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Optimal cardiac strategy based on 
the history of myocardial infarction 
in type 2 diabetic patients with 
coronary artery disease
Tetsuro Tsujimoto & Hiroshi Kajio

The aim of this study was to evaluate the association between the cardiac treatment strategy and 
cardiac event risk in type 2 diabetic patients with coronary artery disease (CAD) based on the history 
of myocardial infarction. Using Bypass Angioplasty Revascularization Investigation 2 Diabetes (BARI 
2D) trial data, a Cox proportional hazard model was used for calculating hazard ratios (HRs) for major 
cardiac events in patients receiving early revascularization or intensive medical therapy. Patients 
without (n = 1,557) and with myocardial infarction (n = 736) were separately analyzed. In patients 
without myocardial infarction, risk of major cardiac events was similar for percutaneous coronary 
intervention and intensive medical therapy groups, whereas it was significantly lower in the coronary 
artery bypass grafting group than in the intensive medical therapy group (HR: 0.48, 95% confidence 
interval [95%CI]: 0.30–0.76, P = 0.002). Conversely, in patients with myocardial infarction, risk of major 
cardiac events was significantly higher in the early revascularization group than in the intensive medical 
therapy group (HR: 1.47, 95%CI: 1.03–2.11, P = 0.03). In type 2 diabetic patients with CAD, benefits of 
early revascularization were observed only in those without previous myocardial infarction. For patients 
with previous myocardial infarction, intensive medical therapy exerted superior benefits.

The number of type 2 diabetic patients is increasing worldwide1,2; an appropriate management of this disease is 
vital for preventing the complications of diabetes. A good glycemic control decreases the risk of microvascular 
disease3. Conversely, recent trials have reported that intensive glycemic control may not prevent cardiovascu-
lar events, such as coronary artery disease (CAD) and stroke4–6. Although some diabetic patients suffer from 
CAD despite good glycemic control, the optimal treatment strategy for these patients remains unclear7. The evi-
dence regarding treatment strategies for diabetic patients with CAD was gathered from the Bypass Angioplasty 
Revascularization Investigation 2 Diabetes (BARI 2D) trial, which revealed that risks of mortality and a com-
posite endpoint comprising nonfatal myocardial infarction, nonfatal stroke, or all-cause death were not signifi-
cantly different between patients receiving revascularization combined with medical therapy and those receiving 
medical therapy alone. However, it remains unknown whether similar results would be obtained for patients with 
different conditions. Particularly, early revascularization may be harmful for diabetic patients with CAD who 
already have a history of myocardial infarction despite being beneficial for those without previous myocardial 
infarction. Thus, the aim of this study was to evaluate the association between the cardiac treatment strategy and 
cardiac event risk in type 2 diabetic patients with CAD based on the history of myocardial infarction.

Methods
Study design and patients.  We used data from the BARI 2D trial, which included 2,368 type 2 diabetic 
patients with CAD7–11. Briefly, the BARI 2D trial was a randomized clinical trial using a 2 × 2 factorial design: (1) 
early revascularization combined with intensive medical therapy versus intensive medical therapy alone and (2) 
providing more endogenous or exogenous insulin versus reducing insulin resistance. Randomization was strat-
ified according to the revascularization method (percutaneous coronary intervention [PCI] or coronary artery 
bypass grafting [CABG])7–11. The diagnosis of CAD was based on angiography records: classic angina and a 
major epicardial coronary artery stenosis ≥70% or a major epicardial coronary artery stenosis ≥50% associated 
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with a positive stress test. Patients were excluded if they had required immediate coronary revascularization, 
undergone revascularization within 1 year prior to this study, had glycated hemoglobin >13.0%, hepatic disease, 
serum creatinine >2 mg/dL, congestive heart failure (class III or IV), or left main coronary artery stenosis ≥50%. 
Because patients aged 80 years or older (n = 38) were regarded as patients aged 80 years, they were excluded from 
the present analyses. Additionally, patients without information on history of myocardial infarction (n = 37) 
were excluded, leading to a sample of 2,293 subjects. This study was approved by the National Center for Global 
Health and Medicine review board, and the National Heart, Lung, and Blood Institute approved our use of the 
trial data. This study was conducted in accordance with the Declaration of Helsinki. All methods were conducted 
in accordance with the relevant guidelines and regulations. Because this study was a post-hoc analysis of the BARI 
2D trial, this study received the ethical approval for the use of an opt-out method of obtaining informed consent. 
The patient data were anonymized by the National Heart, Lung, and Blood Institute before our use of data.

