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Background: Previous studies have established an association between fibrinogen-to-albumin ratio (FAR) and cancer, cardiovascular
disease, and coronavirus disease 2019. However, no studies have investigated the relationship between FAR and neonatal sepsis. This
study aims to evaluate the association of fibrinogen-to-albumin ratio with the presence and severity of sepsis in neonates.
Methods: A total of 1292 neonates with suspected sepsis were enrolled in this study. Clinical and laboratory data were collected from
electronic medical records. Neonates with final diagnosis with sepsis were divided into the sepsis group, The remaining neonates were
divided into the control group. Neonates with sepsis were further categorized into mild (n = 312) and severe (n = 425) groups based on
the severity of their condition. FAR was determined by dividing the plasma fibrinogen concentration (g/L) by the serum albumin
concentration (g/L). The statistical analyses were conducted using the SPSS 26.0 statistical software package, as deemed appropriate.
Results: FAR levels were significantly higher in neonates with sepsis compared to the control group. Additionally, a significant
gradual increase in FAR was observed in the control, mild sepsis, and severe sepsis groups (P < 0.001). Correlation analysis showed
that FAR had a positive correlation with PCT, CRP, and the length of hospital stay. Multiple logistic regression analysis showed that
FAR was independently associated with the presence and severity of neonatal sepsis. Specifically, FAR was identified as an
independent risk factor for both the presence of sepsis (OR = 8.641, 95% CI 5.708-13.080, P < 0.001) and severe sepsis (OR =
2.817, 95% CI 1.701-4.666, P < 0.001).

Conclusion: FAR is significantly increased in neonates with sepsis and had a correlation with the severity of sepsis. Increased FAR
was an independent predictor for the presence and severity of neonatal sepsis.
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Introduction

Sepsis is one of the leading causes of neonatal morbidity and global mortality and the recent WHO’s Resolution on sepsis
suggests that addressing sepsis may also become a critical healthcare priority in the upcoming decade.' Sepsis is
a complex clinical syndrome consisting of a severe infection caused by pathogens. The current gold standard for the
diagnosis of neonatal sepsis is blood culture. However, blood cultures have several obvious disadvantages, such as a long
wait to get a test report and low positive rates (mainly due to small blood volumes, contaminated blood samples, or
intrapartum antimicrobial administration).>* The accurate and timely diagnosis of neonatal sepsis is valuable in early
intervention and treatment, which can further improve the prognosis of neonates with sepsis. Circulating blood
biomarkers that may be useful in the early diagnosis of neonatal sepsis have been processed.’

Previous studies have shown that plasma fibrinogen (FIB), as an acute phase reactant protein, exhibits an increase
during the early stages of inflammation and a rapid decrease during the recovery stage.® Although the relationship
between FIB and sepsis has been reported previously, current published research pertains predominantly to adults, and
few studies have focused on the relationship between FIB and neonatal sepsis. Albumin (ALB) is a protein synthesized
by hepatocytes, accounting for 40-60% of the total protein of the human body.” ALB serves not only as a crucial protein
for maintaining plasma colloidal osmotic pressure, but also as an important nutritional indicator.® Studies have indicated
a close association between ALB and inflammation, with hypoproteinemia being prevalent in patients suffering from
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inflammatory ailments. Additionally, Qian and Liu’ discovered that hypoalbuminemia rates were high among children
diagnosed with sepsis, while serum albumin levels exhibited an inverse correlation with prognosis.

The fibrinogen-to-albumin ratio (FAR) was determined by dividing the plasma FIB concentration (g/L) by the serum
albumin concentration (g/L). The FAR, as the ratio of FIB to ALB, reflects inflammatory changes in the body during
inflammation. FAR has garnered significant attention as an emerging biomarker for inflammation. Studies have shown
that FAR is a predictor of the ascending aorta aneurysm and predicts mortality-related cancer patients, patients with
sepsis caused by Peritonitis, and COVID-19 patients in intensive care unit.'®'" However, there is limited literature on the
association of FAR with the presence and severity of sepsis in neonates. Therefore, this study aims to investigate the
potential clinical value of FAR in predicting the presence and severity of sepsis in neonates.

