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Abstract
Background: Cardiovascular disease (CVD) is a major cause of the morbidity and mortality in patients with type 2 diabetes mellitus (T2DM).

Objectives: The aim of this study was to assess the characteristics of the clinical background and coronary artery lesions in patients with T2DM with silent myocardial
ischemia (SMI), symptomatic stable angina pectoris (SSAP), and acute coronary syndrome (ACS) without previous history of CVD.

Methods: One hundred two consecutive patients with SMI, 172 with SSAP, and 122 with ACS with T2DM without any previous histories of CVD were evaluated.

Results: The patients with ACS or SSAP had a lot of or a few points that they should correct, such as a poor control of and/or being untreated for T2DM, hypertension,
and dyslipidemia, no internal use of statins, and renal dysfunction, as compared to those with SMI with T2DM. Those points may contribute to the development of
atherosclerosis, such as multi-vessel complex coronary lesions and/or the formation of unstable plaque developing into the onset of ACS in those patients.

Conclusions: Thus, an intensified multifocal intervention for common conditions for hypertension, and dyslipidemia, and the maintenance of the renal function may
be as important as the control of T2DM to prevent or slow CVD associated with more multi-vessel complex coronary lesions probably progressing to ACS in patients
with T2DM. Moreover, the detection and treatment of more single-vessel simple coronary lesions before more multi-vessel complex coronary lesions by the screening
tests for CVD may be one of the reasonable optional therapies for patients with T2DM with SMI, even though they have no previous histories of CVD, because that

the prognosis of patients with T2DM with SMI is worse than that in those without SMI.

Introduction

The number of patients with type 2 diabetes mellitus (T2DM)
continues to increase all over the world, and the annual economic loss
due to T2DM reaches 548 billion dollars [1,2]. Cardiovascular disease
(CVD), especially coronary artery disease (CAD), is a major cause of the
morbidity and mortality in patients with T2DM, and about 40% of the
patients with T2DM die CVD [2]. In 2013, the Evidence-based Practice
Guideline for the Treatment for Diabetes in Japan 2013 recommends
screening tests for CVD, and it is desirable that those examinations
should be performed in patients with T2DM once a year [3]. Thus, we
have started the screening tests for CVD of the patients with T2DM in
hour hospitals in 2014, and recently reported that the those screening
tests for CVD could detect 19% of patients with silent myocardial
ischemia (SMI) in patients with asymptomatic T2DM without a
previous history of CVD [4]. Furthermore, the factors, including a
longer history of T2DM and co-existence of a family history of CVD,
were demonstrated as independent risk factors of SMI by a multivariate
analysis (Odds ratio 1.060 and 4.000, respectively) [4]. However, the
characteristics of the clinical background and coronary artery lesions
in patients with T2DM without a previous history of CVD are still not
well known. Thus, the aim of this study was to assess them in patients
with T2DM with silent myocardial ischemia (SMI), symptomatic stable

Diabetes Updates, 2019 doi: 10.15761/DU.1000117

angina pectoris (SSAP), and acute coronary syndrome (ACS) without a
previous history of CVD.

Materials and methods

Study population and laboratory analysis

This study was approved by the institutional review committee
and ethics review board of our hospitals. From March 2014 to January
2017, 102 consecutive patients with SMI [4] (SMI group), 172 with
SSAP (SSAP group), and 122 with ACS (ACS group) with T2DM
who were admitted to our hospitals without any previous history of
CVD, including CAD, cerebral infarctions, arteriosclerosis obliterans,
and heart failure (HF), were retrospectively evaluated. Patients that
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underwent hemodialysis were excluded. A ‘Silent’ was defined as a
patient without any symptoms even with the existence of myocardial
ischemia detected by exercise stress testing, ' Tl-schintigraphy, and/
or fractionated flow reserve (FFR) measurements [5], as previously
reported [4]. All patients had their history recorded including the
disease duration of T2DM and underwent a physical examination and
laboratory analysis. All patients were treated with optimal medical
therapies (OMTs) and/or revascularization with percutaneous coronary
intervention (PCI) and/or a coronary artery bypass grafting (CABG).
The inpatient hospitalization days and medical expense, including the
CVD screening tests in all patients, were also evaluated.

