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Abstract

Objective—To determine the relationship of perioperative hyperglycemia and insulin 

administration on outcomes in elective colon/rectal and bariatric operations.

Background—There is limited evidence to characterize the impact of perioperative 

hyperglycemia and insulin on adverse outcomes in patients, with and without diabetes, undergoing 

general surgical procedures.

Methods—The Surgical Care and Outcomes Assessment Program is a Washington State quality 

improvement benchmarking-based initiative. We evaluated the relationship of perioperative 

hyperglycemia (>180 mg/dL) and insulin administration on mortality, reoperative interventions, 

and infections for patients undergoing elective colorectal and bariatric surgery at 47 participating 

hospitals between fourth quarter of 2005 and fourth quarter of 2010.

Results—Of the 11,633 patients (55.4 ± 15.3 years; 65.7% women) with a serum glucose 

determination on the day of surgery, postoperative day 1, or postoperative day 2, 29.1% of patients 

were hyperglycemic. After controlling for clinical factors, those with hyperglycemia had a 

significantly increased risk of infection [odds ratio (OR) 2.0; 95% confidence interval (CI), 1.63–

2.44], reoperative interventions (OR, 1.8; 95% CI, 1.41–2.3), and death (OR, 2.71; 95% CI, 1.72–

4.28). Increased risk of poor outcomes was observed both for patients with and without diabetes. 

Those with hyperglycemia on the day of surgery who received insulin had no significant increase 

in infections (OR, 1.01; 95% CI, 0.72–1.42), reoperative interventions (OR, 1.29; 95% CI, 0.89–

1.89), or deaths (OR, 1.21; 95% CI, 0.61–2.42). A dose-effect relationship was found between the 
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effectiveness of insulin-related glucose control (worst 180–250 mg/dL, best <130 mg/dL) and 

adverse outcomes.

Conclusions—Perioperative hyperglycemia was associated with adverse outcomes in general 

surgery patients with and without diabetes. However, patients with hyperglycemia who received 

insulin were at no greater risk than those with normal blood glucoses. Perioperative glucose 

evaluation and insulin administration in patients with hyperglycemia are important quality targets.
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Hyperglycemia is a common occurrence in patients undergoing surgery, and undiagnosed 

insulin resistance identified on the day of surgery (DOS) is increasingly common.1,2 

Postoperative blood glucose greater than 140 mg/dL is present in as many as 40% of 

noncardiac surgery patients, with 25% of those patients having a blood glucose level greater 

than 180 mg/dL.2 Perioperative hyperglycemia has been associated with postoperative 

complications in vascular surgery,3 mastectomies,4 neurosurgery,5,6 spine surgery,7,8 

transplant surgery,9 colorectal surgery,10 hepatobiliary-pancreatic surgery,11 and 

cholecystectomy.12 The oldest and most extensive evidence of this association is in cardiac 

surgery13–15 and surgical patients in intensive care units.16–19 Despite these observations, 

glycemic monitoring and control are often overlooked among general surgery patients.20–22 

One study reported that glucose monitoring occurred in only 59% of hospitalized patients, 

and only 54% of those patients with elevated glucose received insulin therapy.1

There is evidence that suggests that hyperglycemia is a modifiable, independent predictor 

and possibly a causal factor of adverse outcomes in diabetic patients. In cardiac surgery, 

using insulin to improve glucose control was associated with reduced in-hospital mortality 

and infection rates among diabetic patients decreasing their rates to the rate of nondiabetic 

patients.15,23,24 Other studies among critically ill patients have shown similar 

findings.16,19,25 There are limited data on the impact of perioperative hyperglycemia on 

general surgery patients. Two retrospective cohort studies at single, academic institution 

noted an association of hyperglycemia with outcomes but did not explore the impact of 

insulin on reducing adverse outcomes.26,27 One recent multi-institutional randomized trial 

(N = 211) found that improved glycemic control using a basal-bolus regimen of insulin in 

general surgery patients with type 2 diabetes was associated with a reduction in average and 

maximum glucose levels and a significant decrease in a composite of outcomes21 when 

compared with less effective sliding scale insulin. The impact of insulin for hyperglycemia 

in general surgery patients without diabetes has yet to be evaluated.