Materials and Methods

Study Population

This retrospective study was conducted at the Children’s Hospital of Zhengzhou University (Henan Children’s Hospital)
from January 2017 to December 2022. We consecutively enrolled neonates with suspected sepsis, and a total of 1292
newborns with suspected neonatal sepsis were collected. Clinical and laboratory data were extracted from patient
database, and all laboratory parameters were collected from the first sampling of patients who had not been treated
after admission. The exclusion criteria for this study were: (1) Missing fibrinogen, albumin, or other clinical data, (2)
Other diseases, such as hematological disorders, major congenital malformations, cancer, congenital liver disease, acute
kidney injury, inherited metabolic disorders, infants of drug-dependent mothers and cyanotic congenital heart diseases,
and (3) Prematurity with a gestational age of less than 34 weeks, or a birth weight of less than 2.0 kg.

Our research protocol complied with the Declaration of Helsinki and was approved by the hospital’s ethics
committee. As it was a retrospective study, informed consent was not required, and this was approved and authorized
by the hospital ethics review committee of Henan Children’s Hospital (2021-K-054). We can confirm that all data
collected was anonymized and no information pertaining to privacy was gathered.

Clinical Definition

In this study, the control group consisted of neonates admitted to the hospital with suspected sepsis but did not meet the
diagnostic criteria after a comprehensive examination and instead presented with mild infections neonatal pneumonia or
neonatal hyperbilirubinemia. According to the International Consensus on Pediatric Sepsis, our definition of neonatal
sepsis has been constantly evolving and improving based on current experience and current available research.'> There
was a consensus on the definition of neonatal sepsis, which was further defined by Goldstein Brahm et al in 2005."
Infection is defined as a suspected or confirmed infection caused by any pathogen or clinical syndrome associated with
a high likelihood of infection, including clinical, imaging, or laboratory tests.'*> Neonatal sepsis is characterized by the
presence of a systemic inflammatory response syndrome or suspected/proven infection. Severe sepsis is defined as sepsis
accompanied by cardiovascular organ dysfunction, acute respiratory distress syndrome, or two or more instances of other
organ dysfunction (respiratory, renal, neurologic, hematologic, or hepatic), per the International Consensus on Pediatric

1314 n clinical practice, the differential diagnosis between neonatal infection and sepsis should be conducted by

Sepsis.
two physicians following the international pediatric sepsis consensus.'*'* If a case fulfills the criteria for sepsis but does

not meet the criteria for severe sepsis, it is classified as mild sepsis.

Data Collection

The laboratory test results in this study were obtained from the initial sample collection upon admission prior to any
clinical intervention. The information from the admissions were collected for the patient’s electronic medical records,
including the following domains: 1) demographic and admission status data, including age, gender, weight, body
temperature, respiratory rate, and heart rate; and 2) laboratory data at admission. The detection methods of those
laboratory indexes were described in our previous published study.'” To facilitate statistics, CRP levels < 0.8 mg/L
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were assigned a value of 0.7 mg/L. PCT levels > 100 ng/mL or < 0.02 ng/mL were assigned, 101 ng/mL and 0.01 ng/mL,
respectively.

Statistical Analysis

The normality of all variables was checked before performing a statistical analysis using SPSS 26.0. Variables, following
the normal distribution, were represented by the mean + standard deviation (SD) and analyzed by independent ¢-test or
one-way ANOVA. Non-normally distributed variables were represented by the median (interquartile range) and analyzed
with a Mann—Whitney U-test. Categorical variables were presented as numbers and percentages (n, %) and evaluated
them through a chi-square test or Fisher’s exact test. Spearman correlation test was conducted to analyze the correlation
between two variables. Multivariate logistic regression analysis was applied to determine the independent risk factors of
neonatal sepsis. The variables were predetermined according to a univariate p-value lower than 0.05 and previously
published literature. A two-sided P value below 0.05 was considered statistically significant.

