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Abstract: Objective To investigate the level of albumin/fibrinogen ratio (AFR) and its relationship with prognosis in patients 

with septic myocardial injury. Methods From February 2022 to April 2023, a prospective clinical observational study was 

conducted to collect 101 patients with sepsis in Lianyungang Hospital Affiliated to Xuzhou Medical University as study subjects. 

They were divided into myocardial injury group (46 cases) and normal cardiac function group (55 cases) according to whether 

myocardial injury occurred. The basic clinical data of the two groups were recorded, and peripheral blood was collected within 

24 h of admission to test for albumin, fibrinogen, amino-terminal pro–B-type natriuretic peptide (NT-proBNP), high sensitivity 

troponin I (hsTnⅠ), calcitoninogen (PCT), acute physiology and chronic health evaluation (APACHE Ⅱ), and sequential organ 

failure assessment (SOFA). Survival of patients was recorded at 28 days of follow-up. Logistic regression was used to analyze 

the independent risk factors of septic myocardial injury, ROC curve was used to analyze the clinical diagnostic efficacy of AFR in 

septic myocardial injury. Results Compared with normal cardiac function group, the levels of albumin and AFR were significantly 

reduced, while the NT-proBNP, hsTnⅠ, APACHE Ⅱ scores, and fibrinogen were significantly increased in myocardial injury 

group (P<0.05). Elevated AFR was an independent protective factor for myocardial injury in sepsis (OR = 0.547, 95%CI: 0.384-

0.779, P=0.001). When the AFR cutoff value was 7.07, the AUC for the diagnosis of septic myocardial injury was 0.791 (95%CI: 
0.693-0.888), but the combination of hs TnⅠ, NT-proBNP and APACHEⅡ scores had the highest diagnostic value, with an AUC 

of 0.933 (95%CI: 0.887-0.978). The 28-day survival of sepsis patients with low AFR expression (AFR≤7.07) was significantly lower 

than that of sepsis patients with high AFR expression (AFR>7.07, P<0.05). Conclusion To some extent, AFR can predict the 

occurrence of myocardial injury and the risk of 28-day death in patients with sepsis. 
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Sepsis is a life-threatening organ dysfunction caused 

by a systemic inflammatory response triggered by bacterial 

and other pathogenic microorganism infections [1]. 

Despite significant progress in treatment, the mortality rate 

remains high due to the presence of secondary 

complications. Acute non-ischemic myocardial injury 

induced by sepsis is commonly diagnosed as sepsis 

cardiomyopathy (SCM), one of the major complications 

threatening the lives of sepsis patients. The incidence of 

SCM has been reported to range from 10% to 70%, and the 

mortality rate in sepsis patients with SCM is 2 to 3 times 

higher than that in those without SCM [2]. Therefore, early 

diagnosis and treatment of SCM should be prioritized. 

Serum albumin and fibrinogen, both synthesized by the 

liver, play important roles in the inflammatory response. 

The albumin to fibrinogen ratio (AFR) has become a 

research hotspot in recent years and has been widely 

applied in the diagnosis of various diseases, including 

cancer, sepsis, and cardiovascular diseases, and is 

associated with poor prognosis in many conditions. Studies 

have shown that AFR can be used to predict the occurrence 

of acute kidney injury caused by sepsis and the prognosis 

of patients [3]. Recently, research by Li et al. further 

confirmed that AFR is correlated with clinical outcomes 

and disease severity in sepsis patients [4], but few studies 

have reported on the role of AFR in sepsis-induced 

myocardial injury. Currently, known biomarkers of 

myocardial injury in sepsis include amino-terminal pro–B-

type natriuretic peptide (NT-proBNP) and high-sensitivity 

troponin I (hsTnⅠ). NT-proBNP levels are closely related to 

the severity of myocardial injury and also play a role in the 

pathogenesis and progression of sepsis. In patients with 

myocardial injury, NT-proBNP levels are significantly 

elevated, and early combined detection can improve 

diagnostic capability and prognostic assessment [5]. HsTnⅠ 

is a novel detection method used for diagnosing 

myocardial injury and cardiovascular diseases. Studies 

have shown that elevated hsTnⅠ levels in myocardial injury 

patients have certain value in the early assessment of SCM 

[6]. Based on existing research on myocardial injury 

biomarkers, this study explores the correlation between 

AFR and myocardial injury in sepsis patients, as well as its 

association with short-term prognosis in sepsis patients. 

1 Materials and Methods 

1.1 General Information 

This prospective observational clinical study 

included patients with sepsis at the Department of Critical 
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Care Medicine and Emergency Intensive Care Unit of 

Lianyungang Hospital, Affiliated to Xuzhou Medical 

University, between February 2022 and April 2023.   