We performed an observational evaluation of the association of perioperative hyperglycemia 

and outcomes among a broad network of hospitals in Washington State participating in 

Surgical Care and Outcomes Assessment Program (SCOAP). SCOAP is a prospectively 

gathered clinical care benchmarking and quality improvement activity now implemented at 

nearly all statewide hospitals where surgery is performed (n = 55).28 The purpose of this 

study was to evaluate the relationship of perioperative hyperglycemia, degree and timing of 
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hyperglycemia, and the impact of perioperative insulin administration on mortality and 

complications in patients undergoing elective colon/rectal and bariatric operations.

METHODS

Study Design

This study was approved by the University of Washington Human Subject Review 

Committee and the Washington State Department of Health. A retrospective cohort study 

was conducted using SCOAP’s prospectively gathered data drawn from in-hospital medical 

records by trained, audited abstractors using standardized definitions (http://www.scoap.org/

documents/index.html). Data from 47 of 55 Washington State hospitals currently 

participating in SCOAP were available by the time of this analysis. Nonparticipating 

hospitals are smaller hospitals that do not perform many bariatric and/or colorectal 

operations. Records of inpatient hospitalization between fourth quarter of 2005 and fourth 

quarter of 2010 were used to assess outcomes for patients undergoing elective colon/rectal 

resections and bariatric operations.

Data Specification

Clinical Risk Factors—SCOAP records were used to obtain patient’s sociodemographic 

characteristics, clinical comorbidities, and operative details. Health status was classified 

using the Deyo modification29 of the Charlson comorbidity to calculate a weighted index of 

comorbid conditions for each patient (categorized 0–3, with 3 or more indicating greatest 

comorbidity).29 Body mass index, smoking status, diabetes (including insulin dependency), 

history of coronary artery disease, history of cancer, and current immunosuppression 

medication use were available. Normothermia was defined as first recovery room 

temperature of 36.0°C or greater. Prophylactic antibiotic was defined as antibiotics given 

within 60 minutes before incision.

Type/Method of Operation—Bariatric operations included laparoscopic and open 

Rouxen-Y gastric bypass, laparoscopic gastric band placement, sleeve gastrectomy, 

biliopancreatic bypass with and without duodenal switch, vertical banded gastroplasty, and 

revision of gastric bypass. Colon operations included right/transverse and left 

hemicolectomy, low anterior resection, abdominal perineal resection, total abdominal 

colectomy, stoma takedown, perineal proctectomy, and abdominal proctectomy. Method of 

operation was specified as laparoscopic, open, laparoscopic converted to open, and 

laparoscopic/hand-assisted.

Hyperglycemia and Insulin Use—SCOAP collects information on the highest blood 

glucose level at 3 different time periods: DOS, postoperative day (POD) 1, and POD 2. As a 

statewide quality improvement program designed to feedback information to hospitals and 

surgeons regarding process and outcome at a minimal expense, SCOAP does not record all 

blood glucose values available and thus does not have information on variability or 

hypoglycemia. DOS consists of fasting blood glucose before incision on DOS, blood 

glucose intraoperatively, or within 60 minutes of operative close time. POD 1 is defined as 

the 24-hour period beginning at midnight after surgery. POD 2 is defined as the 24-hour 
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period that began at midnight after POD 1. The American Diabetes Association recommends 

random blood glucose levels to be kept below 180 mg/dL in noncritically ill patients.30 

Accordingly, hyperglycemia was defined as glucose levels above 180 mg/dL. SCOAP 

contained records of administration of insulin only during the DOS period.

Outcomes—The prospectively defined primary outcome was the rate of infection. 

Infection in SCOAP is clinically defined as antibiotics being started for presumed or 

confirmed infections, wound being reopened secondary to presumed infection, and record of 

abscess drainage procedure during the hospitalization and within 30 days. These 3 clinical 

interventions were used to define composite infections. Secondary outcomes explored 

included in-hospital death, reoperative interventions, length of stay (in days), and 

myocardial infarctions.

