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Background and Purpose: Infection is a common comorbidity and cause of death in 
emergency trauma patients, especially in diabetic patients. Once the patients are admitted, 
they are more susceptible to further complications like sepsis and resultant increase in in- 
hospital mortality. Therefore, it is necessary to evaluate risk factors associated with sepsis 
after trauma and death in trauma patients.
Methods: A total of 397 trauma patients were divided into 2 groups according to HbA1c 
level, HbA1c: <6.5% (n = 259), HbA1c: >6.5% (n = 138), and baseline clinical characteristics 
were collected. The independent risk factors of sepsis associated with trauma were screened 
using univariate and multivariate logistic regression analysis. Cox proportional hazards 
regression analysis was used to investigate risk factors for 30-day all-cause mortality.
Results: The sepsis incidence (76.1% vs 35.9%, P<0.001) and mortality rate (29.7% vs 
7.3%, P<0.001) were significantly higher in HbA1c>6.5% group. Multivariate logistic 
regression analysis revealed that the independent risk factors of sepsis after trauma were 
diabetes (OR: 3.1, 95% CI: 1.41–6.79), hypertension (OR: 2.55, 95% CI: 1.35–4.82), 
coagulation disorder (OR: 3.45, 95% CI: 1.23–9.67), creatinine (OR: 3.71, 95% CI: 1.66– 
8.31), urea nitrogen (OR: 0.96, 95% CI: 0.92–0.99), HbA1c%>6.5 (OR: 2.05, 95% CI: 1.65– 
2.54), increase in body mass index (OR: 1.08, 95% CI: 1.03–1.13) and lower initial GCS 
score (OR: 0.93, 95% CI: 0.88–0.99). Multivariable Cox proportional hazard analysis 
revealed that male (HR: 1.94, 95% CI: 1.21–3.12), HbA1c >6.5% (HR: 1.45, 95% CI: 
1.32–1.6), albumin (HR: 0.54, 95% CI: 0.34–0.86), creatinine (HR: 1.02, 95% CI: 1.01– 
1.03), APTT (HR: 1.02, 95% CI: 1.01–1.03), SOFA score (HR: 1.2, 95% CI: 1.1–1.31), age 
>65 years (HR: 3.21, 95% CI: 1.95–5.3) were independent risk factor for trauma patients’ 
mortality.
Conclusion: The prevalence of sepsis and mortality was higher in trauma patients with 
HbA1c >6.5%. HbA1c was independent risk factor for sepsis and all cases of mortality in 
trauma patients.
Keywords: trauma, sepsis, glycosylated hemoglobin, diabetes, mortality, emergency

Introduction
To date, trauma still exerts a significant burden for health care systems worldwide 
and is one of the most common injuries managed in the emergency department. 
Within the United States, trauma is the primary cause of mortality in individuals 
younger than 45.1 For patients who do not need surgical intervention or have been 
admitted to hospital after surgery, most of them need to continue treatment in the 
emergency intensive care unit (EICU). During EICU treatment, complications 
after trauma including sepsis, multiple organ failure (MODS) and other late 
trauma complications increase the probability of a poor prognosis and 
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mortality.2 A large sample of studies has been conducted 
to explore the risk factors of post-traumatic sepsis, but its 
research variables are directly related to trauma, such as 
the number of trauma sites, blood transfusion, etc. without 
considering the basic state of the patient.3 Current studies 
have shown that diabetics, especially those with poor 
blood glucose control, are more likely to develop infec-
tious diseases than non-diabetic patients.4 Therefore, it is 
necessary to explore the risk factors of post-traumatic 
infection in diabetic patients. At present, a few studies 
have made preliminary exploration into the matter, and 
are mainly limited to specific surgical studies.5 The spe-
cific analysis of sepsis after trauma in patients with poor 
blood glucose control has not been reported. Glycosylated 
hemoglobin (HbA1c) is a common indicator of long-term 
glycemic control; this is mainly because red blood cells 
live for 120 days, which reflects blood sugar levels for the 
first 120 days. Therefore, it is often used as an indicator of 
long-term control of blood glucose in diabetic patients, or 
used to assess the prognostic risk of other diseases. 
Previous studies have found that HbA1c levels are asso-
ciated with increased mortality within a period of 6 
months and poor neurological outcomes in out-of- 
hospital cardiac arrest survivors.6,7 In addition, HbA1c 
levels are not affected by acute attacks of illnesses; as 
a result, it is a reliable marker to determine the presence 
of hyperglycemia before onset. We speculate that HbA1c 
levels may be a reliable predictor for sepsis and probable 
increased mortality for trauma patients. Therefore, this 
study aims to evaluate the relationship between HbA1c 
levels with effect to sepsis and all-cause mortality in 
trauma patients.8

