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Background: The preoperative presence of diabetes mellitus (DM) has been recently demonstrated to 
be a risk factor for adverse events after thoracic surgery. However, the specific effects of presence of DM 
preoperatively on thoracic surgery is not known. This study aimed to investigate the association between 
preoperative DM and clinical outcomes and the short-term survival rates after thoracic surgery.
Methods: In this retrospective, observational, and matched-pair analysis study, patients receiving thoracic 
surgery from a tertiary university hospital in 2 consecutive years were grouped as either type 2 DM 
(T2DM) or controlled within the first 24 hours after surgery. Multivariate Cox regression was conducted to 
investigate the impact of T2DM within the first 24 hours of admission on in-intensive care unit (ICU) and 
hospital survival.
Results: Among the included thoracic patients, 41 (8.4%) had T2DM and 450 (91.6%) did not have 
T2DM. In the single-factor analyses, T2DM patients were shown to have a higher preoperative white blood 
cells (WBCs) count, increased release of immunoglobulin A, complement C3 and C4, impaired kidney 
function with high level of urea, and low expression of alanine aminotransferase (ALT) and monoamine 
oxidase (MAO). In multivariate analyses, the preoperative urea level was associated with a low-grade risk 
of dying for the ICU survival time. In contrast, preoperative complement C3 level favored a positive 
contribution in-ICU survival. Besides the complement C3 level, immunoglobulin A level remained a positive 
contribution in regression models of hospital survival.
Conclusions: Pre-admission T2DM was not associated with an increased in-ICU and hospital mortality 
among patients with thoracic surgery. Furthermore, they were accompanied by impaired kidney function, 
activated inflammation and liver function.
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Introduction

Diabetes mellitus (DM) is a global health priority 
characterized by chronic hyperglycemia, metabolic disorder 
and multiple organ damage. These symptoms cause many 
acute and severe long-term complications such as diabetic 
ketoacidosis, hyperosmolar hyperglycemic state, stroke, 
and cardiovascular and chronic kidney disease (1,2). The 
global prevalence of DM is expected to increase remarkably 
by the year 2030 (3). In China, the prevalence of DM has 
rapidly increased from 0.67% in 1980 to 10.4% in 2013 (4).  
The proportion of thoracic patients with DM is also 
growing because of the worldwide increase in diabetes. In 
some studies, pre-existing diabetes has been a risk factor 
of prognosis and postoperative complications in surgery 
patients (5-7), and has been associated with increased 
mortality in the surgical intensive care unit (ICU) (8). 
However, the association between DM and mortality 
among thoracic patients undergoing one-lung ventilation 
(OLV) is still debatable.

Thoracic surgery of the heart, larger vessels, lung, 
esophagus, and mediastinum, often involves three major 
systems: the respiratory, circulatory and digestive systems. 
These systems especially influence the respiratory 
and circulatory functions such as hypoxic pulmonary 
vasoconstriction, paradoxical respiration, a decline of 
ventilation-perfusion ratio and cardiac output (9). Recent 
studies (10,11) have reported that the lung is a primary 
organ that is impaired by DM. Therefore, thoracic patients 
with a pre-existing diabetes may have undesirable clinical 
outcomes and prognosis because of chronic hyperglycemia, 
metabolic disorder and multiple organ damage.

In order to validate the association between DM and 
mortality among thoracic patients undergoing OLV in 
an affiliated tumor hospital of university and to account 
for “real-life” conditions away from study protocols, this 
study investigated the impact of type 2 DM (T2DM) on 
outcomes after OLV during thoracic surgery by means of 
a retrospective design. We present the following article in 
accordance with the STROBE reporting checklist (available 
at http://dx.doi.org/10.21037/apm-19-367).

Methods

Patients

This study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). This 

retrospective study was approved by the institutional 
research ethics committee of the Guangxi Medical 
University Affiliated Cancer Hospital (No. LW2020020) 
and individual consent for this retrospective analysis was 
waived. Patients who underwent thoracic surgery at the 
Guangxi Medical University Affiliated Cancer Hospital 
were enrolled in this study (n=491). From July 2015 to 
June 2018, 944 patients underwent thoracic surgery at 
the Department of Thoracic Surgery of Affiliated Tumor 
Hospital of Guangxi Medical University. Among these 
patients, 309 patients who were missing complete data; 126 
patients who were confirmed with pulmonary metastasis, 
intrapulmonary metastasis, invasion or recurrence; and 
18 patients who received bronchial occlusion tube were 
excluded from the study. General and operation information 
for patients and laboratory blood test results was collected.

