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Abstract Diabetes mellitus (DM) is an important risk

factor for accelerated atherosclerosis and increases

cardiovascular disease. Several studies found a higher

mortality rate in postoperative diabetic patients than in non-

diabetic patients. However, other studies found conflicting

evidence on bypass graft dysfunction in patients with dia-

betes mellitus. We therefore investigated the influence of

diabetes mellitus on the long-term outcome after coronary

artery bypass surgery (CABG). In this prospective study,

936 consecutive CABG patients were included. These

patients were divided into three groups: patients without

diabetes mellitus, patients with diabetes mellitus using oral

drugs (non-insulin-treated DM) and patients with diabetes

mellitus using insulin (insulin-treated DM). The three

groups were compared for mortality and (angiographic)

bypass graft dysfunction. Of the 936 included patients, 720

(76.8%) patients were non-diabetics, 138 (14.7%) were

non-insulin-treated DM, and 78 (8.3%) patients were

insulin-treated DM. Follow-up was achieved in all patients,

at a mean of 33 months. Mortality was significantly higher

in patients with insulin-treated DM, compared with non-

insulin-treated DM or non-diabetic patients (P = 0.003).

Fourteen (1.5%) patients suffered a myocardial infarction

after CABG. A coronary angiography was performed in 77

(8.2%) patients during follow-up, proven bypass graft

dysfunction was found in 41 (53.2%) patients. There was

no significant difference in bypass graft dysfunction

between the three groups. Diabetes mellitus has a signifi-

cant impact on long-term follow-up after coronary surgery.

Particularly insulin dependency is related to an increased

mortality. However, diabetes has no influence on angio-

graphically proven bypass graft dysfunction.
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Introduction

Diabetes mellitus is an important risk factor that contrib-

utes to accelerated atherosclerosis. Different theories about

the pathophysiology exist. Probably the coronary artery

endothelial cells become inflamed that accelerate the ath-

erosclerotic process [1]. This continuous process is

responsible for the development of coronary artery disease

(CAD) and may be the pivotal mechanism in the devel-

opment of the extensive multi-vessel atherosclerosis seen

in diabetic patients, who subsequently need to have cardiac

bypass surgery.

Accelerated atherosclerosis is not limited to the coro-

nary arteries, other vessels are also affected. These vessels,

such as the internal mammary artery and saphenous veins,

are used in CABG to bypass the coronary stenoses. If

accelerated atherosclerosis results in bypass graft dys-

function, it may influence long-term mortality.

Several studies found a higher mortality in patients with

DM undergoing CABG [2–5]. Additionally, others also

found a higher incidence of bypass graft dysfunction in

diabetic patients [6, 8].

However, the results differed between non-insulin-

dependent diabetes mellitus (non-insulin-treated DM) and

insulin-dependent diabetes mellitus (insulin-treated DM).
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One study found more bypass graft dysfunction only in

patients with insulin-treated DM [6, 7], while the other

study found this both in non-insulin-treated DM and in

insulin-treated DM [8].

Therefore, we aimed to investigate whether diabetes has

a negative impact on bypass graft dysfunction and mor-

tality in a series of consecutive patients undergoing coro-

nary artery bypass graft surgery.

Methods

We prospectively included 936 consecutive patients who

underwent an isolated CABG from December 2001 until

November 2006. This group encompasses all patients, both

stable outpatients as well as unstable clinical patients. All

patients were referred from the Medical Centre Alkmaar to

the department of thorax surgery at the VU Medical

Centre.

The patients were divided into three groups: patients

without diabetes mellitus, patients with non-insulin-treated

DM using only oral hyperglycemic drugs, and patients with

insulin-treated DM using insulin with or without oral

hyperglycemia.

The primary endpoint of this study is the occurrence of

death. The secondary endpoints were myocardial infarc-

tion, re-CABG, PCI, and angiographically proven bypass

graft dysfunction. Repeat angiography was performed on

clinical indications at the discretion of the treating physi-

cian. Angiographically proven bypass graft dysfunction is

defined as the occurrence of a [50% stenosis in a bypass

graft.

End-points were obtained from the hospital charts or by

telephone contact with the family doctor.

Permission for this study has been given by the Medical

Ethics Commission.

Statistical analysis was performed using SPSS version

14.0. For comparing the description of study population,

Chi-square tests and ANOVA tests were used. A P-value of

0.05 is considered statistically significant. Cox-regression

was used for multivariate analysis. The Kaplan–Meier

curves were used to show mortality and bypass graft dys-

function in relation to time.

Results

Between December 2001 and November 2006, 936 con-

secutive patients were referred from our center to the VU

medical center for isolated CABG. A majority of them

were men (76%) with a mean age of 67 (SD ± 10) years.