Analysis

Patient characteristics and outcomes were summarized using frequency distributions for 

categorical variables and means and standard deviations for continuous variables stratified 

by hyperglycemia. Descriptive statistics were produced for primary and secondary outcomes 

for the whole cohort, for colorectal and bariatric patient populations separately, and for 

diabetic and nondiabetic patients separately. P values for the differences between groups 

were obtained using the independent 2-sample Student t test for unequal variances on 

continuous variables and Pearson χ2 statistics for categorical variables. Logistic regression 

models were created a priori to evaluate the association between hyperglycemia and 

outcomes adjusting for patient, clinical, and operative characteristics identified as 

statistically significant (P < 0.05) on bivariate evaluation or found to be important in 

previous studies. We also looked at the effect of degree of glucose elevation on outcomes. 

Adjusted logistic regression model was used for patients categorized by glucose values in 

incrementals of 10 mg/dL. Next, we looked at those with glucose checks in all 3 days and 

used the adjusted logistic regression model on infection by the timing of when patients had 

hyperglycemia (DOS or postoperative).

Finally, we analyzed data from the “hyperglycemia on DOS-only” group given that 

postoperative hyperglycemia may be a marker of early postoperative complications (ie, 

infections may have caused postoperative hyperglycemia), although this is less likely in the 

first 2 days postoperatively. Considering all patients with DOS glucose checks, we used the 

same logistic regression model to look at the relationship of DOS hyperglycemia to 

postoperative mortality and morbidity. To assess the contribution of insulin in reducing such 

outcomes, an augmented model included DOS insulin administration. A sensitivity analysis 

was performed among those with glucose checks in all 3 days to account for differential risk 

among groups receiving insulin and those not. We also examined the impact of more 

effective glucose control on days 1 and 2 from best control (<130 mg/dL) to worst control 

(180–250 mg/dL). STATA was used for all analyses (Version 11; STATACorp, College 

Station, TX).
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RESULTS

Of 18,278 patients in this time period, 7653 patients had glucose recorded on DOS, 8330 

patients on POD 1, 5533 patients on POD 2, and 3352 patients in all 3 periods. Those who 

had glucose checks in all 3 periods were older (58.0 ± 14.5 years), had a higher Charlson 

index score (70.3% with >1 comorbidity), and were more likely to have diabetes (61.5%). In 

comparison, patients with glucose checks in only 1 of the 3 periods were younger (55.4 ± 

15.3 years), had lower Charlson index score (48.9% with >1 comorbidity), and were less 

likely to have diabetes (35.3%).

A total of 11,633 patients had their glucose checked in at least 1 of the 3 periods. Of this 

cohort, compared with patients with glucose levels of 180 mg/dL or less (n = 8247, 70.9%), 

patients with glucose levels of more than 180 mg/dL at any point (n = 3383, 29.1%) were 

older, with higher Charlson index score, and more likely to have Medicare and Medicaid 

coverage, diabetes, coronary artery disease, hypertension, higher body mass index, 

creatinine levels more than 2 mg/dL, albumin levels less than 3 g/dL, and home oxygen 

treatment (Table 1).

The unadjusted rates of in-hospital mortality (1.5% vs 0.6%, P < 0.001), reoperative 

intervention (4.4% vs 3.1%, P < 0.001), and composite infections (6.0% vs 3.4%, P < 0.001) 

were higher among those who had hyperglycemia. Similar trends were seen when 

considering nondiabetic and diabetic patients separately (Fig. 1). Patients with 

hyperglycemia also had longer length of stay (6.0 ± 8.5 days vs 5.3 ± 7.4 days, P < 0.001) 

and were less likely to be discharged to home (91.5% vs 94.9%, P < 0.001). Significant 

differences in these outcomes were seen in both colorectal [in-hospital mortality (3.1% vs 

1.0%, P < 0.001), reoperative intervention (5.9% vs 4.3%, P < 0.001), and composite 

infections (14.8% vs 9.6%, P < 0.001)] and bariatric [in-hospital mortality (0.22% vs 0.09%, 

P < 0.001), reoperative intervention (3.1% vs 1.6%, P < 0.001), and composite infections 

(2.9% vs 1.0%, P < 0.001)] procedural groups.

