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Abstract

Objective Diabetes is a negative predictor in coronary artery disease patients. Since the introduction of per-

cutaneous coronary intervention (PCI), PCI has evolved through technological advances in devices, improve-

ments in operators’ techniques and the establishment of effective therapeutic protocols. The aim of this study

is to examine the changes in the clinical outcomes following PCI in patients with diabetes.

Methods We compared the clinical outcomes in patients with diabetes following PCI from 1984 to 2010 at

Juntendo University over three eras (plain old balloon angioplasty (POBA)-, bare metal stents (BMS)- and

drug-eluting stents (DES)-eras). The primary endpoint was a composite of all-cause mortality, non-fatal myo-

cardial infarction, non-fatal stroke and repeat revascularization within 3 years after the index PCI.

Results A total of 1,584 patients were examined. The baseline characteristics became unfavorable over time

with regard to age, prevalence of hypertension, presentation with acute coronary syndrome and a reduced left

ventricular ejection fraction. The administration of aspirin, statins and β-blockers increased over time. The

event-free survival rate for the 3-year cardiovascular events was lower in the DES-era. The adjusted relative

risk reduction for 3-year cardiovascular events was 46 % in the DES-era compared with the POBA-era.

Conclusion The incidence of 3-year cardiovascular events decreased from 1984 to 2010 in patients with

diabetes following PCI, despite the higher risk profiles in the DES-era.
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Introduction

Diabetes mellitus is known to be associated with worse

clinical outcomes in patients with coronary artery disease

(CAD) (1, 2). Since the introduction of plain old balloon an-

gioplasty (POBA) for CAD in 1977 (3), percutaneous coro-

nary intervention (PCI) has evolved through numerous tech-

nological advances of devices, improvements in operators’

techniques and the establishment of therapeutic protocols for

secondary prevention (4-6). The advent of drug-eluting

stents (DES) has significantly reduced the occurrence of tar-

get lesion revascularization from 20-30% in the bare metal

stents (BMS) era to below 10% (7, 8). However, the age and

prevalence of comorbid diseases in patients who undergo

PCI have increased with the aging society. Recently, we re-

ported that the clinical outcomes following PCI improved

during the POBA-, BMS- and DES-era (9). It is of interest

to elucidate the temporal trends of the clinical outcomes in

patients with diabetes following PCI.

We analyzed the data from our PCI database of Juntendo

University Hospital (Tokyo, Japan) from January 1984 to

Department of Cardiovascular Medicine, Juntendo University Graduate School of Medicine, Japan

Received for publication March 14, 2016; Accepted for publication May 5, 2016

Correspondence to Dr. Katsumi Miyauchi, ktmmy@juntendo.ac.jp



Intern Med 56: 1-9, 2017 DOI: 10.2169/internalmedicine.56.7423

2

Figure　1.　A flow chart of the study population. Legend: A 
total of 1,584 patients with diabetes mellitus who underwent 
the first PCI in our institution were analyzed in this study.

February 2010. This database has been maintained since the

introduction of PCI in our institution. The study population

was divided into three groups according to the time period

of the index PCI (the POBA-era, January 1984 - December

1997; the BMS-era, January 1998 - July 2004; and the

DES-era, August 2004 - February 2010).

Materials and Methods

Clinical outcomes

The primary endpoint was cardiovascular events including

all-cause mortality, non-fatal myocardial infarction (MI),

non-fatal stroke and repeat revascularization that occurred

within 3 years after the index PCI procedure. Information

regarding the clinical outcomes was collected during clinical

visits, via telephone interviews or from the referring physi-

cian. Our institutional review board approved the protocol of

this study, which was performed in accordance with the

principles established in the Declaration of Helsinki and our

institutional ethics policy.

Definitions

Diabetes was defined as glycated hemoglobin A1c

(HbA1c) of National Glycohemoglobin Standardization Pro-

gram (NGSP) value �6.5%, based on a previous diagnosis

from medical records or being treated with any oral anti-

diabetic agents or insulin. We converted HbA1c (Japan Dia-

betes Society [JDS]) values to HbA1c (NGSP) units using

the following equation: NGSP (%) = 1.02× JDS (%) +

0.25% (10). Hypertension was defined as systolic blood

pressure �140 mmHg and diastolic blood pressure �90

mmHg or treatment with anti-hypertensive medications.

