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Background: A growing number of studies have reported insulin therapy to be associated with a higher
incidence of major adverse cardiac events in diabetic patients with coronary artery disease. However,
the relationship between insulin use and the clinical outcomes of patients with diabetes who undergoing
percutaneous coronary intervention (PCI) has not been fully clarified.

Methods: A total of 1,069 consecutive patients with diabetes who underwent PCI were enrolled and
divided into 2groups: oral hypoglycemic agents (OHA) group (709 patients) and insulin therapy group
(360 patients). The primary and secondary endpoints of this study were all-cause death and cardiac death,
respectively.

Results: At baseline, the maximum creatine kinase-MB (CK-MB), plasma glucose, hemoglobin Alc, high-
sensitivity C-reactive protein (CRP), and creatinine levels were higher, while the left ventricular ejection
fraction (LVEF) was lower, in the insulin therapy group than in the OHA group. After propensity score
matching of baseline characteristics, for patients treated with insulin, the odds ratios of death from any
cause in hospital, within 1 year of surgery, and within 2 years of surgery were 12.03 (95% CI: 1.486-97.33,
P=0.020), 10.33 (95% CI: 1.21-88.12, P=0.033), and 2.99 (95% CI: 1.22-7.31, P=0.016), respectively, and the
odds ratios of cardiac death were 10.33 (95% CI: 1.21-88.12, P=0.033), 6.49 (95% CI: 1.33-31.59, P=0.021),
and 5.27 (95% CI: 1.45-19.13, P=0.011), respectively. Generalized estimating equations analysis showed the
odds ratios of all-cause death and cardiac death for insulin-treated patients to be 4.77 (95% CI: 1.76-12.95,
P=0.002) and 5.38 (95% CI: 1.29-22.96, P=0.023), respectively.

Conclusions: Compared with OHA, insulin therapy significantly increases the risk of in-hospital all-cause
and cardiac death in patients with diabetes undergoing PCI, and the risk remains significantly at least 2 years
after surgery.
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Introduction

In patients undergoing percutaneous coronary intervention
(PCI), the short- and long-term mortality rates among
patients with comorbid diabetes mellitus (DM) and coronary
artery disease (CAD) remain higher than those among
non-diabetic patients, despite intensive care. Maintaining
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hemoglobin (Hb)Alc <7.0% has been shown to improve
the microvascular outcomes of patients with diabetes (1).
However, the optimal strategy of glucose control has yet to
be clarified. Although insulin is fundamental for controlling
glucose levels, the debate about whether or not insulin
use improves patient outcomes is ceaseless. Despite this
controversy, from pharmacological studies to clinical trials
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(2-4), there is increasing evidence to suggest that insulin
therapy has harmful effects for patients with diabetes
accompanied by CAD. Therefore, in the present study, we
sought to explore whether insulin therapy has protective
or adverse effects in diabetic patients undergoing PCI.
We present the following article in accordance with the
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/atm-21-1911).

Methods
Study population

A consecutive series of 1,069 patients with DM and CAD
who underwent PCI at Tianjin Medical University General
Hospital China was enrolled from 2002 to 2012. The
patients were diagnosed as DM if they had a history of
DM or HbAlc above 6.5% on admission. CAD, including
acute myocardial infarction and stable or unstable angina
pectoris, was diagnosed based on angiogram results and
clinical manifestations. All of the patients had underwent
primary or selective PCI. There were no limitations in
terms of stents or lesions. The patients were divided into
two groups based on the type of hypoglycemic treatment:
the oral hypoglycemic agents (OHA) group and the insulin
therapy group. The OHA group included patients treated
with sulfonylureas, metformin, a-glucosidase inhibitors,
thiazolidinedione, and glinides. The insulin therapy group
included patients treated with insulin alone or combined
with OHAs. The following patients were excluded: patients
with severe hepatic or renal dysfunction; patients with
cancer, patients treated with a diabetes diet plan only, and
patients with hematopathy.

Baseline patient characteristics and in-hospital events
were confirmed by hospital chart review. Long-term
outcome data were obtained through clinical review or
telephone review conducted by the researchers. The
primary and secondary endpoints of the study were all-
cause death and cardiac death, respectively. All patients were
followed up for 2 years. Clinical information was collected
in hospital, and at lyear and 2 years after surgery.

All procedures performed in this study involving human
participants were in accordance with the Declaration of
Helsinki (as revised in 2013). This study was approved
by the Ethical Committee of Tianjin Medical University
General Hospital (No. IRB2021-WZ-036). Individual

consent for this retrospective analysis was waived.
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Statistical analysis

Patients’ baseline characteristics and clinical outcomes were
analyzed using SPSS, version 19.0(SPSS Inc., Chicago,
IL, USA). Continuous variables at baseline were analyzed
with the independent-samples 7 test and presented as mean
+ standard deviation. Categorical variables at baseline
were analyzed with the chi-square test and presented as
numbers (percent frequencies). Propensity score matching
was used to adjust the baseline characteristics between the
two groups. All outcomes during the patients’ hospital stay
and atl year and 2 years after the procedure were analyzed
by logistic regression. Cox regression was performed to
calculate survival curves before and after propensity score
matching. We used generalized estimating equations to
estimate the hazard ratios (HRs) of the insulin therapy
group compared with the OHA group. P<0.05 was
considered to be statistically significant.

