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This retrospective nested case-control study is aimed at investigating the relationship between HbAlc and perioperative
cardiovascular events (PCE) in patients with diabetes who underwent complex or moderately complex noncardiac surgery at the
Second Affiliated Hospital of Xinjiang Medical University in 2013-2018. The patients were divided into four groups according to
HbAlc <7%, 7.1%-7.9%, 8.0%-8.9%, and >9%. The occurrence of PCE among the groups was compared using univariable and
multivariable analyses. Finally, 318 patients were included. There were 90 cases of PCE among the 318 patients; the occurrence
rate of PCE was 28.3%. No death occurred. The occurrence rates of PCE in the HbAlc >8.0% — 8.9% and HbAlc >9.0% groups
were 30.8% and 35.4%, respectively (P < 0.001 vs. the HbAlc 7.1%-7.9% group). The occurrence rate of PCE in the HbAlc <7%
group was 25.9% (P >0.05 vs. the HbAlc 7.1%-7.9% group). The multivariable logistic regression analysis showed that the
course of diabetes (HbAlc stratification <7%, 7.1%-7.9%, 8.0%-8.9%, >9%, OR=3.672, 95% CI: 1.552-8.687), HbAlc
(OR =1.895, 95% CI: 1.227-4.830), SBP (OR = 1.194, 95% CI: 1.015-2.023), and microalbuminuria (OR = 1.098, 95% CI: 1.005-
1.023) was independently associated with PCE in diabetic patients. In conclusion, HbAlc levels are related to the incidence of

PCE in diabetic patients undergoing complex or moderately complex noncardiac surgery.

1. Introduction

Diabetes mellitus type 2 (T2DM) is a common endocrine dis-
order characterized by variable degrees of insulin resistance
and deficiency, resulting in hyperglycemia [1]. The world-
wide prevalence of T2DM was 9.0% in men and 7.9% in
women in 2014 [2] and 8.5% in the United States in 2016-
2017 [3]. The potential complications of T2DM include car-
diovascular disease, neuropathy, nephropathy, retinopathy,
and increased mortality [4]. T2DM is often identified
through routine screening beginning in middle age or
through targeted screening of adults of any age with over-
weight or obesity and with risk factors such as metabolic syn-
drome, polycystic ovary syndrome, a history of gestational
diabetes, or other concerning familial, clinical, or demo-
graphic characteristics [1].

Blood glucose levels represent the short-term glucose
burden, while the glycated hemoglobin (HbAIc) levels repre-
sent the long-term glycemic burden [1]. HbAlc target of <7%
is considered a reasonable target in adults [1]. The usual
management of diabetes includes lifestyle modifications,
weight loss, and hypoglycemic agents substitute for lipid-
lowing medications such as metformin, sulfonylurea, thiazo-
lidinedione, DDP-4 inhibitors, SGLT2 inhibitor, and GLP-1
agonists [1, 5].

Diabetes has been recognized as an independent risk fac-
tor for perioperative cardiovascular events (PCE) in patients
undergoing cardiac or noncardiac surgery [6, 7]. Neverthe-
less, at present, there are only a few reports with inconsistent
conclusions about the effect of blood glucose control on the
risk of PCE, and previous studies did not perform a detailed
stratification of blood glucose control level or further analysis
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of the traditional cardiovascular risk factors [8,9]. HbAlcisa
good indicator to evaluate the blood glucose level of diabetic
patients [1]. Nevertheless, previous studies report conflicting
results about the association between HbAlc levels and PCE,
with studies reporting an association [9-16] and other
reporting a lack of association [17-19].

This study is aimed at investigating the relationship
between HbAlc and PCE and identifying factors associated
with intraoperative and postoperative cardiovascular events
in patients with diabetes undergoing complex or moderately
complex noncardiac surgery at a university hospital over a 5-
year period. The results could provide some help for the clin-
ical and surgical management of such patients.

2. Material and Methods

2.1. Study Design and Patients. This was a retrospective
nested case-control study of patients with diabetes who
underwent complex or moderately complex noncardiac sur-
gery at the Second Affiliated Hospital of Xinjiang Medical
University from 2013 to 2018. The study was approved by
the ethics committee of the Second Affiliated Hospital of Xin-
jiang Medical University (#XJC201354, approved on March
18, 2014). The requirement for individual consent was
waived by the committee.