Results

Baseline Clinical Data of the Study Population

A total of 1292 neonates (with a median age of 8.0 (5.0, 15.0) days, including 59.67% of males) were divided into two
groups: the control group (non-septic infections) and the sepsis group. According to the severity of sepsis, neonates with
sepsis were further divided into mild sepsis and severe sepsis groups. There were 312 neonates in the mild sepsis group
and 425 neonates in the severe sepsis group. Characteristics of the study population are indicated in Table 1. Neonates in
the sepsis group were older than the neonates in the control group (P < 0.05). Compared with the control group,
newborns with sepsis had lower body weight, higher body temperature, higher respiratory rate, and faster heart rate (P <
0.05). Biochemical analysis revealed that neonates with sepsis had higher levels of FAR, procalcitonin (PCT), C-reactive
protein (CRP), alanine aminotransferase (ALT), aspartate aminotransferase (AST), urea nitrogen (UREA), uric acid

Table | Basic Characteristics of Study Subjects

Biochemical parameters
PCT (ng/mL)

CREA (umol/L)
UA (umol/L)
FAR (*107%)

0.73 (0.10, 0.25)

51.0 (42.0, 59.3)
137.9 (103.1, 182.5)
60.80 (49.58, 75.95)

5.60 (0.14, 1.52)°

473 (37.4, 63.2)
149.1 (110.2, 205.5)*
79.61 (56.14, 106.84)°

2.63 (0.11, 0.77)°

48.48 (35.83, 55.68)°
165.9 (108.1, 191.6)
78.32 (57.32, 103.97)°

Variables Control (n= 555) Sepsis (n = 737) Sepsis
Mild Sepsis (n=312) | Severe Sepsis (n=425)
Age (days) 7.0 (4.0, 12.0) 10.0 (5.0, 17.0) 11.0 (5.0, 18.0)° 10.0 (5.0, 16.0)°
Male, n (%) 318 (57.3%) 453 (61.5%) 194 (62.2%) 259 (60.9%)
Body Weight (kg) 3.30£0.52 3.21£0.63* 3.3420.55° 3.1240.68<
Temperature (°C) 36.9+0.4 37.4+0.8° 37.420.7° 37.3£0.8°
Respiratory rate (rate/minute) | 46.3 7.6 49.8+10.9° 49.2%10.2° 50.2+11.5°
Heart rate (bpm) 1424 + |5.7 149.7 £ 19.6" 148.0 + 18.6° 151.0 £ 20.1°

7.78 (0.16, 2.21)

CRP (mg/L) 0.7 (0.7, 0.7) 0.7 (0.7, 13.48)° 0.7 (0.7, 8.25)° 0.7 (0.7, 17.31)°
FIB (g/L) 2.06 (1.69, 2.48) 242 (1.77, 3.14)° 2.44 (1.84, 3.13)° 2.39 (1.68, 3.18)°
TBIL (umol/L) 298.2 (2309, 355.8) | 132.0 (45.4, 216.1)° 158.5 (47.2, 228.9)° 144.1 (439, 208.1)°
ALT (UIL) 25.5 (20,0, 33.2) 28.5 (21.8, 37.9) 31.93 (222, 36.1)° 4971 (21.4, 39.9)%
AST (UIL) 37.9 (302, 51.0) 38.5 (279, 55.2)° 457 (27.9, 49.5)° 100.4 (28.0, 63.0)
TP (glL) 57367 54.1 & 7.4° 54.78 + 6.62° 53.62 + 7.89%
ALB (g/L) 338 + 4.0 30.6 + 4.9° 31.44 + 4.65° 29.95 + 5.00°
UREA (mmol/L) 23 (1.5, 3.2) 3.1 (1.9, 4.4 32 (1.9, 4.0)° 43 (2.0, 5.0)

65.50 (38.70, 68.75)<¢
201.3 (111.1, 219.8)«
80.40 (54.01, 109.09)