Evaluation and/or treatment of the number of coronary
lesions, complexity, and myocardial ischemia

Among all patients who underwent CAG, the number of severe
coronary stenoses (stenosis >50% of the left main trunk and >75% of
that other than the left main trunk) and coronary lesion complexity
were stratified according to the lesion complexity [6]. To evaluate the
myocardial ischemia, they underwent coronary angiography (CAG)
combined with exercise stress testing, **'Tl-schintigraphy and/or
fractionated flow reserve (FFR) measurements [5].

Average stent length, diameter, and number per patient,
restenosis rate, and repeated re-vascularization’s

The average stent length, stent diameter, and stent number per
patient were evaluated in the patients that underwent PCI. To evaluate
the restenosis rate of the treated coronary arteries, all patients underwent
CAG and/or coronary computed-tomography (CCT) 6 to 12-month
after the PCI. The patients with the detection of myocardial ischemia
by exercise stress testing, ' Tl-schintigraphy, and/or fractionated flow
reserve (FFR) measurements [5] in the restenosed coronary arteries
received a repeat re-vascularization and/or OMTs.

Statistical analysis

The numerical results are expressed in the text as the mean +
standard deviation. The differences between the SMI, SSAP, and ACS

Table 1. Patient Characteristics

groups were compared using a one-way analysis of variance and Fisher’s
exact test. All analyses were performed with SAS version 9.2 software
(SAS Institute, Cary, NC). A p of < 0.05 was considered to indicate
statistical significance.

Results

Patient characteristics and laboratory analysis (Table 1)

There was no statistical difference in the prevalence of males (75%
vs. 74% vs. 77%: p=0.817), mean age (71 £ 1 vs. 72 £ 1 vs. 69 * 1 years:
p=0.057), BMI (23.7 £ 0.4 vs. 23.7 + 0.3 vs. 24.1 £ 0.4 kg/m?* p=0.698),
co-existence of major coronary risk factors including hypertension
(71% vs. 73% vs. 75%: p=0.735), dyslipidaemia (62% vs. 64% vs. 79%:
p=0.204), smoking (50% vs. 51% vs. 58%: p=0.483), and a family history
of CVD (41% vs. 37% vs. 38%: p=0.685), and Hb (14.2 + 0.2 vs. 14.0 +
0.3vs. 13.7 £ 0.2 g/dl: p=0.765), and triglyceride (135 £ 6 vs. 139 £ 6 vs.
170 + 20 mg/dl: p=0.083) levels between the 3 groups. The duration of
the T2DM (16 £ 1 vs. 18 + 1 vs. 15 + 1 years: p=0.015) was significantly
shorter and prevalence of patients who had a first diagnosis of T2DM
on admission (0% vs. 7% vs. 18%: p<0.001) significantly higher in the
ACS group than SMI and SSAP groups. The systolic (133 + 2 vs. 136
+ 1 vs. 142 £ 2 mmHg: p=0.007) and diastolic (70 = 1 vs. 71 £ 1 vs. 75
+ 2 mmHg: p=0.010) blood pressures, HbAlc level (7.0 £ 0.1 vs. 6.9 +
0.1 vs. 7.2 £ 0.1%: p=0.036), LDL-cholesterol level (106 + 3 vs. 107 + 2
vs. 122 + 3 mg/dl: p<0.001), LDL to HDL-cholesterol ratio (2.03 + 0.06
vs. 2.09 + 0.06 vs. 2.61 + 0.10 mg/dl: p<0.001), and serum creatinine
level (0.89 + 0.03 vs. 0.94 + 0.02 vs. 1.12 + 0.09 mg/dl: p=0.014) were
significantly higher, and HDL-cholesterol (55 + 1 vs. 54 £ 1 vs. 51 + 1
mg/dl: p=0.032) significantly lower in the ACS group than SMI and
SSAP groups.