The inclusion criteria were (1) diagnosis of T2DM, (2)
>40 years of age, (3) underwent elective noncardiac surgery
under general anesthesia, (4) without a pacemaker, (5)
HbAIlc measurement within 3 months before the operation,
and (6) with complete data. The exclusion criteria were (1)
emergency operation, (2) intraoperative blood loss > 1200
mL, (3) preoperative hemoglobin <70g/L, (4) received a
blood transfusion within 90 days before the operation, (5)
operation time > 3.8h and intraoperative blood transfusion
> 1 unit, (6) hemodynamic fluctuation > 30%, (7) received
small interventional or noninterventional surgery, (8) elec-
trolyte disturbance such as hypokalemia and hypocalcemia
during or within 7 days after the operation, or (9) factors that
may affect the diagnosis of myocardial ischemia, for example,
bundle branch block, preexcitation syndrome, ventricular
hypertrophy, drugs inducing ST-T segment changes on
ECG, and body position changes that could cause ST-T seg-
ment changes on ECG.

2.2. Grouping. According to the HbA1lc levels at admission,
the patients were divided into the HbA1C <7%, 7.1%-7.9%,
8.0%-8.9%, and >9% groups. This grouping was based on
the results of a nested case-control analysis of the ACCORD
trial [20].

2.3. Data Collection. The general data before the operation
were recorded: sex, age, American Society of Anesthesiology
(ASA) grade, body mass index (BMI), history of smoking,
New York Heart Association (NYHA) grade, course and
complications of T2DM, history of hypertension, ECG, car-
diac color echocardiography, biochemistry, 2h postprandial
blood glucose, HbAlc, and microalbumin. The occurrence
of PCE in the perioperative period (from 30 min before anes-
thesia to 48h after the operation) was recorded, including
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severe ventricular arrhythmia, myocardial ischemia, angina
pectoris, nonfatal myocardial infarction, acute heart failure,
nonfatal cardiac arrest, and cardiac death.

2.4. Anesthesia Method. No drug was used before the opera-
tion. Anesthesia induction was performed using an intrave-
nous injection of fentanyl 2-5pug/kg, propofol 1-2mg/kg,
and vecuronium 0.08-0.10 mg/kg. Mechanical ventilation
was given after tracheal intubation, with a tidal volume 5-
10 mL/kg and ventilation frequency 12-15 times/min, main-
taining PET%CO, at 30-40 mmHg (1 mmHg = 0.133 kPa).
Anesthesia was maintained using a target plasma concen-
tration of propofol of 2-5ug/mL and a target plasma
concentration of remifentanil of 2.6ng/mL. Vecuronium
was intermittently injected to maintain muscle relaxation.
Sufentanil 5-10 ug was injected intravenously 30 min before
the end of the operation. At the end of the operation, the
sufentanil was stopped, and intravenous analgesia was used.

2.5. Diagnostic Criteria of PCE. (1) Severe ventricular
arrhythmia: intraoperative 3-channel dynamic electrocardio-
gram (DCG) and postoperative ECG showing ventricular
extrasystole >5 times/min, multifocal or multiform ventricu-
lar extrasystole, paired ventricular extrasystole, ventricular
tachycardia, R-on-T, atrioventricular block above grade II
type 2, and ventricular escape. (2) Myocardial ischemia: post-
operative ECG showing obvious ischemic changes compared
with before operation. (3) Angina pectoris: clinical symp-
toms of angina pectoris, and ECG showing ST-segment
depression and T-wave inversion. (4) Nonfatal myocardial
infarction: related clinical symptoms; DCG showing arrhyth-
mia, mainly ventricular arrhythmia; ECG showing ST-
segment elevation with arched upward, new pathological
Q-wave appearing with T-wave inversion; bloodcTnl
concentration > 0.1 ng/mL, blood CK — MB activity > 20 U/L.
(5) Acute heart failure: clinical manifestations of pulmonary
congestion such as dyspnea, moist rale, and wheezing rale
in bilateral lungs, and signs of left or right heart dysfunction
such as pulmonary circulation and/or systemic circulation
congestion, insufficient tissue blood perfusion. (6) Nonfatal
cardiac arrest: sudden ventricular fibrillation or cardiac arrest
during operation and rebeating after cardiopulmonary resus-
citation, but the patient died within 2 days after the operation.