Dyslipidemia was defined by a previous diagnosis from

medical records, lipid profiles, i.e., triglycerides (TG) �150

mg/dL, low density lipoprotein cholesterol (LDL-C) �140

mg/dL or high density lipoprotein cholesterol (HDL-C) <40

mg/dL or being treated with anti-dyslipidemic medications.

We defined current smokers as individuals who smoked at

the time of admission or had quit within one year before the

study period. Renal dysfunction was defined as an estimated

glomerular filtration rate (eGFR) of <60 mL·min-1·1.73 m2

calculated using the modification of diet in renal disease

(MDRD) equation modified with a Japanese coefficient us-

ing baseline serum creatinine (11). MI was diagnosed in the

presence of 2 of the following 3 criteria: (1) typical chest

pain for at least 20 minutes, (2) an increased serum creatine

kinase level reaching twice the upper normal range, and (3)

a new Q wave on electrocardiography. Procedural success of

PCI was defined as a decrease in the residual luminal di-

ameter stenosis to <50% or an achievement of thrombolysis

in myocardial infarction (TIMI) grade 3 in the final angi-

ogram of the procedure.

Statistical analyses

Continuous variables were expressed as the mean values

with standard deviation. The categorical data were expressed

as counts and percentages. Continuous variables were com-

pared using the one-way analysis of variance followed by a

post hoc analysis using Dunnett’s test for multiple compari-

sons. The POBA-era served as a control group in the post

hoc analysis. The continuous variables demonstrating statis-

tical significance in the analysis are marked with *. Cate-

gorical variables were analyzed by either the chi-square test

or Fisher’s exact probability test. An analysis of intergroup

comparisons with the POBA-era group for categorical vari-

ables was calculated with Bonferroni’s correction. In the

analysis, a p value of below 0.025 was considered to be sig-

nificant. The categorical variables demonstrating statistical

significance in the analysis are marked with †. Unadjusted

cumulative event rates for 3-year cardiovascular events were

estimated by Kaplan-Meier methods and compared using the

log-rank test across the three groups. To identify the predic-

tor for clinical outcomes, an univariate Cox regression

analysis was performed including age, male gender, body

mass index (BMI), hypertension, dyslipidemia, current

smoker, family history of CAD, aspirin-use, β-blocker-use,

calcium-channel blocker-use, statin-use, angiotensin convert-

ing enzyme inhibitor/angiotensin receptor blocker (ACEI/

ARB)-use, oral anti-diabetic agent-use, insulin-use, LDL-C,

HDL-C, TG, eGFR, hemoglobin, hemoglobin A1c, left ven-

tricular ejection fraction (LVEF), acute coronary syndrome

(ACS), multivessel disease (MVD) and PCI eras (with the

POBA-era as the reference) as independent variables. The

hazard ratio (HR) and 95% confidence intervals were also

calculated. Variables with p<0.1 in the analysis were ana-

lyzed by the multivariable Cox regression analysis. A p

value <0.05 was considered to be statistically significant. All

data were analyzed using the JMP software program version

10.0 for Windows (SAS Institute, Cary, NC, USA).

Results

A flow chart of the study population is provided as

Fig. 1. A total of 1,584 patients were analyzed (the POBA-
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Table　1.　Baseline Characteristics.

POBA era 

(n = 414)

BMS era

(n = 494)