Standards of medical care for T2DM in China 2019 (4)  
was adopted before surgery for T2DM confirmation. 
There are three diagnostic criteria in this guideline: (I) 
typical diabetic symptoms including polydipsia, polyuria, 
polydipsia and weight loss plus random blood glucose test, 
showing a glucose level in venous plasma greater than or 
equal to 11.1 mmol/L; (II) a fasting blood glucose test 
showing a glucose level in venous plasma greater than or 
equal to 7.0 mmol/L; (III) a 2 h blood glucose test after 
glucose load showing a glucose level in venous plasma 
greater than or equal to 11.1 mmol/L.

Clinical routine data were acquired from the 2electronic 
patient data management systems operated by the hospital 
(Yongyou Hospital Information System H6 V6.0, Beijing, 
China and DoCare Anesthesia Information System V5.0, 
Medicalsystem, Suzhou, China). The patients who met 
one or over more of the criteria were included into the 
observational group. The others were defined as the control 
group. We used propensity score matching analysis to 
minimize the selection bias between the observational 
and control groups. The propensity score matching was 
conducted using R 3.4.0 software. In this study, T2DM 
patients were matched to controls using American Society 
of Anesthesiologists (ASA) classification, basic diseases and 
style of tumor as matching criteria prior to multivariate 
analyses.

Inclusion criteria

The medical records of patients who underwent thoracic 
surgery were reviewed. The follow-up period ended 1 year 
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after patients’ discharge from the hospital.

Exclusion criteria

The inclusion criteria were defined as patients aged  
<18 years; length of stay (LOS) in-ICU >24 hours; 
undergoing reoperation or emergency operation; need for 
cardiac or pulmonary extracorporeal assist devices; and 
history of cardiovascular, liver, kidney or hematopoietic 
system disorders and psychiatric disease (see CONSORT 
diagram in Figure 1). Furthermore, patients with shorter 
observation intervals, which is shorter than 1 year of follow-
up at the registry office, were excluded in analyses on long-
term mortality.

Statistical analyses

Descriptive analyses and statistical testing were performed 
using the Stata version 11.0 (StataCorp, College Station, 

TX, USA), with a P value below 0.05 being regarded as 
significant. When normal distribution was checked using 
the Shapiro Wilk test, results are given in mean ± standard 
deviation, otherwise median and inter-quartile range are 
used. Qualitative variables are described by numbers with 
percent. Statistical significance among groups was analyzed 
by the t-tests, exact nonparametric Mann-Whitney U test 
or chi-square tests as appropriate. Survival was analyzed 
using Kaplan-Meier methods and evaluated by the log-rank 
test among groups. Multivariate testing was used to assess 
the impact of DM on hospital survival, and Cox-regression 
was adjusted for patient age, gender, body mass index (BMI), 
ASA classification, type of tumor as well as assessed variables 
with statistical difference. In this way, the proportion of 
DM patients and defined variables were compared over 
time. Furthermore, an alternative regression model that 
included year of admission as an explanatory variable was 
developed to investigate its impact on outcomes. All tests 
were defined as constituting explorative analysis as no 
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Figure 1 Flowchart of the study sample.
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adjustment was made for multiple testing.

Results

From the Department of Thoracic Surgery at the Guangxi 
Medical University Affiliated Cancer Hospital, 491 patients 
were enrolled in this study from July 2015 to June 2018. In 
total, the study included 291 male patients and 200 female 
patients. The mean age of these patients was 56.8 years. 
Among the included thoracic patients with double-lumen 
endotracheal tube intubation and primary tumor, 41 (8.4%) 
had T2DM, while the 450 (91.6%) who did not have 
T2DM were set as the control group.