Information and Methods
Research Design and Data Collection
This retrospective study was conducted at Shengjing 
Hospital affiliated to China Medical University. We use 
electronic medical records and paper medical records, 
from 1st January 2015 to 31st December 2020. We 
extracted data on trauma patients in EICU; concentrating 
on four parts.

1. Demographic data: age, sex, BMI.
2. Vital signs, SOFA score, GCS score and 

complications.
3. Blood gas, lactic acid, serum creatinine, coagulation 

index and HbA1c.

4. Primary outcome: 30-day mortality, Sepsis inci-
dence; Secondary outcome: length of EICU days, 
total length of hospitalization.

Only patients who completed the HbA1c examination 
were included in the study. For patients with a history of 
multiple admissions, we focused on the data that was 
provided by the first admission. The remaining exclu-
sion criteria are: Patients who presented with sepsis at 
the time of admission to the EICU; age less than 18 
years old; the length of hospital stay in EICU was less 
than 24 hours; automatic discharges. We conformed to 
the definition and description of sepsis that was pro-
vided by the Third International Consensus Definitions 
for Sepsis and Septic Shock (sepsis-3).9 Our study uti-
lized the anonymous data available from electronic med-
ical records and paper medical records; hence, the 
requirement for informed consent was waived. In sum-
mary, the study complied with the ethical standards laid 
down in the 1964 Declaration of Helsinki and its later 
amendments.

Statistical Analysis
The Continuous variables were expressed as mean (stan-
dard deviation) or median (IQRs), and classified variables 
were expressed as total and percentage. The Kolmogorov– 
Smirnov test was used to test normality. Differences 
between the two groups were analyzed using the 
Student’s t-test or Mann–Whitney U-test, while the Chi- 
square test with Fisher’s exact test were used for catego-
rical variables. The odds ratio (ORs) or hazard ratio (HRs) 
within 95% confidence intervals were used to compare the 
data in univariate analysis. Variables were considered as 
candidates for inclusion in the multivariate model if the 
associated univariate p value was <0.05. A logistic regres-
sion model, adjusted for HbA1c-associated variables and 
sepsis-associated variables, was constructed to identify 
independent variables that predicted sepsis occurs. A Cox 
proportional hazards regression model, adjusted for 
HbA1c-associated variables and 30-day mortality- 
associated variables, was constructed to identify 
independent variables that predicted 30-day mortality. 
Kaplan-Meier analysis was used to test the association 
between 30-day mortality and HbA1c using 6.5% as the 
cut-off point. SPSS software version 23.0 (SPSS Inc., 
Chicago), is used for all data analysis. Statistical signifi-
cance was set to P<0.05.
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Results
Baseline Demographic and Clinical 
Characteristics Data
A total of 528 consecutive patients were admitted to the 
medical EICU due to trauma between 1st January 2015 to 
31st December 2020, of whom 25 patients were excluded 
because length of stay in EICU was less than 24 hours; 
a further 42 patients were excluded because of age were 
under 18; 64 patients were excluded due to lack of HbA1c 
data (Figure 1). The remaining 397 patients were eligible 
for analysis and were divided into high HbA1c (n = 259, 
65.2%) and low HbA1c (n = 138, 34.8%) groups using 
HbA1c 6.5% as the cut-off point.

