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OBJECTIVE

Limited studies have examined the association between diabetes and HbA1c with
postoperative outcomes. We investigated the association of diabetes, defined
categorically, and the association of HbA1c as a continuous measure, with post-
operative outcomes.

RESEARCH DESIGN AND METHODS

In thisprospective,observational study,wemeasured theHbA1cof surgical inpatients
age ‡54 years at a tertiary hospital between May 2013 and January 2016. Patients
were diagnosedwith diabetes if they had preexisting diabetes or anHbA1c‡6.5% (48
mmol/mol) or with prediabetes if they had an HbA1c between 5.7 and 6.4% (39 and
48 mmol/mol). Patients with an HbA1c <5.7% (39 mmol/mol) were categorized as
having normoglycemia. Baseline demographic and clinical data were obtained from
hospital records, and patients were followed for 6 months. Random-effects logistic
and negative binomial regression models were used for analysis, treating surgical
units as random effects. We undertook classification and regression tree (CART)
analysis to design a 6-month mortality risk model.

RESULTS

Of 7,565 inpatients, 30% had diabetes, and 37% had prediabetes. After adjusting for
age, Charlson comorbidity index (excluding diabetes and age), estimated glomerular
filtration rate, and lengthof surgery, diabeteswas associatedwith increased6-month
mortality (adjusted odds ratio [aOR] 1.29 [95% CI 1.05–1.58]; P = 0.014), major
complications (1.32 [1.14–1.52]; P < 0.001), intensive care unit (ICU) admission (1.50
[1.28–1.75]; P < 0.001), mechanical ventilation (1.67 [1.32–2.10]; P < 0.001), and
hospital length of stay (LOS) (adjusted incidence rate ratio [aIRR] 1.08 [95% CI 1.04–
1.12]; P < 0.001). Each percentage increase in HbA1c was associated with increased
major complications (aOR1.07 [1.01–1.14];P=0.030), ICUadmission (aOR1.14 [1.07–
1.21]; P < 0.001), and hospital LOS (aIRR 1.05 [1.03–1.06]; P < 0.001). CART analysis
confirmed a higher risk of 6-monthmortality with diabetes in conjunctionwith other
risk factors.

CONCLUSIONS

Almost one-third of surgical inpatients age ‡54 years had diabetes. Diabetes and
higher HbA1c were independently associated with a higher risk of adverse outcomes
after surgery.
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The prevalence of diabetes is rising,which
in 2015 was estimated worldwide at
415 million (8.8%) (1). In Australia, the
prevalence of diabetes was 1.2 million
(5.1%) in 2014 and 2015 (2). One-third of
inpatients age $54 years at a tertiary
referral center were reported to have
diabetes (3).
Surgical procedures place physical

stress on patients and can lead to mor-
bidity and mortality (4). Patients with
diabetes and chronic hyperglycemia, mea-
sured by HbA1c, may be at particular risk
for perioperativemorbidity from diabetes-
related complications (5,6). Although
diabetes has been associated with in-
creased mortality and morbidity in the
setting of cardiac surgery (7,8), this asso-
ciation in the noncardiac surgery setting is
variable (9–14). Inconsistency remains in
both the reporting and the definitions of
surgical complications and periopera-
tive morbidity among studies, making it
difficult to draw conclusions on the as-
sociation between diabetes and post-
operative complications. Furthermore,
previous studies have used medical re-
cords alone to identify diabetes in sur-
gical patients (7,12,14), whichmay fail to
identify the up to 18% who may have di-
abetes (15).
Studies investigating the association of

HbA1cwithsurgicaloutcomeshaveshown
conflicting results (16), with some dem-
onstrating associations with higher
mortality (14,17), infection (17,18), myo-
cardial infarction (17), renal failure (17),
cerebrovascularaccident (17),major com-
plications (19), and hospital length of stay
(LOS) (20) and others failing to observe
such associations (14,21). Of note, many
studieshad limitedHbA1c results available
for analysis, introducing selection bias
(14,18–20), whereas others had limited
sample sizes (19).
Most studies assessing the association

of hyperglycemia and postoperative out-
comes have focused on perioperative
hyperglycemia by using blood glucose
readings around the time of surgery
(21,22). However, perioperative hyper-
glycemia is not an accurate indicator of
diabetes status because it is affected by
perioperative fasting and stress hypergly-
cemia from surgical trauma (23). HbA1c
has been proposed as a reliable indicator
of glycemic status in the inpatient setting
because it is unaffected by fasting status
and less affected by stress hyperglyce-
mia (24) and has been endorsed as an

appropriate method of diagnosing diabe-
tes (6,25).