Results

A total of 1,069 patients were enrolled in the study
including 360 in the insulin therapy group and 709
in the OHA group. The mean age was 65.58+10.92
and 64.38+10.50 of patients treated with insulin and
OHAs, respectively (P=0.081). The baseline clinical and
angiographic characteristics of all participants are listed in
Tables 1 and 2. At baseline, the maximum creatine kinase-
MB (CK-MB), plasma glucose, HbA1C, high-sensitivity
C-reactive protein (CRP), and creatinine levels were higher,
while the left ventricular ejection fraction (LVEF) was
lower, in the insulin therapy group than in the OHA group.
The Canadian Cardiovascular Society Angina Class was also
higher in the insulin therapy group, as was the proportion
of patients with myocardial infarction. There was no
difference between the two groups with respect to sex, age,
blood pressure, CAD history, prior myocardial infarction,
prior percutaneous coronary angioplasty, prior coronary
artery bypass graft, hyperlipidemia, low-density lipoprotein,
smoking, alcohol consumption, or plasma insulin levels.
The angiographic characteristics of the two groups were
also comparable (7able 2).

Thirty-seven study participants (3.5%) died in hospital,
of whom 25 were in the insulin therapy group (6.9%) and
12 were in the OHA group (1.7%). During the 1% year
of follow-up, 30 patients (2.8%) died including 13 in the
insulin therapy group (3.6%) and 17 in the OHA group
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Table 1 Baseline characteristics
Variable OHA (n=709) Insulin (n=360) P value
Baseline characteristics

Sex (male), n (%) 447 (63.0) 215 (59.7) 0.161

Age 64.38+10.50 65.58+10.92 0.081

BP
Systolic BP 123.93+20.592 124.16+22.07 0.868
Diastolic BP 73.19+11.85 72.54+13.53 0.439
Heart rate 74.48+12.82 79.26+17.26 <0.001

CCS angina class, n (%)

1 142 (21.2) 64 (20.3) <0.001
2 187 (28.0) 72 (20.7)
3 193 (28.8) 92 (26.5)
4 147 (22.0) 119 (34.3)

Myocardial infarction, n (%) 192 (27.1) 156 (43.3) <0.001
STEMI 91 (12.8) 83 (23.1) <0.001
NSTEMI 101 (14.2) 73 (20.3) 0.008

Stable angina pectoris, n (%) 228 (32.2) 90 (25.0) 0.009

Unstable angina pectoris, n (%) 239 (33.7) 100 (27.8) 0.028

CAD history, n (%) 42 (5.9) 16 (4.4) 0.194
Prior Ml 11 (1.6) 4(1.1) 0.392
Prior PTCA 32 (4.5) 15 4.2) 0.465
Prior CABG 7(1.0) 3(0.8) 0.550
Hypertension 544 (76.7) 260 (72.2) 0.063
Hyperlipidemia 140 (19.7) 68 (18.9) 0.402
CVA 50 (7.1) 23 (6.4) 0.395

Hemorrhagic 6 (0.8) 3(0.8) 0.647
Stroke 44 (6.2) 20 (5.6) 0.392
Peripheral vascular disease 42 (5.9) 34 (9.4%) 0.025
Chronic kidney disease 57 (8.0) 44 (12.2 0.019

Smoking history, n (%) 310 (43.7) 142 (39.4) 0.101
Current smoker 201 (28.3) 93 (25.8) 0.213
Alcohol history 196 (27.6) 108 (30.0) 0.231
Current drinker 163 (23.0) 89 (24.7) 0.289

Laboratory findings
LVEF 52.97+10.70 50.52+12.35 0.002
Hemoglobin 12.64+1.84 12.38+1.93 0.039

Table 1 (continued)
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Variable OHA (n=709) Insulin (n=360) P value
Hematocrit 37.43+5.25 36.56+5.52 0.015
CK-MB 31.96+81.52 56.66+118.29 0.001
Troponin T 0.59+2.07 0.93+2.03 0.028
BNP 1,482.36+4,828.06 3,284.02+13,788.31 0.085
Total cholesterol 165.81+45.25 168.77+46.57 0.330
Triglyceride 155.73+118.33 151.62+11.78 0.067
HDL cholesterol 42.61+10.41 42.74£11.78 0.882
LDL cholesterol 103.55+38.48 105.40+39.89 0.567
High-sensitivity CRP 9.09+23.39 17.23+39.85 0.001
Plasma glucose 7.90+3.33 9.99+4.45 0.001
HbA1c 7.36+1.42 8.08+1.61 0.001
Insulin 13.22+12.80 11.85+9.82 0.756
C-peptide 2.98+1.93 2.81+2.30 0.399
Creatinine 1.11+£1.16 1.34+1.54 0.013

OHA, oral hypoglycemic agents; BP, blood pressure; CCS, Canadian Cardiovascular Society; STEMI, ST-segment Elevation Myocardial
Infarction; NSTEMI, non-ST elevation myocardial infarction; CAD, coronary artery disease; MI, myocardial infarction; PTCA, Percutaneous
transluminal coronary angioplasty; CABG, coronary artery bypass grafting; CVA, cerebrovascular accident; LVEF, left ventricular ejection
fraction; CK-MB, creatine kinase-MB; BNP, B-type natriuretic peptide; HDL, high-density lipoprotein; LDL, low-density lipoprotein; CRP,

C-reactive protein.