After controlling for clinical covariates (age, sex, Charlson comorbidity index, body mass 

index, smoking, immunosuppression, cancer, diabetes, prophylactic antibiotics, year of the 

operation, and type of surgical procedure), patients who had any hyperglycemia had a 2-fold 

higher risk of infection [odds ratio (OR) 2.0; 95% confidence interval (CI), 1.63–2.44]. They 

also had increased risk of death, reoperative interventions, and anastomotic failures (Table 

2). These risks did not change in our sensitivity analyses controlling for hospital effects 

[infection (OR, 1.79; 95% CI, 1.49–2.16), death (OR, 2.63; 95% CI, 1.65–4.18), reoperative 

interventions (OR, 1.78; 95% CI, 1.4–2.27), and anastomotic failures (OR, 2.37; 95% CI, 

1.39–4.03)]. Those with postoperative hyperglycemia had a higher risk of infection than 

those who were hyperglycemic only on DOS (with highest odds if hyperglycemic on both 

PODs) (Table 3). We found that for every 10-unit increase in blood glucose levels, there was 

a 7% increased odds of infection (OR, 1.07; 95% CI, 1.04–1.09). Among patients with 

glucose checks in all 3 periods, patients who had hyperglycemia on both POD 1 and POD 2 

had the highest odds of infection (OR, 3.1; 95% CI, 1.72–5.59) compared with those with no 

hyperglycemia.
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DOS hyperglycemia was associated with an increased adjusted odds of in-hospital mortality 

(OR, 1.87; 95% CI, 1.06–3.3), reoperative interventions (OR, 1.63; 95% CI, 1.21–2.19), and 

composite infections (OR, 1.51; 95% CI, 1.16–1.95) (Fig. 2). When insulin was added to the 

regression model, the adjusted odds ratios for all 3 outcomes were no longer significant (Fig. 

2). Patients who were started on insulin included a higher proportion with insulin-dependent 

diabetes (66.7% among those who received insulin vs 33.3% among those who did not 

receive insulin), more often had higher baseline glucose levels (17.8% with glucose level 

>250 mg/dL in insulin group vs 1.5% in noninsulin group), and more often had 

hyperglycemia on POD 1 and POD 2 (62.6% insulin group vs 37.5% in noninsulin group). 

To evaluate the impact of insulin-related glucose control (≤ 180 mg/dL), we performed a 

sensitivity analysis among those with glucose checks in all 3 days. We compared composite 

adverse outcomes (deaths/infections/reoperations) among patients with hyperglycemia in the 

nonextreme range (between 180 and 250) who were and were not started on insulin 

perioperatively and evaluated those who achieved insulin-related glucose control (<180 on 

POD 1 and POD 2). We found that rates of composite adverse events were lower (5.7%) in 

those achieving insulin-related glucose control than those not started on insulin (10.6%) (P = 

0.05). We found decreasing rates of adverse events with increasing levels of glucose control 

(composite adverse event rates of 0%, 5.9%, 6.5%, and 10.3% for patients with insulin and 

POD 1 and POD 2 glucose of <130, 130–150, 150–180, and 180–250, respectively), but the 

numbers in each group were small (ranging from 17 to 264). Despite this, 26.2% of patients 

with DOS hyperglycemia did not receive insulin.

DISCUSSION

Perioperative and postoperative hyperglycemia in general surgery patients with and without 

diabetes was associated with nearly 2-fold higher risk of infection, in-hospital mortality, and 

operative complications. Interestingly, the greatest risk of infection was among patients with 

no history of diabetes who experienced hyperglycemia. Although only 13.5% of nondiabetic 

patients had hyperglycemia compared with 58% of diabetic patients, 30% of all 

hyperglycemic episodes were in nondiabetic patients. Regardless of known diabetes status, 

insulin administration seemed to mitigate the association of hyperglycemia with adverse 

outcomes.