The baseline characteristics of all  491 patients 
who underwent thoracic surgery with double-lumen 
endotracheal tube intubation and primary tumors are shown 
in Table 1. The mean age was 61.4 years, and 65.9% of the 
thoracic patients with T2DM were male. The mean age of 
the thoracic patients with T2DM was significantly higher 
than that of patients without T2DM (P=0.016). Also, there 
were no statistical differences noted in the comparison 
of smoking history or ASA classification. However, the 
incidence of hypertension, arrhythmia and coronary 
heart disease (CHD) in the patients with T2DM were 
significantly increased compared with the control group.

Furthermore, the preoperative value of hemoglobin 
(HGB),  total  bi l irubin (TBIL),  a lbumin,  a lanine 
aminotransferase (ALT), lactate dehydrogenase (LDH), 
monoamine oxidase (MAO), and creatine kinase (CK) 
level were not significantly different between the groups. 
Compared with the patients without T2DM, the baseline 
value of white blood cells (WBCs), urea, immunoglobulin 
A, complement C3 and C4 in the patients with T2DM was 
significantly increased, while aspartate aminotransferase 
(AST) and glomerular filtration rate (GFR) value was 
decreased. In both unmatched and matched populations, 
the patients with T2DM showed higher WBC count, urea, 
IgA, C3 and C4, and decreased AST level (Table 1).

Time indexes such as duration of surgery, duration of 
anesthesia and duration of OLV were not significantly 
different from those for the patients with or without T2DM 
{duration of surgery: 167 [107, 236] vs. 164 [121, 210], 
P=0.531; duration of anesthesia: 210 [150, 264] vs. 205 [155, 
257], P=0.624; duration of OLV: 149 [91, 198] vs. 138 [96, 
185], P=0.759}. It is evident that the mortality of the ICU 
and hospital in the patients with T2DM was significantly 
higher than that of the patients without T2DM (ICU: 
7.3% vs. 0.2%, P=0.002, Figure 2; hospital: 12.2% vs. 0.2%, 

P=0.000, Figure 3).
Next, blood transfusion, urine volume, blood loss 

volume, and type of surgery were similar between the 
groups (Table 2). There was no significant difference in the 
lung and mediastinum between the groups when comparing 
the location of the surgery. The proportion of esophagus 
surgery in the patients with T2DM was lower than in the 
patients without T2DM (2.4% vs. 14.2%, P=0.033). The 
proportion of adenocarcinoma in the patients with T2DM 
was 58.5% (24/41), while it was 42.4% (191/450) in the 
control group (P=0.047). However, the proportion of 
squamous cell carcinoma, small cell lung cancer and other 
tumors was not different between the groups.

In the unmatched population, the patients with T2DM 
showed lower AST levels in comparison with those without 
T2DM (P=0.037). Furthermore, the levels of albumin and 
LDH were lower in the patients with T2DM than those 
without T2DM in the matched population (albumin: 
P=0.040; LDH: P=0.033). In unmatched and matched 
population, the MAO level tended to be lower in the patients 
with T2DM (unmatched: P=0.000; matched: P=0.001) 
than in those without T2DM. However, the urea level 
was significantly increased in the patients with T2DM 
(unmatched: P=0.018; matched: P=0.016) than in the control 
group. It was also revealed that there were no differences in 
postoperative complications such as pulmonary infection, 
emphysema or bullae, atelectasis, pneumothorax, respiratory 
failure, and thrombosis between the groups (Table 3).

To account for remaining confounders after pair 
matching, we conducted Cox regression analysis for both 
the in-ICU and in-hospital groups, adjusting for patient 
age, gender, BMI, ASA classification, type of tumor, as well 
as assessed variables with a statistical difference. Notably, 
T2DM was not associated with an increased risk of dying 
in both ICU survival [hazard ratio (HR): –0.131; 95% 
confidence interval (CI): –0.943 to 0.680; P=0.751] and 
hospital survival (HR: 0.351; 95% CI: –0.455 to 1.157; 
P=0.393). Firstly, preoperative urea level was associated with 
a low-grade risk of dying in-ICU survival (HR: 0.024; 95% 
CI: 0.002 to 0.046; P=0.036). In contrast, the preoperative 
C3 level favored a positive contribution in-ICU survival 
(HR: –1.926; 95% CI: –3.736 to –0.116; P=0.037). Besides 
the C3 level, IgA level remained as a positive contribution 
in regression models of hospital survival (Table 4).