We summarize the demographic, mortality and sepsis- 
related data shown in Table 1. There were 114 patients 
older than 65 years, accounting for 28.7%, and 76.7% of 
the patients were male. The SOFA score and BMI were 8 
(3, 15) and 26.90 (24.20, 30.25), respectively. The most 
common underlying comorbidities were hypertension 
(26.4%), alcohol abuse (16.4%) and diabetes (15.9%). 
Compared with the low HbA1c group, there was no sta-
tistically significant difference between the groups in 
inflammatory markers such as WBC and neutrophils with 
high HbA1c. As expected, those with high HbA1c had 
a higher SOFA score [4(3, 7) vs 4(2, 5), p =0.011] and 
were more likely to have longer length of EICU stay [6(3, 
12) vs 3(2, 8) p =0.001] compared with those in the low 
HbA1c group. The other variables appeared to be compar-
able between these two groups, except that those with high 

HbA1c were more likely to be male (39.1% vs 23.2%, 
p <0.001) compared to those in the low HbA1c group.

Relationship Between High HbA1c and 
Sepsis and 30-Day All-Cause Mortality
The incidence of sepsis in both groups was relatively high, 
but higher in the high HbA1c group than in low HbA1c 
group (76.1% versus 35.9%, P<0.001). Moreover, the 30- 
day mortality in the high HbA1c group was higher than 
that in the low HbA1c group (29.7% versus 7.3%, 
P<0.001). Given the above results, we also investigated 
the relationship between HbA1c and the occurrence of 
sepsis and patient 30-day mortality.

We used logistic regression analysis to identify the 
factors that predicted sepsis exhibition after EICU admis-
sion. The univariate analysis showed that sepsis signifi-
cantly associated with high HbA1, BMI, age>65 and other 
factors shown in Table 2. Multivariable logistic regression 
using backward elimination showed that high HbA1c level 
(OR, 2.05; 95% CI, 1.65–2.54) was independent predictors 
of sepsis, shown in Table 3.

Sixty of the 397 patients (15.1%) died during EICU 
admission. We used Kaplan-Meier analysis to estimate the 
probability of survival during EICU admission according 
to the HbA1c level. Kaplan-Meier analysis along with the 
Log rank test showed that the survival period was signifi-
cantly shorter in patients with an HbA1c level >6.5% than 
in those with an HbA1c level <6.5% (P < 0.001; Figure 2).

We then used Cox proportional hazard analysis to 
identify the mortality risk factors. The univariate analysis 
showed that EICU mortality was significantly associated 
with HbA1c level >6.5%, gender, SOFA score and several 
factors shown in Table 4. Multivariable Cox proportional 
hazard analysis with backward elimination indicated that 
HbA1c level >6.5% (HR, 3.21% CI, 1.95–5.3; P<0.001) 
was significant independent predictors of mortality, as well 
as gender, albumin, APTT in Table 5.

Synthesizing the above results, only HbA1c>6.5% can 
be used as an independent risk factor for both sepsis and 
death in trauma patients.

Discussion
The risk factors associated with sepsis and death in trauma 
patients vary. According to our study, univariate analysis 
results showed that PH, albumin and hemoglobin on 
admission were risk factors for mortality of emergency 
trauma patients, which was consistent with the results of 
some previous studies. Acidosis is an established risk 

Patients admitted to the study EICU due to 
trauma between  2015 January 1st and 2020 

December 31th (N=528)

Trauma subjects with  HbA1c data (N=397)

HbA1c<6.5% Low HbA1c
(N=259, 65.2%)

HbA1c>6.5% High HbA1c
(N=138, 34.8%)

Excluding:
LOS EICU<24h (n=25)
Age<18 years(n=42)
Without HbA1c data (n=64)

Abbreviations: LOS, length of stay; EICU, emergency intensive care unit; 
HbA1c, hemoglobin A1c

Figure 1 Flowchart of patient enrollment.
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Table 1 Demographic and Clinical Characteristics of Patients Included

Characteristics n (%) 
[Mean(SD) or Median, IQR]

Overall 
(n=397)

Low HbA1c 
HbA1c < 6.5% 

(n=259)

