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Background: Studies have shown that a variety of blood inflammatory markers can be used 
to assess the criticality of patients with sepsis. In this study, the blood inflammatory factors 
related to the sepsis survival group and the death group were compared and analyzed, which 
can be used by clinicians to adjust sepsis patient treatment.
Methods: This study used retrospective methods to analyze the medical records of 428 
patients with sepsis. The test of blood samples includes the patient’s age, gender, hospital 
stays, the concentration of procalcitonin (PCT), absolute neutrophil count (ANC), absolute 
lymphocyte count (ALC), neutrophil-to-lymphocyte ratio (NLR), D-dimer (DD), Fe3+, and 
hemoglobin (Hb) in the venous blood of patients with sepsis. The detection of PCT methods 
adopts the sandwich immunofluorescence (IF). ROC curve was used for the diagnosis and 
analysis of various factors of sepsis.
Results: Among all the patients with sepsis, 133 patients died, with a mortality rate of 
31.07%. Analysis of related inflammatory indicators and the patient’s baseline parameters 
showed the patients age, the values of PCT, ANC, NLR, and DD in death group were 
statistically higher than those in survival group (all p values were <0.05). However, the 
concentration of Fe3+ and ALC show an opposite trend between the two groups. Regression 
analysis results showed the patient’s gender, Fe3+, PCT, ANC, and DD are all independent 
prognostic factors for patients with sepsis. The results of the ROC curve of related diagnostic 
indicators show that DD has the best area under curve (AUC=0.700), the most sensitive 
index is ANC (74.44), and the most specific index is PCT (89.80). The results of the two-by- 
two combined diagnosis of the four indicators showed that the PCT+DD group had better 
AUC (0.748) and specificity (78.23), and the Fe3++DD group had the best sensitivity (75.89).
Conclusion: In this study, the patient’s gender and the inflammation-related markers of Fe3+, 
PCT, ANC, and DD can be used as independent risk factors affecting the prognosis of patients 
with sepsis. The combination of PCT+DD and Fe3++DD has high diagnostic value for patients 
with sepsis.
Keywords: sepsis, procalcitonin, Fe3+, D-dimer, immunocyte, diagnosis

Introduction
Sepsis is defined as life-threatening organ dysfunction caused by a dysregulated 
host response to infection, which can lead to severe sepsis or septic shock.1 The 
patients often develop secondary acute organ dysfunction, severe sepsis, and hypo-
tension that cannot be reversed by fluid resuscitation.2 Sepsis accounts for about 
40% of the total number of patients admitted to the ICU ward, the mortality rate can 
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be as high as 25%-40%, and the main causes of death are 
severe sepsis and septic shock.3 Timely diagnosis and 
treatment of sepsis is an important factor affecting the 
mortality of patients with sepsis. However, there is cur-
rently a lack of clinically specific indicators for determin-
ing infection, which are mainly based on the presence of 
infectious factors or clear infection foci, accompanied by 
non-specific indicators such as body temperature and 
white blood cell changes, or the existence of inversely 
inferred based on body temperature and white blood cell 
changes the possibility of infection. Generally, these fac-
tors can be affected by many factors, especially for ICU 
patients, and the factors affecting these two indicators may 
be diverse.

Biomarkers are a class of important substances that 
have been widely used in clinical assessment of diseases 
or injuries with the advancement of molecular biology in 
recent years. They can not only explore the mechanism of 
disease at the molecular level but also accurately and 
sensitively evaluate early tissue damage, and has its 
unique advantages to provide early warning and provide 
a good basis for clinical diagnosis. At present, there are 
about thousands of markers used in sepsis-related research, 
and among them, the most widely used and most well 
known is procalcitonin (PCT). PCT is one of the precur-
sors of calcitonin, which has made great advantages in the 
early identification of bacterial infections and non-bacter-
ial infections.4,5 During bacterial infections, especially 
severe infections, the blood levels not only increase sig-
nificantly but also it is important to evaluate the severity of 
infection and know the prognosis and outcome of the 
disease. The level of PCT content in the blood is generally 
not affected by factors such as hormone status and treat-
ment in the body, and the reliability is high. More and 
more studies have shown that PCT levels in the blood of 
patients with bacterial infections will increase, especially 
in patients with severe bacterial infections or sepsis.6,7 

