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Abstract

Objective: This study was aimed at investigating whether the addition of nicorandil to a dihydropyridine calcium
channel blocker (DHP-CCB) regimen might decrease the occurrence of major adverse cardiovascular events (MACE)
in patients with coronary heart disease (CHD).

Methods: A multicenter, retrospective, real-world study was conducted. Between August 2002 and March 2020,
7413 eligible patients with CHD were divided into DHP-CCB plus nicorandil combination (n = 1843) and DHP-CCB
(n = 5570) treatment groups. The primary outcome was MACE, defined as a composite of myocardial infarction,
stroke, and all-cause mortality. Propensity score matching was used to adjust for confounding factors.

Results: After propensity score matching, combination therapy, compared with DHP-CCBs alone, was associated
with a lower risk of MACE (HR: 0.80, 95% CI: 0.67-0.97). The combination group also had a lower risk of stroke
(HR: 0.55, 95% CI: 0.44-0.69), but not myocardial infarction (HR: 1.21, 95% CI: 0.91-1.61) or all-cause mortality
(HR: 1.24, 95% CI: 0.63-2.44). Subgroup analysis revealed more prominent benefits of the combined treatment on
MACE in patients with than without diabetes.

Conclusions: The combination of nicorandil and DHP-CCBs may be more beneficial than DHP-CCBs alone in
decreasing long-term risks of MACE and stroke in patients with CHD.
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agents, anti-anginal drugs, and statins are corner-
stones of CHD treatment, whereas revasculari-
zation is indicated for acute coronary syndrome
(ACS) [3-6]. Despite recent advances in diagnosis
and treatment, CHD remains a major cause of cardi-
ovascular morbidity and mortality worldwide [7, 8].
Patients with CHD are at elevated risk of long-term
incidence of major adverse cardiovascular events
(MACE), typically including myocardial infarction
(MI), stroke, and mortality [9, 10].

Calcium channel blockers (CCBs) are com-
monly used to treat hypertension and angina [11,
12]. On the basis of their chemistry and pharmaco-
dynamics, CCBs are classified into two categories:
dihydropyridine (DHP) and non-DHP CCBs [13].
Both categories may be used to treat coronary
spasms, whereas DHP-CCBs are more commonly
used than non-DHP CCBs in patients with CHD.
Through the noncompetitive blocking of L-type
calcium channels in cardiac and smooth muscle
membranes, DHP-CCBs dilate the coronary and
systemic vasculature, thereby improving coronary
perfusion and decreasing blood pressure [6, 14].
However, despite these benefits, only several clini-
cal trials have shown benefits of DHP-CCBs on
cardiovascular outcomes in patients with stable
CHD [15-18].

Nicorandil is a nitrate-moiety nicotinamide ester
that is widely used to treat angina [19]. As an adeno-
sine-sensitive potassium (K(ATP)) channel opener,
its mechanism of action is distinct from those of
CCBs [20]. Nicorandil stimulates cyclic guano-
sine monophosphate production, activates K* ion
channels, and promotes K* ion outflow in vascular
smooth muscle cells, thereby improving coronary
blood flow, particularly in the coronary microcir-
culation [21]. Beyond its demonstrated clinical
efficacy in alleviating the symptoms of angina,
nicorandil may decrease the risks of MACE and
mortality in patients with CHD [22, 23]. Given the
increasing prevalence of patients with CHD who
take nicorandil and DHP-CCBs concurrently, deter-
mining the effects of combining nicorandil with
DHP-CCBs on the long-term incidence of MACE
in these patients is imperative. Therefore, in this
real-world study, we aimed to analyze the long-term
effects of the combination of nicorandil and DHP-
CCBs compared with DHP-CCBs alone on MACE
incidence in patients with CHD.

Methods

Ethical approval was obtained from Tongji Hospital
affiliated with Huazhong University of Science and
Technology Tongji Medical College (approval num-
ber TJ-IRB201909112). We adhered to the most
recent version of the Declaration of Helsinki and the
Guidelines for Good Epidemiology Practices dur-
ing the design and conduct of our study. The study
protocol was registered in the Chinese clinical trial
registry under the validated registration number of
ChiCTR1900027812. The requirement for informed
consent was waived because of the retrospective
study design.