(2.4%). In the 2™ year of follow-up, 16 patients (1.5%) died
including 7 in the insulin therapy group (1.9%) and 9 in the
OHA group (1.3%). Table 3 details all deaths and cardiac
deaths among the study population. Figure I and Figure 2
show the rates of all-cause and cardiac death for each year.
The HRs of all-cause and cardiac mortality in hospital,
and withinl year and 2 years after the procedure were
analyzed by logistic regression analysis with the covariates
of sex, age, acute myocardial infarction, LVEF, plasma
glucose levels, HbAlc levels, high-sensitivity CRP levels,
and plasma creatinine levels. After regression analysis, the
risk factors for death from any cause within 2 years after
surgery included age (HR 1.075, 95% CI: 1.037-1.113,
P<0.001), creatinine levels (HR 1.286, 95% CI: 1.060-
1.561, P=0.011), LVEF (HR 0.947, 95% CI: 0.926-0.968,
P<0.001), and high-sensitivity CRP levels (HR 1.011, 95%
CI: 1.005-1.018, P=0.001). The risk factors for cardiac
death within 2 years after the procedure included male
sex (HR 5.806, 95% CI: 1.951-17.279, P=0.002), age (HR
1.080, 95% CI: 1.033-1.130, P=0.001), insulin therapy
(HR 2.474, 95% CI: 1.050-5.824, P=0.038), LVEF (HR
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0.919, 95% CI: 0.892-0.946, P<0.001), and high-sensitivity
CRP (HR 1.010, 95% CI: 1.003-1.017, P=0.006). After
propensity score matching of glucose levels and HbAlc
levels (Tables 4 and 5), the HR of mortality within 2 years
after surgery was analyzed again. The risk factors for
all-cause mortality included age (HR 1.060, 95% CI:
1.019-1.103, P=0.004), insulin therapy (HR 2.988, 95% CI:
1.221-7.310, P=0.016), LVEF (HR 0.958, 95% CI: 0.932-
0.984, P=0.002), and high-sensitivity CRP (HR 1.010,
95% CI: 1.003-1.017, P=0.004). We also analyzed the HR
of mortality in the insulin therapy group with generalized
estimating equation. The HR of all-cause death was 2.428
(95% CI: 1.238-4.764, P=0.010) and 4.772 (95% CI:
1.758-12.954, P=0.002) before and after propensity score
matching, respectively. The odds ratio of cardiac death was
2.344 (95% CI: 1.081-5.082, P=0.031) and 5.375 (95% CIL:
1.258-22.963, P=0.023) before and after propensity score
matching, respectively (Table 6, Figures 3,4). After propensity
score matching, insulin therapy was found to be a risk factor
for both all-cause and cardiac mortality in hospital, and
withinl year and 2 years of follow-up. The patients’ 2-year
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Table 2 Angiographic findings
Variable OHA (n=709) Insulin (n=360) P value
Treated vessel, n (%)

LAD 440 (62.1) 224 (62.2) 0.507

LCX 246 (34.7) 119 (33.1) 0.321

RCA 259 (36.5) 131 (36.4) 0.509

LM 33(4.7) 14 (3.9) 0.343

Ramus 5(0.7) 4(1.1) 0.358
Lesion type, n (%) 0.621

B1 40 (5.6) 18 (5.0)

B2 118 (16.6) 68 (18.9)

C 551 (77.7) 274 (76.1)
CTO vessel, n (%)

LAD 25 (3.5) 19 (5.3) 0.116

LCX 15 (2.1) 15 (4.2) 0.045

RCA 24 (3.4) 15 (4.2) 0.314
Multi-vessel, n (%) 219 (30.9) 110 (30.6) 0.485
LM disease, n (%) 51(7.2) 28 (7.8) 0.408
Bifurcation, n (%) 273 (38.5) 134 (37.2) 0.367
Diffuse long lesion (>3 cm), n (%) 324 (45.7) 162 (45.0) 0.440
Small vessel (<2.25 mm), n (%) 60 (8.5) 35(9.7) 0.282
Ostial lesion, n (%) 169 (23.8) 88 (24.4) 0.441
Calcification, n (%) 148 (20.9) 92 (25.6) 0.050
Bare metal stent, n (%) 17 (2.4) 5(1.4) 0.194
Drug-eluting stent, n (%) 696 (98.2) 355 (98.6) 0.399
Target lesion 1.77+1.09 1.83+1.11 0.395
Target vessel 1.39+0.62 1.37+0.61 0.749
Target CTO 0.09+0.31 0.14+0.39 0.052

OHA, oral hypoglycemic agents; LAD, left anterior descending artery; LCX; left circumflx branch; RCA, right coronary artery; LM, left main;

CTO, chronic total occlusion.

cumulative survival was analyzed by Cox regression before
and after propensity score matching; in the insulin therapy
group, the HR was 1.917 (95% CI: 1.044-3.518, P=0.036)
and 2.89 (95% CI: 1.218-6.860, P=0.016), respectively
(Figures 3 and 5).