DES era

(n = 676)

p value

Age, year 61.1 ± 9.1 63.8 ± 9.7* 66.6 ± 10.0* < 0.0001

Male, n (%) 339 (81.9) 401 (81.2) 552 (81.7) 0.9

BMI, kg/m2 24.5 ± 4.9 24.3 ± 3.7 24.4 ± 3.6 0.7

Hypertension, n (%) 247 (60.1) 324 (65.6) 515 (76.2) † < 0.0001

Dyslipidemia, n (%) 378 (71.2) 323 (65.8) 511 (75.6) 0.001

Current smoking, n (%) 198 (48.7) 111 (22.5) † 183 (27.1) † < 0.0001

Family history, n (%) 128 (31.5) 144 (29.3) 181 (26.8) 0.3

Low density lipoprotein cholesterol,

mg/dL

126.2 ± 42.6 114.5 ± 31.6* 110.2 ± 32.7* < 0.0001

High density lipoprotein cholesterol,

mg/dL

41.4 ± 12.0 42.2 ± 13.5 43.8 ± 13.4* 0.0095

Total cholesterol, mg/dL 198.2 ± 47.4 187.8 ± 36.9* 186.0 ± 38.6* < 0.0001

Triglyceride, mg/dL 152.3 ± 81.3 139.6 ± 80.2* 140.5 ± 80.3* 0.03

HbA1c, % 7.6 ± 3.1 7.3 ± 1.5* 7.3 ± 1.3* 0.009

Hemoglobin, g/dL 13.5 ± 1.8 13.0 ± 1.8* 13.3 ± 1.9 0.002

LVEF, % 64.4 ± 13.3 63.4 ± 13.2 59.6 ± 13.1* < 0.0001

eGFR, mL/min/1.73m2 63.9 ± 26.4 67.1 ± 23.8 65.1 ± 24.8 0.2

Clinical presentation < 0.0001

Acute coronary syndrome, n (%) 75 (18.1) 159 (32.2) 186 (27.5) 

Stable coronary artery disease, n (%) 339 (81.9) 335 (67.8) 490 (72.5)

Success rate, n (%) 373 (90.1) 476 (96.4) † 647 (95.7) † < 0.0001

Type of procedure, n (%) < 0.0001

POBA 390 (94.2) 96 (19.6) 40 (6.1)

BMS 24 (5.8) 395 (80.5) 222 (33.7)

DES 0 (0) 0 (0) 396 (60.2)

BMI: body mass index, HbA1c: glycated hemoglobin, LVEF: left ventricular ejection fraction, eGFR: estimated glomerular filtration rate, 

POBA: plain old balloon angioplasty, BMS: bare metal stents, DES: drug-eluting stents

era, n=414; the BMS-era, n=494; and the DES-era, n=676).

Data regarding medication-use were available for 364 of the

414 (87.9%) patients in the POBA-era, 480 of the 494

(97.2%) patients in the BMS-era and 675 of the 676

(99.9%) patients in the DES-era. The baseline characteristics

are shown in Table 1. The average age was the highest in

the DES-era, and a higher prevalence of hypertension was

observed in the DES- and BMS-eras than in the POBA-era.

The percentage of current smokers was higher in the POBA-

era than the other eras. The lipid profiles were more favor-
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Table　2.　Medication Use.

POBA era 

(n = 364)

BMS era

(n = 480)

DES era

(n = 675)

p value

Aspirin 275 (75.6) 447 (93.1) † 639 (94.6) † < 0.0001

Dual-antiplatelet agent 164 (45.2) 314 (65.4) † 592 (87.7) † < 0.0001

Statin 73 (20.1) 195 (40.3) 436 (67.5) † < 0.0001

ACEI/ARB 53 (14.6) 218 (45.4) † 388 (57.5) † < 0.0001

-blocker 98 (26.9) 189 (39.4) † 365 (54.1) † < 0.0001

Calcium channel blocker 181 (49.7) 182 (37.9) † 260 (38.5) † 0.0007

Insulin 17 (4.7) 110 (22.9) † 156 (23.1) † < 0.0001

Oral anti-diabetic agents 101 (27.7) 249 (51.9) † 384 (56.9) † < 0.0001

ACEI: angiotensin converting enzyme inhibitor, ARB: angiotensin receptor blocker

able in the DES- and BMS-eras than in the POBA-era, and

the success rate of PCI was also higher in these eras than in

the POBA-era. In addition, the DES- and BMS- eras in-

cluded more patients who presented with ACS at the time of

the initial procedure. The use of evidence-based medical

therapy (i.e., aspirin, statin, β-blocker and ACEI/ARB) for

the secondary prevention of cardiovascular events signifi-

cantly increased over time. The percentage of patients taking

oral anti-diabetic agents and insulin were the lowest in the

POBA-era (Table 2). The lesion characteristics are shown in

Table 3. The diseased vessels tended to differ among the

groups, and a higher prevalence of MVD was observed in

the DES- and BMS-eras than in the POBA-era.

