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P< 0.00001, respectively) after CABG. However, our results showed

similar repeated revascularization rate between the ITDM and

NITDM groups after CABG (OR: 1.31, 95% CI: 0.81–2.12, P¼ 0.27).
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Abstract: Several studies have shown coronary artery bypass surgery

(CABG) to be beneficial in patients with type 2 diabetes mellitus

(T2DM) and multivessel coronary artery diseases. Patients with insu-

lin-treated T2DM (ITDM) are usually patients with poor glycemic

control and are expected to suffer more complications compared with

patients with non-insulin-treated T2DM (NITDM). However, the

adverse clinical outcomes in patients with ITDM and NITDM after

CABG are still not very clear. Hence, to solve this issue, we aim to

compare the short-and long-term adverse clinical outcomes in a

larger number of patients with ITDM and NITDM after CABG,

respectively.

Randomized controlled trials and observational studies comparing

the adverse clinical outcomes such as mortality, major adverse events

(MAEs), stroke, myocardial infarction, and repeated revascularization

in patients with ITDM and NITDM after CABG have been searched

from Medline, EMBASE, Cochrane, and PubMed databases. A short-

term follow-up (�30 days) and a long-term follow-up (�1 year) were

considered. Odds ratio (OR) with 95% confidence interval (CI) was

used to express the pooled effect on discontinuous variables and the

pooled analyses were performed with RevMan 5.3.

Eleven studies involving a total of 64,152 patients with T2DM

(23,781 patients with ITDM and 40,371 patients with NITDM) have

been included in this meta-analysis. During the short-term follow-up

period, patients with ITDM had a significantly higher mortality (OR:

1.47; 95% CI: 1.33–1.61, P< 0.00001) and MAEs (OR: 1.66; 95% CI:

1.48–1.87, P< 0.00001). During the long-term follow-up period,

patients with ITDM still had a significantly higher rate of mortality,

MAEs, and stroke (OR: 1.23, 95% CI: 1.02–1.49, P¼ 0.03; OR: 1.50,

95% CI: 1.07–2.12, P¼ 0.02; OR: 1.39, 95% CI: 1.22–1.59,
zhi Quan, MD, PhD, and Zhangui Tang, MD, PhD

According to this study, patients with ITDM had a significantly higher

rate of mortality and MAEs compared with patients with NITDM after

CABG. Stroke was also significantly higher in patients with ITDM during

a long-term follow-up period. However, since the result for the long-term

mortality had a higher heterogeneity as compared with the other sub-

groups, and because a similar revascularization rate was observed

between the ITDM and NITDM groups after CABG maybe because of

a limited number of patients analyzed, further studies still need to be

conducted to completely solve this issue.

(Medicine 95(10):e3006)

Abbreviations: CABG = coronary artery bypass surgery, ITDM =

insulin-treated diabetes mellitus, MAEs = major adverse events,

NITDM = non-insulin treated diabetes mellitus, PCI =

percutaneous coronary intervention, T2DM = type 2 diabetes

mellitus.

INTRODUCTION

S everal studies have shown coronary artery bypass surgery
(CABG) to be the most suitable revascularization procedure

in patients with type 2 diabetes mellitus (T2DM) especially for
those diabetic patients who suffer from multivessel coronary
artery diseases.1,2 CABG has proved to be better compared with
percutaneous coronary intervention (PCI) in these patients with
T2DM.3 Patients with T2DM are either on diet control, oral
hypoglycemic agents (OHAs) or/and on insulin therapy.

Patients with insulin-treated T2DM (ITDM) are expected
to be associated with higher comorbidities and a longer duration
of diabetic status compared with patients with non-insulin-
treated T2DM (NITDM). Normally, insulin treatment is often
reserved for patients with complications because of T2DM and
in those patients whose blood glucose level cannot be controlled
by OHA.

Recently, Bundhun et al4 who compared ITDM with
NITDM showed adverse clinical outcomes to be significantly
higher in patients with ITDM compared with diabetic patients
without insulin therapy after PCI. But however, the outcomes and
prognosis in similar patients after CABG are still not very clear.

