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ABSTRACT

Background: Acute kidney injury (AKI) is one of the most 
frequent complications after coronary artery bypass grafting. 
Previous studies have shown that diabetes is a key pathogenic 
factor. But how diabetes is related to AKI in off-pump CABG 
patients still is in debate. Here, we aim to study the rela-
tionship between diabetes and AKI after off-pump coronary 
artery bypass grafting (off-pump CABG).

Methods: Patients who underwent off-pump CABG from 
April 2017 to December 2020 in The First Affiliated Hospi-
tal of USTC were enrolled in this retrospective study. AKI 
was defined and classified, according to the criteria proposed 
by the Acute Kidney Injury Network. The incidence risk of 
acute kidney injury was measured by logistic regression and 
compared.

Results: A total of 395 patients, who underwent off-pump 
CABG, were included in this study. The postoperative acute 
kidney injury rate for a patient with diabetes was signifi-
cantly higher than for patients without diabetes (x2 = 5.09, P = 
0.024). Logistic regression analysis showed that patients with 
diabetes have a much higher risk with acute kidney injury 
occurring after off-pump coronary artery bypass grafting (OR 
1.852, 95% CI 1.161 - 2.954, P = 0.01).

Conclusions: Diabetes is an independent risk factor for 
postoperative AKI for patients undergoing off-pump CABG.

INTRODUCTION

Coronary artery bypass grafting (CABG) is one of the 
most effective methods for coronary artery disease. After 
CABG operations, acute kidney injury (AKI), as one of the 
complications, occurred in up to one-third of patients and 
approximately 2% require dialysis therapy [Rosner 2006]. 

Also, the AKI has been suggested as an independent risk 
factor for increased short-term and long-term death after 
CABG operations [Yue 2019; Coca 2009; Pickering 2015]. 
Therefore, the occurrence of AKI after CABG has attracted 
a lot of attention.

For patients with coronary artery disease, diabetes is a 
key pathogenic factor and accounted for nearly 50% [Garg 
2014; Tolpin 2012; Gallagher 2014]. Meanwhile, diabetes 
was a known risk factor for developing postoperative AKI 
[Duran-Salgado 2014; Heyman 2013]. And, previous stud-
ies have reported that the occurrence of AKI was correlated 
with diabetes in patients with the operation of CABG. Com-
pared with normal patients, the incidence rate of AKI for 
patients with diabetes was much higher after CABG opera-
tions [Wang 2020].

Off-pump CABG, a technique of performing CABG on a 
beating heart, was developed to reduce perioperative compli-
cations and to improve short-term and long-term outcomes 
[Lamy 2017]. Some complications after CABG have been 
indicated as related to the cardiopulmonary bypass in the 
on-pump CABG operation, including the AKI. Randomized 
clinical trials and meta-analyses have indicated the associa-
tion of lower odds of AKI for off-pump CABG [Garg 2014; 
Zhu 2019; Gaudino 2018; Seabra 2010; Nigwekar 2009]. 
But whether diabetes is related to AKI in off-pump CABG 
patients still is in debate. Research from Hong et al. reported 
that diabetes was the independent risk factor for AKI [Hong 
2010], while other research indicated that diabetes was not 
correlated with AKI after off-pump CABG [Kim 2011].

Thus, it is necessary to figure out the relationship between 
diabetes and AKI after off-pump CABG. Here, we retrospec-
tively analyzed 395 patients who underwent off-pump CABG 
to evaluate the relation between diabetes and postoperative 
AKI in patients undergoing off-pump CABG operation. Uni-
variate and multivariate logistic regression analyses showed 
that diabetes is a risk factor for postoperative AKI, the inci-
dence risk of AKI for diabetes patients was much higher than 
those patients without diabetes.

MATERIALS AND METHODS

Study population: The perioperative data were col-
lected from patients undergoing off-pump CABG who were 
enrolled in the first affiliated hospital of USTC between April 
2017 and December 2020. This study was approved by the 
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Ethics Committee of the First Affiliated Hospital of USTC, 
and patients’ identifiers were removed before analysis. The 
exclusion criteria were as follows: (1) other concomitant 
surgical procedures, (2) lack of accurate records of the main 
demographic and clinical characteristics, surgical details, 
and postoperative outcomes, (3) death within 48 hours post-
operation, (4) emergency surgery, and (5) preoperative renal 
replacement therapy. The patient's information was anony-
mized and de-identified.

