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Purpose: Recommendations on perioperative glycemic control in cardiac surgery are based on coronary artery bypass graft surgery 
(CABG), though coronary artery disease and valvular disease are pathologically distinct. We aimed to compare the postoperative 
insulin requirement between CABG and other cardiac surgeries in type 2 diabetic patients and identify predictive factors for the 
maximum postoperative insulin dose.
Patients and Methods: We retrospectively included 60 Japanese patients with diabetes/glucose intolerance (HbA1c > 37 mmol/mol 
[5.6%]) who were hospitalized for cardiovascular surgery between April 2017 and March 2019. We categorized the subjects into the 
CABG and non-CABG groups, and performed subgroup analysis on patients who received postoperative insulin therapy.
Results: The CABG group required a significantly higher insulin dose on postoperative days 2, 5, 6, and 7, and a significantly higher 
maximum postoperative insulin dose (24.6 U vs 9.7 U, P < 0.001) than the non-CABG group. Multivariate linear regression analyses 
showed that the independent determinants of the maximum postoperative insulin dose were HbA1c and duration of diabetes in the 
non-CABG group, and HbA1c in the CABG group.
Conclusion: CABG had a higher postoperative insulin requirement than other cardiovascular surgeries; early aggressive insulin 
therapy is indicated, especially for patients with higher HbA1c levels/longer duration of diabetes.
Keywords: cardiac surgery, coronary artery bypass grafting, insulin dose, postoperative glycemic control, type 2 diabetes

Introduction
Perioperative hyperglycemia is associated with a higher risk of mortality and morbidity, such as infections, acute renal 
failure, neurological damage, and myocardial infarction.1–3 Several studies have shown the usefulness of glycemic 
control in improving prognosis and reducing complications during the perioperative period.4

Postoperative hyperglycemia has been investigated in many trials. A recent study reported that acute hyperglycemia in critical 
illness and hyperglycemia due to chronic diabetes are two distinct pathophysiological conditions.4 Diabetes mellitus increases 
morbidity and mortality in patients undergoing cardiac surgeries.5,6 The current recommendations for glycemic control in 
patients undergoing cardiac surgery are primarily based on patients undergoing coronary artery bypass surgery (CABG).3,7 

However, various types of cardiovascular surgeries, such as CABG and valve replacement, may not be affected by the same 
degree of hyperglycemia. This is because some reports have suggested that diabetes is more likely to develop after CABG.8 

However, few studies have reported on glycemic control post CABG compared with that after other cardiac surgeries performed 
in patients with diabetes.9

This study investigated the differences in postoperative glycemic control associated with CABG and other cardiac 
surgeries. We focused on the required insulin dose for achieving target glucose levels in the postoperative period and 
aimed to compare the postoperative insulin doses for CABG and other cardiac surgeries in patients with type 2 diabetes.

Vascular Health and Risk Management 2024:20 59–68                                                         59
© 2024 Fukuda et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Vascular Health and Risk Management                                                 Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 28 October 2023
Accepted: 30 January 2024
Published: 23 February 2024

V
as

cu
la

r 
H

ea
lth

 a
nd

 R
is

k 
M

an
ag

em
en

t d
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://orcid.org/0000-0001-7714-043X
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


Materials and Methods
Study Design
We retrospectively evaluated 71 consecutive patients who were hospitalized for cardiovascular surgery and referred from the 
Department of Cardiovascular Surgery to Diabetology at Kyoto Prefecture University of Medicine between April 1, 2017 and 
March 31, 2019. The following patients were referred: patients diagnosed with and treated for diabetes, patients with suspected 
glucose intolerance with HbA1c > 37mmol/mol (5.6%)10,11 and patients who were previously treated with anti-diabetic drugs (as 
per information from patient medical records). The exclusion criteria were as follows: patients who did not undergo surgery, 
patients with glutamic acid decarboxylase (GAD) antibody and patients who could not continue diet therapy. To compare the 
effects of different types of surgery on insulin levels, patients with postoperative complications such as using mechanical 
auxiliary devices or infection, were excluded. All procedures were approved by the Kyoto Prefectural University of Medicine 
Medical Ethics Committee and were conducted in accordance with the Declaration of Helsinki. Informed consent was obtained 
by giving patients the choice to opt out on the website (https://www.h.kpu-m.ac.jp/doc/aboutus/clinical-research.html). Those 
who opted out were excluded. Patients underwent the following procedures: CABG alone (n = 20) or with valve surgery (n = 5), 
valve surgery alone (n = 24), arterial bypass (n = 8), Bentall surgery (n = 1), removal of left atrial myxoma (n = 1), and surgical 
closure of an atrial septal defect (n = 1). We categorized all subjects into the CABG group or non-CABG group (non-coronary 
artery bypass graft surgery). We performed a subgroup analysis among patients who required insulin therapy in the postoperative 
period to compare the dose of insulin required for achieving target glucose levels in the two groups.