Outcome evaluation.  The primary outcome was the occurrence of major cardiac events, which was a com-
posite endpoint comprising nonfatal myocardial infarction and cardiac death. The secondary outcomes were 
the occurrence of fatal or nonfatal myocardial infarction—including spontaneous, silent, and procedure-related 
events7,12—cardiac death, and all-cause death. Spontaneous myocardial infarction was diagnosed on the basis of 
the doubling of cardiac biomarkers such as creatine kinase MB or troponin and evidence of ischemia evaluated 
from symptoms, electrocardiography, or imaging7,12. Silent myocardial infarction was diagnosed on the basis of 
a two-grade Q-wave change on routine electrocardiography, according to the Minnesota code7,12. Cardiac death 
included death from myocardial infarction, congestive heart failure, cardiogenic shock, and sudden cardiac death 
occurring instantaneously or within 60 min after the onset of cardiac symptoms. It also included death within 
30 days or within same hospitalization for a cardiac procedure such as PCI, CABG, and diagnostic angiogram. 
The evaluation of outcomes of the BARI 2D trial was previously reported in detail7,12, and the adjudication and 
classification of the endpoint data were performed by an independent Mortality and Morbidity Classification 
Committee. Patients were evaluated monthly during the first 6 months and every 3 months thereafter, up to a 
maximum of 5 years.

Statistical analysis.  Categorical and continuous variables were compared using the chi-squared test and 
the t-test, respectively. The continuous variables were tested using a histogram, which showed a normal distri-
bution. The event rates of outcomes were calculated in patients with or without history of myocardial infarction, 
and Kaplan–Meier survival curves were generated13–15. Hazard ratios (HRs) and 95% confidence intervals (CIs) 
for outcomes were calculated by Cox proportional hazard models13,16. The comparison between the early revas-
cularization and medical therapy groups was performed separately in patients with and without history of myo-
cardial infarction. Further analyses assessed the HRs for primary or secondary outcomes in the CABG and PCI 
groups and compared them with those in the intensive medical therapy group. We tested the proportional hazards 
assumption using graphical and scaled Schoenfeld residual methods17. The proportional hazards assumption was 
met for the analyses in patients with history of myocardial infarction. Considering the assumptions might be 
violated in part of the analyses in patients without history of myocardial infarction, we performed an additional 
analysis considering cardiac treatment strategy as a time-varying variable in an extended Cox model18. To assess 
the effect modification of previous myocardial infarction on the association between cardiac treatment strategy 
and major cardiac events, we tested for the interaction between history of myocardial infarction and cardiac 
treatment strategy. The analysis included cardiac treatment strategy, history of myocardial infarction, and their 
interaction term in the Cox proportional hazard model. Major cardiac event risk following cardiac procedures 
was assessed by comparing the incidence of those events within 1 year after the follow-up in the revasculariza-
tion, PCI, or CABG groups with the intensive medical therapy group in each patient with and without history of 
myocardial infarction.

Furthermore, the primary outcome was compared between subgroups, such as age (<65 or ≥65 years), gen-
der (male or female), race (non-white or white), obesity (non-obesity or obesity), duration of diabetes (<10 or 
≥10 years), glycated hemoglobin (<7% or ≥7%), and glycemic treatment. The body mass index was calculated 
by dividing the body weight (kg) by the square of height (m2). The definition of obesity was a body mass index 
≥30 kg/m2. Interactions between the cardiac treatment strategy and these subgroups were investigated.

A level of P < 0.05 was considered statistically significant. We used Stata software (version 14.1; Stata Corp., 
College Station, Texas, USA) to analyze data.

Results
Baseline characteristics.  The baseline characteristics of patients without (n = 1,557) or with history of 
myocardial infarction (n = 736) are presented in Table 1. In patients without and with history of myocardial 
infarction, the mean (±standard deviation) ages were 62.0 (±8.4) and 60.9 (±8.8) years, and the proportion 
of females were 31.5% and 25.5%, respectively. In patients without and with history of myocardial infarction, 
baseline characteristics were not significantly different between the early revascularization and intensive medical 
therapy groups.