Discussion

In this observational, matched-pairs analysis study, we 
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Table 1 Demographic and pre-operative characteristics of enrolled patients

Characteristics

All patients with thoracic surgery (n=491)

P value

Propensity matched cohort (n=82)

P valuePatients with T2DM 
(n=41)

Patients without 
T2DM (n=450)

Patients with T2DM 
(n=41)

Patients without 
T2DM (n=41)

Age, yr 61.4±9.2 56.3±11.2 0.016 61.4±9.2 60.8±9.2 0.755

Male sex, n (%) 27 (65.9) 264 (58.7) 0.370 27 (65.9) 25 (61.0) 0.647

BMI, kg/m
2

23.8±3.3 23.0±3.1 0.088 23.8±3.3 23.1±2.6 0.240

Smoking, n (%) 23 (56.1) 188 (41.8) 0.076 23 (56.1) 16 (39.0) 0.122

Hypertension, n (%) 17 (41.5) 48 (10.7) 0.000 17 (41.5) 14 (34.1) 0.494

CHD, n (%) 4 (9.8) 6 (1.3) 0.006 4 (9.8) 1 (2.4) 0.359

Arrhythmia, n (%) 3 (7.3) 5 (1.1) 0.023 3 (7.3) 2 (4.9) 1.000

CBD, n (%) 4 (9.8) 19 (4.2) 0.116 4 (9.8) 3 (7.3) 1.000

ASA class, n (%) 0.000 0.135

I 2 (4.9) 149 (33.1) 2 (4.9) 6 (14.6)

II 33 (80.5) 283 (62.9) 33 (80.5) 33 (80.5)

III 6 (14.6) 18 (4.0) 6 (14.6) 2 (4.9)

WBC, 10
9
/L 7.7 [6.3, 9.4] 6.7 [5.6, 7.8] 0.007 8.0±3.1 6.7±1.8 0.028

HGB, g/L 133 [122, 146] 132 [121, 143] 0.805 133±16 131±15 0.402

TBIL, μmol/L 12.0 [8.0, 15.4] 10.9 [8.3, 14.8] 0.583 12.0 [8.0, 15.4] 12.2 [9.0, 18.5] 0.321

Albumin, g/L 38.2 [36.7, 41.2] 38.9 [36.7, 41.7] 0.448 38.9±3.2 39.8±3.6 0.216

ALT, U/L 19 [12, 25] 17 [13, 25] 0.757 19 [12, 25] 19 [14, 26] 0.860

AST, U/L 21 [18, 26] 24 [20, 28] 0.033 21 [18, 26] 24 [22, 29] 0.005

LDH, U/L 155 [144, 185] 171 [149, 198] 0.053 155 [144, 185] 171 [150, 201] 0.068

MAO, U/L 5 [4, 6] 5 [4, 6] 0.818 5 [4, 6] 6 [4, 7] 0.622

Urea, mmol/L 5.5 [4.6, 6.2] 4.9 [4.1, 5.8] 0.008 5.5 [4.6, 6.2] 5.0 [4.1, 6.0] 0.036

GFR, % 70.1 [59.7, 85.0] 79.4 [68.7, 91.3] 0.002 72.7±18.0 78.0±16.5 0.167

GLU0, mmol/L 6.6 [5.3, 8.7] 4.6 [4.3, 5.0] 0.000 7.3±2.8 4.9±1.1 0.000

GLU2, mmol/L 10.8 [8.1, 14.9] 6.1 [4.9, 7.1] 0.000 11.8±4.9 6.4±1.7 0.000

CK, U/L 93 [56, 110] 87 [65, 121] 0.397 93 [56, 110] 113 [66, 156] 0.025

IgA, g/L 2.8 [2.2, 3.9] 2.4 [1.8, 2.9] 0.001 2.8 [2.2, 3.9] 2.4 [1.8, 3.0] 0.037

C3, g/L 1.05 [0.87, 1.21] 0.96 [0.82, 1.10] 0.043 1.1±0.3 0.9±0.2 0.017

C4, g/L 0.28 [0.23, 0.33] 0.23 [0.19, 0.30] 0.001 0.28 [0.23, 0.33] 0.21 [0.19, 0.29] 0.002