Data Collection
We collected demographic data, including sex, age, height, weight, smoking history, duration of diabetes, preoperative diabetic 
therapy and operation time. We also collected laboratory data pertaining to hemoglobin A1c (HbA1c), creatinine (Cr), fasting 
blood glucose (FBG), GAD antibody, fasting C-peptide immunoreactivity (F-CPR), triglyceride (TG), low-density lipoprotein 
cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), and urinary albumin excretion (UAE) using MODULAR 
ANA-LYTICS (Hitachi High-Technologies Corp. Ltd., Tokyo, Japan). Hypertension was defined as systolic blood pressure > 
140 mmHg and/or diastolic blood pressure > 90 mmHg or requiring treatment with specific antihypertensive medications. 
Dyslipidemia was defined as TG > 1.7 mmol/L, LDL-C > 3.6 mmol/L, HDL-C < 1.0 mmol/L, or requiring treatment with 
specific agents for hyperlipidemia. Smoking status was categorized into three groups (never smoker, ex-smoker, and current 
smoker). Body mass index (BMI) was calculated as body weight in kilograms divided by the square of the participant’s height in 
meters. Preoperative diabetic therapy was categorized into four groups (only diet therapy, only oral medication, a glucagon-like 
peptide 1(GLP-1) analog, and insulin therapy). We calculated the C-peptide immunoreactivity (CPR) index to assess insulin 
secretion. The CPR index was calculated using the following formula:

CPR index = FBG/ fasting CPR ×100
We calculated the C-peptide immunoreactivity-insulin resistance (CPR-IR) to assess insulin resistance.12 The CPR-IR 

was calculated using the following formula:
CPR-IR = FBG × (F-CPR - 1.32)/ 78.6.

Blood Glucose (BG) Monitoring and Management
After surgery, serum BG was measured every 2 – 4 h in patients in the intensive care unit (ICU). It was aimed to be maintained 
at > 3.9 mmol/L and < 10.0 mmol/L using a single sliding scale with continuous intravenous insulin infusion. After transfer 
from the ICU to the general ward, capillary BG was measured four times per day, before every meal and before going to bed. 
The mean BG was defined as the mean value of the BG measurements on each day. The BG was maintained by the 
subcutaneous injection of insulin aspart and insulin glargine as part of a basal plus correction insulin regimen, followed by 
basal insulin plus premeal insulin (basal-bolus insulin therapy). Insulin levels were recorded daily from admission to 
discharge. The maximum postoperative insulin level was defined as the highest insulin dose recorded between the first 
postoperative day to the day of discharge. After surgery, an infusion of extracellular fluid was administered for approximately 
for one week. There was no instance of the use of high-calorie infusions. For extracellular fluid solutions containing glucose 
concentration > 5%, one unit of insulin was added to extra cellular fluid solution containing 8 – 10 g of glucose. All the patients 
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fasted on the first day after surgery. Oral intake was initiated for the patients after approval from the attending physician. We 
checked the percentage of intake of staple food on each day from postoperative days 2 to 7. After surgery, food was resumed, 
and after confirming that the patient was able to consume food, the hypoglycemic medications administered before the surgery 
were resumed in sequence.

Statistical Analysis
We divided the participants into the CABG and non-CABG groups based on baseline examination. Continuous variables 
were expressed as means (± standard deviations) and analyzed using the Student’s t-test. Categorical variables were 
expressed as numbers and analyzed using the Pearson’s chi-squared test.