Cardiac treatment strategy and risk of major cardiac events.  The overall mean (±standard devia-
tion) follow-up period was 3.8 (±1.5) years: 3.9 (±1.5) and 3.6 (±1.6) years for patients without and with previ-
ous myocardial infarction, respectively. The Kaplan–Meier survival curves for major cardiac events in patients 
without and with previous myocardial infarction are shown in Figs 1 and 2, respectively. The event rates and HRs 
for major cardiac events, fatal or nonfatal myocardial infarction, cardiac death, and all-cause death in the early 
revascularization, PCI, CABG, and intensive medical therapy groups are shown in Table 2.
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In patients without previous myocardial infarction, the risk of major cardiac events did not significantly differ 
between the early revascularization and intensive medical therapy groups (HR compared between the early revas-
cularization and intensive medical therapy [ref] groups: 0.77, 95% CI: 0.58–1.02, P = 0.06, Fig. 1A). In addition, 
the risk of major cardiac events did not differ significantly between the PCI and intensive medical therapy groups 
(HR: 1.01, 95% CI: 0.71–1.45, P = 0.94, Fig. 1B), whereas it was significantly lower in the CABG group than in the 
intensive medical therapy group (HR: 0.48, 95% CI: 0.30–0.76, P = 0.002, Fig. 1C). The incidence of major cardiac 
events within 1 year of follow-up in patients without previous myocardial infarction was not significantly different 
between the early revascularization and intensive medical therapy groups (6.2% vs. 5.4%, respectively [P = 0.51]). 
The analysis using a time-varying model showed similar results.

Conversely, in patients with previous myocardial infarction, the risk of major cardiac events was significantly 
higher in the early revascularization group than in the intensive medical therapy group (HR: 1.47, 95% CI: 1.03–
2.11, P = 0.03, Fig. 2A), and it was nonsignificantly higher in both the PCI and CABG groups than in the inten-
sive medical therapy group (HR: 1.55, 95% CI: 0.98–2.43, P = 0.06 [Fig. 2B] and HR: 1.36, 95% CI: 0.75–2.46, 
P = 0.30 [Fig. 2C], respectively). A significant interaction was found between the cardiac treatment strategy and 
the previous history of myocardial infarction (P for interaction = 0.005). Similarly, the analysis limited to patients 

Myocardial infarction (−) Myocardial infarction (+)

Medical therapy Revascularization

P value

Medical therapy Revascularization

P valueN = 778 N = 779 N = 372 N = 364

Age (years) 62.2 (8.4) 61.8 (8.5) 0.41 60.8 (9.0) 61.0 (8.5) 0.69

Female sex (%) 31.6 31.3 0.89 25.0 26.1 0.73

Race and ethnicity (White, %) 70.1 69.8 0.92 71.5 70.6 0.78

Current smoker (%) 10.3 11.8 0.34 16.2 16.3 0.97

Education level (%)

  Less than high school 35.6 35.2 0.85 39.5 41.5 0.58

  High school 24.2 22.8 0.51 18.8 19.2 0.89

  More than high school 40.2 42.0 0.45 41.7 39.3 0.51

Physical activity (%)

  Sedentary 20.6 19.8 0.685 24.7 24.9 0.95

  Mild 40.3 43.9 0.146 41.7 40.4 0.71

  Moderate/strenuous 39.1 36.3 0.25 33.6 34.7 0.74

Body mass index (kg/m2)† 32.1 (5.7) 31.9 (6.0) 0.37 31.3 (5.8) 31.1 (5.4) 0.59

Diabetes duration ≥10 y (%) 43.4 43.8 0.88 42.4 40.0 0.50

Hypertension (%) 83.3 83.4 0.97 81.3 81.1 0.92

Hypercholesterolemia (%) 79.3 82.0 0.18 85.1 84.5 0.83

History of stroke/TIA (%) 9.0 7.6 0.30 11.8 13.5 0.50

History of chronic heart failure 5.3 5.5 0.83 7.7 10.3 0.20

Medications

  ACE-I (%) 64.1 62.3 0.47 68.7 67.2 0.66

  ARB (%) 16.5 14.1 0.19 13.2 11.3 0.43

  Calcium channel blocker (%) 33.7 31.1 0.27 31.8 27.3 0.17

  Beta blockers (%) 67.7 69.8 0.36 83.3 79.9 0.23

  Diuretics (%) 38.4 39.0 0.80 35.9 37.7 0.59

  Statin (%) 72.3 71.6 0.74 81.4 81.0 0.90

  Aspirin (%) 88.1 85.6 0.13 90.5 90.3 0.92

  Biguanides (%) 55.2 56.2 0.68 54.0 48.6 0.14

  Insulin (%) 30.0 27.4 0.26 26.6 28.0 0.66

Glycated hemoglobin (%) 7.7 (1.6) 7.7 (1.7) 0.97 7.7 (1.7) 7.6 (1.6) 0.43

Low-density lipoprotein (mg/dL) 98.9 (36.2) 96.6 (31.8) 0.20 93.7 (33.3) 92.6 (31.1) 0.67

High-density lipoprotein (mg/dL) 38.9 (10.1) 38.4 (10.3) 0.41 37.3 (10.1) 36.6 (10.0) 0.37

Estimated GFR (ml/min/1.73 m2) 71.8 (21.5) 72.7 (34.3) 0.51 73.3 (22.2) 72.3 (21.9) 0.53