Off-pump CABG operation: The details of off-pump 
CABG operation previously have been described in detail 
[Wang 2020]. Specifically, all off-pump CABG surgeries were 
performed by an experienced cardiovascular surgery team 
under general anesthesia with standard median sternotomy 
and achieved complete revascularization. After surgery, the 
patients were transferred to the cardiovascular intensive 
care unit. Patients were extubated when they could breathe 
spontaneously, achieved adequate blood gases, and had stable 
hemodynamics.

Definition of kidney function: AKI was defined and clas-
sified, according to the criteria proposed by the Acute Kidney 
Injury Network (AKIN), as an increase of creatinine as × 1.5 

from baseline or an increase of > 0.3 mg/dL within 48 h. Dia-
betes was defined as the requirement for dietary modification, 
oral agents, and/or insulin to lower blood glucose concen-
trations and was accepted as present based on the patient’s 
history corroborated where possible by the medical records.

Statistical analysis: Data are represented as the mean ± 
SD unless otherwise indicated. Categorical variables are rep-
resented as frequency distributions and single percentages. 
Normally distributed continuous variables were compared 
using a student t-test, non-normally distributed continuous 
variables were compared using the Mann-Whitney U test, 
and categorical variables were compared by the χ2 test.

All statistical tests were two-sided. A P-value of less than 
0.05 was considered significant. All statistical analysis was 
done with IBM SPSS Statistics 20.0 software.

RESULTS

Patient demographics: From April 2017 and Decem-
ber 2020, 457 patients underwent off-pump CABG in our 
hospital. Sixty-two patients were excluded, according to the 

Table 1. Patient demographics in relation to diabetes

Variables Diabetes (N = 104) Non-Diabetes (N = 291) P-value

Age, year 63.5 ± 7.5 64.7 ± 8.4 0.098

Female gender, % 39 (37.5) 82 (28.2) 0.077

BMI, kg/m2 25.0 ± 2.9 24.6 ± 3.9 0.199

Hypertension, % 83 (79.8) 187 (64.3) 0.003

Hyperlipidemia, % 64 (61.5) 136 (46.7) 0.010

Smoking history, % 16 (15.4) 56 (19.2) 0.382

COPD, % 19 (18.3) 40 (13.7) 0.267

PVD, % 72 (69.2) 209 (71.8) 0.617

CVD, % 24 (23.1) 51 (17.5) 0.215

Hemoglobin, g/L 123.0 ± 16.7 125.3 ± 14.2 0.167

WBC, ×109/L 6.5 ± 1.7 6.5 ± 1.9 0.727

PLT, ×109/L 204.6 ± 73.1 197.4 ± 59.5 0.323

ALT, IU/L 33.8 ± 30.5 35.6 ± 31.6 0.395

AST, IU/L 28.7 ± 22.4 34.3 ± 26.5 0.0002

PFG, mmol/L 7.5 ± 3.8 5.1 ± 1.2 < 0.0001

Serum albumin, g/L 38.3 ± 3.6 37.7 ± 3.9 0.215

BUN, mmol/L 6.4 ± 2.7 6.2 ± 5.1 0.028

Preoperative creatinine, umol/L 73.8 ± 32.2 70.6 ± 22.1 0.744

Operation time, min 310.0 ± 56.2 308.9 ± 73.3 0.887

AKI, % 54 (41.9) 114 (39.0) 0.024

Continuous data are shown as the means ± SD and categorical data as number (%). COPD, chronic obstructive pulmonary disease; PVD, peripheral vascular 
disease; CVD, cerebrovascular disease; WBC, white blood cell count; PLT, platelet count; ALT, alamine aminotransferase; AST, aspartate aminotransferase; PFG, 
preoperative fasting glucose; BUN, preoperative blood urea nitrogen



The Heart Surgery Forum #2022-4885

E662

exclusion criteria. A total of 395 patients, who underwent off-
pump CABG, were included in this study. The baseline clini-
cal characteristics of the study groups are shown in Table 1. 
(Table 1) Compared with the non-diabetes group, the diabe-
tes group had a higher incidence of hypertension and hyper-
lipemia, lower AST, and higher preoperative fasting glucose.