Therefore, in foreign clinical practice, PCT is often 
regarded as one of the sensitive indicators for the diagno-
sis of severe sepsis and is used in clinical diagnosis, 
treatment, and prognosis. The chelation of Fe3+ with 
serum transferrin can transport free iron ions. Apoferritin 
and Fe3+ form a serum ferritin (SF) complex, which is a 
storage form of iron.8 SF is an effective indicator for 
judging whether the body is iron-deficient or overloaded.9 

Studies have shown that the transferrin level of patients 
with sepsis has a significant downward trend within 24 
hours of onset. Therefore, predicting the concentration of 

Fe3+ can be used as a new biomarker for early diagnosis of 
sepsis. D-dimer (DD) is a specific product of fibrin mono-
mer cross-linked by activated factor Ⅷ in the blood and 
then degraded by plasmin.10,11 It is considered to be a kind 
of indication of fibrinolysis process. Once harmful sub-
stances such as bacteria, viruses, endotoxins enter the 
blood, they can directly activate factor XII and initiate 
the endogenous coagulation pathway: the activated endo-
genous coagulation system can in turn activate the antic-
oagulation system, that is, the fibrinolytic system, so that 
DD rises.12 Severe pneumonia is often accompanied by 
systemic inflammation, which can induce and activate the 
coagulation system, and will further lead to the hyperfunc-
tion of the fibrinolytic system, leading to an increase in D- 
D.13 Studies have shown that the content of D-D in the 
blood increases significantly when inflammatory diseases 
occur in the body, and its concentration increases with the 
severity of inflammation. Therefore, D-D is often used as a 
measure of the severity of sepsis patients.14

In this study, patients were divided into survival group 
and death group according to the death of sepsis patients in 
the ICU, and compared the detection of PCT, D-D, Fe3+ in 
the blood of patients with inflammatory indicators for 
diagnosis of sepsis. To evaluate the application value of 
these factors in the diagnosis and prognosis of patients 
with sepsis.

Patients and Methods
Research Objects and Diagnostic Criteria
This study adopted a retrospective research method and 
selected 482 patients with sepsis in the emergency depart-
ment, EICUm and ICU wards of Beijing Chao-Yang 
Hospital from January 2012 to June 2020. The patients 
were divided into two groups: 349 patients in the survival 
group and 133 patients in the death group. Sepsis diagno-
sis refers to the latest diagnostic criteria for sepsis and 
septic shock published in 2016 by the Journal of the 
American Medical Association, spesis3.0;1 Sepsis can be 
diagnosed if the Sequential Organ Failure Assessment 
(SOFA) score ≥2 points can be diagnosed as sepsis. 
Clinically, the bedside rapid SOFA score (respiratory rate 
≥22 beats/min, change of consciousness, systolic blood 
pressure ≤100 mm Hg) can be performed to meet at least 
2 items. After meeting the above criteria, assess whether 
the patient has organ dysfunction. This method saves 
clinical assessment time. Septic shock refers to patients 
with sepsis who still need to apply vasoactive drugs after 
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adequate fluid resuscitation to maintain mean arterial pres-
sure (MAP) ≥65mmHg and arterial blood lactic acid con-
centration > 2mmol/L. This study obtained the informed 
consent of all patients and their families, signed the 
informed consent form, and was approved by the hospital 
ethics committee.

Inclusion and Exclusion Criteria
The inclusion criteria of patients are as follows:1 patients 
who were older than 18 years old;2 patients whose sample 
collection time was less than or equal to 24 hours after the 
onset of onset to admission;3 no medication was applied 
before data collection. The exclusion criteria of patients 
are as follows:1 Certain diseases that cause the increase or 
decrease of transferrin, such as acute viral hepatitis, rheu-
matoid arthritis, primary renal disease, systemic lupus 
erythematosus, history of hemodialysis, combined 
Malignant tumors, etc.;2 Drug treatment has been applied 
before data collection;3 Patients whose clinical data is 
incomplete or are hospitalized for the second time;4 

During treatment the patients who voluntarily give up.