T2DM, type 2 diabetes mellitus; BMI, body mass index; CHD, coronary heart disease; CBD, cerebrovascular disease; ASA, American 
Society of Anesthesiologists; WBC, white blood cell; HGB, hemoglobin; TBIL, total bilirubin; ALT, alanine aminotransferase; AST, aspartate 
aminotransferase; LDH, lactate dehydrogenase; MAO, monoamine oxidase; GFR, glomerular filtration rate; GLU0, fasting blood glucose; 
GLU2, plasma glucose of 2 hours after meal; CK, creatine kinase; IgA, immunoglobulin A; C3, complement C3; C4, complement C4.
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Table 2 Intraoperative parameters of enrolled patients

Characteristics

All patients with thoracic surgery (n=491)

P value

Propensity matched cohort (n=82)

P valuePatients with T2DM 
(n=41)

Patients without 
T2DM (n=450)

Patients with T2DM 
(n=41)

Patients without 
T2DM (n=41)

Duration of surgery, min 167 [107, 236] 164 [121, 210] 0.531 183.6±86.9 178.8±80.2 0.794

Duration of anesthesia, min 210 [150, 264] 205 [155, 257] 0.624 222.5±89.5 214.8±77.7 0.678

Duration of OLV, min 149 [91, 198] 138 [96, 185] 0.759 149 [91, 198] 142 [99, 192] 0.911

Mortality (ICU), n (%) 3 (7.3) 1 (0.2) 0.002 3 (7.3) 0 0.000

Mortality (hospital), n (%) 5 (12.2) 1 (0.2) 0.000 5 (12.2) 0 0.000

Blood transfusion, n (%) 0 5 (1.1) 0.917 0 1 (2.4) 1.000

Urine volume, mL 300 [200, 500] 300 [200, 550] 0.484 300 [200, 500] 400 [300, 575] 0.073

Blood loss volume, mL 100 [30, 150] 100 [50, 200] 0.524 100 [30, 150] 100 [50, 200] 0.966

Type of surgery, n (%) 0.255 0.607

VATS 32 (78.0) 313 (70.0) 32 (78.0) 30 (73.2)

Thoracotomy 9 (22.0) 137 (30.0) 9 (22.0) 11 (26.8)

Location of surgery, n (%)

Lung 37 (90.2) 354 (78.7) 0.078 37 (90.2) 35 (85.4) 0.500

Esophagus 1 (2.4) 64 (14.2) 0.033 1 (2.4) 4 (9.8) 0.359

Mediastinum 3 (7.4) 32 (7.1) 1.000 3 (7.4) 2 (4.9) 1.000

Style of tumor, n (%)

Adenocarcinoma 24 (58.5) 191 (42.4) 0.047 24 (58.5) 24 (58.5) 1.000

Squamous cell carcinoma 7 (17.1) 93 (20.7) 0.584 7 (17.1) 7 (17.1) 1.000

Small cell lung cancer 1 (2.4) 2 (0.4) 0.231 1 (2.4) 1 (2.4) 1.000

Another tumor 9 (22.0) 164 (36.4) 0.063 9 (22.0) 9 (22.0) 1.000

T2DM, type 2 diabetes mellitus; OLV, one-lung ventilation; ICU, intensive care unit; VATS, video-assisted thoracoscopic surgery.

Figure 2 Kaplan-Meier curves for in-ICU survival in the matched 
cohort. ICU, intensive care unit; T2DM, type 2 diabetes mellitus.

Figure 3 Kaplan-Meier curves for in-hospital survival in the 
matched cohort. T2DM, type 2 diabetes mellitus.
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showed that T2DM impairs clinical outcomes as it leads to 
an increase in-ICU and in-hospital mortality. In the single-
factor analyses, T2DM patients undergoing thoracic surgery 
were shown to have higher preoperative WBC count, 
increased release of IgA, C3, and C4, impaired kidney 
functions with a high level of urea, and low expression of 
AST and MAO. In the multivariate analyses, preoperative 
urea level was associated with a low-grade risk of dying in-
ICU survival. On the contrary, the preoperative C3 level 
favored a positive contribution in-ICU survival. Besides the 
C3 level, IgA level remained as a positive contribution in 
regression models of hospital survival.