Subgroup analysis was performed to investigate the total daily insulin dose and mean glucose level. The Student’s 
t-test was used to compare the two groups on each day from the first postoperative day to the seventh postoperative day. 
Student’s t-test was also used to compare the maximum postoperative insulin levels. Because the UAE showed a skewed 
distribution, a logarithmic transformation was carried out before performing statistical analysis. Pearson’s correlation was 
used to determine the relationship between the maximum postoperative insulin level and the duration of diabetes, BMI, 
HbA1c, FBG, logarithm, UAE (log UAE), HDL and operation time. Multivariate linear regression analysis was used to 
investigate the relationship between maximum postoperative insulin level and the factors that were statistically sig
nificant in the univariate analysis and operation time. Missing data were excluded from the analysis. Statistical analyses 
were performed using JMP version 12.0 software (SAS Institute Inc., Cary, North Carolina), and a P-value < 0.05 was 
considered statistically significant.

Results
The baseline characteristics of the study population are shown in Table 1. Of the 71 patients, 1 patient did not undergo 
surgery, 2 patients had GAD antibody, 7 patients developed postoperative infection affecting glycemic control, and 1 
patient could not continue diet therapy. They were therefore excluded, and the remaining 60 patients were included in this 
study (Figure 1). The perioperative mean HbA1c level in both groups (CABG and non-CABG groups) was 50 mmol/mol 

Table 1 Characteristics of the Study Population

CABG Non-CABG P †

Total number (male) 25 (10) 35 (12) 0.65

Age, year, mean (SD) 71.3 (7.3) 72.0 (6.8) 0.70

BMI, kg/m2, mean (SD) 23.8 (3.7) 23.8 (3.4) 0.98
Preoperative diabetic medication  

(diet/OHA/GLP-1/insulin)

6/15/0/4  

(24/60/0/16) %

9/20/1/5  

(26/57/3/14) %

0.85

Duration of diabetes(years) 13.6 (13.5) 8.8 (10.6) 0.14
Hypertension (+) 20 22 0.15

Dyslipidemia (+) 18 18 0.11

HbA1c, %, mean (SD) 6.8 (0.9) 6.8 (0.7) 0.90
FPG, mmo/l, mean (SD) 6.4 (1.3) 6.3 (1.2) 0.66

CPRindex, mean (SD) 2.3 (2.4) 1.9 (1.0) 0.48

Cr, μmol/L, mean (SD) 114.9 (95.8) 123.8 (115.2) 0.95
Log UAE, g/g・Cr, mean (SD) 1.9 (0.9) 1.7 (0.7) 0.24

Smoking states  

(Never/Post/Current)

10/9/6  

(40/36/24) %

16/15/4  

(46/43/11) %

0.44

Operation time, min (SD) 403.0 (139.8) 305.3 (101.4) 0.003†

Notes: The categorical variables are presented as n (%). The continuous variables are presented as the 
mean (SD). † P value = coronary artery bypass graft vs non coronary artery bypass graft. Student’s t-test 
or Pearson’s qui-squared test was performed. 
Abbreviations: BMI, body mass index; OHA, oral medication; FPG, fasting plasma glucose; log UAE, 
logarithm urine albumin.
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(6.8%) (P= 0.90). There were no significant differences in age, sex, BMI, FBG, or CPR index between the groups. The 
operation time was significantly longer in the CABG group than in the non-CABG group. The number of patients in the 
CABG group who used a cardiopulmonary bypass was 8 (32 %), compared to 26 (74%) in the non-CABG group (P < 
0.01). The longer pump time, the higher the insulin requirement (P= 0.02). However, there was no difference in duration 
of pump use between the CABG and non-CABG groups (82.2 ± 126.5 minutes vs 126 ± 90.3 minutes, P= 0.13).

The mean glucose level and insulin dose on each day from postoperative day 1 to postoperative day 7 are shown in 
Figures 2 and 3. On days 5, 6, and 7, the mean glucose level was significantly higher in the CABG group than in the non- 
CABG group (Figure 2). Hypoglycemia (BG < 3.9 mmol/L) or symptoms of suspected hypoglycemia were not observed 
in either of the groups. Patient numbers 10, 11, 12, 15, 15, 14, and 13 (out of 25) in the CABG group and patient numbers 
17, 12, 16, 15, 15, 15, and 16 (out of 35) in the non-CABG group required postoperative insulin therapy on 

Figure 1 Inclusion and exclusion flow chart.