High HbA1c 
HbA1c > 6.5% 

(n=138)

p

Demographic

Age, years>65 114 (28.7) 60 (23.2) 54 (39.1) <0.001
Gender, Male 280 (70.5) 194 (74.9) 86 (62.3) 0.012

BMI 26.90 (24.20,30.25) 26.14 (23.48,29.35) 27.82 (24.73,32.18) <0.001

Initial GCS 8 (3,15) 8 (3,15) 7.50 (3,13) 0.256
Initial SOFA 4 (3,6) 4 (2,5) 4 (3,7) 0.011

Comorbidities

Diabetes 63 (15.9) 34 (13.1) 29 (21.0) 0.057

CHF 46 (11.6) 17 (6.6) 29 (21.0) <0.001
Hypertension 105 (26.4) 66 (25.5) 39 (28.3) 0.633

COPD 55 (13.9) 30 (11.6) 25 (18.1) 0.101

Coagulation disorder 37 (9.3) 17 (6.6) 20 (14.5) 0.016
Alcohol abuse 65 (16.4) 48 (18.5) 17 (12.3) 0.147

Vital signs
Body Temperature C 36.4 (35.8,37.1) 36.5 (35.8,37.1) 36.4 (35.8,37.1) 0.487

Heart Rate (beats/minute) 86 (75,102) 86 (74,99) 86 (75,104) 0.546

Systolic BP (mmHg) 127.09 (25.32) 128.19 (25.24) 125.01 (25.43) 0.233
Diastolic BP (mmHg) 65 (57,77) 66 (59,78) 64 (53,73) 0.025

MAP (mmHg) 84 (72,96) 85 (73,97) 81.67 (70,93) 0.084

Respiratory Rate 17 (14,20) 17 (14,20) 17 (14.25,20) 0.796
SpO2 (%) 100 (97,100) 100 (97,100) 100 (98,100) 0.305

Arterial blood gas parameters
Base excess −2 (−5,0) −2 (−5,0) −1 (−5,2) 0.007

Lactate 2.40 (1.70,3.40) 2.40 (1.90,3.45) 2.20 (1.33,3.40) 0.004

PCO2 (mmHg) 43 (39,48) 43 (39,48.50) 43 (37.25,47) 0.237
PH 7.34 (7.28,7.40) 7.34 (7.27,7.38) 7.35 (7.30,7.42) 0.006

PO2 (mmHg) 190 (107,308) 190 (112,284.50) 190 (102.50,319.25) 0.956

Bicarbonate (mmol/L) 23 (21,26) 23 (21,25) 24 (22,27) 0.013
Anion Gap 14 (12,16) 14 (12,16) 15 (13,17) 0.036

Laboratory test
Albumin (mg/dL) 3 (2.80,3.10) 3 (3,3.10) 3 (2.50,3) 0.002

Amylase 59.50 (52,65) 59.50 (57,70) 59.50 (46.50,59.88) 0.082

Creatinine 1 (0.80,1.20) 1 (0.80,1.10) 1 (0.80,1.30) 0.262
Blood glucose 136 (112,168) 135 (112.50,162) 139 (109,176.25) 0.426

Lipase 31 (26,36) 31 (27.50,38) 31 (24,32.75) 0.192

Urea nitrogen 16 (12,22) 15 (12,20) 17 (13,26) 0.015
Hemoglobin (g/dL) 12.24 (2.15) 12.47 (2.15) 11.80 (2.08) 0.003

INR 1.20 (1.10,1.40) 1.20 (1.10,1.30) 1.20 (1.10,1.50) 0.001

Neutrophils (%) 81.35 (79,83.40) 81.35 (79.30,82.95) 81.35 (78,83.75) 0.796
Platelet (10 9 /L) 253 (186,319) 250 (190,310) 262.50 (176.50,342.75) 0.524

PT (seconds) 13.40 (12.70,15) 13.30 (12.60,14.50) 13.70 (12.80,16.32) 0.007

APTT (seconds) 26.80 (24,32) 26.30 (23.70,29.80) 27.70 (24.75,34.53) 0.009
WBC (10 9 /L) 12.80 (9.40,17.30) 12.70 (9.50,17.25) 12.90 (9.10,17.45) 0.855