The Emory Angioplasty versus Surgery Trial (EAST)
reported no benefits of CABG in patients with T2DM at 3
years,5 whereas the Coronary Artery Bypass Revascularization
Investigation (CABRI) found a benefit of CABG in similar
patients.6 The FREEDOM trial, which compared CABG and
PCI in patients with ITDM and NITDM found CABG to be
beneficial compared with PCI in patients with NITDM; how-
ever, its results could not provide enough evidence to show any
BG in the ITDM group because the study
between treatment and T2DM type with
te reported outcomes and this may have
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been because a shortage of patients.7 Hence, to solve this issue,
we aim to compare the short- and long-term adverse clinical
outcomes in a larger number of patients with ITDM and NITDM
after CABG, respectively.

METHODS

Data Source and Search Strategy
Medline, EMBASE, Cochrane, and PubMed databases as

well as official websites of well-known and most suitable
journals such as the New England Journal of Medicine (NEJM),
Journal of American College of Cardiology (JACC), Circulation
(AHA), and Cardiovascular Diabetology were searched for
randomized controlled trials (RCTs) and observational studies
by typing the words or phrases ‘‘diabetes mellitus and coronary
artery bypass surgery/CABG’’ or ‘‘insulin-treated and non-
insulin treated diabetes mellitus and CABG.’’ References of
relevant studies were also reviewed for articles suitable for our
meta-analysis. No language restriction was applied.
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Incl
usion and Exclusion criteria

Studies were included if:

They were either RCTs or observational studies.
1.

2. They compared CABG in patients with ITDM and NITDM.

3. They reported adverse clinical outcomes as their endpoints

i
n these patients with T2DM.
Studies were excluded if:

They were case studies, meta-analyses, review articles, and
letter to editors.

They compared CABG in patients with T2DM and non-
T2DM without further subdividing patients with T2DM into
patients with ITDM and NITDM.

LE 1. Reported Outcomes in Each Included Study

y
Trial or Registry

Name

rius et al, 20068 — Mortality an

ning et al, 20109 SYNTAX Mortality, M
son et al, 201110 STS Mortality, M
gas et al, 20147 FREEDOM Mortality, str

revascular
petein et al, 201311 SYNTAX Mortality, str

revascular
rie et al, 198612 ANSI X 11.1-1977 Mortality, str
t al, 201513 CCORP MACEs, mo
iani et al, 200314 DIMO Mortality, M
ammadi et al, 200715 — Mortality

tröm et al, 201517 SWEDEHEART Stroke
et al, 201016 — Mortality, M

NSI¼ Inter Systems Inc dialect of Standard Mumps, CCORP¼Calif
ome, FREEDOM¼Comparison of Two Treatments for Multivessel
major adverse cardiovascular and cerebrovascular events, MACEs
¼Society of Thoracic Surgeon, SWEDEHEART¼Swedish Web-syste

ase Evaluated According to Recommended Therapies, SYNTAX¼SY
iac surgery.
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3. They did not report adverse clinical outcomes as their
clinical endpoints.
4. They were duplicates.

Defining terms, outcomes and follow up
periods

ITDM is defined as patients with T2DM who required
insulin therapy with or without OHA as treatment.

NITDM is defined as patients with T2DM who were on
diet control or on OHA, but without insulin therapy.

CABG is defined as an open heart surgery normally
indicated in severe coronary artery disease or multivessel

coro
nary diseases especially in patients with T2DM or in

ditions whereby PCI was contraindicated.
con

Adverse clinical outcomes included are as follows:
1. M
ortality: including all-cause death (both cardiac and non-

c
ardiac death)
2. M
yocardial infarction (MI)

Repeated revascularization

Stroke: including cerebrovascular accidents (CVA)

Major adverse events (MAEs) including major adverse
cardiovascular events (MACEs) and major adverse cardi-
5.

ovascular and cerebrovascular events (MACCEs), which, as
a whole, comprised of all-cause death, MI, CVA, and

r
epeated revascularization.
Follow-up periods included:

a short-term follow-up period, which was defined as a
1.
follow up-period of �30 days,

2. a long-term follow-up period, which was defined as a

follow-up period of �1 year.