Information regarding the 3-year clinical outcomes was

collected from all patients in this study. The unadjusted cu-

mulative event-free survival rate for 3-year cardiovascular

events was significantly different across the three eras

(Fig. 2). For the 3-year all-cause mortality and ACS, no dif-

ference was found among the groups (Fig. 3). Detailed in-

formation regarding the cause of death is described in Ta-

ble 4. The adjusted relative risk reduction for 3-year cardio-

vascular event was 41 % in DES-era compared with POBA-

era. No significant difference was observed in the incidence

of 3-year cardiovascular events between the BMS- and

POBA-eras. A higher eGFR and higher LVEF were also as-

sociated with a lower incidence of 3-year cardiovascular

events (Table 5). No significant difference was observed in

the 3-year all-cause mortality and ACS between the DES-

and the POBA-eras or the BMS- and the POBA-eras accord-

ing to a univariate Cox regression analysis. After controlling

for variables, a lower BMI, eGFR and LVEF, insulin-use

and ACS were associated with increased 3-year all-cause

mortality and ACS (Table 6).

Discussion

The main findings of this study examining the clinical

outcomes following PCI in patients with diabetes are as fol-

lows: 1) the baseline characteristics became increasingly un-

favorable over the examined 26-year period in terms of a

higher age and higher prevalence of comorbid diseases (hy-

pertension, dyslipidemia and MVD); 2) the success rate of

PCI and the use of evidence-based medical therapy for sec-

ondary prevention have increased over time; and 3) no sig-

nificant difference was observed in the 3-year all-cause mor-

tality or ACS, despite the higher risk profiles in the DES-

era. Furthermore, the incidence of 3-year cardiovascular

events significantly decreased over time. These findings sug-

gest that the improvement of PCI devices and the increased

use of evidence-based medical therapy for secondary preven-

tion has led to improved long-term clinical outcomes follow-

ing PCI, even in the high risk patients with diabetes. To the

best of our knowledge, this is the first study examining

clinical outcomes following PCI across the POBA-, BMS-

and DES-eras in diabetic patients who are at high risk for

future cardiovascular events.

To date, there are conflicting data regarding the clinical

outcomes in diabetic patients following PCI. Holper et al.

reported significant improvements in mortality at 1 year

post-PCI in the diabetic patients treated with oral agents

who underwent PCI during the study period from 1997 to

2006, whereas the clinical outcomes in insulin-treated dia-

betic patients remained unchanged in that study (12). Simi-

larly, a recent report showed that the in-hospital mortality in

diabetic patients who underwent PCI remained unchanged

during the study period from 2001 to 2011 (13). Although

both the timing in which each study was conducted and the
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Figure　2.　 Kaplan-Meier curves for 3-year cardiovascular events. Legend: Kaplan-Meier curves 
for 3-year cardiovascular events show a significant difference across the three eras. The event rate 
was the lowest in the DES-era.

Table　3.　Lesion Characteristics.

POBA era 

(n= 414)

BMS era

(n = 494)

DES era

(n = 676)

p value

Diseased vessel 0.0002

LAD 209 (50.5) 220 (44.5) 294 (43.5)

LCX 70 (16.9) 94 (19.0) 134 (19.8)

RCA 106 (25.6) 157 (31.8) 218 (32.3)

LMT 4 (1.0) 5 (1.0) 19 (2.8)

Others 25 (6.0) 18 (3.6) 11 (1.6)