2.6. Statistical Analysis. SPSS 19.0 (IBM, Armonk, NY, USA)
was used for statistical analysis. The continuous data are
expressed as means + standard deviations and were analyzed
using ANOVA and Tukey’s post hoc test. The categorical
data are expressed as numbers and percentages and were
analyzed using the chi-square test. All variables with P values
< 0.10 in univariable analyses were included in a multivari-
able analysis that used PCE as the dependent variable. Two-
sided P values < 0.05 were considered statistically significant.

3. Results

3.1. Characteristics of the Patients. A total of 1070 patients
were initially identified; 200 patients were excluded for the
lack of HbAlc data within 3 months before operation; 252
were excluded because of emergency surgery, blood loss,
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2013-2018
Non-cardiac surgery diabetic
patients, age > 30 years old (n = 1070)

n=870

Exclusion: glycosylated hemoglobin was
determined 90 days before operation or
7 days after operation (n = 200)

Exclusion: emergency operation; blood
loss > 1200 mL; hemoglobin < 70g/L;

n==0618

received blood transfusion within 90
days before operation(n = 252)

n=429

Exclusion: intraoperative hemodynamic
fluctuation > 30% (n = 189)

n=318

Exclusion: patients received small nterventional
or non-interventional surgery; electrolyte
disturbance occurred during the operation or
within 7 days after operation (n=111)

FiGURE 1: Patient flowchart.

low hemoglobin, or blood transfusion; 189 were excluded for
hemodynamic fluctuations; and 111 because of the type of
surgery (Figure 1). Therefore, 318 patients with a clinical
diagnosis of type 2 diabetes, who had complete data and
underwent elective noncardiac surgery under general anes-
thesia, were included in this study. There were 190 males
and 128 females. They were 30-78 (62 +5.6) years of age.
ASA grade was I-III. There were no significant differences
in the course of T2DM, high-density lipoprotein cholesterol
(HDL-C) levels, and type of operation among the four
groups, but there were differences in age, fasting blood glu-
cose, total cholesterol (TC), triglyceride (TG), low-density
lipoprotein cholesterol (LDL-C), diastolic blood pressure
(DBP), and systolic blood pressure (SBP) (all P <0.001)
(Table 1).

3.2. Occurrence of PCE. There were 90 cases of PCE among
the 318 patients, and the occurrence rate was 28.3%. Among
them, the number of patients with myocardial ischemia, seri-
ous arrhythmia, serious arrhythmia accompanied by myo-
cardial ischemia, and nonfatal myocardial infarction was 51
(56.7%, 51/90), 31 (34.4%, 31/90), six (6.7%, 6/90), and two
(2.2%, 2/90), respectively. No death occurred. The occur-
rence rate of PCE in the HbAlc 7.1%-7.9% group was 20%.
The occurrence rates of PCE in the HbAlc >8.0%-8.9% and
HbAlc 29.0% groups were 30.8% and 35.4%, respectively,
and the differences were statistically significant compared
with the HbAlc 7.1%-7.9% group (P <0.001). The occur-

rence rate of PCE in the HbAlc <7% group was 25.9%, but
the difference was not statistically significant compared with
the HbAlc 7.1%-7.9% group (Table 2).

3.3. Multivariable Analysis. The course of diabetes, HbAlc
stratification, BMI, SBP, DBP, age, and microalbuminuria
were associated with PCE in the univariable analyses. The
multivariable logistic regression analysis showed that the
course of diabetes (HbAlc stratification <7%, 7.1%-7.9%,
8.0%-8.9%, >9%, OR = 3.672, 95% CI: 1.552-8.687), HbAlc
(OR =1.895, 95% CI: 1.227-4.830), SBP (OR =1.194, 95%
CI: 1.015-2.023), and microalbuminuria (OR =1.098, 95%
CI: 1.005-1.023) were independently associated with PCE in
diabetic patients (Table 3).

3.4. Occurrence of Diabetic Complications and Comorbidities.
Table 4 shows that higher HbAlc levels were associated with
coronary heart disease (P =0.02), diabetic nephropathy
(P =0.02), and decreased cardiac function (P = 0.003). More-
over, with the increase of HbAlc, the cooccurrence of at least
two complications increased gradually (P =0.001).

4. Discussion

Diabetes has been recognized as an independent risk factor
for PCE in patients undergoing cardiac and noncardiac sur-
geries [7], but the conclusions regarding the association
between HbAlc levels and PCE are conflicting [9-19].
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TasLE 1: Comparison of the characteristics of the subjects among the four groups.