Inclusion criteria: (1) Meeting the diagnostic criteria 

for adult sepsis and septic shock in the Sepsis 3.0 criteria 

[7]; (2) Age >18 years; (3) Based on the findings from 

literature [1], myocardial injury was including left 

ventricular and/or right ventricular dysfunction and 

hemodynamic abnormalities.   

Exclusion criteria: (1) Patients with chronic heart 

failure, acute viral myocarditis, severe neurological or 

mental disorders, or have had a myocardial infarction in 

the past 6 months; (2) Pregnant or breastfeeding women; 

(3) Incomplete clinical data; (4) History of heart valve 

disease or implantation of other cardiac devices; (5) 

History of hematologic diseases, advanced malignant 

tumors, or liver diseases.   

The study was approved by the Ethics Committee of 

the First People's Hospital of Lianyungang City, with the 

ethics approval number KY-20230419001, and informed 

consent was obtained from all patients. 

1.2 Observational Indicators 

General information of the patients (including gender, 

age, length of ICU stays, infection source, etc.), past 

medical history, and peripheral blood indices (albumin, 

fibrinogen) within 24 hours of admission were recorded, 

and the AFR was calculated. The following biomarkers 

were also recorded: NT-proBNP, hsTnⅠ, procalcitonin 

(PCT), as well as Acute Physiology and Chronic Health 

Evaluation (APACHE) Ⅱ score and Sequential Organ 

Failure Assessment (SOFA) score at the time of admission. 

All patients were followed up for 28 days. 

1.3 Statistical Methods 

Statistical analysis was performed using SPSS 26.0 

software. Normally distributed continuous variables are 

expressed as 𝑥̄±s, and comparisons between two groups 

were performed using independent samples t-test. Skewed 

data were presented as M(P25, P75), with group 

comparisons conducted using non-parametric tests. 

Categorical variables were expressed as n(%), with 

comparisons made using the χ² test or Fisher’s exact test. 

Logistic regression analysis was used to identify 

independent risk factors for myocardial injury, and 

receiver operating characteristic (ROC) curves were drawn 

to assess the diagnostic value. Kaplan-Meier analysis and 

the log-rank test were used to analyze the survival 

prognosis of sepsis patients. GraphPad Prism 9.0 software 

was used to draw the survival curve. P<0.05 was 

considered statistically significant. 

2 Results 

2.1 Baseline Data 

A total of 101 sepsis patients were included in the 

study, with 55 patients in the normal cardiac function 

group (54.46%) and 46 patients in the myocardial injury 

group (45.54%). There were no statistically significant 

differences between the two groups in terms of gender, age, 

body mass index (BMI), underlying diseases, and other 

baseline characteristics (P>0.05). There were statistically 

significant differences in the APACHE Ⅱ and SOFA scores 

within 24 hours between the two groups (P<0.05) [Tab.1]. 

Tab.1 Comparison of general information between  

two groups [case(%)] 

Item 

Normal cardiac 

function group 

(n=55) 

Myocardial 

injury group 

(n=46) 

t/χ2/z 

value 
P value 

Age (years) a 66.49±11.88 69.33±12.42 1.170 0.245 

Gender   1.497 0.221 

Male 33(60.0) 22(47.8)   

Female 22(40.0) 24(52.2)   

BMI (kg/m2)b 24.0(22.9, 24.8) 
23.9(21.7, 

24.7) 
1.313 0.189 

Length of ICU stay (d) a 9.18±2.02 9.85±2.15 1.603 0.112 

Heart rate (beats/min) a 92.80±11.98 95.26±11.73 1.038 0.302 

Main sources of infection   5.525 0.238 

Pulmonary 27(49.1) 22(47.8)   

Abdominal  15(27.3) 12(26.1)   

Urinary tract  3(5.5) 8(17.4)   

Soft tissue  5(9.1) 3(6.5)   

Blood 5(9.1) 1(2.2)   

Basic disease b     

Hypertension 29(52.7) 20(43.5) 0.858 0.354 

Coronary heart disease 10(18.2) 5(10.9) 1.059 0.303 

Diabetes 6(10.9) 5(10.9) 0.000 0.995 

Cerebral infarction 6(10.9) 7(15.2) 0.415 0.520 

Hyperlipidemia 5(9.1) 4(8.7) 0.079 0.779 

COPD 4(7.3) 3(6.5) 0.060 0.806 

Abnormal renal function 1(1.8) 1(2.2)  1.000c 

Clinical scoring system     

APACHE Ⅱ a 18.35±2.33 20.89±2.86 4.932 <0.001 

SOFA b 7(6, 9) 8(6, 10) 2.139 0.032 

28 days of death 17(30.9) 22(47.8) 3.024 0.082 

Note：a meant the data was represent in the form of 𝑥̄±s; b meant the data 

was represent in the form of M(P25, P75); c meant it was the result of Fisher's 

precision probability test. 