Collection of Blood Samples
For the patients included in this study, 2 mL of venous 
blood was drawn, centrifuged for 10 minutes (3000 revo-
lutions/min), and serum was collected for use. The sample 
is tested within 4 h; otherwise, it is stored in a refrigerator 
at −20°C.

Detection of Serum Ferritin Fe3+

Use Beckman’s AU5400 automatic biochemical analyzer, 
supporting reagents, and standard products to determine 
transferrin, the normal reference value is 1.7–3.4g/L.

D-Dimer Detection
It is determined by an automatic blood coagulation analy-
zer and supporting reagents. The reaction principle is a 
solid-phase double antibody sandwich method. The D-D 
contained in the sample to be tested can be captured by the 
D-D antibody on the membrane. A D-D monoclonal anti-
body-colloidal gold conjugate label, the label can be 
expressed as red spots, and the red intensity of the spots 
is proportional to the concentration of D-D in the sample. 
The red intensity can be measured by a quantitative reader 
to measure the concentration of D-D.15 Sample require-
ments: Use constitutive acid anticoagulant tube to draw 
blood, save plasma, fresh test, store in the refrigerator 
when not tested, not test within 24 hours, it should be 

stored in low temperature freezing. Detection of D-D:1 

Take the clever kit from the cold storage, equilibrate at 
room temperature for at least half an hour, add 1.1 mL of 
D-D gold standard lyophilized product to the lyophilized 
product of D-D gold standard solution and shake it well;2 

Lay the D-D reaction plate flat on the laboratory bench, 
and add 2 drops of D-D blocking solution to the reaction 
hole to make it completely infiltrate;3 Use a sterile tip to 
absorb 100ul organic acid Add anticoagulant plasma to the 
reaction plate. After it is completely infiltrated, add 2 
drops of D-D washing solution;4 When the washing liquid 
is completely infiltrated, use a clean tip to accurately add 
100ul of D-D colloidal gold solution;5 After the infiltration 
is complete, add 4 drops of D-D washing solution;6 

Immediately read the absorbance (OD value) under the 
D-D item of the U2 gold standard quantifier, and calculate 
the D-D concentration in the sample.

PCT Detection
PCT is detected by semi-quantitative immunochromatogra-
phy with German Brahms PCT-Q reagent. An anti-catacal-
cin monoclonal mouse antibody (tracer) labeled with 
colloidal gold and a polyclonal sheep anti-calcitonin anti-
body (solid phase) are used for detection. After 200μL of 
the patient’s sample is added to the detection hole, the tracer 
element binds to the PCT in the sample to form a labeled 
antigen-antibody complex. This complex moves through 
the area containing the detection zone by capillary action 
in the detection system. During this process, the labeled 
antigen-antibody complex binds to the solid-phase anti- 
PCT antibody to form a sandwich complex. When the 
PCT concentration is greater than or equal to 0.5ng/mL, 
the complex appears as a light red band, and the color 
intensity of the band is directly proportional to the concen-
tration of PCT in the sample. The tracer that does not bind to 
PCT diffuses to the control strip area, where it is fixed, 
producing a very strong red band. The function of this 
detection system is determined by this control strip. After 
30 minutes, compare with the PCT concentration color chart 
provided on the reference card. According to the reference 
value concentration range <0.5ng/mL, ≥0.5 ng/mL, ≥2ng/ 
mL, ≥10ng/mL, they were rated as 1, 2, 3 and 4 points, 
respectively. The detection process of each index is strictly 
in accordance with the reagent instructions.

