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Abstract

Background: Patients with diabetes and triple-vessel disease (TVD) are associated with a high risk of events. The
choice of treatment strategies remains a subject of discussion. In the real-world, we aim to compare the outcomes of
medical therapy (MT), coronary artery bypass grafting (CABG), and percutaneous coronary intervention (PCl) treat-
ment strategies in patients with diabetes and TVD.

Methods: A total of 3117 consecutive patients with diabetes and TVD were enrolled. The primary endpoint was all-
cause death and the secondary endpoint was major adverse cardiac and cerebrovascular events (MACCE, composite
of all-cause death, myocardial infarction, or stroke).

Results: During the mean follow-up of 6.3 4 2.6 years, 573 (18.4%) deaths and 1094 (35.1%) MACCE occurred. Mul-
tivariate analysis showed that PCl (hazard ratio [HR] 0.40, 95% confidence interval [CI] 0.32-0.51) and CABG (HR 0.33,
95% Cl1 0.26-0.44) were associated with a lower risk of death compared with MT, with no difference between the PCl
and CABG groups. When MACCE was the endpoint, PCI (HR 0.71, 95% Cl 0.60-0.84) and CABG (HR 0.48, 95% Cl 0.39-
0.57) had a lower risk than MT. CABG was associated with a significantly lower risk of MACCE compared with PCI (HR
0.67,95% Cl 0.55-0.81), which was mainly attributed a lower risk in myocardial infarction, but a higher risk of stroke.

Conclusions: In this big real-world data and intermediate-term follow-up study, for patients with diabetes and TVD,
PCl and CABG were associated with a lower risk of death and MACCE more than MT. The results suggest the impor-
tance of appropriate revascularization for diabetic patients with TVD. However, CABG was not associated with a lower
risk of death, but with a lower risk of MACCE, compared with PCl. In the future, we perhaps should strengthen com-
prehensive treatment in addition to PCl or CABG.
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Background

Patients with multi-vessel coronary artery disease (MVD)
and diabetes mellitus often have diffuse atherosclerosis
and high risk of cardiovascular events [1, 2]. The choice
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previous studies have shown that CABG reduces the
risk of major adverse cardiac and cerebrovascular events
(MACCE) in patients with diabetes and MVD compared
with PCI [3-5]; however, the results of CABG and PCI for
all-cause death were not completely consistent [3, 6-10].
A meta-analysis [6] showed that CABG had a mortality
benefit over PCI in patients with MVD and diabetes who
did not present with acute myocardial infarction (MI).
Future Revascularization Evaluation in Patients with Dia-
betes Mellitus: Optimal Management of Multivessel Dis-
ease (FREEDOM) was a landmark study, when followed
up for 3.8 years [4], although a higher mortality rate was
observed in the PCI group (P =0.049) than in the CABG,
the authors cautiously pointed out that the study was
not sufficient for determining all-cause deaths. Among
them, 943 patients had a prolonged follow-up (median
of 7.5 years), and there was no significant difference in
all-cause death between the groups (P=0.076) [7]. It is
worth noting that the results of the recent 10-year Syn-
ergy between Percutaneous Coronary Intervention with
Taxus and Cardiac Surgery (SYNTAX) study [10] showed
no difference in all-cause death between PCI and CABG.

There is no doubt that these randomized controlled
trials have many advantages. However, in these stud-
ies for diabetes and MVD, the strict exclusion criteria
always excluded acute MI, left main disease, heart fail-
ure, and recent stroke. In addition, Some patients were
not eligible for inclusion in the randomized trials because
coronary lesion is too complex to be treated with PCI or
surgical risk considered too high for CABG [6]. Although
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the guideline [11] recommended CABG as the preferred
treatment for patients with diabetes and TVD, in the real
world, a considerable number of patients with diabetes
and TVD receive PCI treatment or even just medical
treatment (MT) alone. Therefore, the prognosis of these
patients in the real world deserves attention.

Therefore, we aimed to compare the intermediate-term
follow-up outcomes of different treatment strategies,
including MT, PCI, and CABG, for all-cause death and
MACCE in patients with diabetes and TVD in the real
world. We further examined whether the SYNTAX score
affects the results of different treatment strategies.