Perioperative hyperglycemia is an important marker for adverse events in surgical patients, 

with and without diabetes.2,9,10,17,19,25–27,31 Surgery in diabetic patients is associated with 

longer hospital stay,32 increased morbidity and mortality,33,34 and postoperative infection.35 

Adverse effects may be worsened in diabetic patients who have acute hyperglycemia 

compared with chronic and sustained hyperglycemia.36 Interestingly, patients with newly 

diagnosed hyperglycemia have been shown to have higher mortality and lower functional 

outcome than those with normoglycemia or with a known history of diabetes.22 We also 

found that among patients with hyperglycemia, those without history of diabetes had worse 

outcome compared with patients with diabetes. Insulin helps avoid acute hyperglycemia in 

these patients. Beneficial effects of insulin may also come from its anti-inflammatory 

effects.37–40 Evaluating the clinical impact of insulin on outcomes using observational data 

is challenging. Insulin administration among patients with hyperglycemia does not seem to 

be a random event. This study found, patients started on insulin more often had greater 
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diabetes severity, more extreme values of hyperglycemia, and were more likely to be 

hyperglycemic on POD 1 and POD 2. All of these variables were independently associated 

with increased risk of adverse events. Failure to account for this “confounding by 

indication” may lead the casual observer to think that insulin is a cause of adverse events 

rather than a marker for the higher risk of the patient. One of the strengths of this study is 

that we were able to account for severity of diabetes, degree of hyperglycemia, and also 

whether or not patients achieved insulin-related glucose control. Accounting for these 

severity “marker variables,” composite adverse event rates were significantly lower in those 

achieving insulin-related glucose control than those not started on insulin. We also found 

decreasing event rates with increasing insulin-related glucose control. This overall 

observation and finding of a dose-effect relationship suggest a cause-and-effect link between 

insulin-related glucose control and improved outcomes. This problem with confounding also 

highlights the limitation of observational data sets that do not account for these important 

variables. Our finding that the elevated risk of infection in patients with hyperglycemia 

improves with insulin administration is consistent with previous studies of other clinical 

environments.2,3,21,41

Previous studies have correlated the risk of infection with the degree of perioperative 

glucose elevation.3,42 We demonstrate an increasing risk of infection for every 10-unit 

increase in highest glucose. Previous studies have also reported an association of timing of 

hyper-glycemia with increased risk of adverse outcomes.26,42 Intraoperative and 

postoperative, but not preoperative and POD 2, hyperglycemia were associated with 

increased risk.26,43 In our subanalysis evaluating the timing of hyperglycemia in patients 

who had a glucose recorded each day for 3 days, postoperative hyperglycemia—compared 

with hyperglycemia on the DOS alone—had a stronger association with infection. This 

relationship increased when hyperglycemia was present on both PODs compared with just 1 

POD.

Despite the importance of hyperglycemia, perioperative glucose levels frequently go 

unchecked.1 We found that only 64% of patients (55% of nondiabetic and 90% of diabetic 

patients) had at least 1 glucose recorded on DOS, POD 1, or POD 2. To address this, glucose 

checking for diabetic patients at induction of anesthesia has become a part of the SCOAP 

surgical checklist (www.SCOAPchecklist.org). Another barrier to effective glycemic control 

may be concerns about insulin administration. Among 37 academic medical centers, 

recommended regimens of insulin therapy were prescribed in only 45% of patients,44 and 

patients with hyperglycemia without a diagnosis of diabetes were less likely to be treated 

with insulin.22 We found that 26% of patients with hyperglycemia on the DOS (46% of 

these being nondiabetic) did not receive insulin. This may be due to limited awareness of the 

importance of perioperative hyperglycemia and the benefits of insulin in the hyperglycemic 

general surgery population.

Our study has limitations. A concern related to management of hyperglycemia is insulin-

induced hypoglycemia.45–47 The NICE-SUGAR investigators have found increased 

mortality with intensive glucose control (81–108 mg/dL) compared with conventional target 

of less than 180 mg/dL.48 Although SCOAP added a hypoglycemia variable onto the 

database in 2010, it was not available for this analysis. We did not have information on the 
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type of insulin (dose, continuous infusion vs basal bolus vs sliding scale) used. Patients with 

more glucose checks might have been patients who had a higher risk for complications. This 

is why our initial cohort was restricted to those with at least 1 glucose check, and our 

analysis on timing of hyperglycemia was restricted to those with all 3 glucose checks. The 

SCOAP database collects only highest glucose level that limited us in looking into how 

much glucose reduction resulted from the insulin administration on the DOS. Finally, it may 

be possible that the administration of insulin is a marker for better perioperative care in 

general and that some noninsulin benefits were conferred to patients who were given insulin. 