Previous CABG was reported in 5%, percutaneous coro-

nary intervention (PCI) in 20 and 63% experienced a

previous myocardial infarction. Multi-vessel coronary

disease was found in 94%, while 7% had a poor left ven-

tricle function.

Diabetes mellitus was found in 23% in this study pop-

ulation (Table 1). Of these diabetic patients, 138 (15%)

used oral medication and 78 patients used insulin (8%).

Nineteen percent of the diabetic patients had microvascular

complications such as retinopathy, neuropathy, and

amputations. Nine percent of diabetic patients had at least a

1.5 times increase in serum creatinine level.

Follow-up was achieved in all patients, at an average of

33 months (SD ± 20). Table 2 shows the outcome of the

primary and secondary endpoints. The long-term mortality

rate in these real-world consecutive bypass graft surgery

patients is 7.5%. During this follow-up period, the inci-

dence of the secondary endpoints were: 1% myocardial

infarction, 0% re-CABG, and 4% PCI.

Mortality

The 30-day mortality was 0.9% (8 patients). All patients

left the operating room alive. One patient died within 24 h

postoperatively, five patients died before discharge, and

two additional patients died within 30 days. Of these, four

had a cardiac-related death of whom two suddenly died.

Two patients died neurologically and one after femur

fracture. The eighth patient died of an unknown cause.

The average 3-year (4 month–5 years) mortality was

7.5% (70 patients). Twenty-three patients had a cardiac

course of death, 46 cases had a non-cardiac death, while in

one case the course of death was unknown. Non-cardiac

death was predominantly driven by oncology-related death

(23%) and CVA (23%). Cardiac death was primarily driven

by sudden death (40%) and heart failure (24%).

The 3-years mortality rates among the three patient

subgroups is significantly higher in the insulin-treated dia-

betic patients than in non-insulin-treated diabetic and non-

diabetic patients (17% vs. 9% vs. 6%; P = 0.003) (Fig. 1).

In multivariate analysis, age, poor left ventricle func-

tion, and diabetes were found predictors for late mortality

after coronary artery bypass surgery (Table 3). Using these

data, a power calculation indicates that 900 patients would

be needed to ascertain that this difference in mortality

between diabetic and non-diabetic patients reaches

significance.

Myocardial infarction

Fourteen (1.5%) patients suffered a myocardial infarction

postoperatively. Of these patients, two patients had insulin-

treated DM, two patients had non-insulin-treated DM, and

10 patients had no DM. There is no significant difference

between the three groups.
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PCI

On long-term follow-up, 36 patients underwent a PCI

postoperative. In 11 cases, the PCI was performed in the

native coronary system. On angiography, 25 patients had

bypass graft dysfunction, for which an intervention was

deemed necessary; 24 patients received a PCI in the dis-

eased bypass graft and 1 patient received a PCI in the

Table 1 Baseline characteristics

Baselines Total N = 936

(100%)

No diabetes N = 720

(76.8%)

Non-insulin-treated DM

N = 138 (14.7%)

Insulin-treated DM

N = 78 (8.3%)