Methods

Study design and patients

This study was a prospective and single-center study.
A total of 8943 consecutive patients with TVD were
enrolled from April 2004 to February 2011 in Fuwai Hos-
pital (Beijing, China). The methodology was described
previously [12]. The inclusion criteria were as follows:
patients were diagnosed as having TVD (defined as
angiographic stenosis of >50% in all three main epicar-
dial coronary arteries, with or without left main artery
involvement) and were willing to be followed up. There
were no pre-specified exclusion criteria. Among them,
3117 patients with diabetes were included in the current
analysis (Fig. 1). Diabetes mellitus was defined according
to the guidelines for Prevention and Treatment of Dia-
betes in China. The diagnostic criteria for diabetes were
diabetic symptoms with random venous blood glucose

Apr. 2004 to Feb. 2011

Screening & Enrollment

8,943 consecutive patients with coronary angiography

Treatment group 1305 patients

documented TVD
Excluded
5826 non-diabetic patients
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I
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899 patients
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l
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Fig. 1 Patient flow chart for the study cohort. Flowchart depicts patients enrolled. TVD triple-vessel coronary disease; PC/ percutaneous coronary
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levels>11.1 mmol/L, fasting venous blood glucose lev-
els>7.0 mmol/L, oral glucose tolerance test 2-hour
blood glucose levels >11.1 mmol/L, or use of antidiabetic
drugs. Clinical baseline information, procedural or oper-
ative characteristics, and outcome data were collected in
detail by independent research personnel. The SYNTAX
score [13] was calculated by independent researchers
who were blinded to the clinical data using a web cal-
culator (http://www.syntaxscore.com). The study was
approved by the ethics committee of Fuwai Hospital. All
patients signed informed consents.

Study procedures

The choice of PCI, CABG, or MT was mainly followed
the guidelines and based on clinical and angiographic
features, physical condition (comorbidities, malignant
tumor, frailty, etc.), complexity, and was discussed by
physicians and surgeons, combined with the choice of
patients. The PCI strategy and stent type were left to
the physician’s discretion. All of the patients undergoing
PCI were prescribed aspirin plus clopidogrel. If patients
with selective PCI were not taking long-term aspirin and
clopidogrel, they received 300 mg aspirin and 300 mg
clopidogrel orally at least 24 hours before the procedure.
After PCI, patients were prescribed aspirin 100 mg once
daily indefinitely, and clopidogrel 75 mg once daily for at
least 1 year.

In the CABG group, the left internal mammary artery
was routinely used to graft to the left anterior descending
artery and completed by venous grafts to other coronary
branches with standard bypass techniques. The pro-
cedure was performed by surgeons experienced in on-
pump or off-pump surgery at the operator’s discretion.

Patients with neither PCI nor CABG treatment were
allocated to the MT alone group. Throughout the study
period, all patients, regardless of whether they were in
the MT group, PCI group, or CABG group, were strongly
recommended to use secondary prevention medication
according to the clinical guidelines [14, 15], while empha-
sizing lifestyle changes and medication adherence.

Endpoints and follow-up

The primary endpoint was all-cause death. Second-
ary endpoints were MACCE, which were a composite
of all-cause death, MI, or stroke. Clinical information of
in-hospital outcome was obtained by reviewing medi-
cal records. Follow-up was completed by survey via tel-
ephone, letter, or hospital visit. All patients had at least
one follow-up visit. At the end of the last follow-up in
2016, the corresponding response rate was 87.01% in the
diabetic population. All endpoints were carefully adju-
dicated by a group of independent clinical physicians.
Data quality was controlled by various methods, such as
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training of investigators, blinded filling in of question-
naires, and telephone recording.