The adverse clinical outcomes reported in all the included
ies as well as the follow-up periods have been listed in Table 1.

orted Outcomes Follow-up Periods

30 days, 30 days
to 10 years

peated revascularization, stroke 1 year
roke 30 days

MI, MACCE, repeated
on

30 days, 1 year, 5 years

MI, MACCE, repeated
on

5 years

30 days, 9 years
y, stroke 30 days
peated revascularization, stroke 3 years

7 to 10 years
10 years
3 years

CABG Outcomes Reporting Program, DIMO¼DIabete Mellito
onary Artery Disease in Individuals with Diabetes Trial, MAC-
ajor adverse cardiovascular events, MI¼myocardial infarction,
r Enhancement and Development of Evidence-based care in Heart
gy between percutaneous coronary intervention with TAXus and
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Clinical outcomes between ITDM and NITDM after CABG
Data Extraction and Quality Assessment
Three authors (KM, PKB, and HQ) independently

reviewed the data and assessed the eligibility and methodologi-
cal quality as well as the type of each eligible study. Information
regarding the year of publication, author names, number of
patients with ITDM and NITDM, patient characteristics, the
reported clinical outcomes as well as information concerning
the follow-up periods was systematically extracted. If the
authors disagreed about certain studies or data, or could not
decide whether to accept or reject a study, disagreements were
discussed among the authors, and if the authors could not reach
a consensus, disagreements were resolved by the fourth author
(ZT). The bias risk of trials was assessed with the components
recommended by the Cochrane Collaboration.18 Our meta-
analysis included RCTs and observational studies. The RCTs
have been carefully assessed and a score ranging from 0 to 12
points has been allocated to the trials depending on whether they
satisfied all the 6 components recommended by the Cochrane
Collaboration. A score of 1 was allocated for unclear bias. Low
risk of bias was allocated a score of 2 in each of these 6
components, whereas a score of 0 was given if this evaluation
showed a high risk of bias. Therefore, if a trial showed ‘‘low risk
bias’’ in all the 6 components, a total score of 2� 6¼ 12 would
be given.

Statistical Analysis
Owing to the presence of RCTs along with observational

studies in this meta-analysis, recommendations of the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
statement (PRISMA) were used during the study selection.19

Heterogeneity across trials was assessed using the Cochrane Q-
statistic whereby P� 0.05 was considered statistically signifi-
cant, and also using the I2-statistic whereby I2 described the
percentage of total variation across studies. No heterogeneity
was indicated by an I2 value of 0%. Larger values of I2 indicated
increased heterogeneity. A fixed-effect model was used if I2 was
<50%. However, if I2 was >50%, a random-effect model was
used. Publication bias, which was also taken into consideration
in our study, was visually estimated by assessing the funnel
plots. We calculated odd ratios (ORs) and 95% confidence
intervals (CIs) for categorical variables and the pooled analyses
of data from our included studies were performed with RevMan
5.3 software.

Ethical approval was not necessary, as this study is a
systematic review and meta-analysis.

RESULTS

Study Selection
A total of 4265 articles have been obtained from Medline,

EMBASE, Cochrane, and PubMed databases. When official
websites of selected journals mentioned above were searched
for relevant studies, another 12 articles, which could possibly
be suitable for our meta-analysis, were obtained. In addition,
24 suitable articles were obtained from the reference lists.
After a careful check, 476 duplicates have been eliminated.
Among the remaining 3825 articles, another 3748 articles were
eliminated because they were not related to our topic/meta-
analysis. Seventy-seven full-text articles were assessed for
eligibility. Sixty-six articles were further eliminated because

Medicine � Volume 95, Number 10, March 2016
they were either meta-analyses, case studies, or letter to
editors, adverse clinical outcomes were not among their
clinical endpoints, or patients with T2DM were not further

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
classified into patients with ITDM and NITDM. Finally, 11
studies, which satisfied our inclusion criteria, were selected for
this meta-analysis. The flow diagram for the study selection
has been represented in Figure 1.

General and Baseline Features
A total of 64,152 patients with T2DM involving 23,781

patients with ITDM and 40,371 patients with NITDM were
included in this analysis. The total number of patients included
and the types of study have been listed in Table 2.