Outcomes
Sepsis 198 (49.9) 93 (35.9) 105 (76.1) <0.001

Length of EICU stay (day) 4 (2,10) 3 (2,8) 6 (3,12) 0.001

(Continued)
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factor for death.10 Mypinder’s study showed that hemo-
globin concentrations <90g/L was associated with 
increased hospital mortality in patients with severe brain 
injury.11 A retrospective analysis of 12,418 patients 
showed that hypoalbuminemia is common in patients 
with acute coronary syndrome, heart failure, cardiac arrest, 
and cardiogenic shock, and is associated with higher short- 
term and long-term mortality.12 After adjusting for age, 
sex, BMI and other covariates, creatinine and HbA1c were 
independent risk factors for sepsis and increased mortality 
in trauma patients. We believe that this result may be 
related to diabetic nephropathy in diabetic patients. 
Nakanishi’s study also suggested an association between 
renal function and HbA1c, suggesting that HbA1c>7.0% 
increases the risk of diabetic microangiopathy, which 
increases the risk of diabetic nephropathy.13 In our results, 
HbA1c was most closely related to blood glucose, so we 
focused on analyzing the influence of HbA1c on trauma 
patients. There are some studies on the relationship 
between blood sugar and trauma prognosis, but the results 
are not consistent. Studies suggest that hyperglycemia 
caused by stress and diabetes increases ICU mortality in 
trauma patients, on the other hand, some research believes 
that increased mortality occurs only in trauma patients 
with stress hyperglycemia. It does not occur in trauma 
patients with hyperglycemia due to diabetes.14,15 Study 
of Edwards supports our conclusion that trauma patients 
with HbA1c greater than 6% at admission had a higher 
mortality rate than 50% and ICU hospitalization and 
mechanical ventilation were significantly higher than 
those in the HbA1c normal group.16 Our findings support 
the view that HbA1c levels may help predict incidences of 
sepsis in trauma patients after their admission.

Previous studies have focused on the relationship 
between HbA1c and sepsis, and it is believed that hyper-
glycemia is independently associated with poor prognosis, 
especially in diabetic patients.17,18 The study of 
Baltrusaitis about hand trauma suggests that the wounds 

were more susceptible to infection in patients with high 
HbA1c.19 The result of Iavazzo study suggests that the 
increase of preoperative HbA1c may indicate a higher risk 
of infection complications and readmission within 30 days 
in both diabetic and non-diabetic patients.20

Our results suggest that pre-admission blood glucose 
level can be a predictor of sepsis after admission in trauma 
patients. Patients with high HbA1c were more likely to 
develop sepsis than patients with low HbA1c (76.1% 
vs35.9%). In the case of inflammatory stimulation due to 
abnormal regulatory response of the immune system for 
people with elevated blood glucose, it is noted that lympho-
cyte reduction rate is increased, and neutrophil, serum CRP 
and IL-6 levels were elevated.21 These may be the reasons 
why patients in this study are more likely to develop sepsis.

The effects of hyperglycemia on the patient’s physical 
environment are diverse. The injury of vascular endothelial 
glycocalyx(VEG) caused by hyperglycemia is considered to 
be the starting factor of pathological injury such as athero-
sclerosis, ischemia/reperfusion injury, diabetic complica-
tions and the occurrence and development of sepsis.22,23 

VEG is the first protective layer on the surface of the 
endothelial surface layer (ESL), which is involved in regu-
lating cell adhesion and migration in an inflammatory state 
to influence important functions like vascular tension, 
endothelial permeability, coagulation and thrombosis. Up 
regulation of endothelin-1 in diabetic patients induces podo-
cyte heparinase, which in turn leads to glomerular VEG 
injury.24,25 With the exception of hyperglycemia, under 
other pathophysiological conditions such as atherosclerosis, 
infection, ischemia/reperfusion injury and trauma, ESL can 
be disrupted to impair endothelial function.26 Studies sug-
gest that patients with higher HbA1c levels are more 
severely damaged than patients with lower HbA1c levels 
during sepsis. From this perspective, HbA1c itself may play 
the role of a marker reflecting a chronic hyperglycemic state 
and suggesting that VEG has been disrupted before trauma 
occurs.27

Table 1 (Continued). 