Glycemic treatment assignment

  Insulin providing (%) 51.2 49.8 0.59 46.5 51.9 0.14

Table 1.  Baseline characteristics of patients with and without history of myocardial infarction*. *Data are 
presented as number of participants, percent, or mean (standard deviation). Categorical and continuous 
variables were compared using the chi-squared test and t-test, respectively. P values were calculated by 
comparing each variable at baseline between the medical therapy and revascularization groups. †Body 
mass index was calculated as weight in kilograms divided by the square of height in meters. MI, myocardial 
infarction; TIA, transient ischemic attack; ACE-I, angiotensin-converting enzyme inhibitors; ARB, angiotensin 
II receptor blockers; GFR, glomerular filtration rate.
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assigned a priori to the CABG stratum undergoing CABG as revascularization therapy showed a significant inter-
action between the cardiac treatment strategy (CABG or intensive medical therapy) and the previous myocardial 
infarction (P for interaction = 0.006). Incidence of major cardiac events within 1 year of follow-up in patients 
with previous myocardial infarction was significantly higher in the revascularization group than in the intensive 
medical therapy group (10.4% vs. 5.9%, respectively [P = 0.02]). In addition, in patients with previous myocardial 
infarction, incidence of major cardiac events was nonsignificantly higher in the PCI group than in the intensive 
medical therapy group (9.6% vs. 6.6%, respectively [P = 0.22]) and significantly higher in the CABG group than 
in the intensive medical therapy group (12.0% vs. 4.9%, respectively [P = 0.03]). The risk of major cardiac events 
after 1 year of follow-up in patients with previous myocardial infarction was not significantly higher in the revas-
cularization, PCI, or CABG groups than in the intensive medical therapy group (HR: 1.19, 95% CI: 0.72–1.96, 
P = 0.48; HR: 1.59, 95% CI: 0.84–2.99, P = 0.15; and HR: 0.71, 95% CI: 0.30–1.68, P = 0.43, respectively).

The risk of fatal or nonfatal myocardial infarction in patients without previous myocardial infarction was sig-
nificantly lower in the early revascularization group than in the intensive medical therapy group (HR: 0.64, 95% 
CI: 0.46–0.88, P = 0.007, eFig. 1A), where it was not significantly different between the PCI and intensive medical 
therapy groups (HR: 0.89, 95% CI: 0.60–1.32, P = 0.55, eFig. 1B), but was significantly lower in the CABG group 
than in the medical therapy group (HR: 0.34, 95% CI: 0.19–0.61, P < 0.001, eFig. 1C). In contrast, in patients with 
previous myocardial infarction, the risk of fatal or nonfatal myocardial infarction was nonsignificantly higher in 

Figure 1.  Kaplan–Meier survival curves for cardiac events in patients without history of myocardial infarction. 
Rates of freedom from major cardiac events: early revascularization vs. medical therapy (A), PCI vs. medical 
therapy (B), and CABG vs. medical therapy (C). Major cardiac events include cardiac death and nonfatal 
myocardial infarction. Cox proportional hazard analyses were performed to calculate hazard ratios and P values 
for major cardiac events in the revascularization group were compared to the medical therapy group in patients 
without history of myocardial infarction. PCI, percutaneous coronary intervention; CABG, coronary artery 
bypass graft surgery.
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the early revascularization, PCI, and CABG groups than in intensive the medical therapy group (HR: 1.31, 95% 
CI: 0.88–1.95, P = 0.17, eFig. 1A; HR: 1.35, 95% CI: 0.83–2.20, P = 0.23, eFig. 1B; HR: 1.25, 95% CI: 0.64–2.45, 
P = 0.51, eFig. 1C, respectively). Similar results were observed regarding the risk of cardiac or all-cause death, 
although there were no significant differences (eFigs 3–5).

The associations between the cardiac treatment strategy and major cardiac event risk in the subgroups are 
shown in Fig. 3. In patients without previous myocardial infarction, no significant interactions were found. 
Similarly, in patients with previous myocardial infarction, no significant interactions were observed. Contrary 
to patients without previous myocardial infarction, among those with previous myocardial infarction, the risk of 
major cardiac events within these subgroups seemed to be higher in the early revascularization group.