WBC counts and fractions are associated with DM, 
and various components of metabolic syndrome and 
complications (12,13). These findings are thought to be 
related to the activation of WBC by advanced glycation 
end-products and the production of pro-inflammatory 
cytokines (13-15). DM and its vascular complications are 
firmly related to inflammation and immune response. A 
study (16) showed that the incidence of bacterial infection 

in DM patients was 1.2 times higher than that if healthy 
volunteers, and the mortality of DM patients whose blood 
sugar was effectively controlled was more than 2.0 times 
higher than that of healthy volunteers. High blood sugar 
level would activate various protein kinase C isoforms, 
which regulate the expression of nitric oxide, endothelin, 
nuclear transcription factor-kB, and plasminogen activator 
inhibitor (PAI) to affect the release of cytokines and insulin 
(17,18). This study also showed that thoracic patients with 
T2DM were accompanied by higher preoperative WBC 
count, suggesting activated inflammation.

High serum IgA level in DM patients is an early response 
to advanced glycosylation. Previous studies (19-21) have 
demonstrated that high serum IgA level correlates with 
assessments of blood sugar and almost 30% of DM patients 
have high serum IgA level. Plasma concentration of C3 is 
regarded as an independent risk marker for the incidence 
of DM; and may affect the level of blood sugar and  
insulin (22). Hess et al. (23) recently reported that plasma 
C3 levels, similarly to PAI-1, are independently associated 

Table 3 Postoperative variables of enrolled patients

Characteristics

All patients with thoracic surgery (n=491)

P value

Propensity matched cohort (n=82)

P valuePatients with T2DM 
(n=41)

Patients without 
T2DM (n=450)

Patients with T2DM 
(n=41)

Patients without 
T2DM (n=41)

Recovery time, min 86 [60, 121] 85 [58, 144] 0.835 86 [60, 121] 80 [61, 118] 0.922

Intubation time, min 135 [111, 198] 137 [105, 185] 0.463 135 [111, 198] 131 [105, 189] 0.495

LOS of ICU, min 203 [141, 280] 179 [141, 235] 0.280 203 [141, 280] 165 [140, 254] 0.393

LOS of hospitalization, d 24 [20, 33] 23 [19, 28] 0.093 24 [20, 33] 23 [20, 28] 0.334

WBC, 10
9
/L 10.2 [7.1, 13.2] 9.6 [7.0, 12.8] 0.558 11.0±5.3 10.1±3.8 0.431

HGB, g/L 123 [109, 131] 121 [110, 132] 0.782 123 [109, 131] 116 [108, 131] 0.447

TBIL, μmol/L 9.3 [6.9, 11.5] 8.5 [6.5, 11.9] 0.598 9.3 [6.9, 11.5] 9.4 [7.8, 14.0] 0.492

Albumin, g/L 32.1±4.4 33.3±4.6 0.137 32.1±4.6 34.4±5.0 0.040

ALT, U/L 14 [10, 19] 16 [11, 24] 0.135 14 [10, 19] 16 [11, 23] 0.558

AST, U/L 21 [18, 28] 24 [20, 31] 0.037 21 [18, 28] 23 [21, 34] 0.078

LDH, U/L 172 [157, 204] 185 [156, 221] 0.129 181.0±39.1 203.1±52.3 0.033

MAO, U/L 4 [3, 6] 5 [4, 8] 0.000 4 [3, 6] 6 [4, 8] 0.001

Urea, mmol/L 4.6 [3.7, 5.9] 4.0 [3.4, 4.9] 0.018 4.9±1.5 4.1±1.2 0.016

GFR, % 102.8 [74.9, 120.3] 108.1 [88.0, 129.6] 0.053 103.0±35.1 106.9±23.1 0.553

CK, U/L 319 [176, 459] 336 [242, 527] 0.102 319 [176, 459] 360 [246, 484] 0.436

T2DM, type 2 diabetes mellitus; LOS, length of stay; ICU, intensive care unit; WBC, white blood cell; HGB, hemoglobin; TBIL, total 
bilirubin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; LDH, lactate dehydrogenase; MAO, monoamine oxidase; GFR, 
glomerular filtration rate; CK, creatine kinase.
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Table 4 Cox regression analysis for in-ICU survival (left) and in-hospital survival (right)