Accordingly, in this prospective study,
we used HbA1c to determine both pres-
ence of diabetes and severity of chronic
preadmission glycemic status. We tested
the hypothesis that diabetes, defined as a
categorical variable, and HbA1c, defined
as a continuous variable, carry an inde-
pendent association with adverse out-
comes after surgery.

RESEARCH DESIGN AND METHODS

Study Design
We performed a prospective, observa-
tional study in surgical inpatients admit-
ted to Austin Health, a tertiary teaching
hospital affiliated with the University of
Melbourne in Melbourne, Victoria, Aus-
tralia. During the period of 6 May 2013
to 23 January 2016, as part of a process,
labeled the Diabetes Discovery Initiative,
all patients age $54 years without an
HbA1c reading within 3 months of admis-
sion received an automatic HbA1c mea-
surement on hospital admission (3). This
age cutoff was chosen on the basis of a
previous study that usedHbA1cmeasure-
ments to demonstrate a higher preva-
lenceofundiagnoseddiabetes in inpatients
aged.54years (26).HbA1cwasmeasured
by immunoassay on a COBAS INTEGRA
800 (Roche Diagnostics, Indianapolis, IN).
This study was approved by the Austin
Health Research Ethics Committee (LNR/
15/Austin/41), whichwaived the need for
informed consent for a planned practice
change agreed to by hospital senior med-
ical staff members as part of the Diabetes
Discovery Initiative.

As part of the Diabetes Discovery Ini-
tiative, patients with HbA1c $8.3% (67
mmol/mol) were seen by an endocrinol-
ogy advanced trainee who generated a
personalized plan for glycemic control.
Patients undergoing high-risk surgery,
including cardiac, orthopedic, and gen-
eral surgery, with HbA1c between 7.5%
(58 mmol/mol) and 8.2% (66 mmol/mol)
and patients with newly diagnosed di-
abeteswere seenbythe internalmedicine
advanced trainee.Patientsweremanaged
according to the hospital’s perioperative
guidelinesforpatientswithdiabetes,which
are based on Australian Diabetes Society
guidelines (27).

Inclusion criteria were age $54 years,
surgery with at least one overnight hos-
pital stay,HbA1cmeasurementperformed
,3months before or 7 days after surgery,

and an available serum creatinine level.
The cutoff date for HbA1c measurement
was set at 7 days after surgery to capture
patients with delays in HbA1c measure-
ment while minimizing interference in
HbA1c levels from surgery. We excluded
patients undergoing minor interventional
or noninterventional procedures, such as
gastroscopy, colonoscopy, bronchoscopy,
lumbar puncture, electroconvulsive ther-
apy, direct cardioversion, paravertebral
block, video fluoroscopy swallowing or
urodynamic studies, and MRI. Patients
alsowereexcludedif theyreceivedablood
transfusion#90 days before HbA1c mea-
surement because blood transfusions
affect the reliability of HbA1c results (6).
Where patients had more than one sur-
gical procedure in their hospital episode,
analyses were performed on the basis of
the first procedure.

Detailed demographic and clinical data
were entered into a Cerner electronic
database (Cerner Corporation, Kansas
City, MO). Baseline data collected were
age, sex, serum creatinine level, HbA1c
result, diabetes status, separation unit,
type of surgery, length of surgery, elec-
tive or emergency status of surgery,
and comorbid conditions (Supplementary
Table 1).

Patients were followed for 6 months.
The primary study outcomewasmortality
within 6 months. Secondary outcomes
were presence of a major complication,
admission to an intensive care unit
(ICU), requirement for mechanical venti-
lation, hospital LOS, readmission within
6 months, and cost of hospital episode.
We included the STROBE (Strengthening
the Reporting of Observational Studies
in Epidemiology) statement checklist for
observational studies to report findings
(28).