To address that we controlled for preoperative prophylactic antibiotics administration and 

normothermia as other markers of greater use of best practice for perioperative care to tease 

out some of the measured and perhaps unmeasured factors associated with better 

perioperative care, we performed a sensitivity analysis controlling for these and other 

hospital effects in hierarchical modeling which demonstrated similar results.

In summary, this is the first multi-institutional study evaluating the effect of perioperative 

hyperglycemia in general surgery patients using multiple endpoints and the impact of insulin 

administration on these endpoints. Our finding, based on the clinical records of patients from 

nearly the entire state of Washington, across all types of hospitals and communities, 

reinforces the relationship of perioperative hyperglycemia and postoperative complications 

and suggests that these complications are modifiable. The National Surgical Infection 

Prevention Program in support of the National Surgical Infection Prevention Project 

implemented by the Centers for Disease Control and Prevention and the Centers for 

Medicare & Medicaid Services has demonstrated that a bundle of interventions including 

glucose control in surgical patients was followed by lower rates of surgical infection and is 

achievable.49 We believe that the association of hyperglycemia and poor outcomes is such 

that patients undergoing bariatric and colorectal surgical procedures, with and without a 

history of diabetes, should be given consideration to have their glucose checked on the 

morning of surgery. Appropriate interventions and monitoring should be initiated when 

indicated for general surgery patients with hyperglycemia throughout the perioperative 

period.
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FIGURE 1. 
Outcomes stratified by perioperative hyperglycemia (>180 mg/dL at any point on the day of 

surgery, postoperative day 1, or postoperative day 2) for diabetic patients (A) and 

nondiabetic patients (B). *P < 0.01; †P < 0.05.
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FIGURE 2. 
Multivariate logistic regression of composite infections, reoperative interventions, and in-

patient mortality rates for hyperglycemia (>180 mg/dL) on the day of surgery with and 

without adjustment for administration of insulin.
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TABLE 1

Patient Demographics of Those Tested for Glucose and Stratified by Perioperative Hyperglycemia (Defined as 

>180 mg/dL at Any Point on the Day of Surgery, Postoperative Day 1, or Postoperative Day 2)

Normal Glucose Hyperglycemia P

Number 8247 3383

Clinical characteristics

 Age, yr 54.3 ± 15.8 58.1 ± 13.6 <0.001

 Sex (% female) 5377 (65.2%) 2268 (67.0%) 0.06

Insurance

  Private 5509 (67.1%) 2170 (64.4%) 0.005

  Medicare 2354 (28.7%) 1299 (38.6%) <0.001

  Medicaid 515 (6.3%) 249 (7.4%) 0.03

  Uninsured 109 (1.3%) 31 (0.9%) 0.07

 Charlson comorbidity index <0.001

  0 5,289 (64.1%) 771 (22.8%)

  1 2,242 (27.2%) 1,776 (52.5%)

  2 603 (7.3%) 714 (21.1%)

  3+ 115 (1.4%) 123 (3.6%)

 Diabetes 1729 (21.0%) 2369 (70.1%) <0.001

 Diabetes treatment <0.001

  No meds 420 (24.1%) 231 (9.8%)

  Single noninsulin 776 (44.6%) 740 (31.2%)

  Multiple noninsulin 229 (13.2%) 437 (18.5%)

  Insulin 132 (7.6%) 370 (15.6%)

  Insulin plus other 185 (10.6%) 591 (25.0%)

 BMI for colorectal procedures 27.8 ± 7.5 29.3 ± 7.6 <0.001

 BMI for bariatric procedures 45.8 ± 13.7 46.8 ± 12.6 0.009

 Tobacco use 1287 (15.6%) 370 (11.0%) <0.001

 Creatinine >2 mg/dL 97 (1.5%) 71 (2.7%) <0.001

 Home oxygen 90 (1.1%) 68 (2.0%) <0.001

 Immunosuppression* 373 (4.5%) 181 (5.4%) 0.06

 Coronary artery disease 646 (7.8%) 464 (13.7%) <0.001

 Hypertension 4212 (51.1%) 2453 (72.5%) <0.001

Procedural characteristics

 Procedure types <0.001

  Bariatric 3513 (42.6%) 1847 (54.6%)