Study Design and Participants

We conducted a real-world retrospective cohort
study evaluating patients with CHD hospitalized at
two tertiary healthcare institutions (Tongji Hospital
affiliated with Huazhong University of Science and
Technology Tongji Medical College, and Union
Hospital affiliated with Huazhong University of
Science and Technology Tongji Medical College)
in Wuhan, China, between August 2002 and March
2020. The inclusion criteria included age of 18 years
or older; hospitalization for CHD treatment; treat-
ment with DHP-CCBs with or without nicorandil
at discharge; and availability of more than two sets
of admission records. The exclusion criteria were
patients with asymptomatic myocardial ischemia;
cardiovascular conditions other than CHD (e.g.,
dilated, hypertrophic, or restrictive cardiomyopa-
thies; cardiac amyloidosis; and congenital heart
disease); or histories of cardiac transplantation or
valve surgery.

Data Extraction

The methods of data extraction were as previ-
ously reported in detail [24]. In brief, pre-trained
researchers collected medical information accord-
ing to a predefined data extraction table from the
various electronic medical record (EMR) systems
of the participating medical centers. The primary
medical electronic systems included the EMR, pro-
viding demographic characteristics, hospital regis-
tration date, date of diagnosis, and surgical records;
the healthcare information system (HIS), providing
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medical administrative data; and the laboratory
information system, providing laboratory findings.
The following data were extracted for each patient:
(1) demographic characteristics, including age, sex,
smoking history, and history of revascularization
(percutaneous coronary intervention and/or coro-
nary artery bypass grafting); (2) comorbidities and
past medical histories of conditions such as hyper-
tension, diabetes mellitus, hyperlipidemia, angina
(stable or unstable), MI, ACS, or heart failure; (3)
concurrent cardiovascular medications, includ-
ing antiplatelet agents, nitrates, beta-adrenergic
receptor blockers (BBs), nicorandil, DHP-CCBs,
angiotensin-converting enzyme inhibitors (ACEIs),
angiotensin II blockers (ARBs), mineralocorticoid
receptor antagonists (MRAS), and statins. Diagnoses
of CHD and comorbidities were established during
the hospitalization of each patient according to rel-
evant clinical guidelines.

Clinical Outcomes

The primary outcome was the rate of MACE at the
3-year follow-up, defined as a composite outcome
of MI, stroke, and all-cause mortality. Secondary
outcomes were the rates of individual components
of MACE at the 3-year follow-up.

Statistical Analyses

Continuous variables are summarized as the mean
value and standard deviation (SD), and categorized
variables are reported as frequencies and percent-
ages. Intergroup differences were examined with a
two-sample Student’s t-test or Wilcoxon rank sum
test, and the chi-squared test or Fisher’s exact prob-
ability test. Rates of primary and secondary out-
comes were analyzed with Kaplan-Meier survival
curves and the log-rank test, and are presented as
the hazard ratio (HR) with corresponding 95%
confidence interval (CI). Additionally, the inci-
dence density of MACE and its components (per
1000 person-years), based on the number of events
divided by the number of person-years of follow-
up, was estimated by using exact Poisson limits.
Subsequently, a propensity score matching
(PSM) method was applied to minimize the poten-
tial influence of confounding factors. The details of
the PSM method were as reported previously [24].

Variables included age; sex; smoking; history of
revascularization; comorbidities (diabetes mellitus,
hypertension, hyperlipidemia, ACS, stable angina,
and unstable angina); and concomitant medications
(including antiplatelet drugs, nitrates, BBs, ACEl/
ARBs, MRASs, and statins).

The stability of the findings was assessed with
sensitivity analyses restricted to patients admit-
ted after nicorandil became available in China and
using PSM trimming (trimming of the propen-
sity score distribution below the 5" percentile and
above the 95" percentile). To assess the influence
of unmeasured confounding factors, we calculated
E-values, as previously reported [25]. In addition,
we conducted subgroup analyses of the association
between combined therapy and MACE according to
predefined variables, including age, sex, ACS diag-
nosis, and smoking status; and the comorbidities of
diabetes, hypertension, and hyperlipidemia. SAS
9.4 software (SAS Institute Inc, Cary, NC, USA)
was used for statistical analysis, and P < 0.05 indi-
cated statistical significance.