Definitions
Patients were diagnosed with diabetes if
they had an HbA1c$6.5% (48mmol/mol)
or preexisting diagnosis of diabetes on
medical records regardless of HbA1c level.
Patientswerediagnosedwithprediabetes
iftheyhadanHbA1c$5.7%(39mmol/mol)
and,6.5% (48 mmol/mol). Patients with
an HbA1c ,5.7% (39 mmol/mol) were
considered to have normoglycemia. Pa-
tients with prediabetes and normoglyce-
miawereclassifiedasnothavingdiabetes.
These definitions are in accordance with
the International Expert Committee and
American Diabetes Association (6,25).
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LOS was determined by the period
from admission to discharge, including
days in the hospital-in-the-home unit.
Readmission was defined as unplanned
readmission to this hospital within the
6-month follow-up period. Mechanical
ventilation referred to the requirement
of such postoperatively. Mortality was
established if patientdeathhadoccurred
during admission or had been reported
to the hospital during the 6-month study
period.
Hospital-acquired complications were

graded on the basis of the Clavien-Dindo
classification guide for surgical complica-
tions (29). TheClavien-Dindoclassification
isavalidatedapproachtosurgicaloutcome
assessment that assigns severity grades to
surgical complications. Surgical complica-
tions were assessed from diagnoses of
in-hospital complications frommedical re-
cords, withmajor complication defined as
ahospital-acquiredcomplicationofClavien-
Dindograde$4andincludedlife-threatening
complications and in-hospital death (Sup-
plementary Table 2). Our institution com-
prises specialist wards equipped to
manage severe conditions thatmight oth-
erwise be managed in the ICU. Thus, we
also included life-threatening complica-
tions involving documented organ failure
unable to be managed by medications or
surgical interventions alone, irrespective
of ICU admission. In case of disagreement
on grading by two assessors, the case was
discussed with reference to the classifica-
tion guide (29).
We a priori identified confounders as

comorbid conditions, age, renal function,
and length of surgery. Comorbid condi-
tions reported as ICD-10, AustralianMod-
ification, codes were used to calculate
eachpatient’sCharlsoncomorbidity index
score. This validated method weights the
impact of chronic disease by assigning
scores to chronic conditions on the basis
of severity and effect on mortality (30)
(SupplementaryTable1).Diabetesandage
wereexcludedbecausetheywereassessed
as separate characteristics. Estimated glo-
merularfiltrationrate(eGFR)wascalculated
by the Chronic Kidney Disease Epidemi-
ology Collaboration (CKD-EPI) equation
by using extracted data on age, sex, and
first creatinine value in the hospital epi-
sode (31).
Length of surgery in minutes was used

asamarker for severityof surgery.Another
potential marker of severity is emergency
or nonemergency status of surgery, with

emergency surgery contributing to poorer
surgical outcomes (32). In addition, pa-
tients were categorized into 15 surgical
units according to the separation unit
from which they were discharged (Table
1). Patients with a separation unit outside
these 15 units were assigned by two
independent assessors to a unit on the
basis of their surgical procedure. These
units were used as random effects in the
statisticalmodels.Subgroupanalyseswere
performed for surgical units.

Statistical Analysis
Statistical analysis was performed with
Stata 14.2 software (StataCorp, College
Station, TX). Baseline characteristics were
reported as medians and interquartile
ranges (IQRs) (continuous characteristics)
or counts and percentages (categorical
characteristics) and compared between
patients included in and excluded from
the study and by diabetes category using
Kruskal-Wallis and x2/Fisher exact tests,
respectively. Multivariable analyses were
conducted using random-effects nega-
tive binomial regression for LOS outcome

(presented as count of days) and random-
effects logistic regression for binary out-
comes,withsurgicalunitsasrandomeffects.
Two analyses were performed: 1) with di-
abetes status classified as diabetes or no
diabetes (including prediabetes and nor-
moglycemia)and2)withHbA1casa contin-
uous marker. A priori chosen adjustment
covariates were age, eGFR, Charlson co-
morbidity index (excluding diabetes and
age),andlengthofsurgeryinminutes.Stan-
dard analyses of collinearity andmodel fit
were performed. Because emergency sur-
geries had statistically significantly shorter
length than nonemergency surgeries, to
avoid excessive collinearity, emergency
status of surgery was not included as a
covariate in addition to length of surgery
but instead was used in robustness anal-
ysis. Exploratory subgroup analysis by sur-
gical unit was performed and presented as
forest plots. The cost of a patient episode
was described using median and IQRs
and analyzed byWilcoxon rank sum test. A
two-sided P, 0.05was considered statis-
tically significant.