After the analysis in all patients enrolled, we analyzed
the HR of mortality in patients who were discharged from
hospital safely. All-cause mortality and cardiac mortality

within 2 years were still higher in insulin-treated patients
than in the OHA group; however, the difference between
the groups was not statistically significant. In the OHA
group and the insulin-treated group, the incidence of all-
cause death was 3.2% and 5.6% (HR 1.60, 95% CI: 0.563—
4.546, P=0.378), respectively, and that of cardiac death
was 1.3% and 2.7% (HR 2.782, 95% CI: 0.540-14.338,
P=0.221), respectively.
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Table 3 Mortality in the insulin group and OHA group
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Insulin group, n (%)

OHA group, n (%) Total, n (%)

Mortalty During the 1% year ~ Cumulative During the 1% year ~ Cumulative During the 1% year Cumulative
All-cause mortality
Inhospital 25 (6.9) 25 (6.9) 12 (1.7) 12(1.7) 37 (3.5) 37 (3.5)
Within 1 year 13 (3.6) 38 (10.6) 17 (2.4) 29 (4.1) 30 (2.8) 67 (6.3)
Within 2 years 7(1.9 45 (12.5) 9(1.3) 38 (5.4) 16 (1.5) 83 (7.8)
Cardiac mortality
Inhospital 22 (6.1) 22 (6.1) 9(1.9 9(1.3 31 (2.9 31 (2.9
Within 1 year 5(1.4) 27 (7.5) 8(1.1) 17 (2.4) 13(1.2) 44 (4.1)
Within 2 years 3(0.8) 30 (8.3) 2(0.3) 19 (2.7) 5(0.7) 49 (4.6)
OHA, oral hypoglycemic agents.
All-cause mortality Discussion

In hosital Within 1 year | Within 2 years
== [nsulin group 6.90% 3.60% 1.90%
=& 0OHA group 1.70% 2.40% 1.30%
~#—Total 3.50% 2.80% 1.50%

Figure 1 All-cause mortality. The hospital mortality of insulin
group was significantly higher than that of oral hypoglycemic drug

group. In two years, it gradually became the same.

Cardiac mortality

8.0%
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6.0% &
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In hosital Within 1 year | Within 2 years

== nsulin group 6.10% 1.40% 0.80%
—#— OHA group 1.30% 1.10% 0.30%
~e—Total 2.90% 1.20% 0.70%

Figure 2 Cardiac mortality. In comparison of cardiovascular
mortality between insulin group and oral hypoglycemic drug
group, the in-hospital mortality of insulin group was significantly
higher than that of oral hypoglycemic drug group. In two years, it

gradually became the same.
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In a real-world study published recently, in the diabetes
patients with CAD, PCI or CABG is associated with lower
MACEs, especially the mortality rate, compared with
medical treatment. Despite recent advances in medical
management and coronary revascularization, cardiovascular
disease still accounts for approximately 75% of all hospital
admissions and 80% of deaths among patients with
diabetes (5). Patients with DM undergoing PCI have a higher
risk of experiencing major adverse cardiovascular events
(MACEs) than non-diabetic patients (6). Elevated plasma
glucose levels are well known to be associated with increased
patient mortality. However, clinical trials of insulin for
intensive glucose control have produced inconsistent results
with respect to mortality, which was consistently attributed
to suboptimal target glucose levels or the occurrence of
hypoglycemia, as shown in the ACCORD (Action to Control
Cardiovascular Risk in Diabetes) study (3).

Recently, there has been a trend to scrutinize the
effects of oral antidiabetic drugs (OADs) and insulin
on diabetes-related complications including micro- and
macro-vascular diseases as well as cancer (7). Recently,
the safety of insulin in the treatment of type 2 DM
(T2DM) has been subject to scrutiny. Among patients
with T2DM, it has been reported that exogenous insulin
therapy is associated with an increased risk of diabetes-
related complications, cancer, and all-cause mortality.
Taking metformin monotherapy as a reference, Currie
et al. reported that the adjusted HRs of all-cause
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Table 4 Baseline characteristics of the OHA group and the insulin group after propensity score matching
Variable OHA (n=317) Insulin (n=317) P value
Baseline characteristics

Sex (male), n (%) 203 (64.0) 188 (59.3) 0.253

Age 63.81+10.20 65.11+10.89 0.123

BP
Systolic BP 121.39+17.80 124.09+22.06 0.09
Diastolic BP 72.86+11.30 72.64+13.48 0.823
Heart rate 74.20+13.16 78.28+16.83 0.105