Statistical Methods
SPSS 25.0 statistical software package was used for sta-
tistical processing of the data in this study. Normally 
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distributed measurement data are represented by mean ± 
standard deviation (X ± s), and skewed distribution is 
represented by median (interquartile range). Pairwise com-
parison of non-normally distributed data adopts the 
Kruskal–Wallis test method of non-parametric test. The 
ROC curve was used to analyze the diagnostic value of 
factors such as PCT and Fe3+ in sepsis. P<0.05 indicates 
that the difference is statistically significant.

Results
Baseline Data of Patients
A total of 482 patients with sepsis were included in this study. 
Among them, there were 133 patients in the death group, 
accounting for 31.07%; 295 patients in the survival group, 
accounting for 68.93%. There was no statistical difference in 
the gender and length of stay between the two groups of 
patients in the baseline data (all P values > 0.05). The age 
comparison between the two groups showed that the age of 
the death group was greater than that of the survival group, 
and the difference between the two was statistically signifi-
cant (P=0.013). The test results of inflammatory cells and 
factors in the two groups of patients showed that the detec-
tion values of ANC, NLR, PCT, and DD in the death group 
were statistically higher than those in the survival group (all 
P<0.05, respectively). The detection results of Fe3+ and ALC 
were both lower than the expression of the survival group, 
and the difference was statistically significant (P<0.05); there 
was no difference in the expression of Hb between the two 
groups (P=0.534). See Table 1 for detailed results.

The Results of Regression Analysis
The results of univariate regression analysis showed that the 
patient’s age, Fe3+, PCT, NLR, ANC, and DD concentrations 
were all influencing factors for the two groups of patients 
(Table 2). The results of multivariate analysis showed that the 
patient’s Gender, Fe3+, PCT, ANC, and DD were all inde-
pendent factors affecting the survival of the patient (Table 3). 
In gender grouping, male sepsis patients are more likely to 
die after excluding other interfering factors; among the other 
four factors, only Fe3+ is negatively correlated with the 
patient’s death (B=−0.072, P=0.024); the expression of 
other indicators increases with the death of the patient was 
proportional (all B are +, all P are <0.05).

The Diagnostic Value of Different Factors 
to Patients
In the diagnostic analysis of the five significant factors of 
multivariate regression analysis, the results showed that DD 
has the largest area under the curve (AUC=0.700), ANC has 
the highest diagnostic ability (74.44%), and PCT has the 
highest specificity (89.80%), Fe3+ has the highest Youden 
index. According to the death and survival of the included 
patients as the sensitivity and specificity criteria of each 
factor. See Table 4 and Figure 1 for detailed results.

The Diagnostic Value of Pairwise 
Combination of Blood Indicators
Subsequently, we combined Fe3+, ANC, PCT, and DD in 
pairs and used them to diagnose death in sepsis patients. 

Table 1 The Related Indicators of Two Groups of Patients

Detection Index Survival Group (295) Death Group (133) Z/X2 P

Hospital stays 6.0 (3.0, 9.0) 6.0 (3.0, 10.0) −1.012 0.312

Gender
Male 150 (50.85%) 79 (59.40%) 2.694 0.101

Female 145 (49.15%) 54 (40.60%)

Age (years) 77.0 (66.0, 84.0) 80.0 (69.5, 87.0) −2.479 0.013
Fe3+ 6.8 (4.8, 9.90) 4.4 (2.7, 8.6) −5.370 <0.001
Hb 127.0 (119.0, 140.0) 126.0 (116.5, 142.0) −0.622 0.534
ANC 7.10 (5.15, 9.77) 9.38 (7.19, 13.67) −5.521 <0.001
ALC 1.07 (0.71, 1.56) 0.86 (0.59, 1.45) −1.991 0.046
NLR 6.20 (3.99, 12.63) 10.95 (6.41, 16.56) −4.948 <0.001
PCT 0.05 (0.05, 0.05) 0.05 (0.50, 1.39) −5.914 <0.001
DD 0.48 (0.22, 0.90) 0.95 (0.43, 2.87) −6.067 <0.001

Note: The bold font means the difference is statistically significant when P<0.05. 
Abbreviations: ANC, absolute neutrophil count; ALC, absolute lymphocyte count; NLR, neutrophil-to-lymphocyte ratio; PCT, procalcitonin; DD, D-dimer.
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The results showed that the AUC and specificity of the 
PCT+DD combination were the highest (74.80% and 
78.23%, respectively), and the Fe3++DD combination had 
the highest sensitivity and Youden index (75.89% and 
41.35%, respectively). More detailed results ar show in 
Table 5 and Figure 2.