Statistical analysis

All patients who were enrolled in the analysis com-
pleted at least one follow-up. Patients who were lost to
follow-up were calculated according to censored data.
Summary statistics are shown as frequency and percent-
age for categorical variables and as mean with standard
deviation for continuous variables. Continuous variables
were compared by one-way ANOVA and categorical
variables were compared with the Pearson chi-square
test. The cumulative survival rate was calculated by the
Kaplan—Meier method, and differences among treatment
groups were assessed by the log-rank test. Multivariate
Cox regression was used to identify predictors of all-
cause death and MACCE. The Cox proportional hazard
model was used to estimate the hazard ratios (HRs) and
their corresponding confidence intervals (Cls) for the
combined endpoint and each individual endpoints. Mul-
tivariate analysis was performed by adjusting for age, sex,
body mass index, hypertension, hyperlipidemia, chronic
obstructive pulmonary disease, peripheral vessel disease,
smoking history, previous PCI, prior CABG, high-sensi-
tivity C-reactive protein levels, creatinine clearance rate,
left ventricular ejection, and baseline SYNTAX score,
and the variables were determined according to univari-
ate results and clinical relevance. The effects of different
SYNTAX groups (low risk [<22], medium risk [23-32],
and high risk [>33]) on the results were further evalu-
ated. Consistency of treatment effects in different sub-
groups was assessed by Cox regression models with tests
for interaction. All statistical tests were two-sided with
a significance level of 0.05. Statistical analysis was per-
formed with SAS 9.4 software (SAS Institute Inc., Chi-
cago, IL).

Results

Patients’ characteristics

A total of 3117 patients with diabetes and TVD were
included in the study. Among these patients, 1305
(41.9%) were in the PCI group, 899 (28.8%) were in the
CABG group, and 913 (29.3%) were in the MT group; 687
(22.04%) were acute myocardial infarction; 1230 (39.46%)
were unstable angina pectoris; and 1200 (38.50%) were
stable angina pectoris. SYNTAX scores of <22 were
found in 1088 patients, SYNTAX scores of 23—-32 were
found in 1170 patients and SYNTAX scores of >33
were found in 767 patients. After PCI, excluding previ-
ous CABG 42 patients, residual SYNTAX sore 0 points
67 patients; >0 and <8 points 465 patients; >8 points
731 patients. Comparison between PCI, CABG and MT
groups, age, gender, chronic renal insufficiency history,


http://www.syntaxscore.com

Zhao et al. Cardiovasc Diabetol (2021) 20:16

peripheral vessel disease history, CABG history, revas-
cularization History, creatinine clearance, left ventricu-
lar fraction and SYNTAX score are different (all P <0.05)
(Table 1).

Outcome according to the three therapeutic strategies

Mean follow-up was for 6.3+£2.6 years, there were 573
(18.4%) deaths, and 1094 (35.1%) MACCE occurred.
Kaplan—Meier curve analysis showed that the 10-year
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cumulative mortality rates in the PCI, CABG, and MT
groups were 16.7%, 17.1%, and 41.5%, respectively (log-
rank, P <0.0001) (Fig. 2).

After Cox multi-factor adjustment, all-cause death in
the PCI group (HR 0.40, 95% CI 0.32-0.51, P <0.001)
and CABG group (HR 0.33, 95% CI 0.26-0.44,
P <0.001) was significantly lower than that in the MT
group. However, there was no significant difference in
the risk of death between the CABG and PCI groups

Table 1 Characteristics of study population by treatment strategies

Variables PCl CABG MT P value
(N=1305) (N=899) (N=913)
Age (Years) 60.54+10.1 613+84 63.14+9.8 <0.001
Body mass index (kg/mz) 261429 259429 258431 0.163
Male 977 (74.9) 696 (77.4) 660 (72.3) 0.042
Hypertension history 943 (72.3) 632 (70.3) 643 (70.4) 0514
Hyperlipidemia history 791 (60.6) 509 (56.6) 546 (59.8) 0.158
Chronic kidney disease history 7(0.5) 15(1.7) 19(2.1) 0.004
COPD history 13 (1.0 10(1.1) 16 (1.8) 0.261
PAD history 64 (4.9) 121 (13.5) 106 (11.6) <0.001
Smoking history 673 (51.6) 449 (49.9) 474 (51.9) 0.426
PCl history 180 (13.8) 88(9.8) 126 (13.8) 0.842
CABG history 49 (3.8) 1(0.7) 55 (6.0) 0.049
Revascularization history 307 (46.2) 130 (19.6) 227 (34.2) <0.001
hsCRP (mg/L) 39461 38+54 42+48 0455
Creatinine clearance (mL/min) 89.04+285 86.8+263 83.04282 <0.001
LVEF 592488 578+95 549+11.7 <0.001
SYNTAX score 222493 306+9.2 2631129 <0.001

Values are mean £ SD or n (%)