Baseline therapies for T2DM and CVD (Table 2)

There was no statistical difference in the prevalence of the
internal use of insulin (25% vs. 17% vs. 16%: p=0.251), sulfonylurea
(20% vs. 14% vs. 16%: p=0.369), metformin (36% vs. 30% vs. 24%:
p=0.395), a-glucosidase inhibitors (a-GI) (16% vs. 11% vs. 16%:

SMI grou SSAP grou ACS grou
(n=%02) ’ (n=1g72) P (n=%22) P p value
Male 76 (75%) 128 (74%) 94 (77%) 0.817
Age (years) 71+1 72+1 69+ 1 0.057
Body mass index (kg/m2) 23.7+04 23.7+03 24.1+04 0.698
Duration of T2DM (years) 16+1 18+1 151 0.015
First diagnosis of T2DM on admission 0 (0%) 12 (7%) 22 (18%) <0.001
Systolic blood pressure (mmHg) 133+£2 136+ 1 142 +2 0.007
Diastolic blood pressure (mmHg) 70+ 1 71+1 75+2 0.010
Co-existence
Hypertension 72 (71%) 126 (73%) 92 (75%) 0.735
Dyslipidemia 63 (62%) 110 (64%) 96 (79%) 0.204
Smoking 51 (50%) 88 (51%) 71 (58%) 0.483
Family history of cardiovascular disease 42 (41%) 64 (37%) 46 (38%) 0.685
Laboratory Analysis on admission
Hb (g/dl) 142+0.2 14.0+0.3 13.7+0.2 0.765
HbAlc (%) 7.0+0.1 6.9+0.1 7.2+0.1 0.036
LDL-cholesterol (mg/dl) 106 +3 107 +2 12243 <0.001
HDL-cholesterol (mg/dl) 55+1 54+1 51+1 0.032
LDL- to HDL-cholesterol ratio 2.03 +£0.06 2.09 +0.06 2.61+0.10 <0.001
Triglyceride (mg/dl) 135+6 139+6 170 +20 0.083
Serum creatinine (mg/dl) 0.89+£0.03 0.94+£0.02 1.12+0.09 0.014
SMI=silent myocardial ischemia, SSAP=symptomatic stable angina pectoris, ACS=acute coronary syndrome, T2DM= type 2 diabetes mellitus
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Table 2. Baseline Therapies for T2DM and CVD on Admission

SMI grou, SSAP grou ACS grou,
(n=$02) P (n=1g72) P (n=%22) P p value
Insulin 25 (25%) 29 (17%) 19 (16%) 0.251
Sulfonylurea 20 (20%) 24 (14%) 19 (16%) 0.369
Metformin 37 (36%) 51 (30%) 29 (24%) 0.395
a-glucosidase inhibitor 16 (16%) 19 (11%) 20 (16%) 0.431
Thiazolidinedione 4 (4%) 5 (3%) 5 (4%) 0.711
Rapid insulin secretagogue 5 (5%) 15 (9%) 9 (7%) 0.337
DPP-4 inhibitor 50 (49%) 79 (46%) 43 (35%) 0.672
GLP-1 receptor agonist 8 (8%) 10 (6%) 5 (4%) 0.593
SGLT-2 inhibitor 5(5%) 7 (4%) 3 (2%) 0.852
Diet alone 9 (9%) 12 (7%) 32 (26%) 0.013
Untreated 1 (1%) 12 (7%) 32 (26%) <0.001
Statins 48 (47%) 79 (46%) 36 (30%) 0.038
Anti-platelets 29 (28%) 45 (26%) 33 (27%) 0.907
RAS inhibitors: ACEI/ARB 53:2/51 (52%) 92:3/39 (53%) 52:2/50 (43%) 0.806
Beta-blockers 6 (6%) 15 (9%) 10 (8%) 0.907