Risk of AKI in relation to diabetes: To ascertain the 
risk of diabetes for postoperative AKI occurrence, we further 
divided patients into the AKI group and the Non-AKI group. 
Table 2 shows the difference between AKI and Non-AKI 

groups. (Table 2) The AKI group showed significantly greater 
mean age and longer operation time than the Non-AKI 
group. Also, the rate of persons with diabetes in AKI (54, 
32.1%) was much higher than in the Non-AKI group (50, 
22.0%, x2 = 5.09, P = 0.024). The factors with a P < 0.2 were 
then chosen as covariates to adjust the multivariate logistic 
regression analysis.

Univariate analysis showed that the risk of AKI for diabe-
tes patients was 1.677-fold (OR 1.677, 95% CI 1.068 - 2.632, 
P = 0.025) than patients without diabetes. After adjusting by 

Table 2. Patients’ characteristics for the AKI and Non-AKI groups

Variables AKI (N = 168) Non-AKI (N = 227) P-value

Age, year 65.3 ± 7.5 63.6 ± 8.5 0.035

Female gender, % 49 (29.2) 72 (31.7) 0.587

BMI, kg/m2 25.0 ± 4.1 24.5 ± 3.3 0.245

Hypertension, % 119 (70.8) 151 (66.5) 0.362

Hyperlipemia, % 86 (51.2) 114 (50.2) 0.849

Smoking history, % 37 (22.0) 35 (15.4) 0.093

COPD, % 29 (17.3) 30 (13.2) 0.265

PVD, % 114 (67.9) 167 (73.6) 0.216

CVD, % 39 (23.2) 36 (15.6) 0.065

Hemoglobin, g/L 123.5 ± 15.2 125.6 ± 14.7 0.185

WBC, ×109/L 6.5 ± 1.8 6.4 ± 1.8 0.550

PLT, ×109/L 198.5 ± 67.0 199.9 ± 60.6 0.830

ALT, IU/L 34.3 ± 29.4 35.7 ± 32.7 0.589

AST, IU/L 32.5 ± 22.0 33.1 ± 28.0 0.913

PFG, mmol/L 6.0 ± 2.9 5.5 ± 2.4 0.077

Serum albumin, g/L 37.6 ± 3.7 38.1 ± 3.9 0.216

BUN, mmol/L 6.5 ± 5.2 6.0 ± 4.1 0.202

Preoperative creatinine, umol/L 71.4 ± 30.6 71.5 ± 20.2 0.407

Operation time, min 322.6 ± 72.6 299.3 ± 64.9 <0.001

Diabetes, % 54 (32.1) 50 (22.0) 0.025

Continuous data are shown as the means ± SD and categorical data as number (%). COPD, chronic obstructive pulmonary disease; PVD, peripheral vascular 
disease; CVD, cerebrovascular disease; WBC, white blood cell count; PLT, platelet count; ALT, alamine aminotransferase; AST, aspartate aminotransferase; PFG, 
preoperative fasting glucose; BUN, preoperative blood urea nitrogen

Table 3. AKI risk in diabetes group versus no diabetes group

No. of patients Risk of AKI (univariate analysis) Risk of AKI (multivariable adjusted)

OR (95% CI) P OR (95% CI) P

All (N = 395)

   No Diabetes (N = 291) 1 1

   Diabetes (N = 104) 1.677 (1.068 - 2.632) 0.025 1.852 (1.161 - 2.954) 0.01
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covariates, logistic regression showed that the risk of AKI for 
diabetes patients was 1.852-fold (OR 1.852, 95% CI 1.161 - 
2.954, P = 0.01) than patients without diabetes. (Table 3)

DISCUSSION

In this study, we retrospectively evaluated the relation 
between diabetes and postoperative AKI in patients under-
going off-pump CABG operation. Univariate and multivari-
ate logistic regression analyses showed that diabetes is a risk 
factor for postoperative AKI, and the incidence risk of AKI 
for diabetes patients was much higher than patients without 
diabetes.