Table 1—Baseline patient characteristics

Baseline characteristic Normoglycemia Prediabetes Diabetes P value*

Patients 32 (2,457) 37 (2,825) 30 (2,283)

Male sex 57 (1,395) 54 (1,534) 62 (1,424) ,0.001

Age (years) 68 (61, 77) 71 (63, 80) 71 (64, 78) ,0.001

HbA1c ,0.001
% 5.4 (5.3, 5.5) 5.9 (5.8, 6.1) 6.9 (6.3, 7.8)
mmol/mol 36 (34, 37) 41 (40, 43) 52 (45, 62)

eGFR (mL/min/1.73 m2)† 79 (58, 92) 76 (58, 90) 67 (44, 86) ,0.001

CCI (excluding diabetes and age)‡ 0 (0, 2) 0 (0, 2) 1 (0, 2) ,0.001

Length of surgery (min) 150 (94, 230) 155 (100, 234) 149 (86, 250) 0.146

Emergency surgery 56 (1,366) 54 (1,532) 55 (1,263) 0.571

Surgical unit ,0.001
Breast surgery 0.5 (11) 0.5 (14) 0.6 (13)
Cardiac surgery 5.7 (139) 6.8 (192) 10.6 (243)
Colorectal surgery 7.0 (172) 6.7 (189) 5.0 (113)
ENT, HN, ophthalmology 2.2 (55) 2.1 (60) 2.4 (54)
Hepatobiliary 9.8 (241) 8.8 (249) 9.8 (223)
Liver transplant 1.7 (41) 0.4 (11) 1.7 (38)
Maxillary facial 1.2 (29) 1.0 (27) 0.7 (15)
Neurosurgery 10.3 (252) 10.5 (297) 7.7 (175)
Orthogeriatrics 15.1 (371) 11.1 (313) 7.5 (171)
Orthopedics 9.6 (236) 16.2 (457) 13.5 (307)
Plastic surgery 6.8 (167) 6.7 (188) 5.1 (117)
Thoracic surgery 4.8 (117) 5.7 (162) 3.9 (90)
Upper gastrointestinal surgery 9.9 (243) 7.8 (220) 7.2 (164)
Urology 9.8 (241) 10.0 (281) 10.1 (231)
Vascular surgery 5.8 (142) 5.8 (165) 14.4 (329)

Data are % (n) or median (IQR). CCI, Charlson comorbidity index; ENT, ear nose throat; HN, head
and neck. *P valueswere determinedby Fisher exact test for categorical variables and Kruskal-Wallis
test forcontinuousvariables.†Derivedusing theCKD-EPIequation.‡Avalidatedmethodofweighting
chronic medical conditions (the scores for diabetes and age were excluded because they were
analyzed as a separate variable).
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We also used classification and regres-
sion tree (CART)advancedanalysis (Salford
Predictive Modeler 7 software; Salford
Systems, San Diego, CA) to investigate
complex interactions among patient char-
acteristics, HbA1c, length of surgery, and
outcome of 6-month mortality and to de-
sign a predictive 6-month mortality risk
model. CART is a binary partitioning sta-
tistical method that starts with the total
sample and, in a stepwise manner, splits
the sample into subsamples that are ho-
mogenous with respect to a defined out-
come(33). The inputvariable thatachieves
themost effective split is dichotomized by
automated analysis at an optimal thresh-
old,maximizingthehomogeneitywithinand
separation between resulting subgroups.
Toestablishpredictivevalidityof theCART
model, itsperformance isassessedbyarea
under the receiver operating characteris-
tic (ROC) curve with a 10-fold internal
cross-validation,wheredataare randomly
divided into10groupswith9usedtobuild
themodel (training) and1usedtovalidate
(testing).Fromthis,CARTgeneratesaclas-
sification treeandnumerical rank for each
input used to build the tree by relative
importance. Our CART analysis variables
were age, eGFR, length of surgery, pres-
ence of diabetes, and Charlson comorbid-
ity index (excluding diabetes and age) as
inputs.