SMI=silent myocardial ischemia, SSAP=symptomatic stable angina pectoris, ACS=acute coronary syndrome, T2DM=type 2 diabetes mellitus, CAD=cardiovascular disease, DPP=Dipeptidyl
peptidase, GLP=glucagon-like peptide, SGLT=sodium- glucose cotransporter, RAS=renin-angiotensin system, ACEI=angiotensin-converting enzyme inhibitor, ARB=angiotensin II

receptor blocker

p=0.431), thiazolidinedione (4% vs. 3% vs. 4%: p=0.711), rapid insulin
secretagogue (5% vs. 9% vs. 7%: p=0.337), dipeptidyl peptidase (DPP)-
4 inhibitors (49% vs. 46% vs. 35%: p=0.672), glucagon-like peptide
(GLP)-1 receptor agonists (8% vs. 6% vs. 4%: p=0.593), sodium-glucose
cotransporter (SGLT)-2 inhibitors (5% vs. 4% vs. 2%: p=0.852), anti-
platelets (28% vs. 26% vs. 27%: p=0.907), renin-angiotensin system
(RAS) inhibitors (52% vs. 53% vs. 43%: p=0.806), and beta-blockers
(6% vs. 9% vs. 8%: p=0.907), between the 3 groups. On the other hand,
the prevalence of a diet alone (9% vs. 7% vs. 26%: p=0.013) and being
untreated (1% vs. 7% vs. 26%: p<0.01) for T2DM was significantly
higher, and the internal use of statins (47% vs. 46% vs. 30%: p=0.038)
significantly lower in the ACS group than the SMI and SSAP groups.
There were 12 (7%) and 22 (18%) patients who had a first diagnosis of
T2DM on admission in the SSAP and ACS groups, respectively. They
were included in the untreated T2DM patients in the SSAP and ACS
groups, respectively.

Evaluation of the number of coronary vessel lesions and
complexity, and evaluation and treatment of myocardial
ischemia (Table 3 and Figure 1)

There were 4, 9, and 14 of severe LMT lesions (stenosis >50%), and
146, 273, and 227 severe coronary lesions (stenosis >75%) of that other
than the left main trunk in the SMI, SSAP, and ACS groups, respectively.
There was no statistical difference in the prevalence of left main trunk
disease (LMTD) (4% vs. 5% vs. 11%: p=0.067), and the performance
during the exercise stress testing (79% vs. 79% vs. 72%: p=0.895), *'T1-
schintigraphy (21% vs. 19% vs. 15%: p=0.424), FFR (33% vs. 30% vs.
23%: p=0.195), and an angiography-guided PCI (3% vs. 2% vs. 5%:
0.130) between the 3 groups. The prevalence of coronary single-VD
(70% vs. 56% vs. 42%: p<0.001) and simple lesions (type A/B1) (63%
vs. 54% vs. 40%: p=0.029) was significantly higher, and the prevalence
of coronary multi-VDs (30% vs. 43% vs. 57%: p<0.001) and complex
lesions (type B2/C) (37% vs. 46% vs. 60%: p<0.001) significantly lower
in the SMI group than SSAP and ACS groups.

Although the prevalence of OMTs alone (6% vs. 3% vs. 0%:
p=0.014) was significantly higher in the SMI group than in the SSAP
and ACS groups, there was no statistical difference in the prevalence
of a CABG alone (9% vs. 12% vs. 9%: p=0.103), PCI plus CABG (0%
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vs. 0% vs. 2%: p-0.281) and PCI alone (85% vs. 84% vs. 89%: p=0.463)
between the 3 groups.