Characteristics
Cox regression for in-ICU survival Cox regression for in-hospital survival

P HR 95% CI P HR 95% CI

T2DM 0.751 –0.131 –0.943 to 0.680 0.393 0.351 –0.455 to 1.157

Age, yr 0.059 0.035 –0.001 to 0.071 0.231 0.021 –0.014 to 0.056

Male gender 0.302 0.323 –0.290 to 0.937 0.235 –0.395 –1.048 to 0.257

BMI 0.155 0.074 –0.028 to 0.176 0.197 0.073 –0.038 to 0.184

Hypertension 0.494 –0.219 –0.848 to 0.409 0.660 –0.138 –0.752 to 0.476

CHD 0.282 0.749 –0.616 to 2.114 0.891 –0.093 –1.419 to 1.233

Arrhythmia 0.346 0.731 –0.789 to 2.251 0.951 0.042 –1.280 to 1.363

ASA 0.658 0.064 –0.219 to 0.348 0.742 0.050 –0.248 to 0.348

Style of tumor 0.315 –0.083 –0.246 to 0.079 0.115 0.123 –0.030 to 0.277

WBC 0.263 –0.022 –0.061 to 0.017 0.406 0.016 –0.021 to 0.052

AST 0.492 0.057 –0.106 to 0.221 0.316 0.079 –0.075 to 0.232

MAO 0.204 –0.196 –0.499 to 0.107 0.622 –0.066 –0.328 to 0.196

Urea 0.036 0.024 0.002 to 0.046 0.622 0.006 –0.017 to 0.029

GFR 0.906 –0.010 –0.173 to 0.153 0.501 –0.078 –0.304 to 0.149

GLU0 0.472 0.039 –0.067 to 0.144 0.709 –0.022 –0.139 to 0.094

GLU2 0.594 –0.091 –0.425 to 0.244 0.205 0.237 –0.130 to 0.605

IgA 0.093 1.448 –0.240 to 3.137 0.044 –1.737 –3.426 to –0.047

C3 0.037 –1.926 –3.736 to –0.116 0.679 –0.668 –3.837 to 2.501

C4 0.233 0.057 –0.037 to 0.150 0.330 –0.047 –0.142 to 0.048

Postoperative WBC 0.679 0.003 –0.012 to 0.019 0.239 0.009 –0.006 to 0.025

Postoperative AST 0.861 –0.010 –0.124 to 0.103 0.156 0.088 –0.034 to 0.210

Postoperative MAO 0.526 0.104 –0.219 to 0.427 0.541 0.105 –0.231 to 0.441

Postoperative GFR 0.205 –0.008 –0.022 to 0.005 0.430 0.005 –0.007 to 0.016

ICU, intensive care unit; HR, ; CI, ; T2DM, type 2 diabetes mellitus; BMI, body mass index; CHD, coronary heart disease; ASA, American 
Society of Anesthesiologists; WBC, white blood cell; AST, aspartate aminotransferase; MAO, monoamine oxidase; GFR, glomerular 
filtration rate; GLU0, fasting blood glucose; GLU2, plasma glucose of 2 hours after meal; IgA, immunoglobulin A; C3, complement C3; C4, 
complement C4.

with fibrin clot lysis in individuals with T2DM, suggesting 
C3 level would be regarded as a surrogate marker of 
fibrinolysis in T2DM patients. A nested case-control study 
in China showed that the risk of developing T2DM was 
still closely associated with elevated serum C3 levels [odds 
ratio (OR): 1.652, 95% CI: 1.004 to 2.717, P<0.05] (24). 
Therefore, plasma IgA and C3 were a protective response of 
activated inflammation in T2DM. In present study, T2DM 
patients undergoing thoracic surgery showed increased 
release of IgA, C3, and C4, but only IgA and C3 levels were 

positive protective factors of in-ICU and hospital survival.
The kidney is a common target organ of T2DM, 

and approximately 35% T2DM patients exhibit renal 
impairment (25). An increased plasma urea level is 
associated with acute and chronic renal dysfunction, heart 
failure, shock, and burns. The population with T2DM 
in the present study also had an increased level of urea, 
suggesting that kidney functions had varying degrees of 
impairment. However, impaired renal function did not 
aggravate the in-ICU and in-hospital survival rate, and 
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thus requires further studies with larger sample sizes to 
investigate.