PClpercutaneous coronary intervention, CABG coronary artery bypass grafting, MT medical treatment, COPD chronic obstructive pulmonary diseases, PVD peripheral
vessel disease, hsCRP high-sensitivity C-reactive protein, LVEF left ventricular ejection fraction, SYNTAX Synergy between Percutaneous Coronary Intervention with

Taxus and Cardiac Surgery
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(HR 0.83, 95% CI 0.62—1.12, P=0.222) (Table 2). The
risk of MACCE in the PCI group (HR 0.71, 95% CI
0.60-0.84, P<0.001) and the CABG group (HR 0.48,
95% CI 0.39-0.57, P<0.001) was significantly lower
than that in the MT group, while the CABG group had
a lower risk of MACCE compared with the PCI group
(HR 0.67, 95% CI 0.55-0.81, P<0.001) (Table 2). Fur-
ther analysis showed that the benefit of the reduction
in MACCE was mainly due to CABG reducing the risk
of MI (HR 0.22, 95% CI 0.12-0.41, P <0.001), but at the
same time increasing the risk of stroke (HR 1.51, 95%
CI11.08-2.11, P=0.016).
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Effect of the SYNTAX score

When all-cause death was the clinical endpoint, regard-
less of the SYNTAX subgroups, patients in the PCI and
CABG groups showed a significantly lower risk than
those in the MT group (all P<0.05). However, regard-
less of the SYNTAX subgroup, there was no difference in
the risk of all-cause death between the CABG and PCI
groups (all P >0.05) (Table 3).

When MACCE was the clinical endpoint, PCI failed
to reduce the risk of MACCE compared with MT
(P=0.559) in patients with a SYNTAX score of <22.
However, CABG was associated with a lower risk com-
pared with MT (HR 0.55, 95% CI 0.34-0.88) and PCI

Table 2 Hazard ratios for death and MACCE associated with treatment strategies

MT group (N=913)

PCl group (N=1305) CABG group (N=2899)

HR (95% CI) P value HR (95% Cl) P value HR (95% Cl) P value

Death

Crude Model 1.00 (ref) - 0.33(0.27,0.40) <0.0001 0.34(0.27,042) <0.0001

Multivariate adjusted Model 00 (ref) - 0.40(0.32,0.51) <0.0001 0.33(0.26, 0. 44) <0.0001

Crude Model 3.03(2551,3.66) <0.0001 1.00 (ref) - 1.03 (0.81, 1.30) 0.8396

Multivariate adjusted Model 2.50(1.98,3.16) <0.0001 1.00 (ref) - 0.83(0.62,1.12) 0.2215
MACCE

Crude Model 1.00 (ref) 0.66 (0.58,0.75) < 0.0001 0.48(041,0.57) <0.0001

Multivariate adjusted Model 1.00 (ref) 0.71(0.60, 0.84) < 0.0001 0.48(0.39,0.57) <0.0001

Crude Model 1.52(1.33,1.73) <0.0001 1.00 (ref) - 0.73(0.62,0.86) 0.0001

Multivariate adjusted Model 141 (1.20, 1.66) <0.0001 00 (ref) - 0.67 (0.55,0.81) < 0.0001

MACCE major adverse cardiac and cerebrovascular events, HR hazard ratios, MT medical treatment, PCl/ percutaneous coronary intervention, CABG coronary artery

bypass grafting

Table 3 Effect of SYNTAX score grouping on death and MACCE outcomes of different treatment strategies

MT group (N=913)

PCl group (N=1305)

CABG group (N=2899)