Average stent number, diameter, and length per patient,
restenosis rates, and repeated re-vascularization (Table 3)

One hundred thirty-six, 136, and 236 stents were implanted in 102,
172, and 122 patients in the SMI, SSAP, and SMI groups, respectively.
Although the average stent diameter did not statistically differ
significantly between the 3 groups (3.05 £ 0.04 vs. 3.03 £ 0.03 vs. 3.03
+ 0.03 mm: p=0.573), the average stent number per patient (1.5 + 0.1
vs. 1.8 + 0.1 vs. 2.2 + 0.2: p<0.001) was significantly lower, and average
stent length (38 + 3 vs. 46 £ 3 vs. 59 £ 4 mm: p<0.001) significantly
shorter in the SMI group than SSAP and ACS groups in accordance
with a greater number of complex lesions and multi-VDs. As a matter
of course, after treating the myocardial ischemia, all patients received
OMTs for CVD including anti-platelets, statins, RAS inhibitors, beta-
blockers, nitrates, and/or diuretics. The restenosis rates (9% vs. 10% vs.
20%: p=0.016) and ischemic-driven repeated revascularizations (8% vs.
8% vs. 16%: p=0.023) were significantly lower in the SMI and SSAP
groups than ACS group.

Laboratory analysis on discharge and hospitalization (Table
4)

On discharge, the brain natriuretic peptide (BNP) level (64 £ 12 vs.
71 £ 19 vs. 219 * 36 pg/ml: p<0.001) and medical expense (130 + 13
vs. 149 * 11 vs. 256 * 19 hundred dollars: p<0.001) were significantly
higher, left ventricular ejection fraction (LVEF) (64 + 1 vs. 63 £ 1 vs. 57
* 1%: p=0.001) significantly lower, and inpatient hospitalization days
(8 £ 1vs.8+ 1vs.23 5 days: p<0.001) significantly longer, in the ACS
group than in the SMI and SSAP groups.

Major adverse cardiovascular events (MACE) (Table 4)

The evaluation during the follow-up period of 24-months after the
treatment of myocardial ischemia demonstrated that the prevalence of
all MACE (4% vs. 6% vs. 12%: p<0.001) including hospitalizations for
HF (1% vs. 1% vs. 7%: p=0.011), cerebrovascular apoplexy/transient
ischemic attacks (1% vs. 1% vs. 2%: p=0.471), acute MIs (0% vs. 1% vs.
1%: p=0.860), major/minor bleeding (1% vs. 2% vs. 2%: p=0.899), and
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Table 3. Evaluation and Treatment of Coronary Lesions and Myocardial Ischemia

SMI group SSAP group ACS group p
(n=102) (n=172) (n=122) value
Coronary Lesions
Single-VD 71 (70%) 97 (56%) 51 (42%) <0.001
Multi-VD: 2VD/3VD 3 1'3331 )1 ! 7‘:;‘ ; f/g fl 7‘2'5;‘06/34 <0.001
Left main trunk disease: alone/plus VD 424% ? 35(}2 ? 1?1 11;01)3 0.067
Coronary Lesion Complexity
Simple lesion: A/B1 92: 54/38 (63%) 14(75:4602;83 9(24(1)3235 0.029
Complex lesion: B2/C 54:32/22 (37%) 12(64: 623’/20/)44 13(76:02/70;50 <0.001
Evaluation of Myocardial Ischemia
Exercise stress testing 81 (79%) 136 (79%) 88 (72%) 0.895
21T]-schintigraphy 21 (21%) 32 (19%) 18 (15%) 0.423
Fractionated flow reserve 34 (33%) 52 (30%) 28 (23%) 0.195
Angiography-guided 3 (3%) 3 (2%) 6 (5%) 0.130
Treatment of Myocardial Ischemia
OMT alone 6 (6%) 6 (3%) 0 (0%) 0.014
CABG alone 9 (9%) 21 (12%) 11 (9%) 0.103
PCI plus CABG 0 (0%) 0 (0%) 2 (2%) 0.281
PCI alone 87 (85%) 145 (84%) 109 (89%) 0.463
Stent implantation
Total stent number 136 136 236 -
Average stent number per patient 1.5+£0.1 1.8+£0.1 22+02 <0.001
Average stent diameter (mm) 3.05+£0.04 3.03+£0.03 3.03+£0.03 0.573
Average stent length (mm) per patient 38+3 46+3 59+4 <0.001
Patients with restenosis 8 (9%) 17 (10%) 25 (20%) 0.016
Patients underwept ischemic—driven 7: 14: 20: 0.023
repeated revascularization (PCI/CABG) 7/0 (8%) 14/0 (8%) 19/1 (16%)