RESULTS

During the study period, 12,128 patients
age$54 years underwent surgery at Austin
Health. The following patients were ex-
cluded: those with no HbA1c result within
thespecifiedtimeframe(n=1,648),minor
interventional or noninterventional pro-
cedure (n = 1,947), blood transfusion#90
daysbeforeHbA1cmeasurement(n=286),
andno available creatinine value (n = 682)
(Fig. 1). Thefinal studypopulation included
7,565 patients of whom 2,283 (30%) had
diabetes, 2,825 (37%) had prediabetes,
and 2,457 (32%) had normoglycemia. Of
patients with diabetes, 236 (10%) were
previouslyundiagnosed.Patients included
in the study had a higher median eGFR,
lower Charlson comorbidity index, longer
median length of surgery, and smaller pro-
portionwith diabetes than those excluded
(Supplementary Table 3).
The clinical characteristics of the study

populationaredescribedinTable1.Median
(IQR) ageofpatientswithnormoglycemia,
prediabetes, and diabetes was 68 (61,
77), 71 (63, 80), and 71 (64, 78) years,

respectively (P , 0.001). The majority of
patients in all groups were male. Median
(IQR) HbA1c in patients with normoglyce-
mia, prediabetes, and diabetes was 5.4%
(5.3, 5.5) (36 mmol/mol [34, 37]), 5.9%
(5.8, 6.1) (41 mmol/mol [40, 43]), and
6.9% (6.3, 7.8) (52 mmol/mol [45, 62]),
respectively (P , 0.001). Of the surgical
procedures studied, 3,404 (45%) were
electiveand4,161 (55%)wereemergency.
The proportion of patients with diabetes
who received diabetes medication is pre-
sented in Supplementary Fig. 1. The asso-
ciationofdiabetes andHbA1cwithsurgical
outcomes is summarized in Fig. 2.

Primary Outcome: Six-Month Mortality
The incidence of 6-month mortality was
6% (95% CI 5.5–6.8%) in patients without
diabetes and 9% (95% CI 7.4–9.7%) in
patients with diabetes. On multivariable
analysis, presence of diabetes was asso-
ciated with increased mortality 6 months
after surgery (adjusted odds ratio [aOR]
1.29 [95%CI1.05–1.58];P=0.014) (Fig. 2).
No statistically significant association be-
tween HbA1c on a continuous scale and
6-month mortality was identified.

Secondary Outcomes

Major Complications

Amajor complication, defined as Clavien-
Dindo grade$4,was present in 14% (95%

CI 13–15%) of patients without diabetes
and 21% (95% CI 20–23) of patients with
diabetes. On multivariable analysis, pres-
ence of diabetes as a categorical variable
was associated with greater risk of major
complications (aOR 1.32 [95% CI 1.14–
1.52]; P, 0.001) (Fig. 2). When assessed
as a continuous variable, each1% increase
in HbA1c was associated with greater risk
of major complications (aOR 1.07 [95% CI
1.01–1.14]; P = 0.030) (Fig. 2).

ICU Admission

Eighteen percent (95% CI 17–19) of
patients without diabetes and 27% (95%
CI26–29)withdiabeteswereadmittedto
the ICU. On multivariable analysis, pres-
ence of diabetes as a categorical variable
was associated with an increased likeli-
hood of ICU admission (aOR 1.50 [95% CI
1.28–1.75]; P , 0.001) (Fig. 2). When
assessed as a continuous variable, each
1% increase in HbA1c was associated with
an increased likelihood of ICU admission
(aOR 1.14 [95% CI 1.07–1.21]; P, 0.001)
(Fig. 2).

Mechanical Ventilation

Mechanical ventilation was applied to
10% (95% CI 9–11) of patients without
diabetes and 16% (95% CI 15–18) with
diabetes. On multivariable analysis, pres-
ence of diabetes as a categorical variable

Figure 1—Flowchart of patient population according to inclusion and exclusion criteria.
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was associated with an increased likeli-
hood of receiving mechanical ventilation
(aOR 1.67 [95% CI 1.32–2.10]; P, 0.001)
(Fig. 2). No statistically significant associ-
ationbetweenHbA1conacontinuousscale
andmechanical ventilationwas identified.

LOS

The median (IQR) hospital LOS was 6 (3,
11) days in patients without diabetes and
7 (4, 14) days in those with diabetes. On
multivariable analysis, presence of diabe-
tesasacategoricalvariablewasassociated
with an increased hospital LOS (adjusted
incidence rate ratio [aIRR] 1.08 [95%
CI 1.04–1.12]; P , 0.001) (Fig. 2). When
assessed as a continuous variable, each
1% increase in HbA1c was associated with
an increased hospital LOS (aIRR 1.05 [95%
CI 1.03–1.06]; P , 0.001) (Fig. 2).