Number of diseased vessel 1.5 ±0.7 1.7 ± 0.8* 2.0 ± 0.8* < 0.0001

Multivessel disease 162 (41.1) 260 (52.6) † 444 (66.3) † < 0.0001

QCA

Minimal lumen diameter (pre), mm 0.52 ± 0.4 0.4 ± 0.4 0.38 ± 0.3* < 0.0001

Minimal lumen diameter (post), mm 2.03 ± 0.6 2.59 ± 0.7* 2.61 ± 0.6* < 0.0001

Stent diameter, mm 3.16 ± 0.43 2.97 ± 0.42 < 0.0001

Stent length, mm 16.8 ± 4.09 20.1 ± 6.14 < 0.0001

LAD: left anterior descending artery, LCX: left circumflex, RCA: right coronary artery, LMT: left main trunk, QCA: quantitative coronary 

angiography
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Figure　3.　Kaplan-Meier curves for 3-year all-cause mortality and ACS. Legend: No significant dif-
ferences between eras were observed for all-cause mortality or ACS occurrence.

Table　4.　Causes of Death.

POBA era BMS era DES era p value

0.7

Cardiovascular events, n (%) 31 (42.5) 48 (35.0) 38 (38.8)

Cerebrovascular events, n (%) 6 (8.2) 10 (7.3) 5 (5.1)

Malignancy, n (%) 22 (30.1) 38 (27.7) 31 (31.6)

Infection, n (%) 4 (5.5) 12 (8.8) 10 (10.2)

Others, n (%) 10 (13.7) 29 (21.2) 14 (14.3)

length of the follow-up period varied from one another and

those of the current study, these results consistently showed

no significant improvements in the mortality rate of diabetic

patients following PCI, despite the advances in interven-

tional techniques, devices and the increased use of

guideline-recommended medical therapy. The fact that there

was no change in the long-term adjusted mortality can be

explained by the differences in the baseline characteristics,

such as a higher age, more comorbid diseases and more

complex coronary artery lesions. In fact, the average age,

the prevalence of hypertension and dyslipidemia and the

percentages of MVD were all higher in the DES-era than in

the previous eras in our study population. The similar mor-

tality rate across the time period may be explained by the

relatively short follow-up period in this study. The STENO-

II study demonstrated the impact of an intensive risk reduc-

tion program with multiple drug combinations on the reduc-

tion of mortality during a follow-up period of 13 years (14).

In our study, the use of evidence-based medical therapy (i.e.,

aspirin, statins, β-blockers and ACEI/ARBs) for the secon-

dary prevention of cardiovascular events significantly in-

creased from the POBA-era to the DES-era. Therefore, an

extended period might be required to achieve a reduced

mortality rate through optimal medical therapy.

Regarding the incidence of cardiovascular event, including

all-cause mortality, MI, stroke and repeat revascularization,

significant improvements were observed across the three

eras in this study. Because diabetes is considered to be a

predictor for a higher rate of repeat revascularization, even

in the current DES-era (2, 15-17), it is notable that the inci-

dence of cardiovascular events improved over time in dia-

betic patients in our study. Improvements in cardiovascular

events over the 26-year period of this study could be ex-

plained by the following: advances in PCI devices such as
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Table　5.　Cox Regression Analysis for 3-year Cardiovascular Events.

Univariable Multivariable

HR 95% CI p HR 95% CI p

BMI, 1 kg/m2 increase 0.98 0.95-1.003 0.09 0.98 0.95-1.006 0.1

Acute coronary syndrome 1.24 1.02-1.51 0.03 1.29 1.01-1.63 0.1

eGFR, 1mL/min/1.73m2 increase 0.996 0.992-0.999 0.02 0.995 0.99-0.999 0.03

LVEF, 1 % increase 0.99 0.98-0.998 0.01 0.987 0.98-0.99 0.002

-blocker 0.85 0.71-1.03 0.09 1.06 0.85-1.32 0.6

Statin 0.69 0.57-0.85 0.0003 0.84 0.67-1.05 0.1

Aspirin 0.60 0.46-0.78 0.0003 0.88 0.59-1.33 0.5

Dual-antiplatelet agent 0.66 0.55-0.80 < 0.0001 0.82 0.62-1.09 0.2

BMS era (POBA era as reference) 0.68 0.55-0.84 0.0004 0.85 0.62-1.18 0.3

DES era (POBA era as reference) 0.43 0.34-0.53 < 0.0001 0.59 0.42-0.85 0.004

BMI: body mass index, eGFR: estimated glomerular filtration rate, LVEF: left ventricular ejection fraction, BMS: bare metal stents,

POBA: plain old balloon angioplasty, DES: drug-eluting stents

the introduction of DES, a high rate of PCI success and the

increased use of evidence-based therapies for secondary pre-

vention and smoking cessation. Indeed, the Global Registry

of Acute Coronary Events (GRACE) has previously shown

that adherence to guideline-recommended medical therapy

for secondary prevention yielded favorable clinical outcomes

after acute coronary events (18).