Figure 2 The mean glucose level and postoperative insulin dose after surgery in the CABG group and the non-CABG group from postoperative day 1 to postoperative day 7. 
The black and gray lines represent the mean glucose level in the CABG and non-CABG groups, respectively. On days 5, 6, and 7, the mean glucose level was significantly higher in 
the CABG group than in the non-CABG group (12.0 mmol/L vs 9.8 mmol/L, P = 0.017; 11.5 mmol/L vs 9.3 mmol/L, P = 0.002; 11.2 mmol/L vs 8.9 mmol/L, P = 0.002). CABG: 
coronary artery bypass graft. *P < 0.05.
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postoperative day 1, 2, 3, 4, 5, 6, and 7, respectively (Figure 3). On days 2, 5, 6, and 7, the CABG group required 
a significantly higher insulin dose than the non-CABG group. The postoperative insulin dose reached its maximum 
around postoperative day 7 in the CABG group and day 5 in the non-CABG group. The maximum postoperative insulin 
dose was significantly higher in the CABG group than in the non-CABG group (24.6 U vs 9.7 U, P < 0.001). There was 
no difference in the mean postoperative CRP values between the two groups (CABG group: 11.2 ± 3.3 mg/dL vs non- 
CABG group: 9.6 ± 4.0 mg/dL, P= 0.11). The patients were stable postoperatively, and most of them were discharged 
from the ICU within 24 hours after surgery. Oral intake was started on the second postoperative day if the patient’s 
general condition was stable So, all patients in the analysis began eating on the postoperative day 2. There was no 
difference in the percentage of staple food consumed each day from postoperative days 2 to 7 between the two groups. 
There was no difference in oral medications between the two groups before and after operation (Table 2).

In the univariate analysis, preoperative HbA1c and FBG levels were associated with the maximum insulin dose in the 
CABG group. The duration of diabetes and HbA1c were associated with the maximum insulin dose in the non-CABG 
group (Table 3). Multivariate linear regression analyses showed that HbA1c was an independent determinant of the 
maximum postoperative insulin dose in the CABG group, while HbA1c and duration of diabetes were independent 
determinants of the maximum postoperative insulin dose in the non-CABG group (Table 4). The preoperative CPR-IR 
was 1.4 in the CABG group and 1.2 in the non-CABG group (P= 0.71). CPR-IR around postoperative day 7 was 2.5 and 
1.5 for the CABG and non-CABG groups, respectively (P= 0.42). The increments in CPR-IR after surgery were 1.13 in 
the CABG group and − 0.23 in the non-CABG group (P= 0.09).

We compared the number of different hypoglycemic medications between the two groups of patients taking oral 
hypoglycemic medications. The mean number of different hypoglycemic drug medications was 2.13 ± 0.99 in the CABG 
group and 1.62 ± 0.74 in the non-CABG group, which was not significantly different (P= 0.08). We performed 
a multivariate logistic regression analysis to determine whether the number of different drug compounds was related 
to postoperative insulin use. The type of surgery, duration of diabetes and HbA1c levels were used as covariates. While 

Figure 3 The postoperative insulin dose after surgery in the CABG group and the non-CABG group from postoperative day 1 to postoperative day 7. The black and gray 
lines represent the postoperative insulin doses for the CABG and non-CABG groups, respectively. On days 2, 5, 6, and 7, the CABG group required a significantly higher 
insulin dose than the non-CABG group (6.75 U vs 3.11 U, P = 0.048; 12.7 U vs 5.74 U, P = 0.015; 14.3 U vs 5.59 U, P = 0.007; 15.1 U vs 6.19 U, P = 0.015, respectively). 
CABG: coronary artery bypass graft. (N) The number of patients who received postoperative insulin therapy out of a total of 25 patients in the CABG group and 35 in the 
non-CABG group. *P < 0.05. 
Abbreviation: CABG, coronary artery bypass graft.
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Table 2 Oral Medications Before and After Surgery

Before operation CABG Non-CABG P

DPP-4 inhibitor n, (%) 16 (64) 18 (51) 0.43
Sulfonylurea, n, (%) 8 (32) 7 (20) 0.37

Glinide, n, (%) 0 (0) 2 (5.7) 0.51

Biguanide, n, (%) 7 (28) 4 (11) 0.17
αglucosidase inhibitor, n, (%) 3 (12) 2 (5.7) 0.64