HR (95% Cl) P value HR (95% CI) P value HR (95% Cl) P value
Death
SYNTAX scores <22 1.00 (ref) - 0.44 (0.29, 0.66) 0.0001 040 (0.19,0.84) 0.0148
SYNTAX scores 22-32 1.00 (ref) - 0.31(0.21,046) <0.0001 0.27 (0.18,0.42) <0.0001
SYNTAX scores > 33 1.00 (ref) - 0.48 (0.29,0.80) 0.0043 0.38(0.25,0.57) <0.0001
SYNTAX scores <22 2.29(1.51,347) 0.0001 00 (ref) - 0.92 (0.45, 1.90) 0.8256
SYNTAX scores 22-32 3.20(2.18,4.70) <0.0001 00 (ref) - 0.87 (0.54,1.41) 0.5641
SYNTAX scores >33 2.09 (1.26, 3.45) 0.0043 00 (ref) - 0.79 (0.46, 1.36) 03976
MACCE
SYNTAX scores <22 1.00 (ref) - 0.92(0.70,1.22) 0.5589 0.55(0.34,0.88) 0.0126
SYNTAX scores 22-32 1.00 (ref) - 0.63 (0.48,0.83) 0.0009 045 (0.33,0.61) <0.0001
SYNTAX scores > 33 1.00 (ref) - 0.57 (0.39,0.84) 0.0038 047 (0.34,0.64) <0.0001
SYNTAX scores <22 1.09(0.82, 1.44) 0.5589 00 (ref) - 0.59 (0.38,0.93) 0.0215
SYNTAX scores 22-32 1.59(1.21,2.10) 0.0009 00 (ref) - 0.71(0.52,0.97) 0.0299
SYNTAX scores >33 1.75(1.20, 2.56) 0.0038 00 (ref) - 0.82(0.55, 1.21) 03181

SYNTAX Synergy between Percutaneous Coronary Intervention with Taxus and Cardiac Surgery, MACCE major adverse cardiac and cerebrovascular events,
Mimyocardial infarction, MTmedical treatment, PCl percutaneous coronary intervention, CABG coronary artery bypass grafting
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(HR 0.59, 95% CI 0.38-0.93). In patients with a SYNTAX
score of 23-32, PCI (HR 0.63, 95% CI 0.48-0.83) and
CABG (HR 0.45, 95% CI 0.33-0.61) were associated with
a lower risk of MACCE compared with MT. CABG was
also associated with a lower risk of MACCE compared
with PCI (HR 0.71, 95% CI 0.52—0.97). In patients with a
SYNTAX score of >33, PCI (HR 0.57, 95% CI 0.39-0.84)
and CABG (HR 0.47, 95% CI 0.34-0.64) were still asso-
ciated with a lower risk of MACCE compared with MT.
However, CABG failed to lower the risk of the MACCE
endpoint compared with PCI (P =0.318) (Table 3).
Regardless of the SYNTAX group, CABG significantly
reduced the risk of MI compared with PCI (P <0.05). For
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the risk of stroke, there was no difference between CABG
and PCI when the SYNTAX score was <22 (P=0.946).
However, in the medium and high score SYNTAX
groups, CABG had a higher risk of stroke than PCI (both
P <0.05) (Table 4).

Subgroup analysis between PCl and CABG for all-cause
death

There was no difference in all-cause death in patients
with diabetes between the PCI and CABG groups. This
result was consistent in different subgroups, regardless of
age, sex, acute coronary syndrome, left ventricular frac-
tion, and the SYNTAX score (Fig. 3).

Table 4 Effect of SYNTAX score grouping on Ml and stroke outcomes of different treatment strategies

MT group (N=913)

PCl group (N=1305) CABG group (N=2899)

HR (95% Cl) P value HR (95% Cl) P value HR (95% CI) P value

MI

SYNTAX scores < 22 0.77 (0.41,1.48) 04372 1.00 (ref) - 0.11(0.01,0.78) 0.0278

SYNTAX scores 22-32 0.57(0.26,1.24) 0.1589 1.00 (ref) - 0.15 (0.05, 0.44) 0.0005

SYNTAX scores > 33 0.56 (0.22, 1.40) 02142 1.00 (ref) — 0.23 (0.08, 0.65) 0.0057
Stroke

SYNTAX scores <22 0.91(0.51, 1.65) 0.7610 1.00 (ref) - 1.02(0.51,2.07) 0.9463

SYNTAX scores 22-32 0.77 (0.36, 1.63) 0.4908 1.00 (ref) - 1.87(1.10,3.18) 00214

SYNTAX scores > 33 1.88(0.73,4.84) 0.1888 1.00 (ref) - 2.39(1.02, 5.60) 0.0447

SYNTAX Synergy between Percutaneous Coronary Intervention with Taxus and Cardiac Surgery, MImyocardial infarction, MT medical treatment, PC/ percutaneous