CCS angina class, n (%)

1 54 (18.3) 56 (18.5) 0.139
2 85 (28.8) 66 (21.6)
3 83 (28.1) 87 (28.5)
4 73 (24.7) 96 (31.5)

Myocardial infarction, n (%) 99 (31.2) 131 (41.3) 0.010
STEMI 47 (14.9) 70 (22.1) 0.024
NSTEMI 52 (16.4) 61(19.2) 0.407

Stable angina pectoris, n (%) 91 (28.7) 78 (24.6) 0.281

Unstable angina pectoris, n (%) 106 (33.4) 94 (29.7) 0.347

CAD history, n (%) 17 (5.4) 13 (4.1) 0.575
Prior MI 5(1.6) 3(0.9) 0.725
Prior PTCA 13 (4.1) 12 (3.8) 0.838
Prior CABG 5(1.6) 2(0.6) 0.451
Hypertension 231 (72.9) 231 (72.9) 1.000
Hyperlipidemia 64 (20.2) 68 (21.5) 0.696
CVA 22 (6.9) 22 (6.9) 1.000

Hemorrhagic 4(1.3) 3(0.9) 1.000
Stroke 18 (5.7) 19 (6.0) 0.868
Peripheral vascular disease 13 (4.1) 23 (7.3 0.121
Chronic kidney disease 15 (4.7) 33(10.4) 0.010

Smoking history, n (%) 145 (45.7) 131 (41.3) 0.298
Current smoker 93 (29.3) 84 (26.5) 0.479
Alcohol history 85 (26.8) 98 (30.9) 0.293
Current drinker 70 (22.1) 81 (25.6) 0.351

Laboratory findings
LVEF% 52.71+£10.72 51.17+12.07 0.106
Hemoglobin 12.70+1.83 12.44+1.92 0.081
Table 4 (continued)

© Annals of Translational Medicine. All rights reserved.
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Table 4 (continued)

Variable OHA (n=317) Insulin (n=317) P value
Hematocrit 37.57+5.26 36.72+5.49 0.050
CK-MB 31.74+90.83 51.43+115.24 0.086
Troponin T 0.73+2.50 0.80+1.91 0.731
BNP 1,658.45+5,517.68 3,335.94+14,274.83 0.146
Total cholesterol 168.75+46.65 168.83+47.13 0.982
Triglyceride 166.85+1134.50 155.10+£120.81 0.347
HDL cholesterol 42.60+9.79 43.32+11.80 0.496
LDL cholesterol 105.94+37.27 104.75+39.89 0.759
High-sensitivity CRP 9.59+25.45 15.92+36.95 0.018
Plasma glucose 9.39+3.72 9.98+4.40 0.067
HbA1c 8.00+1.55 8.10+1.60 0.387
Insulin 11.26+7.04 12.97+10.18 0.373
C-peptide 3.00+2.01 2.80+2.30 0.386
Creatinine 1.09+1.21 1.31+£1.53 0.046

OHA, oral hypoglycemic agents; BP, blood pressure; CCS, Canadian Cardiovascular Society; STEMI, ST-segment Elevation Myocardial
Infarction; NSTEMI, non-ST elevation myocardial infarction; CAD, coronary artery disease; Ml, myocardial infarction; PTCA, percutaneous
transluminal coronary angioplasty; CABG, coronary artery bypass grafting; CVA, cerebrovascular accident; LVEF, left ventricular ejection
fraction; CK-MB, creatine kinase-MB; BNP, B-type natriuretic peptide; HDL, high-density lipoprotein; LDL, low-density lipoprotein; CRP,

C-reactive protein.

mortality, myocardial infarction, and MACE:s for insulin
therapy were 2.197, 1.954, and 1.736, respectively (8).
Another recently published study conducted by Roumie
et al. demonstrated that the addition of insulin was
associated with an increased risk of nonfatal cardiovascular
outcomes and all-cause mortality when compared to
sulfonylurea among patients with diabetes who were
receiving metformin (9). Also, the adjusted HR of all-cause
mortality for insulin therapy was 1.44 (P=0.001; 33.7 and
22.7 per 1000 person-years) compared with OHA. A study
of 56,536 patients with T2DM showed pioglitazone to be
associated with significantly reduced all-cause mortality (HR
0.33) compared to insulin (10). Based on an average follow-
up of 20 years, Kurl concluded that insulin resistance and
insulin, but not fasting plasma glucose, are independent risk
factors for death caused by coronary heart disease (11).

In an observational cohort study conducted by Younk and
colleagues in more than 12,000 newly treated individuals
with T2DM, the risk of all-cause mortality, cardiovascular
mortality, and non-cardiovascular mortality increased in
patients with insulin exposure (2). Another observational

© Annals of Translational Medicine. All rights reserved.

cohort study conducted by Gamble in 2010 also showed a
graded risk of all-cause mortality, cardiovascular mortality,
and non-cardiovascular mortality to be associated with
increasing levels of insulin exposure, and the adjusted HR
for high insulin exposure was 2.79 (P=0.005) (12).