  Colorectal 4736 (57.4%) 1537 (45.4%)

 Surgical approach <0.001

  Laparoscopic 3,795 (46.1%) 1,760 (52.1%)

  Lap converted to open 362 (4.4%) 152 (4.5%)

  Lap, hand assisted 869 (10.6%) 216 (6.4%)

  Open 3163 (38.4%) 1243 (36.8%)
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Normal Glucose Hyperglycemia P

 Indication for surgery 0.9

  % Cancer 1696 (20.6%) 699 (20.7%)

 Surgery time 145.7 ± 91.9 168.5 ± 101.4 <0.001

 Prophylactic antibiotics† 7462 (97.4%) 3094 (97.4%) 0.9

 Normothermia 7,473 (95.1%) 2,980 (95.1%) 0.9

*
Patients on immunosuppressants preoperatively.

†
Preoperative antibiotics given within 60 minutes of incision.

BMI indicates body mass index.
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TABLE 3

Risk-Adjusted Odds Ratios for Composite Infection for Hyperglycemia (>180 mg/dL) During Different 

Perioperative Time Periods in Patients With Glucose Checks in All 3 Time Periods (Perioperative, POD 1, and 

POD 2) Presented as Odds Ratio and 95% Confidence Intervals (Within parenthesis)

Composite Infection (OR, 
95% CI)—for Hyperglycemia 
Only on the Day of Surgery (n 

= 84)

Composite Infection (OR, 
95% CI)— for 

Hyperglycemia Only During 
POD 1 or POD 2 (n = 162)

Composite Infection (OR, 95% 
CI)—for Hyperglycemia Only 
During POD 1 and POD 2 (n = 

81)

Hyperglycemia 1.7 (0.98–2.94) 2.08 (1.43–3.02) 3.1 (1.72–5.59)

Age, yr 1.02 (1.0–1.04) 1.01 (0.99–1.03) 1.02 (1.0–1.04)

Male sex 1.35 (0.88–2.07) 1.38 (0.99–1.94) 1.35 (0.91–2.01)

Charlson comorbidity index

 1 1.05 (0.56–1.98) 0.94 (0.55–1.61) 0.9 (0.48–1.67)

 2 2.35 (1.1–5.03) 1.54 (0.79–2.99) 2.44 (1.19–5.01)

 3+ 2.67 (0.91–7.89) 2.68 (1.06–6.78) 2.62 (0.79–8.62)

Body mass index 1.01 (0.99–1.01) 1.0 (0.99–1.01) 1.0 (0.99–1.01)

Smoking 1.9 (1.17–3.08) 1.7 (1.12–2.57) 2.19 (1.38–3.48)

Immunosuppression* 1.94 (0.94–4.0) 1.81 (1.01–3.25) 1.77 (0.91–3.46)

Prophylactic antibiotics† 2.8 (0.38–20.74) 1.71 (0.41–7.19) 1.65 (0.4–6.8)

Cancer 1.12 (0.71–1.76) 1.04 (0.72–1.49) 0.99 (0.65–1.52)

Year of the operation 1.3 (0.94–4.0) 1.29 (0.98–1.68) 1.31 (0.96–1.79)

Surgical procedure (colorectal vs 

bariatric)‡
5.54 (2.87–10.69) 6.6 (3.39–12.84) 5.67 (2.56–12.56)

Diabetes§

 Noninsulin-dependent 0.58 (0.3–1.14) 0.61 (0.35–1.07) 0.49 (0.25–0.95)

 Insulin-dependent 0.46 (0.16–1.37) 0.42 (0.2–0.88) 0.23 (0.08–0.63)

Each of the following odds ratio listed is adjusted for all other covariates on the left column of the table.

*
Patients on immunosuppressants preoperatively.

†
Preoperative antibiotics given within 60 minutes of incision.

‡
Odds ratios in patients undergoing colorectal operations compared with bariatric operations.

§
Patients with diabetes who are noninsulin-dependent and those who are insulin-dependent.
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