Results

Baseline Characteristics

The patient screening and inclusion algorithm is
shown in Figure 1. Briefly, 137,714 patients were
screened in the HIS and EMR system, after which
130,301 patients were excluded for the reasons listed
in Figure 1. A total of 7413 patients were included in
the final analysis. Of these, 1843 patients were treated
with both DHP-CCBs and nicorandil (combination
group), whereas 5570 patients were treated with
DHP-CCBs without nicorandil (DHP-CCB group).
The baseline characteristics of the two groups are
shown in Table 1. Before PSM, patients in the combi-
nation group were more likely to be male (64.5% vs.
61.4%, P =0.020) and to be current smokers (22.7%
vs. 20.2%, P = 0.032), whereas the DHP-CCB group
had higher prevalence rates of diabetes (44.6% vs.
38.5%, P <0.001), hypertension (93.4% vs. 87.0%, P
< 0.001), and hyperlipidemia (30.5% vs. 15.8%, P <
0.001). The mean age and prevalence rates of previ-
ous coronary revascularization and heart failure were
similar between groups. After PSM for the entire
population, the baseline characteristics were well
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| Patients screened (n = 137,714) |

Reasons for exclusion (»=130,301)
® Admission date < start date or medication date < discharge
date (n=94.872)
® Only visit date was recorded (n = 29,224)
® Not met study eligible criteria (7 = 2860)
Age <18years (n=23)
Not fulfill the inclusion criteria (» = 2680)
Based on the exclusion criteria (7= 157)
® Only used nicorandil (7 =3345)

Eligible patients for final analysis

(n="7413)

Nicorandil combined with DHP-CCBs
(n=1843)

DHP-CCBs alone
(n=15570)

Figure 1 Flowchart of Patient Inclusion and Exclusion.

CHD, coronary heart disease; DHP-CCBs, dihydropyridine calcium channel blockers; EMR, electronic medical record; HIS,

healthcare information system.

balanced between groups (all P > 0.05), and 1315
patients were included in each group.

Clinical Outcomes

The median follow-up duration for the entire
population was 8.3 months (interquartile range
[IQR]: 1.7-18 months). Of the total cohort, at the
3-year follow-up, the combination group had sig-
nificantly lower risks of MACE (HR: 0.65, 95%
CI: 0.57-0.73, P < 0.0001; Figure 2A) and stroke
(HR: 0.41, 95% CI: 0.35-0.48, P < 0.0001; Figure
2B), whereas the risks of MI (P = 0.2941; Figure
2C) and all-cause mortality were similar between
groups (P = 0.1856; Figure 2D). Similarly, com-
pared with the DHP-CCB group, the combination
group had lower incidence densities for MACE and
stroke, whereas the incidence densities for MI and
all-cause mortality were similar (Table 2). After
PSM, the risks of MACE (HR: 0.80, 95% CI: 0.67—
0.97, P=10.0193; Figure 3A) and stroke (HR: 0.55,
95% CI: 0.44-0.69, P < 0.0001; Figure 3B) were
lower in the combination group, whereas the risks
of MI (HR: 1.21, 95% CI 0.91-1.61, P = 0.1845;
Figure 3C) and all-cause mortality (HR: 1.24, 95%
CI10.63-2.44, P = 0.5283; Figure 3D) were similar.

Sensitivity and Subgroup Analyses

The results of sensitivity analyses based on PSM
with trimming and limitation to patients hospitalized
after nicorandil availability in China are shown in

Table 3. Both sensitivity analyses indicated that
the combination group had a lower incidence of
MACE and stroke than the DHP-CCB group (all
P <0.05). In addition, sensitivity analyses indicated
similar incidence rates of MI and all-cause mor-
tality between groups (all P > 0.05, Table 3). The
E-values for the sensitivity analyses using PSM
trimming or limited to patients admitted after nico-
randil availability in China were 1.78 and 1.89 for
3-year MACE-free survival rates, respectively, and
were both 2.99 for stroke-free survival rates. The
E-values reflected the robustness of the findings.