Discussion
The present study demonstrated that patients without history of myocardial infarction had a lower risk of major 
cardiac events when they received revascularization, particularly CABG, than when they received only intensive 
medical therapy. In contrast, patients with history of myocardial infarction were at a higher risk of major cardiac 
events upon receiving revascularization than only intensive medical therapy. Significant interaction was found 
between the cardiac treatment strategy and the previous history of myocardial infarction, even in patients assigned 
to the CABG stratum, which were randomly assigned to the CABG or medical therapy groups. Similarly, although 

Figure 2.  Kaplan–Meier survival curves for cardiac events in patients with history of myocardial infarction. 
Rates of freedom from major cardiac events: early revascularization vs. medical therapy (A), PCI vs. medical 
therapy (B), and CABG vs. medical therapy (C). Major cardiac events include cardiac death and nonfatal 
myocardial infarction. Cox proportional hazard analyses were performed to calculate hazard ratios and P values 
for major cardiac events in the revascularization group were compared to the medical therapy group in patients 
with history of myocardial infarction. PCI, percutaneous coronary intervention; CABG, coronary artery bypass 
graft surgery.
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Myocardial infarction (−) Myocardial infarction (+)
Medical therapy Revascularization

P value
Medical therapy Revascularization

P valueN = 778 N = 779 N = 372 N = 364
Event
Major cardiac events
  No. of patients 112 87 52 70
  Event rate (per 1,000 person-year) 37.6 28.8 36.9 54.9
  Hazard Ratio (95% CI) 1.00 (ref) 0.77 (0.58–1.02) 0.06 1.00 (ref) 1.47 (1.03–2.11) 0.03
Myocardial infarction
  No. of patients 94 61 45 54
  Event rate (per 1,000 person-year) 31.6 20.2 32.0 42.4
  Hazard ratio (95% CI) 1.00 (ref) 0.64 (0.46–0.88) 0.007 1.00 (ref) 1.31 (0.88–1.95) 0.17
Cardiac death
  No. of patients 40 37 17 25
  Event rate (per 1,000 person-year) 11.4 10.7 10.4 16.0
  Hazard ratio (95% CI) 1.00 (ref) 0.94 (0.60–1.46) 0.77 1.00 (ref) 1.53 (0.83–2.84) 0.17
All-cause death
  No. of patients 112 87 52 70
  Event rate (per 1,000 person-year) 24.3 22.6 23.3 28.9
  Hazard ratio (95% CI) 1.00 (ref) 0.93 (0.68–1.27) 0.64 1.00 (ref) 1.24 (0.81–1.91) 0.32

Medical therapy PCI
P value

Medical therapy PCI
P valueN = 550 N = 534 N = 229 N = 239

Event
Major cardiac events
  No. of patients 61 59 31 47
  Event rate (per 1,000 person-year) 28.0 28.4 35.8 56.3
  Hazard Ratio (95% CI) 1.00 (ref) 1.01 (0.71–1.45) 0.94 1.00 (ref) 1.55 (0.98–2.43) 0.06
Myocardial infarction
  No. of patients 53 45 28 37
  Event rate (per 1,000 person-year) 24.3 21.7 32.3 44.3
  Hazard ratio (95% CI) 1.00 (ref) 0.89 (0.60–1.32) 0.55 1.00 (ref) 1.35 (0.83–2.20) 0.23
Cardiac death
  No. of patients 16 20 12 15
  Event rate (per 1,000 person-year) 6.4 8.3 12.0 14.6
  Hazard ratio (95% CI) 1.00 (ref) 1.31 (0.68–2.53) 0.41 1.00 (ref) 1.21 (0.57–2.58) 0.62
All-cause death
  No. of patients 61 59 31 47
  Event rate (per 1,000 person-year) 18.3 20.4 24.0 29.2
  Hazard ratio (95% CI) 1.00 (ref) 1.12 (0.75–1.68) 0.57 1.00 (ref) 1.22 (0.71–2.08) 0.47

Medical therapy CABG
P value

Medical therapy CABG
P valueN = 228 N = 245 N = 229 N = 239

Event
Major cardiac events
  No. of patients 51 28 21 23
  Event rate (per 1,000 person-year) 63.9 29.6 38.8 52.4
  Hazard Ratio (95% CI) 1.00 (ref) 0.48 (0.30–0.76) 0.002 1.00 (ref) 1.36 (0.75–2.46) 0.30
Myocardial infarction
  No. of patients 41 16 17 17
  Event rate (per 1,000 person-year) 51.4 16.9 31.4 38.7
  Hazard ratio (95% CI) 1.00 (ref) 0.34 (0.19–0.61) <0.001 1.00 (ref) 1.25 (0.64–2.45) 0.51
Cardiac death
  No. of patients 24 17 5 10
  Event rate (per 1,000 person-year) 24.6 16.2 7.9 18.7
  Hazard ratio (95% CI) 1.00 (ref) 0.66 (0.35–1.23) 0.18 1.00 (ref) 1.29 (0.81–6.90) 0.11
All-cause death
  No. of patients 51 28 21 23
  Event rate (per 1,000 person-year) 39.9 27.6 22.1 28.1
  Hazard ratio (95% CI) 1.00 (ref) 0.69 (0.43–1.12) 0.13 1.00 (ref) 1.27 (0.62–2.64) 0.51