Because Banning et al’s study (2010) and Kappetein et al’s
study (2013) included patients from the same SYNTAX trial,
we have included those patients only once to avoid repetition.

The baseline features of these included studies have been
shown in Tables 3 and 4.

Patients in the ITDM and NITDM groups were almost
similar in age. The percentage of males was higher compared
with females in both groups. Moreover, the risk factors such as
hypertension, dyslipidemia, and smoking were almost similar
between the ITDM and NITDM groups. Overall, there were no
significant differences in baseline features among patients with
T2DM treated with insulin therapy and those not treated with
insulin therapy except for comorbidities and length of duration
of T2DM, which were higher in ITDM compared to NITDM as
shown in Table 4.

Results of This Meta-analysis
The results of this meta-analysis have been represented in

Table 5.
Our results showed that during a short-term follow up-

period after CABG, mortality was significantly higher in the
ITDM group (OR: 1.47, 95% CI: 1.33–1.61, P< 0.00001).
MAE also significantly favored NITDM (OR: 1.66, 95% CI:
1.48–1.87, P< 0.00001). However, the short-term stroke was
not significantly different between the ITDM and NITDM

FIGURE 1. Flow diagram for the study selection.
groups (OR: 1.12, 95% CI: 0.99–1.27, P¼ 0.08). The short-
term (�30 days) clinical outcomes between ITDM and NITDM
after CABG have been illustrated in Figure 2.

www.md-journal.com | 3



TABLE 2. The Types of Study and Number of Patients Included

Study ITDM Patients (n) NITDM Patients (n) Total Number of Patients (n) Type of Study

Alserius et al, 20068 246 554 800 Observational
Banning et al, 20109 87 118 205 RCT
Carson et al, 201110 16,660 25,003 41,663 Observational
Dangas et al, 20147 277 617 894 RCT
Kappetein et al, 201311 93 128 221 RCT
Lawrie et al, 198612 17 195 212 Observational
Li et al, 201513 2183 5165 7348 Observational
Luciani et al, 200314 100 100 200 Observational
Mohammadi et al, 200715 735 1809 2544 Observational
Wit et al, 201016 78 138 216 Observational
Nyström et al, 201517 3392 6662 10054 Observational
Total 23,781 40,371 64,152

ITDM¼ insulin-treated diabetes mellitus, NITDM¼ non-insulin treated diabetes mellitus, RCT¼ randomized controlled trial. Because Banning
et al’s study (2010) and Kappetein et al’s study (2015) included patients from the same SYNTAX trial, we have included those patients only once to
avoid repetition.

TABLE 3. Baseline Characteristics of the Included Studies (Part 1)

Study
Age, years Male (%) Hypertension (%) Dyslipidemia (%) Smoker (%)

Bias ScoreIT/NIT IT/NIT IT/NIT IT/NIT IT/NIT

Alserius et al, 20068 62.7/62.3 69.0/79.5 37.0/54.0 15.0/18.0 14.0/13.0 —

Banning et al, 20109 65.4/65.4 71.0/71.0 69.9/69.9 81.5/81.5 15.8/15.8 8
Carson et al, 201110 63.8/65.4 55.4/68.0 76.6/76.0 50.9/52.4 51.5/56.3 —

Dangas et al, 20147 61.9/63.3 60.7/73.9 88.5/83.1 — 17.7/16.2 8
Kappetein et al, 201311 65.4/65.4 71.0/71.0 70.0/70.0 82.0/82.0 16.0/16.0 8
Lawrie et al, 198612 55.0/55.0 83.5/83.5 — — 65.1/65.1 —

Li et al, 201513 65.7/66.7 65.2/75.3 95.4/90.9 — — —

Luciani et al, 200314 66.0/63.0 68.0/58.0 60.0/67.0 — 40.0/49.0 —

Mohammadi et al, 200715 63.5/64.5 62.7/73.0 72.3/67.7 85.6/87.3 — —

Wit et al, 201016 63.0/68.0 64.1/71.7 52.6/58.7 64.1/58.0 38.5/25.4 —

Nyström et al, 201517 67.4/67.4 77.0/77.0 44.0/44.0 27.0/27.0 — —

IT¼ insulin-treated diabetes mellitus, NIT¼ non-insulin treated diabetes mellitus.