Among patients undergoing PCI, Abizaid et al’s 1998
study demonstrated that patients with insulin-treated DM
had a higher risk of in-hospital mortality and a significantly
lower cardiac event-free survival rate. In the same study, in-
hospital mortality among insulin-treated patients were 2%,
which was significantly higher than the rate among OHA-
treated patients (4). A similar result was found in the BARI
trial (13). In patients undergoing coronary artery bypass
grafting, cardiac survival at 5 and 10 years was related to
insulin treatment status but not to diabetes(14). Patients
with insulin-treated DM had lower survival than both
non-DM patients and patients with non-insulin-treated
DM (P<0.0001); however, cardiac survival was comparable
between non-diabetic and diabetic patients receiving insulin
therapy.

In patients with acute myocardial infarction undergoing

Ann Transl Med 2021;9(16):1294 | https://dx.doi.org/10.21037/atm-21-1911



Annals of Translational Medicine, Vol 9, No 16 August 2021 Page 9 of 15
Table 5 Baseline angiographic findings after propensity score matching
Variable OHA (n=317) Insulin (n=317) P value
Angiographic finding
Treated vessel, n (%)
LAD 196 (61.8) 199 (62.8) 0.870
LCX 111 (35.0) 109 (34.4) 0.934
RCA 110 (34.7) 117 (36.9) 0.619
LM 14 (4.4) 10(3.2) 0.533
Ramus 3(0.9) 4(1.3) 1.000
Lesion type, n (%) 0.493
B1 18 (5.7) 16 (5.0)
B2 48 (15.1) 59 (18.6)
¢ 251 (79.2) 242 (76.3)
CTO vessel, n (%)
LAD 11 (3.5) 17 (5.4) 0.334
LCX 7(2.2) 14 (4.4) 0.182
RCA 8 (2.5) 14 (4.4) 0.278
Multi-vessel, n (%) 97 (30.6) 101 (31.9) 0.797
LM disease, n (%) 23 (7.3) 23 (7.3) 1.000
Bifurcation, n (%) 121 (38.2) 117 (36.9) 0.806
Diffuse long lesion (>3 cm), n (%) 157 (49.5) 143 (45.1) 0.301
Small vessel (<2.25 mm), n (%) 30 (9.5) 33 (10.4) 0.791
Ostial lesion, n (%) 77 (24.3) 71 (22.4) 0.639
Calcification, n (%) 63 (19.9) 81 (25.6) 0.107
Bare metal stent, n (%) 8 (2.5) 5(1.6) 0.577
Drug-eluting stent, n (%) 311 (98.1) 3,312 (98.5) 1.000
Target lesion 1.78+1.13 1.85+1.14 0.462
Target vessel 1.38+0.62 1.39+0.61 0.857
Target CTO 0.08+0.31 0.14+0.39 0.033

OHA, oral hypoglycemic agents; LAD, left anterior descending artery; LCX, left circumflx branch; RCA, right coronary artery; LM, left main;

CTO, chronic total occlusion.

Table 6 Risk factors for mortality in hospital and within 1 and 2 years

Before matching After matching
Risk factors
HR 95% CI P HR 95% Cl P
Inhospital
All-cause mortality
Insulin therapy 4.269 1.443-12.628 0.009 12.025 1.486-97.329 0.020

Table 6 (continued)

© Annals of Translational Medicine. All rights reserved.
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Table 6 (continued)
Before matching After matching
Risk factors
HR 95% Cl P HR 95% Cl P
LVEF 0.940 0.909-0.972 <0.001 0.944 0.907-0.983 0.005
HsCRP 1.012 1.004-1.020 0.003 1.014 1.005-1.022 0.003
Cardiac mortality
Insulin therapy 4.372 1.297-14.744 0.017 10.331 1.211-88.116 0.033
LVEF 0.924 0.890-0.960 <0.001 0.929 0.889-0.972 0.001
HsCRP 1.013 1.004-1.021 0.003 1.015 1.006-1.024 0.002
Within 1 year
All-cause mortality
Insulin therapy 3.148 1.459-6.788 0.003 10.109 2.255-45.320 0.003
LVEF 0.934 0.910-0.959 <0.001 0.947 0.917-0.979 0.001
HsCRP 1.007 1.000-1.014 0.041 1.009 1.002-1.017 0.017
Male 4.194 1.688-10.424 0.002 3.609 1.242-10.484 0.018
Age 1.092 1.047-1.138 <0.001 1.082 1.030-1.137 0.002
Cardiac mortality
Insulin therapy 2.726 1.059-7.019 0.038 6.486 1.332-31.590 0.021
LVEF 0.909 0.879-0.939 <0.001 0.930 0.894-0.968 <0.001
HsCRP 1.009 1.002-1.017 0.014 1.012 1.004-1.020 0.004
Male 10.118 2.757-37.136 <0.001 5.569 1.409-22.005 0.014
Age 1.095 1.041-1.152 <0.001 1.083 1.022-1.148 0.007
Within 2 years
All-cause mortality
Insulin therapy 1.907 0.937-3.880 0.075 2.988 1.221-7.310 0.016
LVEF 0.948 0.925-0.971 <0.001 0.958 0.932-0.984 0.002
HsCRP 1.009 1.003-1.016 0.006 1.010 1.003-1.017 0.004
Male 2.065 0.972-4.386 0.059 1.485 0.629-3.508 0.367
Age 1.081 1.041-1.128 <0.001 1.060 1.019-1.103 0.004
Cardiac mortality
Insulin therapy 2.474 1.050-5.824 0.038 5.271 1.453-19.131 0.011
LVEF 0.919 0.892-0.946 <0.001 0.939 0.908-0.971 <0.001
HsCRP 1.010 1.003-1.017 0.006 1.012 1.004-1.020 0.004
Male 5.806 1.951-17.279 0.002 1.485 0.629-3.508 0.367
Age 1.008 1.033-1.130 0.001 1.069 1.023-1.118 0.003
Overall
All-cause mortality
Insulin therapy 2.428 1.238-4.764 0.010 4.772 1.758-12.954 0.002
Cardiac mortality
Insulin therapy 2.344 1.081-5.082 0.031 5.375 1.258-22.963 0.023