MlI=silent myocardial ischemia, SSAP=symptomatic stable angina pectoris, ACS=acute coronary syndrome, VD=vessel disease, OMT=optimal medical therapy, CABG= coronary artery

bypass graft, PCI= percutaneous coronary intervention

A I single vessel disease (p<0.001)
I Multi-vessel disease (p<0.001)
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Figure 1. The prevalence of single vessel disease (blue) and multi-vessel disease (red) (A) and simple (blue) and complex (red) coronary lesions (B) in patients with type 2 diabetes mellitus
with silent myocardial ischemia (SMI), symptomatic stable angina pectoris (SSAP), and acute coronary syndrome (ACS). The single vessel disease (blue) (A) and coronary simple lesions
(blue) (B) decreased in the order of the SMI group, SSAP group, and ACS group. On the contrary, the multi-vessel disease (red) (A) and coronary complex lesions (red) (B) increased in the

order of the SMI group, SSAP group, and ACS group

death (1% vs. 1% vs. 2%: p=0.792) was significantly higher in the ACS
group than in the SMI and SSAP groups, but there was no significant
difference in deaths between the 3 groups.

Discussion

Management of T2DM and risk factors of CVD (Tables 1 and 2)

This study revealed the characteristics of the clinical background
in patients with T2DM as follows: 1) the control of both the systolic
and diastolic blood pressure, blood sugar, and LDL-cholesterol, and
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renal function were poor in the ACS group compared to that in the
SMI and SSAP groups (Table 1), however, the co-existing coronary risk
factors including hypertension, dyslipidemia, current or ex- smoking,
and a family history of CVD were equal, 2) a poor control of the blood
sugar may be associated with a treatment of T2DM of the diet alone
or being untreated T2DM in the ACS group (Tables 2 and 3) poor
control of LDL-cholesterol may be associated with a low prevalence of
internal use of statins in the ACS group (Tables 2 and 4) poor renal
function may be associated with a poor control of hypertension, and
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Table 4. Laboratory Analysis on Discharge, Hospitalization, and Major Adverse Cardiovascular Events

SMI group
(n=102)
Laboratory Analysis on discharge
Brain natriuretic peptide (pg/ml) 64£12
Left ventricular ejection fraction (%) 64+1
Hospitalization
Inpatient hospitalization day (days) 8+1
Medical expenses (hundred dollars) 130+ 13

Major Adverse Cardiovascular Events
All 4 (4%)
1 (1%)
1 (1%)
0 (0%)
1: 0/1 (1%)
1 (1%)

Hospitalization for heart failure
Cerebrovascular apoplexy/TIA
Acute myocardial infarction
Major/minor bleeding
Death

SSAP group ACS group p
(n=172) (n=122) value
71+19 219 +36 <0.001

63+1 57+1 0.011

8+1 23+5 <0.001
149+ 11 256+ 19 <0.001
10 (6%) 15 (12%) <0.001
2 (1%) 8 (7%) 0.011
1 (1%) 2 (2%) 0.471
2 (1%) 1 (1%) 0.860