Notes: All values are presented as the mean + SD or n (%) or as the median (interquartile range). *P < 0.05 for sepsis vs control. °P < 0.05 for mild sepsis vs
control. °p < 0.05 for severe sepsis vs control. 9P < 0.05 for severe sepsis vs mild sepsis.
Abbreviations: FAR, fibrinogen-to-albumin ratio. PCT, procalcitonin. CRP, C-reactive protein. FIB, fibrinogen. TBIL, total bilirubin. ALT, alanine aminotrans-
ferase. AST, aspartate aminotransferase. TP, total protein. ALB, albumin. UREA, urea nitrogen. CREA, creatinine. UA, uric acid.
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(UA), and a longer length of hospital stay (P < 0.05), and lower levels of total bilirubin (TBIL), total protein (TP), and
albumin (ALB) (P < 0.05). Among those variables, FAR, PCT, CRP, ALT, AST, UA, and the length of hospital stay
showed a gradual increase or decrease in the control, mild sepsis, and severe sepsis groups.

Associations Between FAR and the Presence and Severity of Neonatal Sepsis

To further investigate the relationship between the FAR and severity of neonatal sepsis, the subjects were classified into
three groups according to the FAR tertile: low FAR group (< 57.06), intermediate FAR group (57.06-83.98), and high
FAR group (> 83.98). The clinical and laboratory data of the neonates are presented in Table 2. Neonates in the high FAR
group were older. Further analysis showed that the prevalence of overall sepsis, mild sepsis, and severe sepsis in the high
FAR group was significantly higher than in the low FAR and intermediate FAR groups (p < 0.001). In comparison, the
prevalence of control was significantly lower in in the high FAR group.

Correlation Between FAR and Clinical Parameters

To study the relationship between FAR and neonatal sepsis, we performed a Spearman correlation analysis. In the overall
population, FAR was positively correlated with age (r = 0.160, P < 0.001), temperature (r = 0.229, P < 0.001), respiratory
rate (r = 0.174, P < 0.001), heart rate (r = 0.218, P < 0.001), PCT (r = 0.283, P < 0.001), CRP (r = 0.257, P < 0.001) and
length of hospital stay (r = 0.375, P < 0.001), and negatively correlated with weight (r = - 0.086, P = 0.002) and TP (r = -
0.111, P <0.001) (As shown in Table 3). In addition, we found no significant correlations were identified between ALT (r
=0.106, P = 0.680) and AST (r = 0.025, P = 0.376) (P > 0.05). However, in the neonates with sepsis group, FAR was
only positively correlated with weight (r = 0.119, P = 0.001), PCT (r = 0.109, p = 0.003) and length of hospital stay (r =
0.103, P = 0.005).

Table 2 The Presence and Severity of Neonatal Sepsis According to FAR Tertiles

Variables Tertile | (<57.06) Tertile 2 (57.06-83.98) Tertile 3 (>83.98) P
(n =431) (n =432) (n = 429)
Age (days) 9.0 (5.0, 12.0) 10.4 (4.0, 16.0)* 11.4 (5.0, |6.0)b < 0.001
Male, n (%) 264 (61.3%) 246 (56.9%) 261 (60.8%) 0.363
Overall sepsis 199 (53.20%) 210 (58.2%) 328 (88.5%)bc < 0.001
Control, n (%) 232 (41.8%) 222 (40.0%) 101 (|8.2%)bc < 0.001
Mild sepsis, n (%) 75 (24.0%) 104 (33.3%)* 133 (42.6%)bc < 0.001
Severe sepsis, n (%) 124 (29.2%) 106 (24.9%) 195 (45.9%)bc < 0.001
Notes: FAR, fibrinogen-to-albumin ratio. 2P < 0.05 for Tertile 2 vs Tertile I, P < 0.05 for Tertile 3 vs Tertile 1, P < 0.05 for Tertile 3 vs
Tertile 2.
Table 3 Correlations Between FAR and Clinical Parameters
Variables Overall Population Neonates with Sepsis
r P r P
Age 0.160 < 0.001 —0.025 0.491
Weight — 0.086 0.002 0.119 0.001
Temperature 0.229 < 0.001 - 0.004 0.906
Respiratory 0.174 < 0.001 0.066 0.074
Heart rate 0.218 < 0.001 0.069 0.062
PCT 0.283 < 0.001 0.109 0.003
CRP 0.257 < 0.001 0.039 0.289
ALT 0.106 0.680 -0.015 0.689
AST 0.025 0.376 0.048 0.194
TP —0.111 < 0.001 0.018 0.633
Length of hospital stay 0.375 < 0.001 0.103 0.005
Abbreviations: FAR, fibrinogen-to-albumin ratio. PCT, procalcitonin. CRP, C-reactive protein. ALT,
alanine aminotransferase. AST, aspartate aminotransferase. TP, total protein.
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Table 4 Regression Analysis to Assess the Presence of Neonatal Sepsis and Severe Sepsis According to