P-value

Age 67 ±10 67 ±10 68 ±8 63 ±15 0.005

Male 713 76.2% 564 78.3% 99 71.7% 50 64.1% 0.008

History

CABG 44 4.7% 35 4.9% 1 0.7% 8 10.3% 0.006

MI 368 62.9% 232 32.2% 47 34.1% 29 37.2% 0.640

PCI 189 20.2% 142 19.4% 26 18.8% 21 26.9% 0.294

Risk factors

Hyperlipidemia 562 60.0% 432 60.0% 80 58.0% 50 64.1% 0.676

Hypertension 500 53.4% 378 52.5% 81 58.7% 41 52.6% 0.404

Family history 450 48.1% 352 48.9% 69 50.0% 29 37.2% 0.128

Current smoker 289 30.9% 224 31.1% 35 25.4% 30 38.5% 0.130

Extent of coronary artery disease

1-vessel 59 6.3% 45 6.3% 7 5.1% 7 9.0% 0.522

Multi-vessel 877 93.7% 675 93.8% 131 94.9% 71 91.0%

Left ventricle function

LVEF [ 40% 692 73.9% 547 76.0% 94 68.1% 51 65.4% 0.004

LVEF 30–40% 183 19.6% 138 19.1% 27 19.6% 18 23.1%

LVEF \ 30% 61 6.5% 35 4.9% 17 12.3% 9 11.5%

Number of anastomoses

19 33 3.5% 23 3.2% 5 3.6% 5 6.4% 0.342

29 80 8.5% 62 8.6% 10 7.2% 8 10.3% 0.743

39 229 24.5% 187 26.0% 25 18.1% 17 21.8% 0.123

49 333 35.6% 250 34.7% 53 38.5% 30 38.5% 0.608

59 208 22.2% 165 22.9% 33 23.9% 10 12.8% 0.110

69 or more 53 5.7% 33 4.6% 12 8.7% 8 10.2% 0.030

LIMA/(F)RIMA used

LIMAa 875 93.5% 676 93.9% 129 93.5% 70 89.7% 0.371

(F)RIMAb 92 9.8% 72 10.0% 11 8.0% 9 11.5% 0.664

a Left internal mammary artery
b Right internal mammary artery

Table 2 Three years follow-up after CABG

Total N = 936 No diabetes N = 720 Non-insulin-treated DM N = 138 Insulin-treated DM N = 78 P-value

Mortality 70 7.5% 45 6.3% 12 8.7% 13 16.7% 0.003

Myocardial infarction 14 1.5% 10 1.4% 2 1.4% 2 2.6% 0.72

CABG 1 0.1% 1 0.1% 0 0.0% 0 0.0% 0.86

PCI 36 3.8% 28 3.9% 8 5.8% 0 0.0% 0.10

CAG

Bypass graft dysfunction 41 4.4% 28 3.9% 8 5.8% 5 6.4% 0.40

No bypass graft dysfunction 36 3.8% 26 3.6% 4 2.9% 6 7.7% 0.17
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native system. No significant difference was found between

the three groups.

Angiographically proven bypass graft dysfunction

Seventy-seven patients underwent a coronary angiographic

during follow-up; bypass graft dysfunction was found in 41

(53.2%) patients. One patient needed a re-CABG, 25

patients received a PCI and 15 patients were treated con-

servatively with medicines. There is no significant differ-

ence between the three groups.

Discussion

We investigated the relationship between diabetes and

long-term outcome in consecutive real-world patients

undergoing coronary bypass surgery. The mortality of

patients with insulin-treated DM was significantly higher

than that of patients with non-insulin-treated DM and

patients without diabetes mellitus. Second, the incidence of

bypass graft dysfunction was not significantly different

between the three groups.

Diabetes mellitus, an increasing problem

Diabetes mellitus is an increasing health problem in the

Netherlands [9] and one of the key risk factors for coronary

artery disease. Therefore, the incidence of DM in patients

with CAD will increase, particularly in bypass surgery

patients. The prevalence of DM in the Netherlands is 39 in

1,000 people and still increasing [9]. In 2007, there were

740,000 people with diabetes and this figure is expected to

increase to 1.3 million in 2025. At the same time, the age

on which diabetes becomes apparent decreases, caused by

overweight and other risk factors for diabetes [9]. With an

increase in prevalence and a longer duration of the disease,

we may anticipate a larger cohort of patients who may

develop diabetic complications.

Cardiovascular complications are among the most

obvious hallmarks of a long-lasting state of metabolic

dysregulation during diabetes. Furthermore, it is well

known that both complications and therapy-induced nor-

malization of hyperglycemia are more difficult to manage

or obtain when diabetes lasts longer. The process of

accelerated arteriosclerosis in the coronary arteries will be

augmented by the long-lasting hyperglycemia in these

patients and cause extensive CAD [1]. Therefore, the real-

world bypass surgery population will consist of high per-

centage diabetic patients [10–13].

In this study, we found a prevalence of diabetes mellitus

of 23% in a 4-year inclusion period. With an increasing

incidence of diabetics in the whole population [9], we may

expect that at least 50% of our future CABG population

will have DM in the next 20 years.

Short-term mortality and diabetes mellitus

Our study population was an unselected population of

consecutive surgery patients with similar baseline charac-

teristics as in earlier studies. We also observed that lower

age, more women, lower ejection fraction, and previous

CABG were related to diabetes [4–6, 8, 14, 15]. Our 30-

day mortality was beyond one percent and comparable with

other studies with the same design. This low peri-operative

and in-hospital mortality rate provide evidence that dia-

betes mellitus has no negative impact on short-term clinical

outcome [16].

However, metabolic dysregulation is of importance in

the immediate postoperative period and related to com-

plications [17], particularly sternal wound infections.

Another explanation could be the severity of the diabetes.

The influence of such a high peri-operative glucose-level

has been described earlier [18, 19]. These studies

acknowledge the importance of peri-operative regulation of

glucose-levels as this improved the prognosis.

The 30-day mortality is particularly driven by cardiac

causes due to a reduced LV function and therapy-resistant

heart failure or sudden death. No patients died due to

immediate graft failure.