Thiazolidinedione, n, (%) 1 (4) 3 (8.6) 0.63

SGLT-2 inhibitor, n, (%) 4 (16) 2 (5.7) 0.22

After operation CABG Non-CABG P

DPP-4 inhibitor, n, (%) 15 (63) 21 (62) 1.00

Sulfonylurea, n, (%) 8 (32) 8 (24) 0.55
Glinide, n, (%) 2 (8.3) 2 (5.7) 1.00
Biguanide, n, (%) 6 (25) 3 (8.8) 0.14
αglucosidase inhibitor, n, (%) 2 (8.3) 2 (5.7) 1.00
Thiazolidinedione, n, (%) 0 (0) 1 (2.9) 1.00
SGLT-2 inhibitor, n, (%) 2 (8.3) 2 (5.7) 1.00

Table 3 Univariate Analyses of Factors Affecting Max Postoperative 
Insulin

CABG Non-CABG

β p β p

Duration of diabetes, years 0.388 0.061 0.737 <0.0001*

BMI, kg/m2 0.027 0.897 0.162 0.35
HbA1c, % 0.589 0.004* 0.366 0.03*

FPG, mmo/l 0.502 0.013* 0.268 0.15

Cr, μmol/l − 0.156 0.456 0.026 0.88
HDL, mmo/l − 0.237 0.277 0.084 0.64

CPR index − 0.292 0.166 − 0.116 0.55

logUAE, g/g・Cr 0.280 0.185 0.276 0.15
Operation time, min − 0.194 0.352 − 0.241 0.17

Notes: β indicates linear regression coefficient. *P < 0.05. 
Abbreviations: BMI; body mass index, FPG; fasting plasma glucose, HDL; high density 
lipoprotein, CPRindex = fasting plasma glucose/fasting C-peptide×100, log UAE; loga
rithm urine albumin.

Table 4 Multivariate Linear Regression Analyses of Factors Affecting Max 
Postoperative Insulin

CABG Non-CABG

β p β p

Duration of diabetes, years 0.61 0.24 5.67 <0.0001*
HbA1c, % 1.73 0.02* 1.66 0.02*

Operation time, min 0.04 0.92 0.22 0.60

Notes: β indicates multiple linear regression coefficient. Adjusted for variables which were 
statistically significant in the univariate analysis. *P < 0.05.
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there was an association between the number of hypoglycemic agents and postoperative insulin use, this association was 
not statistically significant (OR 5.26, 95% CI: 0.95–28.9, P= 0.06).

Discussion
This study showed that patients who underwent CABG required a higher dose of postoperative insulin than those who 
underwent other cardiac artery surgeries. The postoperative insulin dose was significantly associated with the HbA1c 
level and duration of diabetes.

Operation is associated with an upregulation of catecholamines, cortisol, and inflammatory cytokines, which subse
quently increase insulin resistance and secretion of glucagon and growth hormone.12 These stress hormones lead to 
increase hepatic glucose production and reduce glucose uptake in peripheral tissues and can result in hyperglycemia3 

Then, to manage blood glucose level require increase insulin requirement.
Some studies have reported an association between HbA1c and postoperative glycemic variability13 and major adverse 

outcomes after cardiac surgery.14 Conversely, a prospective cohort study reported that HbA1c and postoperative glycemic 
variability were not associated with major adverse events after isolated cardiac valvular surgery.10 The authors of the above 
mentioned study focused on the difference in the pathophysiology of valvular diseases and coronary artery disease. They 
emphasized the importance of the etiology of surgical disease and its interaction with diabetes. Another study reported that 
acute hyperglycemia in critical illness and hyperglycemia due to chronic diabetes are pathologically distinct.5 

Pathophysiological differences may influence postoperative insulin metabolism. The pathophysiology of coronary artery 
disease and other cardiac diseases partly accounts for the difference in results between the previous study and ours.

CABG is performed for coronary artery atherosclerosis. Atherosclerosis of the coronary arteries causes ischemia of 
the myocardium, leading to chronic inflammation and oxidative stress.15,16 Some of the common pathways include the 
elevation of inflammatory cytokines such as monocyte chemoattractant protein-1 and interleukin-6 as well as high levels 
of oxidized low-density lipoprotein in diabetes mellitus, which may in turn induce the secretion of several proinflamma
tory cytokines from macrophages in atherosclerotic tissues.17 Chronic inflammation is reported to induce insulin 
resistance and adversely affect glucose metabolism.18 Moreover, oxidative stress leads to impaired glucose uptake in 
muscle and fat cells and decreases insulin secretion from beta cells.19 Induced insulin resistance and decrease insulin 
secretion increase insulin requirements for good glycemic control. On the other hand, other cardiac surgeries are 
performed for diseases less related to coronary atherosclerosis, such as valvular calcification, degenerative valvular 
disease, congenital defect, and rheumatic heart disease. These dissimilarities can result in the differences in glucose 
metabolism between CABG and other cardiac surgeries. In this study, the increase in postoperative insulin dose was 
significantly greater in the CABG group than in the non-CABG group.