In addition, multiple predefined subgroup analy-
ses indicated no significant interactions between
demographic and clinical characteristics such as
age, sex, ACS diagnosis, smoking status, hyperten-
sion, and hyperlipidemia on the benefits of nico-
randil combined with DHP-CCBs in terms of MACE
incidence (Figure 4, all P for subgroup interactions
> (0.05). However, subgroup analysis suggested that
comorbid diabetes might have significantly affected
the effectiveness of the combined nicorandil and
DHP-CCBs. The benefits of the combined treat-
ment on MACE were more pronounced in patients
with than without diabetes (HR 0.66 versus 0.96,
P for subgroup interaction = 0.043; Figure 4).

Discussion

In this real-world multicenter retrospective cohort
study, we included 7413 patients with CHD, and
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Figure 2 Kaplan-Meier Survival Curves for Clinical Outcomes in the Total Population.
(A) Major adverse cardiovascular events (MACE). (B) Stroke. (C) Myocardial infarction (MI). (D) All-cause mortality.

observed that combined treatment with nicorandil
and DHP-CCBs, compared with DHP-CCBs alone,
was associated with a significantly lower incidence
of MACE during the 3-year follow-up. Subsequent
analysis according to the components of MACE
demonstrated that combined treatment was associ-
ated with a significantly lower risk of stroke, but
not incidence of MI or all-cause mortality. These
results persisted after PSM to minimize the influ-
ences of potential confounding factors. Moreover,
the stability of the findings was further validated
in sensitivity analyses. Finally, consistent results
were obtained in most subgroup analyses except
for the subgroup analysis according to diabetes sta-
tus, which showed a more pronounced benefit of
combined treatment on MACE in patients with than
without diabetes. Together, our findings suggested
that the combination of nicorandil and DHP-CCBs
might be more beneficial than DHP-CCBs alone in

decreasing the long-term risk of MACE and stroke
in patients with CHD. These findings support the
combined use of nicorandil and DHP-CCBs in
patients with CHD.

Our real-world observational study included all
available patients with CHD who met the inclu-
sion criteria without limitations of disease sever-
ity, thus enhancing the applicability of the results
to daily clinical practice. DHP-CCBs dilate coro-
nary arteries and may confer an additional benefits
in the treatment of angina [26]. Moreover, in view
of the contrasting pharmacodynamics and effica-
cies of DHP- and non-DHP CCBs, we included
only patients treated with DHP-CCBs to minimize
potential confounding variables. Although many
patients with CHD, particularly those with hyper-
tension, use DHP-CCBs, the effects on clinical
outcomes have not been fully determined [26]. The
Coronary disease Trial Investigating Outcome with



Table 2 IDRs of MACE, MI, Stroke, and All-cause Mortality of Patients During Follow-up.

DHP-CCBs alone IDR

Nicorandil and DHP-CCBs

P-Y Incidence density Events,n P-Y Incidence density Rate ratio
(95% ClI) (95% Cl)

Events, n

(95% Cl)

0.0091

0.78 (0.65, 0.94)
0.54 (0.43, 0.68)

216.56 (190.57, 246.10)

1085.13

235

169.63 (148.68, 193.54)
89.65 (75.02, 107.13)
82.67 (68.75, 99.40)

1302.82
1349.72
1366.95
1369.76

221

MACE

<0.0001
0.2831
0.4711

165.39 (142.86, 191.49)
70.71 (56.87, 87.91)

1082.27
1145.59
950.95

179
81

21

1

Stroke

MI

1.17 (0.88, 1.56)

113

24

1.28 (0.65, 2.52)

13.67 (7.94, 23.54)

13

17.52 (11.74, 26.14)

All-cause mortality

Notes: IDR, incidence density ratio; P-Y, person-years; DHP-CCBs, dihydropyridine calcium channel blockers; MACE, major adverse cardiovascular events; MI, myo-

cardial infarction; CI, confidence interval.
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Nifedipine (ACTION) trial has demonstrated that
long-acting nifedipine decreases the incidence of
coronary angiography and cardiovascular interven-
tions in stable CHD, but does not improve MACE-
free survival [17]. Similarly, nifedipine, compared
with atenolol, has not been found to improve the
composite outcome of cardiac death, nonfatal MI,
and unstable angina in the Total Ischaemic Burden
European Trial (TIBET) [27]. Accordingly, for
patients with CHD using DHP-CCBs, combined
treatment is reasonable.