HR, hazard ratios; LVEF, left ventricular ejection fraction; HsCRP, high sensitive C reacting protein.
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Figure 4 Two-year cumulative survival after propensity score
matching. After PSM matching, the survival rate of insulin group

was significantly lower than that of oral hypoglycemic drug group.

primary PCI, insulin-treated diabetes is a predictor of
6-month mortality. In Antoniucci et /.’ study, the mortality
rate was 26% in the insulin-treated DM group, which
was significantly higher than the rates of 7% and 4% in
the non-DM group and non-insulin-treated DM group,
respectively. Most deaths occurred during hospitalization.
The authors speculated that the excess mortality among
patients with DM who required insulin may be explained
not only by their poor baseline profiles but also by the lack
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Figure 5 Forest plot of odds ratios of mortality in the insulin
therapy group. The mortality of insulin group and oral
hypoglycemic drug group was significantly higher than that of oral
hypoglycemic drug group.

of myocardial reperfusion observed in many insulin-treated
patients, as evidenced by a low incidence of early ST-
segment resolution (15).

However, previous studies have arrived at conflicting
conclusions. For instance, in 2004, Mathew er a/. reported
that insulin treatment was not independently associated
with poor survival in diabetic patients who successfully
underwent PCI. However, in that study, patients in the
control group were treated with a diabetes diet and/or
OHAs. The glucose levels in the OHA group were not as
high as those in Insulin group (16). The groups differed in
terms of baseline characteristics; in the insulin group, there
were more females and more patients with complications, a
history coronary bypass or coronary angioplasty, a history
of myocardial infarction, or congestive heart failure, which
may have blurred the results.

Anténio er al. reported insulin treatment to be an
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independent predictor of neither 1-year mortality nor
MACE:s. Diabetic patients receiving insulin had similar
outcomes to those not receiving insulin despite having more
advanced atherosclerotic disease (17). However, baseline
characteristics were not balanced between the groups,
with the insulin group having a higher prevalence of prior
myocardial infarction and stroke or transient ischemic
attack, as well as higher glucose levels, than the non-insulin
group; such imbalance at baseline decreases the value of
study findings.

Similarly, the ORIGIN study failed to demonstrate a
significant increase in macrovascular events with the use of
insulin glargine (18). There was also no difference in the
incidence of cancer or cancer mortality between patients
treated with and without insulin. However, patients in the
insulin group had more weight gain and suffered more
hypoglycemic events.

In the BARI-2D study, the authors drew the opposite
conclusion to the BARI study, finding no significant
difference in mortality or MACEs between strategies of
insulin sensitization and insulin provision (19). However,
some patients in the insulin-sensitization group were given
insulin injection to reach the target HbAlc level.

The findings of the DIGAMI 2 study strongly support
the concept of meticulous glucose control, rather than
insulin treatment or the insulin dose, being the factor that
improves cardiac outcomes in patients with hyperglycemia.
DIGAMI-2 also found that insulin treatment was associated
with an increased risk of nonfatal cardiovascular events (OR
1.89, P=0.0002), regardless the non-significant difference in
all-cause mortality and cardiovascular events (2).

In some of the above-mentioned studies which compared
intensive treatment and standard treatment and produced
non-significant results with respect to mortality, differences
inpatient baseline characteristics may, at least in part,
explain the poor outcomes seen in insulin-treated patients
(4,15-17). Furthermore, some studies were designed to
explore the association of glucose targets with mortality
and cardiac outcomes of patients, rather than the favorable
or adverse effects of insulin on mortality (19). Thus, these
studies randomized participants according to glucose levels
but not treatment strategy, making it difficult to analyze
the effects of insulin on outcomes. For instance, in the
ACCORD trial, insulin was used to treat 68% and 58%
of participants in the intensive treatment and standard
treatment groups, respectively; in the ADVANCE trial,
these proportions were 41% and 24%, respectively.
Therefore, we cannot speculate on the effects of insulin on
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patient outcomes based on those studies.