Six-Month Readmission

The incidence of 6-month readmission
was 16% (95% CI 15–17) in patients
without diabetes and 17% (95% CI 15–
19) in those with diabetes. On multivari-
able analysis, no statistically significant
association between diabetes as a cat-
egorical variable or HbA1c as a continuous
variable with 6-month readmission was
identified (Fig. 2).

Episode Cost

The median episode cost of the study
population was $18,189, with patients

without diabetes having a median (IQR)
cost of $17,439 (11,438, 27,564) com-
pared with $20,440 (12,186, 33,261) for
patients with diabetes (P , 0.001).

Robustness Analysis
Because of excessive collinearity with
length of surgery, emergency status of
surgery was not included as a covariate in
the original model. When adjusting for
emergency status insteadof or in addition
to length of surgery, the results remained
similar except for the relationship be-
tween HbA1c and major complications,
which became less significant but trended
toward statistical significance (Supplemen-
tary Tables 4 and 5).

Six-Month Mortality Risk Prediction
Using CART Analysis
On CART analysis, using the variables age,
eGFR, presence of diabetes, and Charlson
comorbidity index (excluding diabetes and
age), we found a training ROC of 0.79 and
testing ROC of 0.76. Charlson comorbidity
index(excludingdiabetesandage)wasthe
variable of highest relative contribution
to the model (100%), followed by age
(33.62%), eGFR (22.69%), presence of
diabetes (10.96%), and length of surgery
(7.43%). The classification tree is de-
scribed in Fig. 3. Patients with a Charlson
comorbidity index(excludingdiabetesand
age) .2.5 fared the worst, with a 21.6%

risk for 6-month mortality. For patients
with a Charlson comorbidity index (exclud-
ing diabetes and age) #2.5, age #79.5
years, Charlson comorbidity index (ex-
cluding diabetes and age).0.5, length of
surgery #159.5 min, and eGFR #89.16
mL/min/1.73m2,diabetesconferred9.0%
of the risk of 6-month mortality versus
2.7% for no diabetes.

No significant association between pre-
diabetes, defined categorically, and adverse
outcomes was observed (Supplementary
Table 6). No significant differences in out-
comes were observed between patients
with previously undiagnosed diabetes
and thosewithpreviously knowndiabetes
(Supplementary Table 7). Fewer signifi-
cant associations were found between
higher HbA1c and adverse surgical out-
comes within patients with diabetes
(Supplementary Table 8). Subgroup anal-
yses of associations of diabetes andHbA1c
with patient outcomes within each surgi-
cal unit are displayed in Supplementary
Figs. 2–13.

CONCLUSIONS

Key Findings
We conducted a prospective, observa-
tional study in 7,565 patients aged $54
years undergoing surgery in a tertiary
teaching hospital to investigate the in-
dependent association of diabetes defined

Figure 2—Association of diabetes and HbA1c with postoperative outcomes. Adjusted for age (years), Charlson comorbidity index (excluding diabetes and
age), eGFR by CKD-EPI equation (mL/min/1.73 m2), and length of operation (min), with surgical unit treated as a random effect. aIRR is applicable to
continuous variables; aOR is applicable to categorical variables. 6m, 6 months; Cx, complication; mech., mechanical.
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categorically or by using HbA1c as a con-
tinuous variable with outcomes after sur-
gery. We observed a 30% prevalence of
diabetes and found that diabetes and
higher HbA1c were independently asso-
ciated with adverse postoperative out-
comes, including 6-month mortality, major
complications, ICU admission,mechanical
ventilation, and hospital LOS. We also
found a higher median hospital cost for
patientswithdiabetes. CART analysis con-
firmed a higher risk of 6-month mortal-
ity with diabetes in conjunction with
other risk factors. In contrast, we did not
find a significant association between

prediabetes and adverse postoperative
outcomes.

Relationship to Previous Studies
Theprevalenceofdiabetes in this cohort is
higher than previously reported and may
be related toage (5).Wealsoused routine
HbA1c measurements to diagnose diabe-
tes, whereas previous studies only used
medical records (7,12,14).