Table 2.  Cardiac events and mortality in patients with and without history of myocardial infarction*. *Data are 
presented as number or hazard ratio (95% CI). Cox proportional hazard analyses were performed to calculate 
hazard ratios (95% confidence intervals), and P values for outcomes in the revascularization group were compared 
to the medical therapy group, separately in patients without and with history of myocardial infarction. CI, 
confidence interval; PCI, percutaneous coronary intervention; CABG, coronary artery bypass graft surgery.
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the risk of myocardial infarction in patients without previous myocardial infarction was lower in the CABG group 
than in the intensive medical therapy group, it was nonsignificantly higher in the revascularization group.

Several studies have previously compared revascularization strategies such as CABG and PCI to treat diabetic 
patients with CAD19–22. The Bypass Angioplasty Revascularization Investigation trial, performed in the era of 
PCI therapy using old balloon angioplasty, found that the 5 year survival of diabetic patients with CAD was 

Figure 3.  Association between the cardiac treatment strategy and the risk of cardiac events in patient 
subgroups. Associations in patients without (A) and with history of myocardial infarction (B). MI, myocardial 
infarction. Cox proportional hazard analyses were performed to calculate hazard ratios and P values for major 
cardiac events in the revascularization group were compared to the medical therapy group in the various 
subgroups.
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significantly higher following CABG than PCI19. The Arterial Revascularization Therapy Study I and II investi-
gators demonstrated that at 5 year follow-up, CABG had a superior efficacy preventing cardiovascular events in 
diabetic patients with CAD than PCI using bare-metal or drug-eluting stent20. In the Future Revascularization 
Evaluation in Patients with Diabetes Mellitus: Optimal Management of Multivessel Disease (FREEDOM) trial, 
which was performed at 140 international centers and included 1,900 diabetic patients with CAD, demonstrated 
that patients who underwent CABG had significantly lower rates of the composite primary outcome of myocar-
dial infarction, stroke, or all-cause death than did those undergoing PCI with a drug-eluting stent22. The results of 
the FREEDOM trial were similar at all levels of angiographic complexity according to the SYNTAX score, which 
suggested that CABG was better than PCI for diabetic patients with CAD, regardless of the coronary disease com-
plexity. Taken together, these results indicate that CABG may be the preferred therapy for improved outcomes 
in diabetic patients with CAD, as compared with PCI even using drug-eluting stent23–25. Meanwhile, few studies 
have previously compared revascularization and intensive medical therapy in diabetic patients with CAD. In the 
BARI 2D trial, the risk of mortality and major cardiovascular events among type 2 diabetic patients with CAD 
was similar for those undergoing early revascularization and those undergoing intensive medical therapy alone7. 
The trial also showed that the risk of death and a composite endpoint of death and major cardiovascular events 
was not significantly different between the PCI and intensive medical therapy, whereas the CABG was associ-
ated with a significant reduction of major cardiovascular events, as compared with intensive medical therapy. 
However, although a recent study reported that early revascularization in patients with a history of myocardial 
infarction or pathologic Q waves yielded no benefit26, the present study revealed that early revascularization may 
be even harmful for those with previous myocardial infarction, regardless of the cardiac procedures. The different 
results between the two studies may be attributed to the differences of the prespecified definitions of the myo-
cardial infarction history and outcomes. In addition, the present study revealed that, even in the CABG stratum 
undergoing CABG as revascularization, significant interaction was found between the treatment strategy and the 
myocardial infarction history. Conversely, consistent with previous studies, CABG was a preferred therapy for 
diabetic patients with CAD and no history of myocardial infarction, compared with intensive medical therapy. 
The risk of revascularization in patients with history of myocardial infarction may match or surpass the benefits 
of reperfusion. The results of the present study indicate that the incidence of major cardiac events within 1 year 
of follow-up was particularly high in patients receiving early revascularization, including CABG, which suggests 
a risk of cardiac procedure-associated events. Diabetic patients often have multivessel coronary disease and cor-
onary microvascular dysfunction27. Because diabetic patients with history of myocardial infarction already have 
suffered serious myocardial damage, the hemodynamic changes and coronary or myocardial damages associated 
with those occurring during revascularization may easily lead to subsequent adverse cardiac events. The exact 
reason remains unknown, and further investigations are warranted to confirm these findings.