Discussion
Sepsis is a disease in which pathogenic microorganisms or 
toxins produced by them are spread in the patient’s body 
through the blood circulatory system, which causes the 
body’s inflammatory response to disorder and leads to tis-
sue and organ dysfunction.1 According to the results of 

foreign epidemiological studies, there are nearly 20 million 
people suffering from sepsis each year in the world, with a 
fatality rate of over 25%, making it the leading cause of 
death in intensive care units.16 The pathophysiological pro-
cess of the onset of sepsis is extremely complex. We still 
have a long way to go to fully understand sepsis, especially 
the lack of effective treatment measures to reduce the mor-
bidity and mortality of sepsis, then sepsis the early and mid- 
term differential diagnosis of disease is extremely 
important.

The discovery of new biomarkers in the early diagnosis 
of sepsis is particularly important to facilitate the identifica-
tion of sepsis as soon as possible, and it is helpful to take 

Table 2 The Results of Univariate Regression Analysis

Detection Index B Standard Error Wald Df Sig. Exp (B) 95% CI of Exp(B)

Lower Limit Upper Limit

Step 1a Gender 0.347 0.212 2.685 1 0.101 1.414 0.934 2.141

Hospital Stays −0.012 0.020 0.324 1 0.569 0.989 0.950 1.029
Age (years) 0.020 0.009 4.822 1 0.028 1.021 1.002 1.039

Fe3+ −0.093 0.027 11.752 1 0.001 0.912 0.865 0.961

Hb −0.002 0.006 0.078 1 0.780 0.998 0.987 1.010
PCT 0.105 0.030 12.044 1 0.001 1.111 1.047 1.179

NLR 0.040 0.012 11.414 1 0.001 1.041 1.017 1.065

ANC 0.093 0.020 21.362 1 < 0.001 1.097 1.055 1.141
ALC −0.052 0.114 0.205 1 0.650 0.949 0.759 1.188

DD 0.219 0.061 12.833 1 < 0.001 1.244 1.104 1.402

Notes: Variables entered in step 1: gender, length of hospital stay, age, Fe3+, Hb, ANC, ALC, L, PCT, DD. The bold font means the difference is statistically significant when 
P<0.05. 
Abbreviations: Df, degree of freedom; ANC, absolute neutrophil count; ALC, absolute lymphocyte count; NLR, neutrophil-to-lymphocyte ratio; PCT, procalcitonin; DD, 
D-dimer.

Table 3 The Results of Multivariate Regression Analysis

Detection Index B Standard Error Wald df Sig. Exp (B) 95% CI of Exp(B)

Lower Limit Upper Limit

Step 1a Gender 0.638 0.269 5.626 1 0.018 1.893 1.117 3.209
Hospital Stays 0.002 0.026 0.007 0.935 1.002 0.952 1.055

Age (years) 0.012 0.011 1.129 0.288 1.012 0.990 1.035

Fe3+ −0.072 0.032 5.087 1 0.024 0.931 0.875 0.991
Hb −0.008 0.008 0.916 0.338 0.992 0.977 1.008