A prospective cohort study reported a negative correlation between the HbA1c level and intraoperative insulin 
sensitivity during cardiac surgery.20 We compared preoperative HbA1c and postoperative insulin requirements. There 
was a correlation between them (date not shown). In the preoperative stage, there was no difference HbA1c between the 
two groups (Table 1). The glucose clamp technique is the gold standard for assessing insulin resistance; however, it is 
a complicated and rare technique. Ohno et al reported that C-peptide immunoreactivity-insulin resistance (CPR-IR) is 
useful for assessing insulin resistance.21 They reported that CPR-IR could serve as a feasible standard for insulin 
resistance in patients with type 2 diabetes. In our study, the increments in CPR-IR after surgery tended to be higher in the 
CABG group around postoperative day 7 (1.13 vs - 0.23, P= 0.09). This suggests the involvement of insulin resistance. 
Greater changes in insulin resistance may lead to the difficulty of postoperative glycemic control in the CABG group.

In the CABG group, there was a trend toward more oral hypoglycemic medications, although the difference was not 
statistically significant. The number of oral hypoglycemic drugs may be associated with postoperative insulin use. Moreover, in 
the CABG group, the disease duration tended to be longer, although there was no significant difference between the two groups. 
As mentioned earlier, there may be an increase in insulin resistance and a decrease in insulin secretion, which requires a variety of 
therapeutic agents. These findings suggest that preoperative conditions may also play a role in the need for postoperative insulin 
therapy. However, in our study, the number of patients who received preoperative insulin therapy was 4 (16.7%) in the CABG 
group and 5 (14.3%) in the non-CABG group (P= 0.80). The mean preoperative insulin dose was 14.5 U in the CABG group and 
10.2 U in the non-CABG group (P= 0.42). Neither group had a correlation between the preoperative insulin dose and 
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postoperative maximum insulin dose (CABG group, P= 0.16; non-CABG group, P= 0.15). In contrast, the increase in the insulin 
dose from before surgery to after surgery was significantly greater in the CABG group than in the non-CABG group (14.5 U vs - 
2 U, P= 0.02). Thus, we considered the possibility that the CABG intervention would require more insulin. In this study, CABG 
was associated with higher insulin levels, although the reasons for this are unclear. We believe this could be due to either the 
invasiveness of the CABG procedure or the patients themselves undergoing CABG.

The relationship between blood glycemic variability, such as the amplitude of glycemic excursion (MAGE) and time 
in range (TIR) and prognosis, has also been reported;22–24 however, in this study, we used HbA1c as an indicator of 
glycemic control. Several studies have reported that preoperative HbA1c is associated with mortality and adverse cardiac 
events.25,26 We recommend HbA1c, which is easy to assess, for predicting increased postoperative insulin requirements.

The duration of diabetes tended to be longer in the CABG group, although there was no significant difference between the 
two groups. This means that insulin resistance may be higher in the CABG group. However, in our study, the number of 
patients who received preoperative insulin therapy was 4 (16.7%) in the CABG group and 5 (14.3%) in the non-CABG group 
(P= 0.80). The mean preoperative insulin dose was 14.5 U in the CABG group and 10.2 U in the non-CABG group (P= 0.42). 
There was no correlation between preoperative insulin dose and postoperative maximum insulin dose in either group (CABG 
group; P= 0.16, non-CABG group; P= 0.15). On the other hand, the increase in the insulin dose from before surgery to after 
surgery was significantly greater in the CABG group than in the non-CABG group (14.5 U vs - 2 U, P= 0.02). Thus, we 
consider the possibility that the CABG intervention would require more insulin.