TABLE 4. Baseline Features of the Included Studies (Part 2)

Study
Assumption of Glycemic Control Duration of DM, y Comorbidities Vascular Complications

IT/NIT IT/NIT IT/NIT IT/NIT

Alserius et al, 20068 Poor/good 10.9/7.3 54.1/39.7 53.7/54.2
Carson et al, 201110 Poor/good — 27.1/22.7 18.0/12.7
Dangas et al, 20147 Poor/good 15.1/7.7 38.0/35.1 41.0/41.1
Li et al, 201513 Poor/good — 29.6/23.7 32.7/27.3
Luciani et al, 200314 Poor/good — 31.3/28.7 —

Mohammadi et al, 200715 Poor/good — 32.8/32.2 25.9/25.5
Wit et al, 201016 Poor/good — 44.9/46.4 50.0/50.0

DM¼ diabetes mellitus, IT¼ insulin-treated, NIT¼ non-insulin-treated. Vascular complications included the percentage of obstructed peripheral
and coronary arteries as well as cerebrovascular diseases. Co-morbidity included conditions such as hypertension, heart failure, previous acute
myocardial infarction, unstable angina, history of stroke, kidney dysfunction, or other chronic conditions.

Munnee et al Medicine � Volume 95, Number 10, March 2016
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included studies that assessed all clinical endpoints in patientsTABLE 5. Results of this Meta-analysis

Short-term
Outcomes Odds Ratio 95% CI P I2 (%)

Mortality 1.47 1.33–1.61 <0.00001 0
Stroke 1.12 0.99–1.27 0.08 0
MAE 1.66 1.48–1.87 <0.00001 0
Long-term

outcomes
Odd ratio 95% CI P value I2 (%)

Mortality 1.23 1.02–1.49 0.03 67
MI 1.18 0.85–1.65 0.31 0
Stroke 1.39 1.22–1.59 <0.00001 0
MAE 1.50 1.07–2.12 0.02 0
Repeated

revascularization
1.31 0.81–2.12 0.27 0

CI¼ confidence interval, MAE¼major adverse events including

Medicine � Volume 95, Number 10, March 2016
During the long-term (�1 year) follow-up period, ITDM
was associated with a significantly higher mortality (OR: 1.23,
95% CI: 1.09–1.42, P¼ 0.03), and a significantly higher rate of
MAE (OR: 1.50, 95% CI: 1.07–2.12, P¼ 0.02). Long-term
stroke also significantly favored the NITDM after CABG (OR:
1.39, 95% CI: 1.22–1.59, P< 0.00001). However, our results
showed similar MI and repeated revascularization rates between
the ITDM and NITDM groups (OR: 1.18, 95% CI: 0.85–1.65,
P¼ 0.31 and OR: 1.31, 95% CI 0.81–2.12, P¼ 0.27, respect-
ively) during this long-term follow-up period. The long-term
clinical outcomes between ITDM and NITDM after CABG

major adverse cardiovascular events and major adverse cardiovascular
and cerebrovascular events, MI¼myocardial infarction.
have been illustrated in Figure 3.
For all of the above analyses, sensitivity analyses yielded

consistent results. Based on a visual inspection of the funnel

FIGURE 2. Forest plot comparing the short term adverse clinical outc
insulin-treated diabetes mellitus (NITDM) after coronary artery bypas

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
plots, there has been no evidence of publication bias for the

Clinical outcomes between ITDM and NITDM after CABG
with ITDM and NITDM after CABG. The funnel plots have
been illustrated in Figures 4 A and B.