Current European Society of Cardiology guide-
lines propose that, as a nitrate derivative of nicoti-
namide, nicorandil has anti-anginal effects similar
to those of nitrates or beta-blockers, and may ame-
liorate the symptoms of patients with CHD, par-
ticularly those with microvascular dysfunction [4].
Increasing evidence indicates the potential benefits
of nicorandil on cardiovascular outcomes. In the
landmark Impact of Nicorandil in Angina (IONA)
trial, nicorandil, compared with placebo, has been
found to significantly decrease the incidence of
MACE in patients with CHD with concomitant
use of anti-anginal agents including CCBs [28]. In
the subsequent Japanese Coronary Artery Disease
(JCAD) study, nicorandil has been found to result
in lower all-cause mortality than observed in a pro-
pensity-matched control group of patients with sta-
ble angina [29]. Moreover, in view of the potential
benefit of nicorandil on microvascular function, the
combination of nicorandil with other anti-anginal
drugs, such as DHP-CCBEs, is likely to be synergis-
tic [30]. However, few studies have evaluated the
efficacy of nicorandil in decreasing stroke risk in
patients with CHD. Our study showed that, com-
pared with DHP-CCBs, combined treatment with
nicorandil and DHP-CCBs was associated with
a significantly lower incidence of MACE and the
component event of stroke in patients with CHD.
A rat model study has demonstrated that during
subacute ischemic stroke, nicorandil improves neu-
robehavioral and motor function, and decreases the
sizes of ischemic lesions [31]. Moreover, preclini-
cal studies have suggested a neuroprotective role
of nicorandil through attenuation of neuroinflam-
mation during cerebral ischemic injury [32-34].
Further studies are needed to validate our findings
and to determine the molecular mechanisms under-
lying the benefits of nicorandil on stroke.
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Figure 3 Kaplan-Meier Survival Curves for Clinical Outcomes in a Propensity Score-matched Population.
(A) Major adverse cardiovascular events (MACE). (B) Stroke. (C) Myocardial infarction (MI). (D) All-cause mortality.

Table 3 Sensitivity Analyses.

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

PSM with trimming

MACE 0.81 (0.67, 0.97) 0.0230 1.78 1.20
Stroke 0.56 (0.44, 0.70) <0.0001 2.99 2.20
MI 1.21 (0.91, 1.61) 0.1848 1.72 1.00
All-cause mortality 1.25 (0.63, 2.45) 0.5210 1.80 1.00
Limited to patients admitted after nicorandil became available in China

MACE 0.78 (0.65, 0.94) 0.0076 1.89 1.34
Stroke 0.56 (0.44, 0.70) <0.0001 2.99 2.20
Ml 1.11 (0.84, 1.47) 0.4677 1.46 1.00
All-cause mortality 1.09 (0.56, 2.12) 0.8035 1.40 1.00

Notes: CI, confidence interval; HR, hazard ratio; PSM, propensity score matching; LL, lower limit; MACE, major adverse
cardiovascular events; MI, myocardial infarction.
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Group HR (95%Cl) P-value Interaction P-value
Age 0.670
<65 0.77 (0.57,1.03) —— 0.077

265 0.84 (0.66, 1.06) —— 0.150

Gender 0.332
Male 0.86 (0.68, 1.07) s 0.175

Female 0.70(0.51, 0.97) F—— 0.032

ACS 0.395
Yes 0.72(0.54, 0.97) F—— 0.032

No 0.86 (0.68, 1.09) —— 0.215

Smoking 0.864
Yes 0.82(0.56, 1.21) —— 0.317

No 0.80 (0.65, 0.98) i 0.033

Diabetes 0.043
Yes 0.66 (0.50, 0.86) i 0.002

No 0.96(0.75, 1.24) F—— 0.756

Hypertension 0.718
Yes 0.80(0.66, 0.97) L 0.025

No 0.97(0.49, 1.92) I | i 0.938

Hyperlipemia 0.199
Yes 0.66 (0.45, 0.96) F—— 0.031

No 0.87(0.71, 1.08) i 0.200

Overall 0.80 (0.67,0.97) I : et : : 0.020

0 0.5

1

1.5 2

Nicorandil and DHP-CCBs versus DHP-CCBs alone

Figure 4 Results of Subgroup Analyses.

ACS, acute coronary syndrome; DHP-CCBs, dihydropyridine calcium channel blockers.