FAR Tertiles

Variables Univariate Multivariate*
OR (95% CI) P OR (95% CI) P

Presence of overall sepsis
FAR 8.641 (5.708-13.080) < 0.001 2.817 (1.701-4.666) < 0.001
FAR tertiles
Tertile | | |
Tertile 2 I.119 (0.856, 1.462) 0411 0.980 (0.722, 1.330) 0.898
Tertile 3 3.768 (2.813, 5.046) < 0.001 1.819 (1.280, 2.586) 0.001
Presence of severe sepsis
FAR 2.853 (2.040-3.988) < 0.001 1.670 (1.098-2.538) 0.016
FAR tertiles
Tertile | | |
Tertile 2 0.822 (0.607, 1.112) 0.203 0.800 (0.573, 1.117) 0.189
Tertile 3 2.071 (1.561, 2.747) < 0.001 1.498 (1.067, 2.105) 0.020

Note: *Adjusted for age, temperature, respiratory rate, weight, PCT, CRP, ALT, TP.
Abbreviations: FAR, fibrinogen-to-albumin ratio; PCT, procalcitonin; CRP, C-reactive protein; ALT, alanine aminotransferase; TP,
total protein.

Predictive Value of FAR for the Presence and Severity of Neonatal Sepsis

As presented in Table 4, after adjusting age, temperature, respiratory rate, weight, PCT, CRP, ALT, and TP, multivariate
analysis showed that FAR (OR = 2.817, 95% CI 1.701-4.666, P < 0.001) is an independent predictor of neonatal sepsis.
Further multivariate analysis showed that FAR were also an independent risk factor for neonatal severe sepsis.
Meanwhile, data also showed that high FAR is independently associated with the presence and severity of neonatal
sepsis.

Discussion

Sepsis is defined as a life-threatening organ dysfunction caused by a dysregulated host response to infection,'® and
remains one of the leading causes of death in children (most of that were neonatal) globally.'” Therefore, the early
diagnosis of neonatal sepsis is of great significance in treating neonatal sepsis and improving neonatal survival rate.
Although positive blood culture is considered the gold standard for diagnosing neonatal sepsis due to its prolonged
reporting period and low positivity rate, it can be easily influenced by factors such as early antibiotic administration,
posing a challenge in clinical diagnosis. The identification of appropriate markers or their combinations is thus crucial for
the accurate diagnosis of neonatal sepsis.

FIB, a glycoprotein synthesized and secreted by the liver, is stable and abundant in peripheral blood. The conversion
of FIB to fibrin by thrombin is essential for its physiological hemostatic function. FIB is an acute response protein, which
makes it a pro-inflammatory factor, a pro-inflammatory regulator and a potential therapeutic target. During inflammation
in the body, FIB exhibits a ligand-receptor mode of binding to various immune cells. It engages in direct or indirect
interactions with vascular endothelial cells, smooth muscle cells, and inflammatory cells, thereby actively participating in
the process inflammatory response.'® Increasing evidence suggests significant crosstalk between the coagulation system
and pathways related to inflammation.'” Inflammation promotes coagulation through crosstalk, while coagulation
significantly impacts inflammatory activity. In recent years, FIB has gathered significant attention and has been
recognized as a viable diagnostic tool for sepsis.?’