PCT 0.084 0.032 7.049 1 0.008 1.087 1.022 1.157

NLR < 0.001 0.023 < 0.001 1 0.994 1.000 0.956 1.046
ANC 0.091 0.032 7.950 0.005 1.096 1.028 1.168

ALC −0.195 0.178 1.203 0.273 0.823 0.581 1.166
DD 0.184 0.052 12.324 < 0.001 1.202 1.085 1.332

Constant −1.621 1.453 1.244 1 0.265 0.198

Notes: Variables entered in step 1: gender, length of hospital stay, age, Fe3+, Hb, ANC, ALC, L, PCT, DD. The bold font means the difference is statistically significant when 
P<0.05. 
Abbreviations: Df, degree of freedom; ANC, absolute neutrophil count; ALC, absolute lymphocyte count; NLR, neutrophil-to-lymphocyte ratio; PCT, procalcitonin; DD, 
D-dimer.
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effective treatment measures as soon as possible to reduce the 
mortality of patients with sepsis. Biomarkers can be used for 
the diagnosis of sepsis, disease staging, response to thera-
peutic intervention and prognostic evaluation. The blood 
culture examination of the body is a traditional method for 
diagnosing sepsis. It not only takes a long time but also has a 
low positive rate, which cannot be used in clinical diagnosis 
in a timely and effective manner. According to researches, 
PCT has better specificity and sensitivity than white blood 
cell count and neutrophil percentage in the diagnosis of 
infectious diseases. This study showed that the expression 
of neutrophils and the ratio of NLR in the death group were 
higher than those in the survival group (all P values were 
<0.01). However, when a patient with sepsis is in septic 
shock, the WBC count and body temperature cannot reflect 
the presence of bacterial infection in the patient. This limits 
the diagnostic value of neutrophils to a certain extent. 
Furthermore, PCT is not affected by immunosuppression 
and can well identify bacterial infections. PCT increases 
rapidly when bacterial infections occur in the patient’s body 

and decreases rapidly after the infection is controlled.17,18 

PCT activity is stable and not easily affected by other factors. 
It has been used as a detection indicator for many diseases 
and has shown good clinical practicability. Compared with 
traditional laboratory indicators, PCT has the advantages of 
simple and fast response, good repeatability, high sensitivity, 
and specificity. These advantages can assist clinicians in the 
diagnosis and differential diagnosis of related infectious dis-
eases. Therefore, PCT has received more and more attention 
from clinicians. However, the sensitivity and specificity of 
PCT in different studies are quite different.19 The diagnostic 
criteria recommended by the American Association of Chest 
Physicians/American Society of Critical Care Medicine 
(ACCP/SCCM) and the 2001 International Sepsis 
Conference’s diagnostic criteria for sepsis both proposed to 
include PCT and C-reaction Protein (CRP) is used as a 
diagnostic element. In the detection and analysis of many 
sepsis biomarkers, Suarez et al found that PCT is a good 
indicator for assessing the severity of infection in patients.20 

Since then, many indicators have not made great break-
throughs in the treatment of sepsis, so it is still very necessary 
and practical to propose a new biomarker for the diagnosis 
and treatment of early sepsis. Assicot et al21 first found a 
significant increase in PCT in the serum of infected patients 
in 1993. PCT is regulated by the CALC-1 gene on the short 
arm of human chromosome 11. Under normal circumstances, 
the concentration of PCT in healthy people is less than 0.1ng/ 
mL, which can hardly be detected in serum. However, when 
the concentration of PCT increases sharply after bacterial 
infection, it can reach a peak within 6–8 hours,22 up to 
1000 ng/mL,23 and gradually return to normal after 24 
hours, and it can persist for up to 7 days.24 The study of 
PCT in this study showed that the concentration of patients in 
the death group was higher than that in the survival group, 
and there was a statistical difference between the two groups 
(P<0.05), which was consistent with the study by Assicot et 
al, and the regression analysis showed that PCT was 
Independent risk factors affecting death of patients. In the 

Table 4 The Diagnostic Parameters of Five Indexes

Detection Index AUC 95% CI Sensitivity (%) Specificity (%) Youden (%) Z P Cut-Off

Gender 0.543 0.494–0.591 59.40 49.15 8.56 1.653 0.098 1
Fe3+ 0.662 0.615–0.707 58.65 71.53 30.17 5.259 <0.001 5.1

ANC 0.667 0.620–0.711 74.44 52.20 26.64 5.942 <0.001 7.36

PCT 0.644 0.596–0.689 39.10 89.80 28.89 5.504 <0.001 0.27
DD 0.700 0.649–0.746 68.75 60.64 29.39 6.646 <0.001 0.59

Note: The bold font is the optimal value of diagnostic sensitivity and specificity. 
Abbreviations: ANC, absolute neutrophil count; ALC, absolute lymphocyte count; NLR, neutrophil-to-lymphocyte ratio; PCT, procalcitonin; DD, D-dimer.