2.2 Laboratory Indicators 

Compared to the normal cardiac function group, the 

myocardial injury group showed a decreased AFR, and 

elevated levels of hsTnⅠ and NT-proBNP, with statistically 

significant differences (P<0.01) [Tab.2]. 

 

2.3 Risk Factors for Myocardial Injury in Patients 

with Sepsis  

Factors from Tab.1 and Tab.2 that showed statistical 

significance in univariate analysis were included in a 

multivariate logistic regression analysis. The results 

indicated that a reduced AFR, elevated hsTnⅠ, APACHE Ⅱ 

score, and NT-proBNP were independent risk factors for 

myocardial injury in sepsis patients (P<0.05) [Tab.3]. 
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Tab. 2 Comparison of laboratory indicators between two groups 

Group AFRa hs TnⅠ(pg/mL)b NT-proBNP(pg/mL)b PCT(ng/mL)b 

Normal cardiac function group(n=55) 8.24±1.81 82.21(29.83,155.90) 1196.04(765.09,4562.29) 9.20(5.66,12.80) 

Myocardial injury group(n=46) 6.29±1.93 231.19(157.33,358.08) 4788.7 (1741,11036) 9.96(7.39,14.20) 

t /z value 5.244 5.578 2.898 1.483 

P value <0.001 <0.001 0.004 0.138 

Note：a meant the data was represent in the form of 𝑥̄±s; b meant the data was represent in the form of M(P25, P75). 

 

Tab. 3 Multivariate logistic regression analysis of influencing 

factors of myocardial injury in patients with sepsis 

Item β S.E. Wald P OR 95%CI 

AFR -0.603 0.180 11.179 0.001 0.547 (0.384-0.779) 

hsTnⅠ 1.381 0.373 13.728 <0.001 3.980 (1.917-8.264) 

NT-proBNP 0.151 0.059 6.542 0.011 1.163 (1.036-1.305) 

APACHEⅡ 0.452 0.141 10.222 0.001 1.572 (1.191-2.074) 

SOFA 0.277 0.151 3.366 0.067 1.319 (0.981-1.773) 

2.4 Diagnostic Efficacy of Various Indicators for 

Myocardial Injury in Sepsis 

ROC analysis showed that when the AFR cutoff value 

was set at 7.07, the AUC for diagnosing myocardial injury 

in sepsis was 0.791 (95%CI: 0.693–0.888), with a 

sensitivity of 76.1% and a specificity of 83.6%. However, 

after combining hsTnⅠ, NT-proBNP, and APACHE Ⅱ score, 

the diagnostic efficacy was highest, with an AUC of 0.933 

(95%CI: 0.887–0.978), sensitivity of 78.3%, and 

specificity of 96.4% [Tab.4, Fig.1]. 

 

2.5 28-day Survival Analysis of Sepsis Patients with 

Different AFR Levels 

The results showed that the 28-day survival rate of 

patients with AFR≤7.07 was significantly lower than that 

of patients with AFR>7.07, with a statistically significant 

difference (P<0.05) [Fig.2]. 

 
Tab.4 Diagnostic efficacy of individual and combined 

detection of various indexes for myocardial injury in sepsis 

Item AUC(95%CI) 
Cut-off 

value 
Sensitivity Specificity P value 

AFR 
0.791(0.693-

0.888) 
7.07 76.1% 83.6% <0.001 

hs TnⅠ 
0.823(0.743-

0.904) 

121.04 

pg/mL 
84.8% 69.1% <.0001 

NT-proBNP 
0.668(0.558-

0.778) 

3 168.8 

pg/mL 
67.4% 74.5% <0.001 

APACHE Ⅱ 
0.742(0.645-

0.838) 
20.5 58.7% 81.8% <0.001 

Combination 
0.933(0.887-

0.978) 
- 78.3% 96.4% <0.001 

 

 
Fig.1 ROC curve of diagnostic efficiency of myocardial injury 

in sepsis detected by individual or combined  

detection of each index 

 

 
Fig.2 28-day survival curves of sepsis patients with 

 different AFR levels 

3 Discussion 

Sepsis is a systemic inflammatory response syndrome 

caused by infection. Patients often present with an acute 

condition, and if not treated promptly, it can lead to 

multiple organ dysfunction, being one of the leading 

causes of non-cardiac death in ICU patients [8-9]. The 

heart is one of the organs most susceptible to damage in 

sepsis, and septic myocardial injury and SCM are usually 

characterized by ventricular dilation, reduced ventricular 

contractility, and/or dysfunction of both the right and left 

ventricles, with a decreased volume responsiveness [10].
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The occurrence of myocardial injury in sepsis is based on 

a complex interaction of multiple mechanisms, including 

immune and coagulation dysfunctions, which are triggered 

by severe inflammatory responses after infection, leading 

to cardiac dysfunction [11].  