In this study, subgroup analysis showed that
the benefit of the combined treatment on MACE
might be more pronounced in patients with than
without diabetes. Although the mechanisms
underlying the results of the subgroup analysis
remain to be clarified, these findings are impor-
tant because diabetes is an independent predictor
of severe CHD [35, 36]. Prospective clinical stud-
ies should be considered to validate the potential
benefits of nicorandil in patients with diabetes and
CHD.

This study has several limitations. First, because
of its observational design, the study could not
establish a causal relationship between combined
treatment and decreased incidence of MACE
and stroke. However, our findings strongly sup-
port the value of a prospective clinical trial for

further validation. A second limitation was the
retrospective study design. Although we screened
consecutive patients with CHD from two medical
centers for eligibility, recall and selection biases
may have confounded the results. Third, because
this was a real-world retrospective study, patient
diagnoses were based on information in the medi-
cal record at discharge. Patients with signs and
symptoms of ischemia and no obstructive coro-
nary artery disease were not included; thus, we
were unable to evaluate the effects of these drugs
on such patients in this study. Therefore future
studies should be considered to further investigate
this aspect. Moreover, because we restricted inclu-
sion to patients who used nicorandil and DHP-
CCBs concurrently, we were unable to determine
the effects of combining nicorandil with non-DHP
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CCBs on clinical outcomes. Future clinical stud-
ies are therefore necessary to evaluate the effi-
cacy of nicorandil-non-DHP CCB combinations.
In addition, although we applied PSM analysis to
minimize the influence of potential confounding
factors on the outcomes, potential unidentified fac-
tors were not adjusted for and might have affected
the results. For example, the prevalence of atrial
fibrillation might affect the risk of stroke and
therefore have confounded the results. However,
we were unable to determine the influence of
atrial fibrillation, because this variable was not
extracted. Similarly, the influences of body mass
index and alcohol intake on the results could not
be determined, because these variables were also
not extracted. Moreover, although a diagnosis of
CHD was an inclusion criterion, cases might have
been missed in a real-world context, because of
the use of alternative diagnostic codes. Finally,
the follow-up duration was limited to 3 years.
Prospective studies with longer follow-up dura-
tions should be performed to validate the long-
term effectiveness of the combined treatment in
patients with CHD.

Conclusions

Nicorandil combined with DHP-CCBs may be more
effective than DHP-CCBs alone in decreasing the
long-term risks of MACE and stroke in patients with
CHD. Moreover, the effectiveness of the combined
treatment may be more pronounced in patients with
comorbid diabetes. Although the results should be
validated in large-scale clinical trials, these findings
support the combined use of nicorandil and DHP-
CCBs in patients with CHD.

REFERENCES

Data Availability Statement

The data that support the findings of this study are
available from the corresponding author upon rea-
sonable request.

Ethics Approval Statement

Ethical approval was obtained from Tongji Hospital
affiliated with Huazhong University of Science
and Technology Tongji Medical College (approval
number TJ-IRB201909112).

Author Contributions

Ning Zhou contributed to the study conception,
design, and data interpretation, and critically revised
the manuscript for important intellectual content. Jia
Cheng, Zixuan Zhang, and Hongyang Shu analyzed
and interpreted data and made substantial contribu-
tions to the writing of the manuscript. Weijian Hang,
Qingqing Zhao, Jinzhao Zhao, and Zhihao Xiao
acquired and critically reviewed clinical data for
important intellectual content. All authors approved
the final manuscript for submission.

Acknowledgements

We thank Medjaden, Inc. for editing and proofread-
ing the manuscript, which was funded by Chugai
Pharma China Co., Ltd.

Conflict of Interest

The authors have no conflicts of interest to declare.

Libby P, Theroux P. Pathophysiology
of coronary artery disease. Circulation
2005;111:3481-8.

Malakar AK, Choudhury D, Halder
B, Paul P, Uddin A, Chakraborty S.
A review on coronary artery disease,
its risk factors, and therapeutics. J
Cell Physiol 2019;234:16812-23.

Collet JP, Thiele H, Barbato E,
Barthelemy O, Bauersachs J, Bhatt
DL, et al. 2020 ESC Guidelines
for the management of acute
coronary syndromes in patients
presenting  without  persistent
ST-segment elevation. Eur Heart J
2021;42:1289-367.