HbA1c<7.0% HbAlc 7.1%-7.9% HbAIc 8.0%-8.9% HbAlc>9% p
n=77 n=110 n=_80 n=>50

Age (years) 52.2+6.0 51.8+6.6 54.8+6.1 56.8+6.8 <0.001
Course of disease (years) 6.5+2.5 6.6+1.8 6.6 +2.1 6.6+2.3 0.06
FPG (mmol/L) 6.86 +£0.94 7.28+1.10 7.99+1.20 11.8+1.8 <0.001
TG (mmol/L) 1.49+0.60 1.56 +0.61 1.67 £0.76 1.80+0.77 <0.001
TC (mmol/L) 4.60 £ 0.80 4.68 £0.80 4.78 £0.88 4.93+0.87 <0.001
LDL-C (mmol/L) 0.99 +0.19 1.01 +0.24 1.03+£0.28 1.07+0.27 <0.001
HDL-C (mmol/L) 1.27+0.28 1.18+£0.26 1.15+0.34 1.15+0.31 0.07
SBP (mmHg) 136 + 14 137+0.14 142 + 18 143 £ 16 <0.001
DBP (mmHg) 747 75+6 76 +5 79+8 <0.001
Type of operation

Abdomen 15 (19.4%) 25 (22.7%) 16 (20%) 11 (22%) 0.91

Chest 16 (20.7%) 22 (20%) 18 (22.5%) 9 (18%) 0.91

Bone 20 (25.9%) 25 (22.7%) 17 (21.2%) 12 (24%) 0.71

Urinary system 12 (15.6%) 17 (15.4%) 17 (21.2%) 9 (18%) 0.24

Others 14 (18.1) 21 (19.0%) 12 (15%) 9 (18%) 0.92

HbAlc: glycated hemoglobin; FPG: fasting plasma glucose; TG: triglyceride; TC: total cholesterol; LDL-C: low-density lipoprotein cholesterol; HDL-C: high-

density lipoprotein cholesterol; SBP: systolic blood pressure; DBP: diastolic blood pressure.

TaBLE 2: Perioperative cardiovascular events among the HbAlc
groups.

HbAlc HbAlc
0, 0,
Events TPAICST% 000 go.gos  TPAlC=9%
n=77 n=110 n=2380 n=>51
Yes 20 (25.9%) 22 (20%) 25 (30.8%) 18 (35.3%)
No 55 (74.1%) 88 (80%) 55 (69.2%) 33 (64.7%)

Events: perioperative cardiovascular event; HbAlc: glycated hemoglobin.

TaBLE 3: Multivariable and unconditional logistic regression
analysis of the factors associated with perioperative cardiovascular
events.

95% confidence interval of

OR OR p
Lower limit Higher limit
Long course of disease 3.672 1.552 8.687 0.003
HbAlc 1.895 1.227 4.830 0.001
SBP 1.195 1.015 2.023 0.006
Microalbuminuria 1.098 1.005 1.023 0.017

OR: odds ratio; HbAlc: glycated hemoglobin; SBP: systolic blood pressure.

Therefore, this study is aimed at investigating the relation-
ship between HbAlc and PCE in patients with diabetes
who underwent complex or moderately complex noncar-
diac surgery. The results strongly suggest that HbAlc
levels are related to the incidence of PCE in diabetic
patients undergoing complex or moderately complex non-
cardiac surgery.