3:0/3 2%) 2: 1/1 (2%) 0.899
2 (1%) 2 (2%) 0.292

SMI=silent myocardial ischemia, SSAP=symptomatic stable angina pectoris, ACS=acute coronary syndrome, TIA=transient ischemic attack

the blood sugar in the ACS group (Table 1). Among the patients with
T2DM, even though their HbAlc level was controlled under 6.9% or
less, and they had a normal renal function, an excessive risk of death
associated with CVD still existed and was approximately twice as high
as the risk among patients without T2DM [7]. Further interestingly,
the HbAlc level was significantly higher in the untreated patients
than treated patients with medications for T2DM in the 3 groups (7.7
£ 0.3% vs. 7.0 = 0.1%: p=0.014) in this study. Moreover, surprisingly,
with a greater renal dysfunction, the excessive risk of death from
cardiovascular death, increased to up to approximately 30-fold as
high as the risk among patients without T2DM [7,8]. Furthermore,
maintenance of the renal function may be necessary to control the
individual cardiovascular risk factors to prevent or slow the CVD in
patients with T2DM [9,10]. Because the poor control of coronary risk
factors and renal dysfunction in patients with T2DM may accelerate
the progression of the atherosclerosis and formation of unstable plaque
developing to ACS, the duration of T2DM in the ACS group may be
shorter than that in the SMI and SSAP groups (Table 1). Thus, not
only a comprehensive and aggressive treatment of T2DM, but also
an intensified multifocal intervention for common conditions such
as hypertension [11,12] and dyslipidemia [11,12] and maintenance of
renal function may be important to prevent the cardiovascular events
in patients with T2DM [13].

Association between the management of t2dm and coronary
risk factors, and coronary lesions (Table 3 and Figure 1)

This study also revealed that the coronary complex lesions and multi-
vessel disease increased in the order of the SMI group, SSAP group, and
ACS group, and the coronary simple lesions and single vessel disease
contrarily decreased in the order of the SMI group, SSAP group, ACS
group in patients with T2DM. As mentioned above, the poor control
of hypertension, dyslipidaemia, and T2DM and renal dysfunction may
have been closely related to the progression of coronary atherosclerosis
contributing to the coronary complex lesions and multi-VDs.

Cost-effectiveness of SMI, SAP, and ACS in Patients with
T2DM (Table 3)

It has been reported as a big problem that the US health care
spending has continued to increase and now accounts for more than
17% of the US economy, and diabetes and CAD accounted for the
highest and second-highest amount of health care spending in 2013
with an estimated spending of 101.4 billion and 88.1 billion dollars,
respectively [14]. This study also revealed that the medical expense
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increased in the order of the SMI group, SSAP group, ACS group in
accordance with an increase in the average stent number, average stent
length, restenosis rate, ischemic-driven repeated revascularization,
inpatient hospitalization day, and MACE.

The greater number of complex coronary lesions [15,16] and multi-
VDs, elevated BNP [17], and deceased LVEF [18] are high risk factor
for cardiovascular events and death [15,16] in patients with T2DM.
Thus, the increased MACE may be associated with those factors in
the ACS group. In addition, because the coronary culprit lesions were
small coronary arteries in diameter in which the perfusion area was
comparably small and there was no overt myocardial ischemia within
their daily exercise tolerance of 6 patients in the SMI group, they received
only OMTs without any coronary revascularization. It may contribute
to a decreased medical expense. There was no statistical difference in
the prevalence of PCIs, PCI plus CABG, and CABGs between the 3
groups. Almost all patients in the ACS group with an ACS underwent
an emergency PCI for the culprit lesion(s) for an ACS even though
they had LMTD and/or multi-VDs. Further, almost all other residual
coronary lesion(s) were treated with a staged PCI and there were only
2 cases of a CABG, contributing to the increased medical expense and
lesser cost-effectiveness.