The association between diabetes and
LOS has been previously demonstrated in
surgical patients (7,11)andwasconfirmed
in this study. The association between
diabetes and mortality has been demon-
strated in the cardiac (7,8) andnoncardiac

surgery setting (11,13,14), although some
studieshaverefutedthisrelationship(9,10).
Of these studies, all identified diabetes
from medical records without taking into
account HbA1c levels, one had a limited
sample size (9), and several did not adjust
for other confounding factors (13,14). The
current studydemonstrates that 6-month
mortality is higher in patients with di-
abetes undergoing surgery.

ICU admission and mechanical ventila-
tion are markers of postoperative mor-
bidity. One retrospective study found that
patients with diabetes had a prolonged
ICU stay after cardiac surgery (34). Me-
chanical ventilationhasnotbeenpreviously
studied in this context. ICU admission and
mechanical ventilation were significantly
increased with diabetes in the current
study.

Previous studies have investigated a
range of postoperative complications and
their relationship with diabetes (7,12,14).
The complications studied and their
definitions have been variable,making it
difficult to drawmeaningful conclusions
from these studies. In addition, severity
of complications has rarely been ac-
counted for. This study used theClavien-
Dindoclassification,anestablishedmethod
of grading surgical complications (29)
and demonstrates a higher rate of major
complications among patients with di-
abetes.

To our knowledge, this prospective
study is the largest to assess the impact
of HbA1c across a wide range of surgical
specialties.We did not find an association
with higher HbA1c and mortality consis-
tentwith results frommoststudies (14,16).
We also found higher HbA1c to be asso-
ciated with greater LOS, consistent with
other studies (20).

The literature remains variable on the
association of HbA1c with other postop-
erative complications (14,17,18,20,21). In
the current study, we demonstrated that
higherHbA1cwas associatedwith a higher
rate of major complications.

Study Implications
Our study implies that, in patients age$54
years,diagnosisofdiabetes identifies those
at higher risk of morbidity and mortality
after surgery and implies that poor glyce-
mic control before surgery, indicated by an
elevatedHbA1c, remains an important risk
factor for adverseoutcomesafter surgery.
Logically, therefore, patients with diabe-
tes and especially those with high HbA1c

Figure 3—CART analysis showing interactions among patient characteristics, presence of diabetes,
and risk of mortality at 6months (6mmortality). eGFR by CKD-EPI equation values aremilliliters per
minute per 1.73 m2; age values are years. *n = 7,564 compared with the study sample size of 7,565
because in one individual, 6-month mortality status was unclear. CCI, Charlson comorbidity index
(excluding diabetes and age).
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should be triaged to pathways of care
dedicatedtohigher-riskpopulations.Risks
of excessively tight blood glucose control
perioperatively should be considered, but
controversy exists regarding glycemic
targets in the intensive care setting, with
conflicting results from various studies,
includingonefromourinstitution(23,35,36).
The current findings provide robust data
for future interventional trials to examine
the role of intensive pre- and postopera-
tive glycemia management of patients
with diabetes. Finally, we found that pre-
diabetes as defined by HbA1c levels is not
a risk factor for adverse outcomes after
surgery.

Strengths and Limitations
Strengths of the study include its pro-
spective nature, large sample size, and
availability of HbA1c measurements for
analysis, which is in contrast to other
studies that only included patients with
available HbA1c readings retrospectively
(14,18–20), introducing selection bias. To
our knowledge, this study is the first to
evaluate the association of diabetes and
hyperglycemia, using routineHbA1cmeas-
urements, with surgical outcomes in a
large patient cohort with accurate diabe-
tes diagnoses. Previous studies assessing
the relationship of HbA1c with outcomes
after surgery have used variable HbA1c
cutoff values (14,16,18–20). The current
study evaluated HbA1c as a continuous
variable. Furthermore, we investigated
the independent association of diabetes
and HbA1c with various outcomes by ad-
justingforpatient-relatedfactors, including
age, renal function, and Charlson comor-
bidity index, and for surgical factors, in-
cluding type and length of surgery. The
broad range of surgeries included makes
informing preoperative guidelines more
practical without the complexity of ac-
counting for specific units.
The addition of CART analysis provided

furtherinsightintotherelationshipamong
patient characteristics,diabetes, andmor-
tality at 6 months. It showed the circum-
stanceswhere association between diabetes
and 6-month mortality was maximal. As a
predictivemodel, itcanbeusedasaclinical
decision-making tool for identifying sur-
gical patients at risk formortality at 6months
accordingtotheirCharlsoncomorbidityin-
dex, age, eGFR, length of surgery, and di-
abetes status.
Limitations of this study include its