Since the question of whether the lower target glucose
level or insulin therapy is the main mechanism responsible
for the adverse effects of intensive glucose control has not
yet been answered, we designed the present study to address
it in diabetic patients undergoing PCI. The findings of
this study were similar to those of the study conducted by
Abizaid et al. However, in Abizaid et al’s study, all patients
enrolled were treated with bare metal stents (4), whereas
in the present study, the overwhelming majority of patients
enrolled were stented with drug eluting stents. Moreover,
the baseline glucose levels differed between the two groups
in Abizaid et 4l’s study, whereas we use propensity score
matching to balance our patients’ baseline characteristics,
especially the levels of glucose and HbAlc. In the present
study. after matching, insulin-treated patients still exhibited
significantly higher all-cause mortality and cardiac mortality
than non-insulin-treated patients, suggesting that long-
term insulin treatment is associated with an elevated risk
of mortality in hospital and during follow-up in diabetic
patients undergoing PCI. Among patients who were safely
discharged, the rates of all-cause death and cardiac death
showed no difference between the OHA and insulin groups,
which suggested that the difference in mortality observed in
hospital persisted for at least 2 years after surgery.

Mechanism

The concentration of proinsulin, which is a surrogate
marker of IR and B-cell stress, has been found to be an
independent predictor of all-cause mortality in diabetic
patients (20,21). Hyperinsulinemia has been significantly
associated with cardiovascular mortality in both males
and females, independent of other risk factors (22).
Among patients with diabetes, studies have indicated that
elevated insulin levels predict adverse outcomes (4,23)
and that controlling hyperglycemia by reducing insulin
resistance, rather than by providing insulin, might improve
cardiovascular outcomes.

Some reports have shown that insulin exerts anti-
inflammatory and anti-atherogenic effects and improves
endothelial function; in contrast, other studies have
suggested that insulin therapy is associated with increased
vascular resistance, ventricular hypertrophy, and endothelial
dysfunction (17). The cardiovascular outcomes of these trials
were discordant, possibly because the benefit of glucose
reduction in patients with diabetes can be counterbalanced
by the atherogenic effect of hyperinsulinemia in patients
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treated with intensive glucose control (11).

Here, we hypothesize that short-term use of insulin in
the acute stage of acute coronary syndrome may attenuate
inflammation and oxidative stress, but long-term use of
insulin may diminish the sensitivity of tissue to insulin or
increase insulin resistance. This is why, in DIGAMI study,
low mortality was especially evident in patients who had
a low cardiovascular risk profile and no previous insulin
treatment. For patients with diabetes, the long-term use of
insulin worsens outcomes, as the favorable effects evoked
by insulin, such as anti-apoptotic and anti-inflammatory
effects, eventually fade (24). It is well known that insulin
causes more weight gain than sulphonylurea (1). Whether
or not insulin treatment attenuates the insulin sensitivity
of cells has yet to be clarified; however, long-term insulin
use can potentially aggravate insulin resistance through
its adverse effects of fluid retention and obesity. Similar
phenomena can be observed in drug resistance in other
treatments.

The authors of studies which suggested that intensive
glucose control has adverse effects have consistently
attributed these effects to hypoglycemia in insulin-treated
patients. However, a direct link between hypoglycemia and
cardiovascular complications in this population of patients
with multimorbidities has not been evidenced (25). Based
on the present study and previous research, hypoglycemia is
not the main or sole reason for the increased mortality risk
in patients receiving insulin.

Limitations

The present study has a number of limitations. First, this
study is retrospective in nature. During follow-up, neither
the levels of glucose or HbAlc, nor patients’ insulin
therapy status were recorded, nor were data on insulin
concentration available. Also, the duration of insulin
treatment, which may be a basic characteristic influencing
prognosis, was not available for analysis. Furthermore, data
on the occurrence of hypoglycemia during follow-up were
not recorded. However, the mean HbAlc in the two groups
was approximately 8%, which suggested that the occurrence
of hypoglycemia was low.

Secondly, different OHAs influence outcomes
differently. Monotherapy with the most commonly
used insulin secretagogues appears to be associated with
increased mortality and cardiovascular risk compared with
metformin (26). In the present study, we did not record the
types of OHA, so we were unable to differentiate insulin
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secretagogues and sensitizers. Since insulin secretagogues
also increase plasma insulin levels, secretagogues and
sensitizers may have different effects with regard to
improving insulin resistance and mortality, and this might
have influenced the results of the present study.

Conclusions

Insulin therapy may be inferior to OHA therapy as a long-
term treatment for diabetes. Insulin use significantly
increases the risk of in-hospital all-cause mortality and
cardiac mortality in patients undergoing PCI compared
with OHA therapy, and the risk remains significantly for at
least 2 years after surgery.
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