Except for the impairment of  hepatocytes,  the 
plasma levels of ALT and AST were simultaneously and 
significantly associated with T2DM incidence (26,27) 
Previous studies (26-28) had reported that high ALT levels 
were independent risk factors for predicting T2DM, and 
the incidence of T2DM in patients with high ALT level 
was 1.27 times higher than those with low ALT levels. 
Interestingly, a difference for plasma ALT levels between 
the patients with T2DM and without T2DM was not 
observed in this study, while the plasma AST levels in 
T2DM patients was decreased in comparison with the 
patients without T2DM. AST is present in both hepatocyte 
cytoplasm and mitochondria, and is an essential metabolic 
link between carbohydrate and protein metabolism (29). 
However, determining the relationship between plasma 
AST level sand T2DM in thoracic surgery should perform 
various further research in the future.

Overall, it appears when undergoing thoracic surgery, 
patients with T2DM are accompanied by low expression of 
MAO than the patients without T2DM, and no published 
data can explain this phenomenon comprehensively. It 
could perhaps be explained by the blood sugar stability and 
endothelial-dependent relaxation since the T2DM patients 
received higher amounts of insulin and hypoglycemic drugs. 
A recent study suggested that MAO-A is induced in diabetic 
aortas, and vitamin D improves diabetes-induced endothelial 
dysfunction by modulating MAO-A expression (30). 
Exposure of high glucose and pro-inflammatory stimuli to 
cardiomyocytes causes MAO-dependent increase in reactive 
oxygen species that leads to permeable transition pore 
opening and mitochondrial dysfunction; occurs upstream 
of endoplasmic reticulum stress, and is abolished by the 
MAO inhibitor, pargyline. Moreover, MAO inhibition has 
been shown to prevent both mast cell degranulation and 
altered collagen deposition, thereby normalizing diastolic  
function (31). Regardless of the presence of DM, in vitro 
inhibition of MAO significantly improves endothelial-
dependent relaxation in human mammary arteries, and 
MAO inhibitors are useful in restoring endothelial response 
to increased oxidative stress in patients with coronary artery 
disease and DM (32,33).

In the present study, we first examined the effects of 
T2DM during thoracic surgery with OLV on clinical 
outcomes and short-term survival. Although the outcomes 
of surgery and anesthesia were similar, the inflammation 
and immune response in these patients with T2DM 

were significantly activated to adapt to high glucose and 
metabolic dysfunction. Furthermore, effective control of 
blood sugar decreased the endothelial response to increased 
oxidative stress and prevent mast cell degranulation.

Severa l  l imitat ions  must  be  considered in  the 
interpretation of our results. First, patients with T2DM, 
especially those undergoing thoracic surgery, might have 
been introduced for medical reasons, thus limiting the 
generalizability of the findings. However, this aspect was 
mitigated by excluding patients that could have had the 
above indications. Second, the quality of data that was 
considered in this retrospective analysis might have been 
inferior to that of prospective trials. On the other hand, the 
use of retrospective data is apt in creating a realistic picture 
of clinical routine, which may be essential to validate the 
findings of prospective trials. Lastly, the lack of large 
sample and long-term survival data restrict the reliability of 
this retrospective study. However, standard pre-operating 
procedures for T2DM were introduced before the start of 
the study period. Including the patient’s admission year 
in an alternative multivariate regression analysis did not 
significantly affect the previously calculated HRs.

Conclusions

In summary, T2DM was found to have no significantly 
adverse effect on clinical outcomes of thoracic surgery in 
this study. However, considering that the definite effect of 
T2DM on the perioperative period of thoracic surgery was 
not reported in previous experimental studies, further large 
studies are needed to evaluate the non-antidiabetic effects 
of high glucose-induced inflammation on kidney and liver 
function for thoracic surgery.
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