coronary intervention, CABG coronary artery bypass grafting

PCI CABG - P Value for
Subgroup no. of patients with event/total no. (%) Hiezard el NGl Interaction
Overall 170/1305 (13.0) 112/899 (12.6) HH 1.20 (0.90, 1.61)
Age : 0.8723
2 65 years 118/501 (23.6) 66/330 (20.0) Hl— 1.18 (0.82, 1.71)
< 65 years 52/804 (6.5) 46/569 (8.1) i 1.15 (0.69, 1.91)
Sex : 0.7273
Male 118/977 (12.1) 86/696 (12.4) - 1.24 (0.88, 2.00)
Female 52/328 (15.9) 26/203 (12.8) ‘- 1.06 (0.58, 1.93)
Acute coronary syndrome : 0.2880
Yes 166/1253 (13.2 ) 107/870 (12.3) - 1.30 (0.91, 1.66)
No 4/52 (7.7) 5/29 (17.2) —@————— 1.05(0.22, 5.03)
Ejection fraction : 0.3868
<40% 34/227 (15.0) 17/92 (18.5) —— 0.89 (0.34, 2.33)
> 40% 136/1078 (12.6) 95/807 (11.8) - 1.33 (0.97, 1.84)
SYNTAX score 0.5900
<22 72/637 (11.3) 16/141 (11.3) - 1.08 (0.53, 3.00)
23-32 59/477 (12.4) 37/380 (9.7) i 1.15(0.71, 1.87)
>33 34/162 (21.0) 58/346 (16.8) i 1.26 (0.73, 2.18)
0.00 1.00 2.00 3.00 4.00 5.00
PCl better CABG better
Fig. 3 Subgroup Analyses of Primary End Point. Hazard ratios and 95% confidence intervals are shown for the primary composite end point of
all-cause death. P value represents interaction test between the variable and the relative treatment effect. PC/ percutaneous coronary intervention,
CABG coronary artery bypass grafting, SYNTAX Synergy between Percutaneous Coronary Intervention with Taxus and Cardiac Surgery
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Discussion

In this large-sample and prospective cohort study in the
real world, the main results were as follows. In patients
with diabetes and TVD, PCI and CABG treatment
were associated with a lower risk of all-cause death and
MACCE than MT alone. CABG was not associated with
a lower risk of death, but was associated with a lower
risk of MACCE compared with PCI. This was mainly
achieved by reducing the risk of MI, but increasing the
risk of stroke.

Revascularization was associated with lower risk compare
with MT alone

Our study showed that in patients with diabetes and
TVD, PCI and CABG was associated with a lower risk
of all-cause death and MACCE during follow-up, which
suggested the importance of revascularization for these
patients. Previous studies have shown that patients with
diabetes have a worse prognosis [16] and benefits more
from revascularization than non-diabetic patients [17].
However, it should be pointed out that patients in the MT
group may have had different conditions, including a cor-
onary artery with simple lesions (low SYNTAX scores)
in which revascularization was not required; addition-
ally, another condition is where a coronary artery with
complex lesions (high SYNTAX scores) could not have
revascularization performed. Therefore, we conducted
further analysis of the subgroup of SYNTAX scores. We
found that PCI and CABG were better than MT, except
for when the SYNTAX score was <22 and the risk of
MACCE was not associated with a lower risk in the PCI
group compared with the MT group. The BARI-2D study
[18] included 1550 patients with diabetes and stable
coronary heart disease (CHD) showed that, in the group
with a low SYNTAX score (<22), there was no signifi-
cant difference in events (death, MI, or stroke) between
the PCI and MT groups, which is consistent with our
results. In the future, for these patients with diabetes and
a low SYNTAX score, further benefits may be obtained if
PCI is guided by functional tests, such as fractional flow
reserve. However, the BARI-2D study also showed that in
the low SYNTAX score group, CABG was not superior to
MT. This finding may be related to the fact that patients
enrolled in the BRRI-2D study had stable CHD and non-
TVD disease, and therefore, the event risk was relatively
low.