Long-term mortality and diabetes mellitus

Long-term (3 years) mortality, in contrast to short-term

mortality, was related to the presence of diabetes. Patients

with insulin-treated DM had a significantly higher mor-

tality than others, and non-insulin-treated DM was not

related to an adverse mortality rate. This observation is in
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treated DM 

Fig. 1 Kaplan-Meier curve: mortality and diabetes mellitus
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line with that of Mehran et al. [8], but in conflict with

others who found a higher mortality ratio in all diabetic

patients [2, 4, 5].

One explanation for the difference between these out-

comes could be the duration of diabetes. Most patients who

use insulin have diabetes for a longer time than patients

using only oral medication. Consequently, accelerated

atherosclerosis by diabetes exists for a longer time. Also

the influence of co-morbidity in diabetic patients might be

higher in these patients. We are limited however in our

knowledge regarding the influence of comorbidity in our

patients.

Another explanation could be the severity of the dia-

betes. Patients using insulin might have had episodes of

higher glucose-levels, particularly in the direct postopera-

tive period. These patients therefore may represent a more

extensive metabolic dysregulation burden indicated by a

higher area under the hyperglycemia-to-time curve. Further

studies on the relationship between DM severity and out-

comes may unravel this issue.

Diabetes and bypass graft dysfunction

In this study, bypass graft dysfunction was defined as an-

giographically confirmed bypass graft dysfunction. We

found no higher incidence of angiographically proven

bypass graft dysfunction in patients with diabetes com-

pared with non-diabetic patients.

Bypass graft dysfunction is difficult to compare between

different studies, as the definition varies [6–8]. Probably a

few studies overvalue bypass graft dysfunction, as they use

both hard and soft endpoints. They used angiography or

Table 3 Univariate and

multivariate analyses
Univariate analyses Multivariate analyses

OR 95% P-value HR 95% P-value

Age 1.081 (1.048–1.115) 0.000 1.085 (1.050–1.121) 0.000

Male gender 0.973 (0.551–1.718) 0.925

History

CABG 1.252 (0.434–3.605) 0.678

MI 1.917 (1.174–3.131) 0.009 1.378 (0.800–2.373) 0.248

PCI 0.894 (0.479–1.670) 0.726

Risk factors

Hyperlipidemia 0.684 (0.420–1.115) 0.128

Hypertension 0.489 (0.296–0.808) 0.005 0.465 (0.271–0.796) 0.005

Family history 0.539 (0.323–0.898) 0.018 0.786 (0.452–1.366) 0.393

Current smoker 1.183 (0.708–1.979) 0.521

Extent of coronary artery disease

1-vessel 0.877 (0.308–2.492) 0.805

Multi-vessel 1.119 (0.393–3.183) 0.833

Left ventricle function

LVEF [ 40% 0.361 (0.220–0.592) 0.000 Reference

LVEF 30–40% 1.862 (1.086–3.193) 0.024 0.252 (0.118–0.536) 0.000

LVEF \ 30% 3.450 (1.739–6.845) 0.000 0.462 (0.201–1.063) 0.069

Number of anastomoses

19 3.590 (1.499–8.594) 0.004 2.007 (0.719–5.606) 0.184

29 0.811 (0.317–2.077) 0.663

39 1.075 (0.615–1.877) 0.801

49 0.761 (0.448–1.292) 0.312

59 1.134 (0.641–2.003) 0.666

69 or more 0.470 (0.112–1.973) 0.302

LIMA/(F)RIMA used

LIMA 0.257 (0.132–0.502) 0.000 0.383 (0.175–0.840) 0.017

(F)RIMA 0.689 (0.270–1.757) 0.435

Diabetes mellitus

Non-insulin-treated DM 1.215 (0.635–2.327) 0.557

Insulin-treated DM 2.811 (1.462–5.401) 0.002 2.873 (1.382–5.974) 0.005
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CT-scanning but also included angina as a marker of graft

dysfunction. As we only used a hard endpoint, we may

undervalue bypass graft dysfunction by refraining from

angiography in all the patients.

Limitations

We acknowledge the fact that this study describes a single

center experience; however, the findings are comparable

with those of others. The provided multivariate analysis

shows the importance of diabetes on late mortality. How-

ever, its interpretation should be cautioned given its modest

predictive value.

Conclusion

Diabetes mellitus has a significant impact on long-term

follow-up after coronary surgery whereby insulin depen-

dency, in our study possibly reflecting the duration of

diabetes mellitus, is related to an increased mortality.

However, it had no influence on angiographically proven

bypass graft dysfunction.
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