeding events before 12 months after
index PCI (28). Whereas, the present study included patients
who were alive and had experienced ischemic or bleeding events
within 1 year after PCI and were considered to harbor clinical
or procedural risk factors for future hard events (all-cause or
cardiovascular death) (29).

In general, prolonged DAPT after PCI is related to
compared to
of
of
ischemic events by prolonged DAPT in diabetic patients

significantly ~increased risk of bleeding
short or standard DAPT (30).
this study demonstrated that the significant reduction

However, the results

led to favorable outcome including reduced mortality,
the but
significant, increased bleeding events. Indeed, there is no

overwhelming numerically, statistically  not
obvious correlation between the diabetes and augmented
bleeding risk by DAPT after PCI (31). Taken together, the
findings indicate that, after DES implantation, prolonged
DAPT could be further favored in diabetic patients, as

compared with non-diabetic patients to alleviate the risk of
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recurrent ischemic events and consequent cardiovascular or
all-cause mortality.

Limitations

This study has several limitations. First, observational
studies that evaluated the clinical impact of DAPT after PCI
are possibly prone to immortal time bias, although we excluded
those who died within 1 year after PCI. Second, clinical
events that occurred early after PCI or the patient’s own
characteristics might have influenced the physician’s decision
for the duration of DAPT. In this regard, there could be
persistent residual confounding factors, although we tried to
minimize the bias using stabilized IPTW. Third, because the
NHIS database does not routinely collect laboratory profiles,
the level of glycosylated hemoglobin Alc that represents the
severity of DM, was not included as a covariate for the stabilized
IPTW model or Cox regression analysis. However, since the
Korean health insurance system strictly regulates the use of
oral hypoglycemic agent according to the level of glycosylated
hemoglobin Alc, it is presumable that the imbalance of
DM severity between the two groups would be limited as
we defined DM according to the performance of treatment
rather than the presence of diagnostic codes. Furthermore,
laboratory information regarding platelet reactivity that could
give explanation for the suboptimal outcome of diabetic
patients after cessation of DAPT was not available. Fourth,
contemporary bleeding classification system with prognostic
impact [e.g. BARC (Bleeding Academic Research Consortium),
TIMI (Thrombolysis in Myocardial Infarction), GUSTO (Global
Use of Strategies to Open Occluded Arteries), etc] could not
be applied due to limited information. Finally, the occurrence
of stent thrombosis was also could not be investigated due to
lack of angiographic information. Taken together, the results
from this observational study should not be used to establish
a causal relationship, until our findings are recapitulated by
well-conducted randomized studies.

Conclusions

In this nationwide cohort of patients treated with new-
generation DES in Korea, prolonged DAPT rather than standard
DAPT might be clinically beneficial in diabetic patients with
DES implantation.

Data availability statement
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