Outcome of all-cause death after CABG and PCI

At present, most studies on patients with diabetes and
MVD use MACCE as the clinical endpoint. Few studies
use death as the clinical endpoint, and notably, the results
are inconsistent. We conducted a 6.3 years follow-up in
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the real world and found that after multi-factor adjust-
ment, there was no difference in the risk of all-cause
death in patients with diabetes and TVD between
CABG and PCI. To avoid interference of the complex-
ity of lesions on the results, we added the baseline SYN-
TAX score to multivariate Cox analysis and grouped
patients according to the SYNTAX score, but the results
remained unaltered. In the FREEDOM study, a higher
mortality rate was observed in the PCI group than in the
CABG group at 3.8 years of follow-up (P=0.049) [3].
However, this difference disappeared when the follow-up
was extended to 7.5 years (943 patients) (P=0.076) [7].
A large meta-analysis [6] included patients with multi-
vessel (TVD 58.6%) or left main coronary artery disease
who did not present with acute myocardial infarction,
especially those with high-complexity lesions and diabe-
tes, CABG reduced the risk of death compared with PCI
(new-generation drug stents 34.2%). In a real-world study
[19, 20], among diabetic patients with multivessel and/
or left main disease, after 7 months, surgical revasculari-
zation was associated with a significant survival benefit.
However, Bangalore et al. [9] found that patients with
everolimus drug-eluting stents had a similar risk of death
compared with CABG in a long-term follow-up study
of patients with diabetes and MVD. The 10-year results
of the newly published SYNTAX study [10] also showed
that there was no difference in the risk of death between
CABG and PCI in patients with diabetes, but CABG
reduced the risk of death in patients with TVD com-
pared with PCL In the study by Naito et al. [21], even in
the patients > 65 years old, DM, and MVD, the all-cause
mortality rate was not significantly different between the
CABG and PCI with DES. The results of these studies are
inconsistent, which may be related to the following fac-
tors: (1) different follow-up times and sample sizes; (2)
some studies were only selected for stable CHD; and (3)
whether the SYNTAX score and other influence factors
were included in the multivariate analysis. Our study
included 3117 patients with diabetes and TVD, who were
followed up for 6.3 years, and we conducted subgroup
analysis. The results were consistent in different sub-
groups, regardless of age, sex, acute coronary syndrome,
left ventricular fraction, and the SYNTAX score.

The reason why there was no difference in the risk of
death between CABG and PCI in patients with diabe-
tes and TVD is not completely clear yet, but the rea-
sons might be as follows. Diabetic patients tend to have
more diffuse lesions, involving small vessels and micro-
vascular, and higher plaque burden, which is different
from non-diabetic patients. The revascularization of
PCI and CABG can only solve the stenosis of main epi-
cardial coronary arteries, but could not improve the
lesions of small vessels and micro-vascular. As a result,
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the outcomes of revascularization in diabetic patients
may be different from those in non-diabetic patients in
previous study [22]. It is generally believed that SYNTAX
score will affect the choice of treatment strategies for
patients with TVD and diabetes [23]. However, interest-
ingly, our study did not see the effect of SYNATX scores
on all-cause deaths with different revascularization. We
consider that this may be related to the fact that the
SYNTAX score mainly reflects the degree of stenosis of
the main epicardial coronary artery, but does not reflect
the degree of lesion of small vessels and micro-vascular
which play an important role in coronary circulation [24].
However, patients with diabetes often have diffuse small
vessels and micro-vascular lesions, which may affect
the prognosis. In addition, although CABG reduces the
risk of MI compared with PCI, there is still a risk of cer-
ebrovascular events, renal insufficiency, tumors [25], and
other fatal comorbidities in patients with diabetes. This
suggests that we should not only pay attention to coro-
nary artery stenosis and vulnerable plaques, but also pay
attention to the high-risk patients [26]. In clinical work,
in patients with diabetes and TVD, attention should also
be paid to comprehensive strategies of these patients,
such as improvement of lifestyle, lipoprotein-lowering
therapy, antithrombotic therapy, sodium-dependent glu-
cose transporters 2 inhibitors, Glucagon-like peptide-1
[27], and possible anti-inflammatory therapy [28]. This
may further reduce the risk of death [29].