In the present study, the duration of diabetes was associated with the maximum postoperative insulin dose. Few studies have 
reported an association between the duration of diabetes and postoperative glucose variability or morbidity after surgery. A recent 
study reported that in the CABG group, the risk of stroke was higher in patients with a diabetes duration of at least 5 years.27

Anderson R.E.et al showed that cardiopulmonary bypass had a negative effect on glycemic control28 because of steroid 
and catecholamine use, which induced insulin resistance. In our study, none of the patients received steroids during the 
intraoperative and postoperative period. Moreover, previous studies have shown that cardiopulmonary bypass increases 
postoperative blood glucose and insulin consumption.29,30 We compared pump time and insulin requirement in cases with 
pump. The longer pump time, the higher the insulin requirement. However, there was no difference in duration of pump use 
between the CABG and non-CABG groups. Rather, pump was used more frequently in the non-CABG group than in the 
CABG group.

Recent studies have reported hyperglycemia induced with severe illnesses such as acute kidney injury or acute respiratory 
failure. Some studies have reported an association between acute kidney injury and hyperglycemia.31,32 In our study, there was 
no difference in postoperative insulin requirement between patients who met the definition of postoperative acute kidney 
injury33 and other patients (data not shown). Other studies have reported an association between ventilators and 
hyperglycemia.34 In this study, on postoperative day 3, all patients in the analysis returned to the general ward, weaned 
from the ventilator. Patients with poor respiratory conditions due to complications, such as pneumonia (n = 2), were not 
included in the analysis because they met the exclusion criteria for infection.

In this study, the operative time was significantly longer in the CABG group than in the non-CABG group. This may 
be because the CABG group included CABG with valve replacement and CABG alone.

It is difficult to investigate the effects of inflammation-induced insulin resistance on glycemic metabolism among 
surgeries, since the location, operation time, and other factors vary between surgeries. In our study, although the 
postoperative insulin dose was higher in the CABG group, the mean glucose level was also higher in the CABG 
group than in the non-CABG group. This shows that maintaining sufficient glucose level requires more insulin. 
Uncontrolled hyperglycemia with glucotoxicity can make it difficult to achieve target glucose levels. Perioperative 
hyperglycemia impairs neutrophil phagocytosis, increases the likelihood of infection, and leads to delayed wound 
healing.35 Hyperglycemia also induces endothelial dysfunction, affecting microvascular function, and is critical for 
wound healing after surgery. Endothelial dysfunction in patients with diabetes may lead to relative tissue ischemia, and 
reduced microvascular function.36 These factors, along with persistent postoperative hyperglycemia, increase post
operative mortality and morbidity. Several studies have also shown that hormonal and inflammation-induced abnormal
ities associated with stress hyperglycemia return to normal levels after treatment with insulin and resolution of 
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hyperglycemia.37 Thus, maintaining good glycemic control in the perioperative period improves vascular function, 
prevents infection and aids wound healing.

In the perioperative period, insulin doses are often adjusted based on blood glucose levels. This can lead to 
hyperglycemia because the insulin dose increases after the blood glucose level increases. In contrast, aggressive insulin 
therapy increases the risk of hypoglycemia, leading to increased postoperative morbidity and long term allcause 
mortality.38 Therefore, we need to individualize our approach according to patient’s background and surgical technique. 
The ability to predict insulin requirements pre- and postoperatively may be one solution to these problems. Therefore, 
based on this study, we recommend aggressive insulin therapy in patients undergoing CABG, especially those with high 
HbA1c levels and long diabetes duration.

This study had several limitations. First, this was a retrospective observational study with small sample size. Hence, 
the unknown patient selection process may have caused bias. Second, the small sample size limits the statistical power. 
However, we could detect a statistically significant relationship between HbA1c and/or duration of diabetes and the 
maximum postoperative insulin dose. Moreover, based on the results of this study, the sample size was 60 patients, the 
standard deviation of insulin dose for each group was 14.3 U, and the difference between groups was 8.9 U. The two- 
tailed significance level was set at 0.05, and power was calculated to be 0.92 by paired t-test. Third, we did not measure 
the levels of stress hormones such as cortisol and catecholamines, or inflammatory cytokines such as IL-6 that affect 
perioperative glycemic metabolism. Fourth, we were unable to collect the data on adherence to the diet therapy. This may 
affect glycemic control after hospitalization.

Conclusion
In conclusion, our study showed that patients with diabetes who underwent CABG required a higher dose of post
operative insulin than those who underwent other cardiovascular surgeries. Early aggressive insulin therapy should be 
undertaken, especially in patients with a higher HbA1c level or longer duration of diabetes.
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