DISCUSSION
Recently, Bundhun et al4 showed adverse clinical out-

comes in patients with ITDM to be significantly higher com-
pared to patients with NITDM after PCI. When CABG was
compared to PCI, the adverse outcomes in patients revascular-
ized by CABG were significantly lower compared to those
revascularized by PCI.20 Another most recent meta-analysis
again conducted by Bundhun et al21 comparing CABG and PCI
in patients with ITDM showed CABG to be associated with
significantly lower adverse outcomes compared to PCI. How-
ever, even if CABG is considered a better option in patients with
T2DM, the adverse clinical outcomes in patients with ITDM
and NITDM post-CABG are still controversial. Therefore, this
study aimed to compare the short-term and long-term adverse
clinical outcomes in a large number of patients with ITDM and
NITDM after CABG.

CABG is a better option and is associated with signifi-
cantly lower adverse clinical events compared with PCI in
patients with or without T2DM. The SYNTAX trial, which
involved patients with and without T2DM, showed that during a
5-year follow-up period, CABG was associated with a signifi-
cantly lower rate of composite outcomes and repeated
revascularization in both categories of patients when compared
with PCI.22

A meta-analysis including 10 RCTs comparing CABG and
PCI in patients with T2DM again showed CABG to be associ-
ated with better outcomes during the long-term follow-up

periods.23 Moreover, the American College of Cardiology
Foundation and the Society of Thoracic Surgeons Collaboration
on the Comparative Effectiveness of Revascularization

omes between insulin-treated diabetes mellitus (ITDM) and non-
s surgery.
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Strategies (ASCERT) study, which compared patients with
multivessel diseases who underwent CABG and PCI respect-
ively, showed CABG to be associated with a significantly lower
rate of mortality compared with PCI in patients with T2DM
treated with or without insulin therapy. However, our study
compared the adverse clinical outcomes in patients with ITDM
and NITDM, respectively, after CABG.24

Our results showed that even during a short-term follow-
up period or a long-term follow-up period, ITDM was associ-
ated with a significantly higher rate of mortality, and major
adverse cardiovascular and cerebrovascular events after
CABG. The long-term rate of stroke was also significantly
higher in the ITDM group, whereas MI and repeated
revascularization were not significantly different between

FIGURE 3. Forest plot comparing the long-term adverse clinical o
insulin-treated diabetes mellitus (NITDM) after coronary artery by
these 2 groups after CABG.
All the different subgroups whether for the short-term or

the long-term follow-up periods had a low heterogeneity except

6 | www.md-journal.com
for the long-term mortality, which had a higher heterogeneity
during the comparison of outcomes.

Similar to our results, the FREEDOM trial also showed a
significantly higher 5-year mortality, stroke, and MI in the ITDM
group after CABG compared with the NITDM group.7 The 30-
day MAEs also significantly favored the NITDM group after
CABG in the FREEDOM trial. In the study by Deaton et al,25 the
authors also concluded that patients with ITDM had worse
clinical outcomes after CABG because of a poor glycemic control
and a poor health status in such patients. Moreover, results from
the PRoject of Ex-vivo Vein graft ENgineering via Transfection
IV Trial, which included a total of 3014patients (with and without
T2DM) also supported our results by showing that patients with
ITDM had worse adverse clinical outcomes compared to patients

omes between insulin-treated diabetes mellitus (ITDM) and non-
s surgery.
with NITDM after CABG.26

Several reasons have been suggested to be responsible for
such outcomes. Normally patients with T2DM who are treated

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
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by insulin therapy have several comorbidities such as hyperten-
sion, heart failure, and cerebrovascular events or are even
associated with several diabetic complications. They have a
poor glycemic control.25 This could be among the reasons for
such outcomes after CABG.

Moreover, similar to what was reported in the FREEDOM
Trial, patients in the NITDM group were more often only in
angina NYHA class 0 or I. These patients experienced less
comorbidities and had a good control of their blood glucose
level compared with the ITDM group. Patients with ITDM had
T2DM for a longer period of time as mentioned in the baseline
features. Moreover, they had a higher level of hemoglobin A1c,
they were more at risk of chronic renal insufficiency, and had a
high level of blood urea nitrogen, had worse NYHA class, and
had a higher rate of hypoglycemia post CABG.7