Characteristics n (%) 
[Mean(SD) or Median, IQR]

Overall 
(n=397)

Low HbA1c 
HbA1c < 6.5% 

(n=259)

High HbA1c 
HbA1c > 6.5% 

(n=138)

p

Length of hospital stay (day) 12 (6,21) 10 (5,18.50) 14 (8,25) <0.001
30-day mortality 60 (15.1) 19 (7.3) 41 (29.7) <0.001

Abbreviations: GCS, Glasgow score; SOFA, sequential organ failure assessment; CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; MAP, mean 
arterial pressure; INR, international normalized ratio; PT, prothrombin time; APTT, activated partial thromboplastin time; WBC; white blood cell.
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VEG shedding may lead to a series of adverse conse-
quences. First, VEG damage activates and enhances the 
activity of inflammatory cells. Study has shown that the 
shedding of VEG exposes the surface adhesion molecules 
of vascular endothelial cells, which makes inflammatory 
cells such as neutrophils and mononuclear-macrophages 

easier to adhere to endothelial cells, and further transen-
dothelium migration to the tissue space outside the vessel 
leads to inflammatory dispersal.28 In addition to the 
inflammatory response, VEG injury can destroy the tight 
junction between endothelial cells, the structural integrity 
of endothelial cells will become loose.29 ARDS caused by 
pulmonary edema is one of the main causes of death in 
trauma patients, especially in the elderly.30 After VEG 
injury, the fluid flow in the capillaries greatly exceeds 
reabsorption, leading to interstitial edema and local ische-
mia, accelerating tissue ischemia, which eventually leads 

Table 2 Univariate Analysis of Independent Predictors for Sepsis 
Morbidity of EICU Trauma Patients

OR (95% CI for OR) p-value

Age, years>65 1.74 (1.12~2.72) 0.014

Gender, Male 0.63 (0.56~1.28) 0.257

BMI 1.11 (1.07~1.16) <0.001
DM 3.93 (2.16~7.51) <0.001

CHF 5.67 (2.7~13.41) <0.001

Hypertension 2.29 (1.45~3.66) <0.001
COPD 2.81 (1.54~5.34) 0.001

Coagulation disorder 3.48 (1.66~8) 0.002
Alcohol abuse 0.78 (0.45~1.32) 0.355

Body Temperature°C 0.96 (0.8~1.15) 0.647

Heart Rate (beats/minute) 1 (0.99~1.01) 0.521
Systolic BP (mmHg) 0.99 (0.98~1) 0.006

Diastolic BP (mmHg) 0.99 (0.98~1) 0.086

MAP (mmHg) 0.99 (0.98~1) 0.074
Respiratory Rate (beats/minute) 1.01 (0.98~1.05) 0.446