observational nature and, as such, the

possibility of residual confounding ef-
fects of comorbidities unable to be fully
adjusted for, such as preoperative ane-
mia (37), preoperative hypoalbuminemia
(38), blood pressure (39), and nutritional
status (40). Moreover, the stronger as-
sociations of diabetes compared with
HbA1cwith adverseoutcomes (Fig. 2)may
be explained by more comorbidities in
this group, irrespective of preoperative
blood glucose control. Despite adjust-
ing for comorbidities comprehensively
by using the Charlson comorbidity in-
dex, age, and renal function, the pos-
sibility of residual confounding cannot
be excluded.

The degree to which the relationship
between higher HbA1c and adverse pa-
tient outcomes was due to perioperative
hyperglycemia is difficult to ascertain. Of
note, 99% of inpatients had their HbA1c
measured preoperatively or within 3 days
of admission, making their HbA1c values
unlikely to be affected by inpatient blood
glucose levels. Higher HbA1c levels have
been positively correlated with perioper-
ative hyperglycemia (19), and perioper-
ative hyperglycemia has been associated
with poorer patient outcomes (21–23).
Regardless, the finding that higher HbA1c
isassociatedwithadversepatientoutcomes
postoperatively raises the need to explore
preoperative optimization of glycemic con-
trol as a means of diminishing risk.

Although HbA1c is reliable for detecting
glycemic control duringperiodsof surgical
stress, its validity is affected by hemoglo-
binopathies, blood loss, iron deficiency
anemia, shortened redbloodcell life span,
race variation, and recent blood trans-
fusion (6,25). Thus, we excluded patients
who received blood transfusion up to
90 days before HbA1c measurement.

Comparedwith patients excluded from
this study, patientswhomet the inclusion
criteria had a higher median eGFR, lower
Charlson comorbidity index, and longer
median length of surgery, and a smaller
proportionhaddiabetes.Patientsexcluded
for receivingabloodtransfusion likelywere
sicker. Furthermore, patients excluded for
having minor procedures despite having
at least one overnight stay in the hospital
could have had a longer hospital stay than
intended as a result of underlying illness,
which we acknowledge could have in-
troduced selection bias. This study also
likely underestimated the incidence of
mortality because mortality was only es-
tablished if patient death occurred in the

hospital or was reported to the hospital
within the study period.

Conclusion
Diabetes was prevalent in 30% of inpa-
tients age$54years undergoing surgery
in a tertiary teaching hospital. Presence
ofdiabeteswas independentlyassociated
with a higher risk of 6-month mortality,
major complications, ICU admission, me-
chanical ventilation, and increasedhospital
LOS. Higher HbA1c was independently
associated with a higher risk of major
complications, ICU admission, and in-
creased hospital LOS. The relationship
betweenpoor glycemic control andpoor
surgical outcomes suggests that this is
an area for future intervention.
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Hernández M, Solà I, Mauricio D. Perioperative
glycaemic control for diabeticpatientsundergoing
surgery. Cochrane Database Syst Rev 2012;9:
CD007315
37. Carson JL, Duff A, Poses RM, et al. Effect of
anaemia and cardiovascular disease on surgical
mortality and morbidity. Lancet 1996;348:1055–
1060
38. Gibbs J, Cull W, HendersonW, Daley J, Hur K,
Khuri SF. Preoperative serum albumin level as a
predictor of operative mortality and morbidity:
results from the National VA Surgical Risk Study.
Arch Surg 1999;134:36–42
39. Patel A, MacMahon S, Chalmers J, et al.;
ADVANCE Collaborative Group. Effects of a fixed
combination of perindopril and indapamide on
macrovascular and microvascular outcomes
in patients with type 2 diabetes mellitus (the
ADVANCE trial): a randomised controlled trial.
Lancet 2007;370:829–840
40. Dindo D, Muller MK, Weber M, Clavien PA.
Obesity in general elective surgery. Lancet 2003;
361:2032–2035

care.diabetesjournals.org Yong and Associates 1179

http://www.abs.gov.au/ausstats/abs@.nsf/mf/4364.0.55.001
http://www.abs.gov.au/ausstats/abs@.nsf/mf/4364.0.55.001
http://care.diabetesjournals.org