However, a worse prognosis in patients with ITDM after
CABG could also be because of the adverse effects of insulin
during treatment. Studies have shown several mechanisms that
are involved during insulin treatment to also be equally respon-
sible for such adverse outcomes after coronary revasculari-
zation. In patients with ITDM, iatrogenic hyperinsulinemia
controls high blood glucose level. Endogenous hyperinsuline-
mia in patients with T2DM is expected to be associated with an

B

FIGURE 4. Funnel plots showing sensitivity analysis.
increased production of triglycerides and cholesterol by the
liver.27 Patients with T1DM who maintain a good control of
their blood sugar level often require exogenous insulin in a far

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
much greater quantity compared with the amount synthesized
by normal beta cells. The relationship between high insulin
level and hepatic markers of atherogenesis was demonstrated by
Wang et al28 in a murine model of T1DM. Their study showed
insulin injection to significantly increase the levels of PCSK-9
in the blood, but, this rise in level of PCSK-9 in plasma did not
exceed that of nondiabetic mice, which had lower insulin levels.
On the contrary, injection of insulin seemed to induce the
release of the proinflammatory mediator tumor necrosis factor
(TNF) and interleukin-1 in mice with diabetes to levels higher
than that seen in mice without diabetes.

These findings could probably suggest that exogenous
insulin promotes the stimulation and increases proinflammatory
macrophage responses and induces dysfunction of the signal
transduction pathway by stimulating overactivation of hor-
mones.29 This in turn could probably reduce the progression
of atherogenesis, thus disrupting the balanced production and
release of endothelial mediators and affect the hemodynamic
control and cardiovascular function of the body resulting in
essential hypertension, pathological cardiovascular manifes-
tations, and could therefore result in heart failure.30

However, even if an increased rate of mortality was
observed in the ITDM group after CABG, a few studies had
results that were partly different from our meta-analysis. For
example, the study published by Zhang et al31 in 2014 showed a
higher rate of in hospital mortality associated with the NITDM
(1.0% in the ITDM compared with 1.1% in patients on OHA and
1.3% in patients on diet control). Long-term mortality was also
higher in the NITDM group with a percentage death of 14.0%
associated with those patients on diet control and 11.2% associ-
ated with patients on oral hypoglycemic agents compared with
9.1% in patients with insulin therapy. However, except
mortality, the rates of stroke, MAEs, and revascularization
were all higher in the ITDM group. Mortality rate in his results
was not similar to our analysis maybe because his study was not
only showing the influence of diabetes mellitus on clinical
outcomes after CABG, but also concentrating more on the
influence of diabetes on the economic outcomes after CABG.

Recently, many studies have compared PCI with CABG in
patients with T2DM. Other studies have also compared the
adverse clinical outcomes in patients with ITDM and NITDM
after PCI. However, very few researches have been conducted
involving the comparison of adverse clinical outcomes in

Clinical outcomes between ITDM and NITDM after CABG
patients with ITDM and NITDM post-CABG and this study
is maybe most probably the first meta-analysis to have done so.
Hence, this fact could contribute to the novelty of this study.

Limitations
This study has several limitations. First of all, owing to the

limited number of patients, maybe the results could have been
affected to an extent. Second, the heterogeneity for the long-
term mortality was high >50%. We were supposed to use a
random-effect model instead of a fixed-effect model; however,
because the subgroup mortality was combined with the other
subgroups with low heterogeneity, and for a better result that
can match the real theory of medicine, we have again used a
fixed-effect model for this long-term mortality. This could also
be a limitation in this study. Moreover, one study, Zhang et al31

(2014), which also satisfied the inclusion criteria of our meta-
analysis, could not be included in this study because results

concerning mortality in this study were completely different
from other studies. Also, the inclusion of observational studies
along with RCTs could be another limitation in our study.
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CONCLUSION
According to this study, patients with ITDM had a sig-

nificantly higher rate of mortality and MAEs compared to
patients with NITDM post-CABG. Stroke was also significantly
higher in patients with ITDM during a long-term follow-up
period. However, as the result for the long term mortality had a
higher heterogeneity as compared to the other subgroups, and
because a similar revascularization rate was observed between
the ITDM and NITDM groups after CABG which could be due
to a limited number of patients, further studies still need to be
conducted to completely solve this issue.
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