Knuuti J, Wijns W, Saraste A,
Capodanno D, Barbato E, Funck-
Brentano C, et al. 2019 ESC
Guidelines for the diagnosis and man-
agement of chronic coronary syn-
dromes. Eur Heart J 2020;41:407-77.
Arnold SV, Bhatt DL, Barsness GW,
Beatty AL, Deedwania PC, Inzucchi



10.

11.

12.

13.

14.

SE, et al. Clinical management of
stable coronary artery disease in
patients with type 2 diabetes mel-
litus: a scientific statement from
the American heart association.
Circulation 2020;141:¢779-e806.
Jia S, Liu Y, Yuan J. Evidence in
guidelines for treatment of coronary
artery disease. Adv Exp Med Biol
2020;1177:37-73.

Safiri S, Karamzad N, Singh K,
Carson-Chahhoud K, Adams C,
Nejadghaderi SA, et al. Burden of
ischemic heart disease and its attrib-
utable risk factors in 204 countries
and territories, 1990-2019. Eur J
Prev Cardiol 2022;29:420-31.

Tsao CW, Aday AW, Almarzooq ZI,
Alonso A, Beaton AZ, Bittencourt
MS, et al. Heart disease and stroke
statistics-2022 update: a report from
the American heart association.
Circulation 2022;145:e153—-e639.
Khoury H, Lavoie L, Welner S,
Folkerts K. The burden of major
adverse cardiac events and antiplate-
let prevention in patients with coro-
nary or peripheral arterial disease.
Cardiovasc Ther 2016;34:115-24.
Steyaert H, Castro Rodriguez
J, Gazagnes M, Morissens M.
Prevalence of left atrial septal
pouch among patients with embolic
stroke of undetermined source or
stroke of known etiology: a retro-
spective study. J Transl Intern Med
2021;10:48-55.

Ferrari R, Camici PG, Crea F,
Danchin N, Fox K, Maggioni AP,
et al. Expert consensus document:
a ‘diamond’ approach to personal-
ized treatment of angina. Nat Rev
Cardiol 2018;15:120-32.

Zhu J, Chen N, Zhou M, Guo J, Zhu
C, Zhou J, et al. Calcium channel
blockers versus other classes of drugs
for hypertension. Cochrane Database
Syst Rev 2022;1:CD003654.
Frishman WH. Calcium channel
blockers: differences between sub-
classes. Am J Cardiovasc Drugs
2007;7(Suppl 1):17-23.
Cooper-DeHoff RM, Chang SW,
Pepine CJ. Calcium antagonists
in the treatment of coronary artery
disease. Curr Opin Pharmacol
2013;13:301-8.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

J. Cheng et al., Nicorandil combined with DHP-CCBs in CHD | 1"

Cruz Rodriguez JB, Alkhateeb
H. Beta-blockers, calcium chan-
nel blockers, and mortality in sta-
ble coronary artery disease. Curr
Cardiol Rep 2020;22:12.

Sorbets E, Steg PG, Young R,
Danchin N, Greenlaw N, Ford I,
et al. B-blockers, calcium antago-
nists, and mortality in stable coronary
artery disease: an international
cohort study. Eur Heart J 2019;40:
1399-407.

Poole-Wilson PA, Lubsen J, Kirwan
BA, van Dalen FJ, Wagener G,
Danchin N, et al. Effect of long-
acting nifedipine on mortality
and cardiovascular morbidity in
patients with stable angina requir-
ing treatment (ACTION trial): ran-
domised controlled trial. Lancet
2004;364:849-57.

Nissen SE, Tuzcu EM, Libby P,
Thompson PD, Ghali M, Garza
D, et al. Effect of antihyperten-
sive agents on cardiovascular
events in patients with coronary
disease and normal blood pres-
sure: the CAMELOT study: a ran-
domized controlled trial. JAMA
2004;292:2217-25.

Gvishiani M, Gabunia L, Makharadze
T, Gongadze N. Nicorandil efficacy
in the treatment of ischemic heart dis-
ease (Review). Georgian Med News
2018;280-281:152-5.

Ahmed LA. Nicorandil: a drug
with ongoing benefits and differ-
ent mechanisms in various diseased
conditions. Indian J Pharmacol
2019;51:296-301.