ALB is another protein produced by the liver. In addition to maintaining plasma osmotic pressure, albumin is
a multifunctional transport protein capable of binding with various small molecules within the body for transportation
purposes, including amino acids, drugs, hormones, and fatty acids. Studies have demonstrated a strong correlation
between ALB and inflammation.?’ When inflammation occurs in the body, it impairs hepatic function, leading to
reduced synthesis of albumin and subsequently levels. This phenomenon was also observed and confirmed in this
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study across the control group, mild sepsis group, and severe sepsis group. Furthermore, there was an inverse
correlation between the level of ALB and disease severity.”” Sepsis is a pathological condition that can result in multi-
organ dysfunction syndrome. Studies have demonstrated the frequent occurrence of hypoalbuminemia in neonatal
sepsis patients, and clinical evidence suggests a positive correlation between low ALB levels and inflammation
severity as well as poor prognosis.”>*** Studies have shown that ALB level can be used as an independent predictor of
sepsis.?>%¢

As an emerging index, FAR has attracted substantial attention in recent years. During inflammation, the increasing
trend of FIB and the decreasing trend of ALB in the body enable FAR to detect inflammatory changes more accurately.
Multiple studies have demonstrated that there was a close correlation between FAR and cardiovascular disease,
hemorrhagic transformation in acute ischemic stroke patients, and other diseases.”’ *° Cetin et al have confirmed
that the FAR ratio is an independent predictor of long-term major cardiovascular adverse events in patients with acute
coronary syndrome who undergo percutaneous coronary intervention.’! The study conducted by Ruan et al demon-
strated that FAR was linked to hemorrhagic transformation following acute ischemic stroke. However, it is not optimal
to discriminate the severity of such transformation. Nevertheless, it can still assist clinicians in conducting an initial
assessment of bleeding risk.*> Furthermore, FAR can be a potent tool for tracking morning blood pressure surges in
newly diagnosed and untreated hypertensive individuals.*> Besides, FAR can serve not only as an independent
influencing factor for SLE, but also as a reliable indicator of the severity and poor prognosis of SLE, while possessing
diagnostic value in determining the activity status of SLE.>* Moreover, high FAR with type 2 diabetes mellitus is
associated with poor prognosis in patients undergoing percutaneous coronary intervention.>> Additionally, studies have
validated the utility of FAR as a novel biomarker for diagnosing diabetic kidney disease and monitoring its
progression.’® However, no research has been conducted to investigate the correlation between FAR and neonatal
sepsis.

In this study, we first explore the association between FAR and sepsis in a relatively large neonatal population and
found that FAR was higher in neonates with sepsis and showed a gradual increase among the control group, mild sepsis
group, and severe sepsis group. Although there were no significant differences in FAR between the mild and severe
sepsis groups, it should be emphasized that the test results we gathered were obtained post-admission and pre-treatment
of the patient. It should also be noted that FIB levels tend to increase significantly during the early stages of
inflammation. In cases of critical patient admission, there is a heightened probability of coagulation dysfunction,
specifically Disseminated Intravascular Coagulation (DIC). Throughout this period, the FIB level may have surpassed
the stage of elevation and instead decreased. Moreover, neonates with severe sepsis may not exhibit significant elevations
in FAR levels relative to those with mild sepsis. According to FAR tertiles, neonates were divided into three groups, and
our data showed that the prevalence of overall sepsis increased significantly from 53.2% in FAR tertile 1 to 88.5% in
FAR tertile 3 (P < 0.001). Meanwhile, multivariate analysis showed that FAR was an independent predictor of neonatal
sepsis and severe sepsis.

However, as a retrospective study, our research has some limitations. First of all, although we have 1292 cases, it is
a single-center study, and we may obtain more authoritative results if we had recruited multiple centers in the study.
Secondly, the diagnostic criteria that was chosen based on clinical as opposed to definitive positive blood culture results,
which may lead to errors. Ultimately, we solely utilize the initial admission FAR as the analytical indicator. FAR can be
used as a monitoring marker, and may be more significant.

Conclusions

Our research has demonstrated a significant correlation between the FAR and neonatal sepsis. FAR was an independent
predictor of both the presence and severity of neonatal sepsis, with higher ratios positively associated with increased
prevalence of this condition.

Data Sharing Statement

The data used to support the findings of this study are available from the corresponding author upon request.
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