Outcome of MACCE between CABG and PCI

Our intermediate-term follow-up of patients with diabe-
tes and TVD in the real world showed that CABG was
associated with a lower risk of MACCE and M], but also a
higher risk of stroke, compared with PCI. Our results are
consistent with those of most previous studies as follows.
In the FREEDOM trial [3], which included 1900 patients
with CHD complicated by diabetes, CABG significantly
reduced MACCE (all-cause death, MI, or non-fatal
stroke) compared with PCI during the 3.8-year follow-up.
The SYNTAX study [4] included patients with TVD and/
or left main coronary artery disease. During the 5-year
follow-up in this study, CABG reduced MACCE end-
points compared with PCI. Further analysis showed that
CABG reduced MI and revascularization compared with
PCI, but there was no difference in the risk of stroke and
all-cause death, and no interaction was found in diabetic
subgroups. A meta-analysis [5] included four randomized
controlled studies, including 3052 patients with diabetes
and MVD, which showed that CABG had a lower risk of
MACCE (composite of death, MI, and stroke) than PCI.
In a real-world study [30], CABG was associated with
significantly lower rates of death, MI and target vessel
revascularization in patients with multivessel disease or
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left main coronary artery, particularly for patients with
diabetes. At present, relatively consistent studies show
that CABG reduces MACCE compared with PCI, CABG
is still important in patients with diabetes and TVD, this
should be considered when choosing treatment strat-
egies for patients, and it is also in line with the current
guidelines [11]. It should be noted, the new generation
of drug stents has thinner struts, and better biocompat-
ible polymer coating and newer antiproliferative agents
have reduced the rates of cardiovascular events in DM
patients with PCI [31]. Recently, the everolimus-eluting
bioresorbable scaffolds treatment in DM patients showed
comparable midterm safety and efficacy outcomes when
historically compared with modern DES [32]. In the
future, with the development of PCI technology and the
renewal of stents, perhaps the gap affected by PCI and
CABG in the prognosis of patients with diabetes will be
further narrowed.

Our results suggest that the benefit of a reduction in
risk of MACCE in patients with CABG compared with
those with PCI is mainly due to a reduction in the risk
of MI (HR 0.22). Additionally, this benefit was observed
in different subgroups of the SYNTAX score. The main
reason for this finding may be that patients with CABG
received more complete revascularization than those
with PCI, and the bridging vessels covered more coro-
nary artery lesions. These results are consistent with
those of previous studies [3, 4, 33]. However, at the same
time, CABG increased the risk of stroke compared with
PCI. Further subgroup analysis showed that the increase
in risk of stroke mainly occurred in the medium and
high SYNTAX score groups (23—-32 and > 33), but there
was no such difference in the low SYNTAX score group
(<22). Previous studies and meta-analyses have also
shown similar results [7, 8, 34]. However, the specific
mechanism of an increased risk of stroke is not clear.
This mechanism may be related to a difference in drug
use or an increase in atrial fibrillation after CABG [35].
Our study suggests that for patients with diabetes melli-
tus and TVD who are ready for CABG, the carotid artery
and ascending aorta should be carefully evaluated before
the operation, and appropriate antithrombotic therapy
should be provided to reduce the risk of stroke.

Our study provides reliable real-world data and inter-
mediate-term follow-up results of different treatment
strategies for MT, PCI and CABG. The results suggest the
importance of appropriate revascularization for diabetic
patients with TVD. Moreover, in the future, in order to
reduce the all-cause mortality of diabetic patients with
TVD, we perhaps should strengthen comprehensive
treatment in addition to PCI or CABG. The benefit / risk
ratio of different revascularization methods should be
discussed by the heart team in patients with multi-vessel
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disease of diabetes, especially for those patients with
complex lesions or concomitant diseases [36, 37]. In addi-
tion, attention should be paid to combining the patients’
own opinions.

Limitations

The present study has some inevitable limitations. First,
our study was a single-center, observational study, which
may have limited the generalizability of its findings.
Second, although we attempted to control for multi-
ple variables, our study was inevitably affected by some
confounding factors. Third, there was a lack of specific
information in the database, such as exercise treadmill,
fractional flow reserve and coronary artery bridges.
In the future, more randomized, controlled trials are
required to validate our results.

Conclusions

In this real-world study, after a mean follow-up of
6.3 2.6 years of patients with diabetes and TVD, PCI
and CABG are associated with a lower risk of death and
MACCE compared with MT alone. We do not observe
the significant difference in the risk of all-cause death
between CABG and PCI, but CABG is indeed associated
with a lower risk of MACCE compared with PCI. This is
due to the fact that CABG is significantly associated with
a lower risk of MI compared with PCI, but also a higher
risk of stroke.
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