Frampton J, Buckley MM, Fitton A.
Nicorandil. A review of its pharmacol-
ogy and therapeutic efficacy in angina
pectoris. Drugs 1992;44:625-55.
Zhang X, Yu Q, Yao X, Liu G, LiJ,
Du L. Effects of nicorandil on all-
cause mortality and cardiac events
in CAD patients receiving PCI. Int
Heart J 2019;60:886-98.

Luo B, Wu P, Bu T, Zeng Z, Lu D.
All-cause mortality and cardiovascu-
lar events with nicorandil in patients
with THD: systematic review and
meta-analysis of the literature. Int J
Cardiol 2014;176:661-9.

Shen L, Qiu L, Liu J, Li N, Shu H,
Zhou N. Clinical implications of

25.

26.

27.

28.

29.

30.

31

32.

33.

nicorandil combined with trimetazi-
dine in patients with coronary heart
disease: a real-world observational
study. Adv Ther 2022;39:655-73.
Haneuse S, VanderWeele TIJ,
Arterburn D. Using the E-value to
assess the potential effect of unmeas-
ured confounding in observational
studies. JAMA 2019;321:602-3.
Bangalore S, Messerli FH. A review
of stroke in patients with hyperten-
sion and coronary artery disease:
focus on calcium channel blockers.
Int J Clin Pract 2006;60:1281-6.
Dargie HJ, Ford I, Fox KM. Total
Ischaemic Burden European Trial
(TIBET). Effects of ischaemia and
treatment with atenolol, nifedipine
SR and their combination on out-
come in patients with chronic stable
angina. The TIBET Study Group.
Eur Heart J 1996;17:104—12.

IONA Study Group. Effect of
nicorandil on coronary events in
patients with stable angina: the
Impact Of Nicorandil in Angina
(IONA) randomised trial. Lancet
2002;359:1269-75.

Horinaka S, Yabe A, Yagi H,
Ishimitsu T, Yamazaki T, Suzuki S,
et al. Effects of nicorandil on cardio-
vascular events in patients with cor-
onary artery disease in the Japanese
Coronary Artery Disease (JCAD)
study. Circ J 2010;74:503-9.

Jiang X, WuD, Jiang Z, Ling W, Qian
G. Protective effect of nicorandil on
cardiac microvascular injury: role of
mitochondrial integrity. Oxid Med
Cell Longev 2021;2021:4665632.
Owijfard M, Taghadosi Z, Bigdeli
MR, Safari A, Zarifkar A, Borhani—
Haghighi A, et al. Effect of nicorandil
on the spatial arrangement of primary
motor cortical neurons in the sub-
acute phase of stroke in a rat model. J
Chem Neuroanat 2021;117:102000.
Zhao AP, Dong YF, Liu W, Gu J, Sun
XL. Nicorandil inhibits inflamma-
some activation and Toll-like recep-
tor-4 signal transduction to protect
against oxygen-glucose deprivation-
induced inflammation in BV-2 cells.
CNS Neurosci Ther 2014;20:147-53.
Dong YF, Chen ZZ, Zhao Z, Yang
DD, Yan H, Ji J, et al. Potential
role of microRNA-7 in the



12 | J. Cheng et al., Nicorandil combined with DHP-CCBs in CHD

34.

anti-neuroinflammation effects of
nicorandil in astrocytes induced
by oxygen-glucose deprivation. J
Neuroinflammation 2016;13:60.

Owjfard M, Bigdeli MR, Safari A,
Namavar MR. Effects of nicorandil
on neurobehavioral function, BBB
integrity, edema and stereological

35.

parameters of the brain in the sub-
acute phase of stroke in a rat model.
J Biosci 2020;45:49.

Jia S, Mi S, Zhou Y, Zheng H, Yang
H. Characteristics of coronary artery
lesion in patients with and with-
out diabetes mellitus. Ir J Med Sci
2016;185:529-36.

36. Nanayakkara N, Curtis AJ, Heritier

S, Gadowski AM, Pavkov ME,
Kenealy T, et al. Impact of age
at type 2 diabetes mellitus diag-
nosis on mortality and vascular
complications: systematic review
and meta-analyses. Diabetologia
2021;64:275-87.