Figure 1 The diagnostic parameters of five indexes. 
Abbreviations: ANC, absolute neutrophil count; PCT, procalcitonin; DD, D- 
dimer.
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study of the diagnostic value of PCT in patients with sepsis, 
PCT has the highest specificity (89.80%); this is consistent 
with the high specificity of PCT in clinical studies for sepsis 
caused by bacterial infection. Therefore, PCT can be used as 
a biomarker to diagnose sepsis and identify severe bacterial 
infections.

The high concentration of free iron (Fe3+) in cells has 
serious side effects on cells. An important regulator that 
regulates iron storage and metabolism is SF secreted by 
hepatocytes, macrophages, and Kupffer cells. When iron 
in the body increases, SF takes into iron and convert the 
divalent iron to trivalent iron for storage, to avoid the toxic 
effect of high concentration of Fe3+ in the cell; when the 
iron demand in the body increases and the free iron in the 
cell decreases, SF can release Fe3+ at any time for the body 
Required. Many diseases are related to iron deficiency and 
iron overload in the body. In these cases, the detection of 
Fe3+ levels can provide an important basis for the diagnosis 
and treatment of diseases. Some studies have confirmed that 

the reduction of Fe3+ can be seen in inflammation, malig-
nant tumors, etc., which is considered to be related to iron 
metabolism disorders in these disease states. This study 
showed that the Fe3+ concentration in the death group was 
significantly lower than that in the survival group, and there 
was a statistical difference between the two groups 
(P<0.001). Regression analysis results show that Fe3+ is 
an independent risk factor that affects the death of patients. 
In the research on the diagnostic value of Fe3+ in patients 
with sepsis, Fe3+ has the highest Youden index (30.17%). 
This is consistent with the results obtained by Shanbhogue 
et al15 in observing the changes of serum iron in a group of 
patients with acute abdominal infection. They found that the 
preoperative serum iron of this group of patients was sig-
nificantly lower than that of the normal control group. We 
believe that the decrease of Fe3+ in the death group may be 
due to the body’s stress response process. The lactoferrin 
released by granulocytes forms a lactoferrin-iron complex 
with iron. The liver cell receptor can recognize the lacto-
ferrin molecule containing fucose residues in the complex, 
and quickly clear the lactoferrin-iron complex in the liver, 
leading to hypoferricemia. However, research by Lan et al 
showed that as the quartile of serum iron levels in patients 
with sepsis increased, a gradual increase in the risk of death 
at 90 days was observed. Although they stratified the serum 
iron concentration, they did not report on the overall study 
of serum iron and the prognosis of patients.25 Therefore, we 
believe that a decrease in Fe3+ can cause an increase in the 
mortality of patients with sepsis, and Fe3+ can be used as a 
diagnostic indicator of poor prognosis in patients with 
sepsis.

The increase in D-D levels in the body not only reflects 
the possibility of new thrombosis or thrombus dissolution in 
the body but also reflects the state of infection in the body. 
Severe pneumonia, especially pulse toxicosis, is often 
accompanied by systemic inflammatory reactions and 
releases a large number of inflammatory mediators. On the 

Table 5 Diagnostic Value of the Combination of Two Factors

Detection Index AUC 95% CI Sensitivity (%) Specificity (%) Youden (%) Z P Cut-Off

ANC+DD 0.726 0.677–0.772 66.07 68.67 34.75 7.932 <0.001 −0.98
ANC+PCT 0.689 0.643–0.733 54.14 73.81 27.94 6.856 <0.001 −0.88