SpO2 (%) 0.95 (0.9~1) 0.065

Initial GCS 0.94 (0.9~0.98) 0.003
Initial SOFA 1.25 (1.14~1.37) <0.001

Base excess (mmol/L) 1.03 (1~1.08) 0.075

Lactate (mmol/L) 0.95 (0.87~1.03) 0.206
PCO2 (mmHg) 1.01 (0.99~1.03) 0.251

PH 1.95 (0.36~10.82) 0.438

PO2 (mmHg) 1 (1~1) 0.694
Bicarbonate (mmol/L) 1.06 (1~1.11) 0.039

Anion Gap (mmol/L) 1.02 (0.96~1.08) 0.506

Albumin (g/dL) 0.65 (0.44~0.94) 0.025
Amylase (IU/l) 1 (1~1) 0.808

Creatinine (mg/dL) 2.37 (1.49~4.09) 0.001

Blood glucose (mg/dL) 1 (1~1.01) 0.045
Lipase (IU/L) 1 (1~1) 0.524

Urea nitrogen (mg/dL) 1.03 (1.01~1.05) 0.001

Hemoglobin (g/dL) 0.83 (0.75~0.91) <0.001
INR 1.54 (1.16~2.16) 0.007

Neutrophils (%) 0.98 (0.96~1.01) 0.156

Platelet (109 /L) 1 (1~1) 0.003
PT (seconds) 1.01 (0.99~1.03) 0.455

APTT (seconds) 1.01 (1~1.02) 0.056

WBC (109 /L) 1 (0.97~1.03) 0.871
HbA1c >6.5% 5.68 (3.6~9.16) <0.001

Abbreviations: GCS, Glasgow score; SOFA, sequential organ failure assessment; 
CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; MAP, 
mean arterial pressure; INR, international normalized ratio; PT, prothrombin time; 
APTT, activated partial thromboplastin time; WBC, white blood cell; BMI, body 
mass index.

Table 3 Multivariate Analysis of Independent Predictors for 
Sepsis of EICU Trauma Patients

OR (95% CI for OR) p-value

Complicated with

Diabetes 3.1 (1.41–6.79) 0.005

Hypertension 2.55 (1.35–4.82) 0.004
Coagulation disorder 3.45 (1.23–9.67) 0.018

HbA1c >6.5% 2.05 (1.65–2.54) <0.001

Creatinine (per 1mg/dL) 3.71 (1.66–8.31) <0.001

Urea nitrogen (per 1mg/dL) 0.96 (0.92–0.99) 0.021

Platelet (per 1×109 /L) 1 (1–1) 0.083

Initial GCS (Upper by 1) 0.93 (0.88–0.99) 0.015

BMI 1.08 (1.03–1.13) 0.001

Abbreviations: GCS, Glasgow score; BMI, body mass index.

Figure 2 Kaplan–Meier survival curves categorized by HbA1c.
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to organ dysfunction.31 All above mentioned mechanisms 
shown in Figure 3 lead to an increase in the incidence of 
sepsis and mortality in trauma patients with high HbA1c. 
In addition to our research, there are other studies on the 
above mechanism. Maranon et al showed that the levels of 
mitochondrial reactive oxygen species (mtROS), TNF-α, 

IL-6, in peripheral blood in patients HbA1c>6.5% were 
significantly higher than those in HbA1c<6.5%, and these 
inflammatory factors may be induced by thioredoxin acti-
vation of NF-κB and expression of inflammatory cyto-
kines. In addition, reactive oxygen species can lead to 
lipid peroxidation; amplify the inflammatory cascade, 
eventually leading to cell death and more serious inflam-
matory response.32 Study of Chin has found that acute 
hyperglycemia can induce sodium-potassium-chloride co- 
transporter 1(NKCC1) expression by activating serum glu-
cocorticoid kinase 1-NKCC1 pathway, affect alveolar fluid 
regulation, and aggravate lung injury.33

To our knowledge, this is the first study to assess the 
relationship between HbA1c levels and sepsis occurrence 
and mortality in emergency trauma patients. This study 
revealed the relationship between HbA1c levels and ICU 
mortality in trauma patients. Kaplan-Meier analysis 
showed that the survival time of patients with high 
HbA1c was significantly shorter than that of patients 
with low HbA1c. We conclude that HbA1c greater than 
6.5% is associated with increased mortality in EICU 
patients. META analysis, which included 57 RCT studies 
in 2020, suggests that intense blood glucose control can 
reduce all-cause mortality in ICU patients compared with 
routine blood glucose control.34 The relationship between 
previous blood glucose levels and blood glucose control 
levels during treatment and mortality in trauma patients 
still needs further study.

There are some limitations for this study adopting retro-
spective design, and the total number of trauma patients 
included in this study was small because detection of 
HbA1c levels was not a common blood test in emergency 
trauma patients unless they had been explicitly diagnosed 
with diabetes or provided with a history of diabetes.