This study has several limitations to report. First, the present study was a post-hoc and non-prespecified anal-
ysis of a randomized controlled trial. Therefore, these results are required to be confirmed by a future randomized 
controlled trial investigating major cardiac events as the primary outcome. Second, the BARI 2D trial included 
patients undergoing PCI with a bare-metal stent or no stent: 34.7% of the patients received a drug-eluting stent, 
and 56.0% received a bare-metal stent; the other 9.3% did not receive a stent7. The results may differ for patients 
who underwent PCI and those who underwent PCI with drug-eluting stent. Third, the reason for the observed 
association between cardiac treatment and myocardial infarction history remains to be explained by further clin-
ical trials. Fourth, the number of patients undergoing each type of revascularization (PCI or CABG) was small 
and assigned at the physician’s discretion, which limited the analysis performed. Fifth, the present study could 
not evaluate CAD-associated symptoms, and further studies are required to evaluate the benefits of each cardiac 
treatment strategy to improve those symptoms in diabetic patients with CAD.

The present study demonstrates that in type 2 diabetic patients with CAD, those without previous myocar-
dial infarction were at a lower risk of major cardiac events when treated with early revascularization, particu-
larly CABG, than those receiving intensive medical therapy alone. Conversely, type 2 diabetic patients with 
CAD and previous history of myocardial infarction were at a higher risk of major cardiac events following early 
revascularization.

References
	 1.	 Cowie, C. C. et al. Full accounting of diabetes and pre-diabetes in the U.S. population in 1988–1994 and 2005–2006. Diabetes Care 

32, 287–294 (2009).
	 2.	 Yang, W. et al. Prevalence of diabetes among men and women in China. The New England journal of medicine 362, 1090–1101 

(2010).
	 3.	 Intensive blood-glucose control with sulphonylureas or insulin compared with conventional treatment and risk of complications in 

patients with type 2 diabetes (UKPDS 33). The Lancet 352, 837–853 (1998).
	 4.	 Gerstein, H. C. et al. Effects of intensive glucose lowering in type 2 diabetes. The New England journal of medicine 358, 2545–2559 

(2008).
	 5.	 Patel, A. et al. Intensive blood glucose control and vascular outcomes in patients with type 2 diabetes. The New England journal of 

medicine 358, 2560–2572 (2008).
	 6.	 Duckworth, W. et al. Glucose control and vascular complications in veterans with type 2 diabetes. The New England journal of 

medicine 360, 129–139 (2009).
	 7.	 Group, B. D. S. et al. A randomized trial of therapies for type 2 diabetes and coronary artery disease. The New England journal of 

medicine 360, 2503–2515 (2009).
	 8.	 Pasierski, T., Pearson, A. C. & Labovitz, A. J. Pathophysiology of isolated systolic hypertension in elderly patients: Doppler 

echocardiographic insights. Am Heart J 122, 528–534 (1991).
	 9.	 Schwartz, L. et al. Baseline coronary angiographic findings in the Bypass Angioplasty Revascularization Investigation 2 Diabetes 

trial (BARI 2D). Am J Cardiol 103, 632–638 (2009).
	10.	 Chung, S. C. et al. The effect of age on clinical outcomes and health status BARI 2D (Bypass Angioplasty Revascularization 

Investigation in Type 2 Diabetes). Journal of the American College of Cardiology 58, 810–819 (2011).

https://doi.org/10.1038/s41598-019-39857-0


9Scientific Reports |          (2019) 9:3502  | https://doi.org/10.1038/s41598-019-39857-0

www.nature.com/scientificreportswww.nature.com/scientificreports/

	11.	 Dagenais, G. R. et al. Effects of optimal medical treatment with or without coronary revascularization on angina and subsequent 
revascularizations in patients with type 2 diabetes mellitus and stable ischemic heart disease. Circulation 123, 1492–1500 (2011).

	12.	 Chaitman, B. R. et al. The Bypass Angioplasty Revascularization Investigation 2 Diabetes randomized trial of different treatment 
strategies in type 2 diabetes mellitus with stable ischemic heart disease: impact of treatment strategy on cardiac mortality and 
myocardial infarction. Circulation 120, 2529–2540 (2009).

	13.	 Cox, D. R. a. O. D. Analysis of Survival Data. (Chapman & Hall, 1984).
	14.	 Miller, R. G. Jr. Survival Analysis. (Wiley, 1981).
	15.	 Efron, B. L. Regression, Survival Analysis, and the Kaplan–Meier Curve. Journal of the American Statistical Association. 83, 414–425 

(1988).
	16.	 Cox, D. R. Regression Models and Life-Tables. Breakthroughs in statistics. (Springer, 1992).
	17.	 Shchoenfeld, D. Partial residuals for proportional hazards regression model. Biometrika 69, 239–241 (1982).
	18.	 Bellera, C. A. et al. Variables with time-varying effects and the Cox model: some statistical concepts illustrated with a prognostic 

factor study in breast cancer. BMC medical research methodology 10, 20 (2010).
	19.	 Comparison of coronary bypass surgery with angioplasty in patients with multivessel disease. The New England journal of medicine 

335, 217–225 (1996).
	20.	 Onuma, Y., Wykrzykowska, J. J., Garg, S., Vranckx, P. & Serruys, P. W. 5-Year follow-up of coronary revascularization in diabetic 

patients with multivessel coronary artery disease: insights from ARTS (arterial revascularization therapy study)-II and ARTS-I 
trials. JACC. Cardiovascular interventions 4, 317–323 (2011).