Fe3++ANC 0.692 0.645–0.735 74.44 58.64 33.08 6.951 <0.001 −0.94

Fe3++DD 0.742 0.694–0.787 75.89 65.46 41.35 8.206 <0.001 −0.83
Fe3++PCT 0.690 0.643–0.733 60.15 74.74 34.89 6.306 <0.001 −0.7

PCT+DD 0.748 0.700–0.792 60.71 78.23 38.94 8.837 <0.001 −0.98

Note: The bold font is the optimal value of diagnostic sensitivity and specificity. 
Abbreviations: ANC, absolute neutrophil count; ALC, absolute lymphocyte count; NLR, neutrophil-to-lymphocyte ratio; PCT, procalcitonin; DD, D-dimer.

Figure 2 Diagnostic value of the combination of two factors. The two sets of 
combined data are calculated based on logistic regression analysis. Such as, the 
combination of PCT+ANC = Bconstant + BPCT×PCT + BANC×ANC. 
Abbreviations: ANC, absolute neutrophil count; PCT, procalcitonin; DD, D- 
dimer.
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one hand, these inflammatory mediators cause vascular 
endothelial damage and thus initiate the clotting process. 
On the other hand, when shock occurs, blood fatigue can 
easily lead to micro-thrombosis. Formed to activate the fibri-
nolytic system and increase D-D. Studies have found that D- 
D increases significantly during severe infection, and it can 
be used as an indicator to evaluate severe pneumonia.26,27 In 
this study, the concentration of D-D in the death group was 
higher than that in the survival group, and there was a 
statistical difference between the two groups (P<0.01); and 
D-D can be used as an independent prognostic factor in 
patients with sepsis. Although the AUC of D-D is the largest 
(70.00%) of all factors, its sensitivity (68.75%) and specifi-
city (60.64) are not the best.

A report in 1975 showed that men are more susceptible 
to post-traumatic infections.28 Later, more studies have 
shown that male’s gender and age are the main risk factors 
for infection and multiple organ failure after trauma and 
blood loss.29,30 Studies also show that women after trau-
matic injury, severe blood loss, and sepsis have signifi-
cantly better prognosis.31,32 However, there are also 
retrospective analyses showing that female patients with 
infection or severe sepsis after trauma have a higher mor-
tality rate.33,34 The results of this study show that male 
patients are more likely to die than female patients. This 
conclusion is consistent with more research. The reason 
for the gender difference in death may be that high levels 
of female sex hormones can reduce the pulmonary inflam-
mation caused by severe blood loss in patients with sepsis, 
thereby reducing the mortality of patients.

We then superimposed the results of the multivariate ana-
lysis to show that the factors affecting sepsis was two-by-two 
to compare the different predictive values of the factors. The 
results showed that the AUC and specificity of the PCT+DD 
combination were the largest (74.80% and 78.23%, respec-
tively), Fe3++DD combination has the highest sensitivity and 
Youden index (75.89% and 41.35%, respectively). Therefore, 
we conducted a comparative study on the detection of PCT, D- 
D, Fe3+ and related inflammatory indicators in the blood of 
sepsis patients in the survival group and the death group, and 
showed that the patient’s gender and inflammation related to 
Fe3+, PCT, ANC, and DD were related markers can be used as 
independent risk factors affecting the prognosis of patients 
with sepsis; in the diagnosis of the risk of death in patients 
with sepsis, the combination of Fe3++ DD has high diagnostic 
sensitivity, and the combination of PCT + DD has good 
diagnostic specificity.

Abbreviation
ALC, absolute lymphocyte count; ANC, absolute neutrophil 
count; DD, D-dimer; Hb, hemoglobin; IF, immunofluores-
cence; MAP, mean arterial pressure; NLR, neutrophil-to- 
lymphocyte ratio; PCT, procalcitonin; SF, serum ferritin; 
SOFA, Sequential Organ Failure Assessment.
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