There is increasing evidence that diabetes, or even
impaired glucose tolerance, can increase the risk of death
and perioperative cardiovascular events in patients undergo-
ing noncardiac surgery [7, 15, 21], but there is still a lack of
clear conclusion on the effect of different blood glucose con-
trol levels on the occurrence of PCE. Blood glucose levels
change rapidly within a single day and represent glycemic
control at a single time point. Blood glucose levels are associ-
ated with perioperative and postoperative complications,
especially because anesthesia can increase blood glucose
levels [22, 23], but they do not represent the actual long-
term glycemic control. On the other hand, HbA1c levels rep-
resent the overall glycemic control over the past 3 months
and are better indicators of the general diabetes condition
in a given patient [1, 24]. Carson et al. [25] conducted a large
population-based cohort study to assess the relationship
between diabetes and HbAlc and the risk of intracerebral
hemorrhage (ICH), and the results showed that HbAlc had
a nonlinear J-shaped relationship with ICH in diabetic
patients (nonlinear P =0.0186). Compared with the fourth
HbAIc decile of 6.5%-6.7%, the HR of ICH in patients with
the lowest HbAlcdecile<6.0% and the highest HbAlc
decile > 9.3% (>78 mmol/mol) was 1.27 and 2.19, respec-
tively. The conclusion was that the increased risk of
diabetes-related ICH was directly related to the course of dia-
betes. The relationship between intracerebral hemorrhage
and HbAlc appears to have a “J” shape, indicating that both
poor and extremely intensive diabetes control might be
associated with an increased risk of stroke. Kotfis et al.
[26] showed that elevated HbAlc levels are associated with
postoperative delirium regardless of the diagnosis of diabe-
tes. Those results are supported by previous studies [9-16]
but contradict others [17-19]. Differences in patient
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TaBLE 4: Comparison of the occurrence of diabetic complications and comorbidities among subjects in the four groups.
HbAlc<7% HbAlc 7.1-7.9% HbA1lc 8.0-8.9% HbAlc>9% p
n=77 n=110 n=25 n=18
Hypertension 28% 26% 30% 29% 0.25
Coronary heart disease 41% 32% 36% 46% 0.02
Nephropathy 1.8% 2.8% 2.2% 3.7% 0.02
Cerebrovascular disease 4.4% 3.9% 4.1% 4.5% 0.22
EF <50% 3.9% 6.4% 6.3% 6.9% 0.003
>2 complications 14.2% 15.4% 15.8% 21.8% 0.001

HbAlc: glycated hemoglobin; EF: ejection fraction.

characteristics, ethnicity, and genetics might be involved in
the discrepancies.

Previous studies found that emergency operation,
operation time > 3.8 h, intraoperative blood transfusion > 1
unit, and hemodynamic fluctuation > 30% were independent
risk factors of PCE [8, 15, 21, 25, 27]. Therefore, in order to
eliminate those confounding factors, patients fitting those
criteria were excluded. The results showed that the incidence
of PCE was as high as 30.8% in patients with the worst glu-
cose control (HbAlc>9%) compared with those with
HbAlc 7.0%-7.9%. Meanwhile, although nonsignificant, the
patients with HbAlc <7.0% showed a slightly higher PCE
rate than the HbAlc 7.0%-7.9%, suggesting a J-shaped curve.

Myocardial ischemia was the most common PCE in dia-
betic patients in the present study, as supported by previous
studies [6, 28, 29]. Severe myocardial ischemia immediately
causes symptoms of angina pectoris and can lead to dismal
outcomes. One of the vascular complications in diabetic
patients is intradermal cell proliferation of the vascular wall
and subendothelial fibrosis with elastic fiber proliferation,
leading to coronary artery lumen contraction [30]. Glycated
metabolites could increase the secretion of vasoconstrictor
factors while decreasing the secretion of endogenous vasodi-
lator factors such as NO [25]. In addition, the disturbance of
the cardiac autonomic nerve increases the oxygen consump-
tion of the myocardium, further aggravating myocardial
ischemia [31].

The patients in the highest HbAlc group were older and
had higher cardiovascular risk factors, including higher LDL-
C, TG, TC, SBP, and DBP, which is supported by the litera-
ture [32, 33]. The high levels of HbAlc represent the poor
control of blood glucose over the past 3 months [1, 24].
The hyperglycemia in diabetic patients damages the vascular
endothelial cells, increases platelet activity, and abnormal
lipid and protein metabolism increases the coagulation state
and viscosity, and increases the oxygen free radicals, leading
to microcirculation issues and tissue hypoxia, promoting
atherosclerosis of large blood vessels such as coronary artery
and cerebral vessels, and elevating the blood pressure [34].
Lipid metabolism disturbances are also related to insulin
resistance [35].

This study is the first to assess the relationship between
blood glucose control and PCE in patients who underwent
noncardiac surgery, but there are still some limitations to this

study. First, this is a single-center study. Second, many
patients who met the diagnostic criteria were excluded
because of the lack of HbA1c data, resulting in a small sample
size. Third, even if most patients had HbAlc measured on the
day of admission, HbAlc was measured 2-3 months before
the operation in some patients. Fourth, the incidence of
hypoglycemia was not analyzed, and the factors of some anti-
atherosclerotic drugs on PCE were not evaluated. Therefore,
further research is needed to determine the recommended
objective of blood glucose control.

5. Conclusions

HbAIc levels are related to the incidence of PCE in diabetic
patients undergoing complex or moderately complex non-
cardiac surgery.
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