Screening tests for CVD

In 2013, the Evidence-based Practice Guideline for the Treatment
for Diabetes in Japan 2013 recommends screening tests for CVD, and it is
desirable that those examinations should be performed in patients with
T2DM once a year [3]. Thus, we have been started the screening tests
for CVD for the outpatients with T2DM in our hospitals since April in
2014. Moreover, we recently demonstrated that SMI could be detected
in 19% of patients with asymptomatic T2DM without a previous history
of CVD [4] by those screening tests for CVD. Furthermore, the factors,
including a longer history of T2DM and co-existence of a family
history of CVD, were demonstrated as independent risk factors of SMI
by a multivariate analysis (Odds ratio 1.060 and 4.000, respectively)
[4]. Further, the number of patients with SMI is gradually increasing
in accordance with the disease duration of T2DM [4]. In this study,
about half of the patients with SMI were detected by screening tests
for CVD in our hospitals. Moreover, the coronary lesions in the SMI
group revealed more simple and single vessel disease. It is well known
that the prognosis of patients with T2DM with SMI is worse than that
in those without SMI [19]. Thus, the detection and treatment of more
simple and single vessel coronary lesions before more complex and
multi-vessel lesions may be one of the reasonable optional therapies for
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patients with T2DM with SMI. However, in order to determine whether
those therapies can improve the prognosis of those patients, further
studies may be needed.

Past and new drugs for T2DM

Because there was no evidence that these past drugs could
adequately prevent cardiovascular events in patients with T2DM [20-
23], there may be limitations that can prevent cardiovascular events
only by treating the T2DM with past drugs. However, it has been
recently reported that a recent advancement in new drugs for T2DM
such as SGLT-2 inhibitors [8] and GLP-1 receptor agonists [24,25]
could significantly prevent cardiovascular death, nonfatal MlIs, or
nonfatal strokes, and improve the prognosis of the patients with T2DM
[26,27]. Since these new drugs have not been on the market for very
long after their release in Japan, there was little use of them in this study.
When they become commercially available all over the world, they may
improve and help the treatment of T2DM as breakthrough therapies in
the near future.

Limitations of the study

Although our study was a multi-centre trial, it is limited by its
retrospective design and relatively small number of patients. Because
the disease duration of T2DM obtained from the patient histories
recorded and the blood pressures of almost all patients in the ACS group
obtained in the emergency room, they may not be necessarily accurate
values. Moreover, the timing of the detection of myocardial ischemia
was comparably long (>15 years) for T2DM in the 3 groups and may
have influenced the results. Thus, whether our results can safely be
extrapolated to a larger number of patients should be determined in
further prospective studies.

Conclusions

This study revealed that the patients with ACS or SSAP have
a lot of or a few points that they should correct, such as a poor
control of common conditions including T2DM, hypertension, and
dyslipidaemia, no internal use of statins, being untreated for T2DM,
and the existence of renal dysfunction, as compared with SMI with
T2DM without previous histories of CVD. Those points may contribute
to the development of atherosclerosis, such as complex coronary
lesions and multi-vessel disease and/or formation of unstable plaque
developing into the onset of ACS in those patients. Thus, an intensified
multifocal intervention for common conditions and the maintenance
of the renal function may be as important as the control of T2DM to
prevent or slow CVD associated with more coronary multi-VDs and
complex lesions probably progressing to ACS in patients with T2DM.
Moreover, this study also demonstrated that the coronary lesions in
patients with SMI revealed more simple and single vessel disease. In
view of these findings, the detection and treatment of more simple and
single vessel coronary lesions before more complex and multi-vessel
lesions may be one of the reasonable optional therapies for patients with
T2DM with SMI even though they have no previous histories of CVD,
because that the prognosis of patients with T2DM with SMI is worse
than that in those without SMI19. However, in order to determine
whether those therapies can improve the quality of life and/or prognosis
of those patients, further studies may be needed. Finally, not only the
cardiologists, but also physicians, especially diabetologists, should be
aware of these conditions when examining patients with T2DM even
though they are without a previous history of CVD.
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