	21.	 Kappetein, A. P. et al. Treatment of complex coronary artery disease in patients with diabetes: 5-year results comparing outcomes of 
bypass surgery and percutaneous coronary intervention in the SYNTAX trial. European journal of cardio-thoracic surgery: official 
journal of the European Association for Cardio-thoracic Surgery 43, 1006–1013 (2013).

	22.	 Farkouh, M. E. et al. Strategies for multivessel revascularization in patients with diabetes. The New England journal of medicine 367, 
2375–2384 (2012).

	23.	 Fihn, S. D. et al. 2014 ACC/AHA/AATS/PCNA/SCAI/STS focused update of the guideline for the diagnosis and management of 
patients with stable ischemic heart disease: a report of the American College of Cardiology/American Heart Association Task Force 
on Practice Guidelines, and the American Association for Thoracic Surgery, Preventive Cardiovascular Nurses Association, Society 
for Cardiovascular Angiography and Interventions, and Society of Thoracic Surgeons. Journal of the American College of Cardiology 
64, 1929–1949 (2014).

	24.	 Ryden, L. et al. ESC Guidelines on diabetes, pre-diabetes, and cardiovascular diseases developed in collaboration with the EASD: the 
Task Force on diabetes, pre-diabetes, and cardiovascular diseases of the European Society of Cardiology (ESC) and developed in 
collaboration with the European Association for the Study of Diabetes (EASD). European heart journal 34, 3035–3087 (2013).

	25.	 Windecker, S. et al. 2014 ESC/EACTS Guidelines on myocardial revascularization: The Task Force on Myocardial Revascularization 
of the European Society of Cardiology (ESC) and the European Association for Cardio-Thoracic Surgery (EACTS)Developed with 
the special contribution of the European Association of Percutaneous Cardiovascular Interventions (EAPCI). European heart 
journal 35, 2541–2619 (2014).

	26.	 Chung, M. J., Novak, E. & Brown, D. L. Effect of prompt revascularization on outcomes in diabetic patients with stable ischemic 
heart disease and previous myocardial infarction in the Bypass Angioplasty Revascularization Investigation 2 Diabetes (BARI 2D) 
trial. Coronary artery disease 28, 301–306 (2017).

	27.	 Chen, C., Wei, J., AlBadri, A., Zarrini, P. & Bairey Merz, C. N. Coronary Microvascular Dysfunction- Epidemiology, Pathogenesis, 
Prognosis, Diagnosis, Risk Factors and Therapy. Circulation journal: official journal of the Japanese Circulation Society 81, 3–11 
(2016).

Acknowledgements
This study was performed using BARI 2D Research Materials and does not necessarily reflect the views or 
opinions of the NHLBI or the BARI 2D research group. A Grant for National Center for Global Health and 
Medicine (30–1001) supported this study.

Author Contributions
Study concept, design, data acquisition, and statistical analysis: T.T.; Data interpretation and drafting the 
manuscript: T.T. and H.K.

Additional Information
Supplementary information accompanies this paper at https://doi.org/10.1038/s41598-019-39857-0.
Competing Interests: The authors declare no competing interests.
Publisher’s note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2019

https://doi.org/10.1038/s41598-019-39857-0
https://doi.org/10.1038/s41598-019-39857-0
http://creativecommons.org/licenses/by/4.0/

	Optimal cardiac strategy based on the history of myocardial infarction in type 2 diabetic patients with coronary artery dis ...
	Methods

	Study design and patients. 
	Outcome evaluation. 
	Statistical analysis. 

	Results

	Baseline characteristics. 
	Cardiac treatment strategy and risk of major cardiac events. 

	Discussion

	Acknowledgements

	Figure 1 Kaplan–Meier survival curves for cardiac events in patients without history of myocardial infarction.
	Figure 2 Kaplan–Meier survival curves for cardiac events in patients with history of myocardial infarction.
	Figure 3 Association between the cardiac treatment strategy and the risk of cardiac events in patient subgroups.
	Table 1 Baseline characteristics of patients with and without history of myocardial infarction*.
	﻿Table 2 Cardiac events and mortality in patients with and without history of myocardial infarction*.