The present study could help us ascertain the importance

of advances in PCI technology, medical therapy for secon-

dary prevention and smoking cessation in reducing cardio-

vascular events, even in high-risk patients with diabetes fol-

lowing PCI.

Future perspectives

The present study and previous reports indicate the im-

portance of adhering to evidence-based medical and non-

pharmacological therapy for secondary prevention and to

further establish renewed measures to reduce fatal cardiovas-

cular events. Considering that increased physical activity and

nutrition therapy have been demonstrated to have positive

effects on lowering cardiovascular events (19, 20), future

studies considering non-pharmacological treatments when

elucidating factors associated with the clinical outcomes of

CAD patients are necessary.

Limitations

Our study has several limitations. First, this study was

conducted at a single institution, and the study population

was small, limiting the generalizability of our results. How-

ever, our data are important because PCI has been utilized

in our institution from the beginning of the use of PCI in

Japan. Second, there was a lack of data regarding medica-

tion use and detailed information about oral anti-diabetic

agents, which are considered to be important in this study.

Third, because of the long-term follow-up period across

three generations of PCI, some undetermined factors that

were not assessed in this study may have affected the inci-

dence of clinical outcomes.

Conclusion

The long-term clinical outcomes following PCI in patients

with diabetes in our institution were more favorable in the

DES-era than in the other eras, mainly due to the reduction

in repeat revascularization, despite the higher risk profiles of

the patients.
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Table　6.　Cox Regression Analysis for 3-year All-cause Mortality and ACS.

Univariable Multivariable

HR 95% CI p HR 95% CI p

Age, 1year increase 1.04 1.03-1.07 < 0.0001 1.02 0.97-1.05 0.3

Male gender 0.67 0.47-1.04 0.08 0.95 0.52-1.82 0.9

BMI, 1 kg/m2 increase 0.95 0.91-0.99 0.04 0.91 0.83-0.99 0.04

Dyslipidemia 0.63 0.44-0.90 0.01 0.96 0.54-1.70 0.9

Current smoking 0.54 0.34-0.82 0.003 0.79 0.40-1.48 0.5

Hemoglobin, 1g/dL increase 0.79 0.72-0.87 < 0.0001 0.94 0.79-1.13 0.9

eGFR, 1 mL/min/1.73m2 increase 0.97 0.965-0.98 < 0.0001 0.99 0.97-0.997 0.008

LVEF, 1 % increase 0.96 0.95-0.97 < 0.0001 0.98 0.96-0.99 0.04

-blocker 0.71 0.49-1.02 0.06 0.55 0.48-1.45 0.5

Statin 0.60 0.41-0.87 0.006 0.66 0.36-1.19 0.2

Aspirin 0.43 0.28-0.68 0.0005 1.02 0.41-2.90 0.9

Dual-antiplatelet agent 0.62 0.46-0.84 0.002 0.68 0.38-1.26 0.2

Insulin 1.90 1.28-2.80 0.002 2.24 1.20-3.99 0.01

Acute coronary syndrome 1.82 1.27-2.57 0.0012 1.92 1.05-3.47 0.03

Multivessel disease 1.66 1.16-2.42 0.005 0.94 0.54-1.64 0.8

BMS era (POBA era as reference) 1.28 0.81-2.07 0.3

DES era (POBA era as reference) 1.24 0.80-1.96 0.3

BMI: body mass index, eGFR: estimated glomerular filtration rate, LVEF: left ventricular ejection fraction, BMS: bare metal stents,

POBA: plain old balloon angioplasty, DES: drug-eluting stents

agement.
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