Serum albumin, the most abundant serum protein in 

the body, reflects the nutritional status and inflammatory 

state of the body. As a toxin-neutralizing protein, it also 

influences the pharmacokinetics of antimicrobial agents 

and plays an important role when the body is infected with 

toxin-producing microorganisms [12]. During sepsis, 

excessive inflammatory responses and stress cause a rapid 

decline in albumin levels [13]. Further studies have shown 

that low albumin levels are associated with a 30-day 

mortality in septic patients [14]. Geng et al. [15] reported 

that albumin treatment, especially 20% albumin, could 

significantly reduce the 90-day mortality in septic shock 

patients. The results of this study show that the albumin 

levels were reduced in both patient groups, with a more 

pronounced decrease in the myocardial injury group. 

Fibrinogen, a key component of the body's 

coagulation system, is involved in normal hemostasis, 

wound healing, and infection processes. Its diagnostic 

ability for infection is comparable to other general 

inflammatory markers, such as C-reactive protein (CRP) 

or erythrocyte sedimentation rate (ESR) [16-17]. A recent 

study found that fibrinogen is a reliable diagnostic tool for 

septic shock, and lower fibrinogen levels are an effective 

predictor of 30-day all-cause mortality [18]. The results of 

this study show that fibrinogen levels were higher in the 

myocardial injury group than in the normal heart function 

group, which may be related to disease progression, 

hemodynamic abnormalities, and coagulation system 

activation in patients with myocardial injury.  

As myocardial injury in sepsis is a syndrome 

involving multiple factors and mechanisms, the author 

believes that AFR is superior to individual markers like 

albumin or fibrinogen. AFR not only predicts the level of 

disease inflammation [19], but also evaluates coagulation 

function and nutritional status [20-21], and has been 

confirmed as a predictor of short-term prognosis and 

disease severity in septic patients. Since septic myocardial 

injury is secondary to sepsis, it is usually characterized by 

myocardial cell damage and coagulation dysfunction [22]. 

These indirect associations may explain why AFR can be 

used for diagnosing septic myocardial injury and 

predicting short-term prognosis. 

This study explored the role of AFR in septic 

myocardial injury and found that AFR was significantly 

lower in the myocardial injury group compared to the 

normal heart function group. The reason for this decrease 

in AFR could be that when myocardial injury occurs in 

sepsis, a large number of inflammatory mediators are 

released, activating the inflammatory cascade, which leads 

to a rapid decline in albumin levels as part of the acute-

phase response. The drop in albumin levels, in turn, 

accelerates the inflammatory process through a negative 

feedback effect on oxidative stress. However, in the early 

stages of acute inflammation, fibrinogen levels also 

increase, accelerating platelet activation and leading to 

coagulation dysfunction [23]. The optimal cutoff point for 

AFR to predict myocardial injury was found to be 7.07, 

with an area under the ROC curve of 0.791, a sensitivity of 

76.1%, and specificity of 83.6%. This result not only 

confirms that the inflammatory response was an important 

mechanism in the occurrence of myocardial injury in 

sepsis, but also indicated that AFR has predictive value for 

diagnosing septic myocardial injury, which could help 

clinicians understand the early progression of sepsis. 

Specifically, when AFR is higher than 7.07 upon a patient’s 

admission, myocardial injury should be suspected. 

Compared with other biomarkers such as NT-proBNP and 

hsTnⅠ for diagnosing myocardial injury in sepsis patients, 

AFR has certain limitations. However, in this study, 

combining AFR with NT-proBNP, hsTnⅠ, and APACHE Ⅱ 

scores significantly improved diagnostic performance. 

Furthermore, survival analysis showed that the 28-day 

survival rate was significantly lower in the AFR≤7.07 

group compared to the AFR>7.07 group, suggesting that 

AFR can stratify the 28-day mortality risk in septic patients, 

although further studies are needed to validate these 

findings. 

There are limitations to this study, such as being a 

single-center, prospective observational clinical study with 

a limited number of cases and laboratory parameters. Since 

the progression of sepsis can be rapid, most patients may 

not show signs of myocardial injury until a longer time 

after admission. Additionally, ICU patients are typically 

older and have more complex conditions, so further 

exploration under controlled conditions with various 

confounding factors is necessary. 

AFR may be used as an effective marker to assess the 

occurrence of myocardial injury in sepsis and may also 

predict the short-term survival of septic patients to some 

extent, thereby aiding in the precise diagnosis and 

treatment of sepsis and improving patient outcomes. 
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