AKI is one of the most frequent postoperative complica-
tions for patients undergoing cardiac surgery. Also, AKI has 
adverse effects on patients’ outcomes, including ICU time, 
long-term kidney impairment even death [Wang 2020; See 
2019]. Previous studies have indicated that the incidence of 
AKI was related to many factors, such as smoking history and 
hyperchloremia [Wang 2020]. Here, we analyzed the inci-
dence of AKI in patients with and without diabetes after per-
forming the off-pump CABG operation and found that the 
risk of AKI for patients with diabetes was significantly higher 
than for patients with no diabetes after off-pump CABG, 
which means that diabetes is an independent risk factor of 
AKI for off-pump CABG.

Diabetes previously has proven to be related to kidney 
disease and even lead to kidney transplantation. With the 
increasing prevalence of diabetes, the related morbidity and 
mortality also were more general in this era [Vanhorebeek 
2009]. In CABG operation, the inflammation activation has 
been found [Perros 2020]. Meanwhile, hyperglycemia is also 
related to inflammatory response, increasing the release of 
cytokines such as interleukin-6, tumor necrosis factor-α, and 
transforming growth factor-β [Corrêa-Silva 2018; Esposito 
2002; Yu 2003]. Thus, diabetes may enhance the inflamma-
tory response after a CABG operation. Another reason is 
that hyperglycemia is harmful to the endothelial function 
[Ren 2017; Siervo 2011], which may increase the AKI risk 
after CABG.

CONCLUSION

The incidence risk of AKI for diabetes patients is signifi-
cantly higher than the non-diabetes patients after off-pump 
patients. It may be a potential risk factor for postoperative 
AKI for patients undergoing off-pump CABG.

ACKNOWLEDGEMENT

Funding: This work was supported by the National Nat-
ural Science Foundation of China (grant numbers NSFC 
81470530 to J.G.) and the Major Science and Technology 
Projects of Anhui (18030801132 to J.G.).

REFERENCES

Coca SG, Yusuf B, Shlipak MG, Garg AX, Parikh CR. 2009. Long-term 
risk of mortality and other adverse outcomes after acute kidney injury: a 
systematic review and meta-analysis. Am J Kidney Dis. 53(6):961-973.

Corrêa-Silva S, Alencar AP, Moreli JB, Borbely AU, de S. Lima L, Scav-
one C, et al. 2018. Hyperglycemia induces inflammatory mediators in the 
human chorionic villous. Cytokine. 111:41-48.

Duran-Salgado MB, Rubio-Guerra AF. 2014. Diabetic nephropathy and 
inflammation. World J Diabetes. Jun 15;5(3):393-398.

Esposito K. 2002. Inflammatory cytokine concentrations are acutely 
increased by hyperglycemia in humans: role of oxidative stress. Circula-
tion. 106(16):2067-2072.

Gallagher S, Kapur A, Lovell MJ, Jones DA, Kirkwood A, Hassan S, et 
al. 2014. Impact of diabetes mellitus and renal insufficiency on 5-year 
mortality following coronary artery bypass graft surgery: a cohort study 
of 4869 UK patients. Eur J Cardiothorac Surg. Jun;45(6):1075-1081.

Garg AX, Devereaux PJ, Yusuf S, Cuerden MS, Parikh CR, Coca 
SG, et al. 2014. Kidney function after off-pump or on-pump coro-
nary artery bypass graft surgery: a randomized clinical trial. Jama. Jun 
4;311(21):2191-2198.

Gaudino M, Angelini GD, Antoniades C, Bakaeen F, Benedetto U, Cala-
fiore AM, et al. 2018. Off-Pump Coronary Artery Bypass Grafting: 30 
Years of Debate. J Am Heart Assoc. Aug 21;7(16):e009934.

Heyman SN, Rosenberger C, Rosen S, Khamaisi M. 2013. Why is dia-
betes mellitus a risk factor for contrast-induced nephropathy? Biomed 
Res Int. 123589.

Hong S, Youn YN, Yoo KJ. 2010. Metabolic syndrome as a risk factor for 
postoperative kidney injury after off-pump coronary artery bypass sur-
gery. Circ J. Jun;74(6):1121-6.

Kim MY, Jang HR, Huh W, Kim YG, Kim DJ, Lee YT, et al. 2011. Inci-
dence, risk factors, and prediction of acute kidney injury after off-pump 
coronary artery bypass grafting. Ren Fail. 33(3):316-22.