Table 4 Univariate Analysis of Independent Predictors for EICU 
Trauma Patients’ Mortality

HR(95% CI for HR) p-value

Age, years>65 5.2 (3.4–7.8) <0.001

Gender, Male 0.51 (0.34–0.76) 0.001

BMI 0.99 (0.96–1) 0.400
DM 1 (0.61–1.7) 0.920

CHF 4.5 (2.9–7.1) <0.001

Hypertension 0.97 (0.61–1.5) 0.890
COPD 1.7 (1.1–2.8) 0.024

Coagulation disorder 3.5 (2.2–5.7) <0.001
Alcohol abuse 0.67 (0.37–1.2) 0.190

Body Temperature°C 0.85 (0.71–1) 0.084

Heart Rate (beats/minute) 1 (0.99–1) 0.490
Systolic BP (mmHg) 1 (0.99–1) 0.500

Diastolic BP (mmHg) 0.98 (0.97–0.99) 0.007

MAP (mmHg) 0.99 (0.98–1) 0.140
Respiratory Rate (beats/minute) 0.98 (0.94–1) 0.320

SpO2 (%) 0.98 (0.94–1) 0.160

Initial GCS 0.99 (0.95–1) 0.640
Initial SOFA 1.2 (1.1–1.3) <0.001

Base excess (mmol/L) 1.1 (1–1.1) 0.010

Lactate (mmol/L) 1 (0.94–1.1) 0.550
PCO2 (mmHg) 0.97 (0.94–1) 0.023

PH 22 (2.8–180) 0.003

PO2 (mmHg) 1 (1–1) 0.270
Bicarbonate (mmol/L) 1.1 (1–1.1) 0.002

Anion Gap (mmol/L) 1 (0.97–1.1) 0.270

Albumin (g/dL) 0.45 (0.31–0.64) <0.001
Amylase (IU/l) 1 (0.99–1) 0.520

Creatinine (mg/dL) 1.3 (1.2–1.5) <0.001

Blood glucose (mg/dL) 1 (1–1) 0.900
Lipase (IU/L) 1 (1–1) 0.770

Urea nitrogen (mg/dL) 1 (1–1) <0.001

Hemoglobin (g/dL) 0.8 (0.73–0.87) <0.001
INR 1.3 (1.2–1.4) <0.001

Neutrophils (%) 1 (0.99–1) 0.300

Platelet (109 /L) 1 (1–1) 0.350
PT (seconds) 1 (1–1) 0.160

APTT (seconds) 1 (1–1) <0.001

WBC (109 /L) 1 (0.97–1) 0.980
HbA1c >6.5% 4.7 (3.1–7.2) <0.001

Abbreviations: GCS, Glasgow score; SOFA, sequential organ failure assessment; 
CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; MAP, 
mean arterial pressure; INR, international normalized ratio; PT, prothrombin time; 
APTT, activated partial thromboplastin time; WBC, white blood cell; BMI, body 
mass index.

Table 5 Multivariate Analysis of Independent Predictors for 
EICU Trauma Patients’ Mortality

HR(95% CI for HR) p-value

Gender, Male 1.94 (1.21–3.12) 0.006

HbA1c >6.5% 1.45 (1.32–1.6) <0.001

Albumin (per 1g/dL) 0.54 (0.34–0.86) 0.010
Creatinine (per 1mg/dL) 1.02 (1.01–1.03) 0.004

APTT (per 1seconds) 1.02 (1.01–1.03) <0.001

Initial SOFA (Upper by 1) 1.2 (1.1–1.31) <0.001
Age, years>65 3.21 (1.95–5.3) <0.001

Abbreviations: SOFA, sequential organ failure assessment; APTT, activated partial 
thromboplastin time.
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The results of this study emphasize the importance of 
HbA1c detection in trauma patients, but also the impor-
tance of blood glucose management. In clinical practice, 
we should pay more attention to trauma patients with high 
HbA1c, strengthen care, and carefully formulate treatment 
plans to prevent sepsis from threatening lives.

Conclusions
In patients with trauma, the HbA1c level at EICU admis-
sion is associated with both sepsis incidence and mortality. 
It may be important to assess HbA1c level at EICU admis-
sion because it may be a predictor of emergency trauma 
patients' outcome. For patients with a high HbA1c level 
(>6.5%), greater attention should be paid to the possibility 
of septic progression.
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Figure 3 Chronic hyperglycemia caused VEG shedding and adverse consequences.
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