Lamy AR, Devereaux PJ, Yusuf S. 2017. Five-Year Outcomes after Off-
Pump or On-Pump Coronary-Artery Bypass Grafting. N Engl J Med. 
Mar 2; 376(9):894-895.

Nigwekar SU, Kandula P, Hix JK, Thakar CV. 2009. Off-pump coronary 
artery bypass surgery and acute kidney injury: a meta-analysis of random-
ized and observational studies. Am J Kidney Dis. Sep;54(3):413-23.

Perros AJ, Esguerra-Lallen A, Rooks K, Chong F, Engkilde-Pedersen 
S, Faddy HM, et al. 2020. Coronary artery bypass grafting is associated 
with immunoparalysis of monocytes and dendritic cells. J Cell Mol Med. 
Apr;24(8):4791-4803.

Pickering JW, James MT, Palmer SC. 2015. Acute kidney injury and 
prognosis after cardiopulmonary bypass: a meta-analysis of cohort stud-
ies. Am J Kidney Dis. Feb;65(2):283-293.

Ren X, Ren L, Wei Q, Shao H, Chen L, Liu N. 2017. Advanced glycation 
end-products decreases expression of endothelial nitric oxide synthase 
through oxidative stress in human coronary artery endothelial cells. Car-
diovasc Diabetol. Apr 20;16(1):52.

Rosner MH, Okusa MD. 2006. Acute kidney injury associated with car-
diac surgery. Clin J Am Soc Nephrol. Jan;1(1):19-32.

Seabra VF, Alobaidi S, Balk EM, Poon AH, Jaber BL. 2010. Off-pump 
coronary artery bypass surgery and acute kidney injury: a meta-analysis of 
randomized controlled trials. Clin J Am Soc Nephrol. Oct;5(10):1734-44.



The Heart Surgery Forum #2022-4885

E664

See EJ, Jayasinghe K, Glassford N, Bailey M, Johnson DW, Polking-
horne KR, et al. 2019. Long-term risk of adverse outcomes after acute 
kidney injury: a systematic review and meta-analysis of cohort studies 
using consensus definitions of exposure. Kidney Int. Jan;95(1):160-172.

Siervo M, Corander M, Stranges S, Bluck L. 2011. Post-challenge hyper-
glycaemia, nitric oxide production and endothelial dysfunction: the puta-
tive role of asymmetric dimethylarginine (ADMA). Nutr Metab Cardio-
vasc Dis. Jan;21(1):1-10.

Tolpin DA, Collard CD, Lee VV, Virani SS, Allison PM, Elayda MA, et 
al. 2012. Subclinical changes in serum creatinine and mortality after cor-
onary artery bypass grafting. J Thorac Cardiovasc Surg. Mar;143(3):682-
688.e1.

Vanhorebeek I, Gunst J, Ellger B, Boussemaere M, Lerut E, Debaveye 
Y, et al. 2009. Hyperglycemic kidney damage in an animal model of pro-
longed critical illness. Kidney Int. Sep;76(5):512-520.

Wang R, Zhang H, Zhu Y, Chen W, Chen X. 2020. The impact of 

diabetes mellitus on acute kidney injury after coronary artery bypass 
grafting. J Cardiothorac Surg. Oct 1;15(1):289.

Wang Y, Shen R, Li X, Jiao H, Li Z, Ge J. 2020. The Perioperative 
Hyperchloremia Is Associated With Postoperative Acute Kidney Injury 
in Patients With off-Pump Coronary Artery Bypass Grafting: A Retro-
spective Study. Heart Surg Forum. Dec 22;23(6):E902-e926.

Yu WK, Li WQ, Li N, Li JS. 2003. Influence of acute hyperglycemia in 
human sepsis on inflammatory cytokine and counterregulatory hormone 
concentrations. World J Gastroenterol. Aug;9(8):1824-1827.

Yue Z, Yan-Meng G, Ji-Zhuang L. 2019. Prediction model for acute 
kidney injury after coronary artery bypass grafting: a retrospective study. 
Int Urol Nephrol. Sep 2019;51(9):1605-1611.

Zhu P, Chen A, Wang Z, Ye X, Zhou M, Liu J, et al. 2019. Long-term 
outcomes of multiple and single arterial off-pump coronary artery bypass 
grafting. J Thorac Dis. Mar;11(3):909-919.


