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Abstract

Purpose

Sepsis-associated acute kidney injury (SA-AKI) is a critical complication associated
with negative outcomes. However, the effective prevention of SA-AKI is limited. This
retrospective cohort study, which used the MIMIC-IV database, investigated the asso-
ciation between fibrinogen-to-albumin ratio (FAR) and SA-AKI.

Materials and methods

The retrospective cohort study involved 1,771 sepsis patients in MIMIC-IV database.
Multivariable logistic and Cox regression models were used to estimate ORs/HRs
with 95% Cls for incident SA-AKI. Sensitivity analyses, including stratified analyses
and RCS curve, assessed the strength of the association. The predictive perfor-
mance was compared to other marker using ROC curves and AUCs.

Results

An elevated FAR level (2110.74) was found to be associated with an elevated risk

of SA-AKI (adjusted OR 1.55, 95%CI 1.11-2.18, P=0.011), but the association was
timing, it reached statistical significance only when SA-AKI occurred after ICU day 3
(adjusted HR 5.17, 95%CI 1.81-14.72, P=0.002). Subgroup analyses indicated that
chronic obstructive pulmonary disease (COPD) and hypertension interacted in this
association. In sepsis patients without COPD and hypertension, high FAR (2110.74)
was linked to SA-AKI (adjusted OR 2.31, 95%CI 1.40-3.82, P=0.001), with statistical
significance also occurring 3 days after ICU admission (adjusted HR 8.57, 95%ClI
1.88-38.94, P=0.005). The RCS curve showed a linear relationship between FAR
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and SA-AKI (P for non-linearity: 0.415). ROC analyses showed that FAR combined
with SOFA slightly outperformed SOFA alone (AUC 0.697 vs. 0.678, P=0.004).

Conclusions

An elevated FAR level was associated with an increased incidence of SA-AKI in
patients without COPD and hypertension. However, this association reached sta-
tistical significance only when SA-AKI occurred after ICU day 3. Further research is
needed to investigate this association.

Introduction

Sepsis-associated acute kidney injury (SA-AKI) is defined as an acute deterio-
ration of renal function occurring in the context of sepsis. It is an early, common,
life-threatening complication and is defined by both Sepsis-3 and Kidney Disease:
Improving Global Outcomes (KDIGO) criteria [1,2]. It is linked to high mortality, more
cardiovascular events, and substantial costs. However, its exact mechanisms have
not been fully elucidated [2,3]. The ability to early detect SA-AKI is currently inade-
quate. Hence, exploring and identifying relevant clinical indicators is vital for improv-
ing this prognosis.

FAR (fibrinogen-to-albumin ratio), currently recognized as a novel biomarker,
has been confirmed to be associated with an increased risk of cancer mortality,
peritonitis-related sepsis mortality, mortality in peritoneal dialysis patients, and
acute coronary syndrome et al. [4—7]. However, evidence regarding the association
between FAR and SA-AKI remains limited. Therefore, this study aimed to evaluate
the relationship between FAR and SA-AKI.

Materials and methods

This retrospective cohort study adhered to the strengthening the reporting of obser-
vational studies in epidemiology (STROBE) and reporting of studies conducted
using observational routinely-collected data (RECORD) guidelines [8,9], and used
de-identified data from the Medical Information Mart for Intensive Care (MIMIC)-IV
database version 2.0 (2008-2019, via Physionet) [10,11]. The MIMIC-IV database
received approval from the Massachusetts Institute of Technology (Cambridge, MA)
and Beth Israel Deaconess Medical Center (Boston, MA), with informed consent
originally obtained for data collection. Therefore, the ethical approval and informed
consent were waived for this manuscript. Data use permissions were obtained (certi-
fication number: 46498677, 44131633, 54492745).

Study patients and data extraction

Patients meeting the Sepsis-3 criteria [12] were included. Diagnosis of SA-AKI
required meeting both Sepsis-3 and KDIGO criteria [3,13]. Exclusion criteria included:
(1) only the first intensive care unit (ICU) admission per hospitalization included;
subsequent stays excluded (n=1880) (2) age <18 years or ICU stay <24 hours

PLOS One | https://doi.org/10.137 1/journal.pone.0343549 March 6, 2026

2/15




PLO\Sﬁ\\.- One

excluded (n=3480), (3) missing the first-time FAR value in ICU stay (n=21997) (S1 Table), (4) patients with diseases such
as chronic kidney diseases (CKD), malignancy, severe malnutrition, systemic lupus erythematosus, systemic sclerosis,
nephrotic syndrome, perinatal disease and severe liver dysfunction excluded (n=3824), as these diseases may affect
FAR level. “Severe liver dysfunction” was referred to conditions such as alcoholic cirrhosis of liver, cirrhosis of liver without
mention of alcohol, biliary cirrhosis, alcoholic fibrosis and sclerosis of liver, alcoholic cirrhosis of liver without ascites, alco-
holic cirrhosis of liver with ascites, hepatic sclerosis and primary biliary cirrhosis, (5) SA-AKI diagnosed outside the ICU
excluded (n=178), (6) the first-time FAR value measured either at the onset of SA-AKI or afterward excluded (n=1769)

(Fig 1).

34899 Sepsis patients

Patients excluded
1880 not first-time ICU during sepsis

|

33019 Patients

Patients excluded
3480 age < 18 years or ICU LOS < 24 hours
21997 missing basal fibrinogen or albumin

|

7542 Patients

Patients excluded

3824 had diseases of chronic kidney diseases,
malignancy, severe malnutrition, systemic lupus
erythematosus, systemic sclerosis, nephrotic
syndrome, perinatal disease, cirrhosis of the liver

|

3718 Patients

Patients excluded
178 diagnosis of AKI not in ICU

1769 baseline FAR measured either at the
onset of AKI or afterward in ICU

|

1771 Patients

Fig 1. Flowchart of participants through the study.

https://doi.org/10.1371/journal.pone.0343549.9001
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Our primary independent variable was the first-time FAR (the ratio of fibrinogen to albumin) in ICU stay.The endpoint
was the occurrence of SA-AKI in ICU. The data were extracted from MIMIC-IV (version 2.0) using PostgreSQL 11.2.
Patients’ demographics and comorbidities, including age, gender, race, chronic obstructive pulmonary disease (COPD),
hypertension, diabetes, heart failure were collected. Other first laboratory parameters on ICU admission were also
selected for analysis, including creatinine, platelets, white blood cell count (WBC), prothrombin time (PT), activated partial
thromboplastin time (APTT), glucose. Furthermore, we collected mean blood pressure (MBP), charlson comorbidity index,
sepsis-related organ failure assessment (SOFA) score, simplified acute physiology score Il (SAPSII score). The interven-
tion procedures included vasopressor use (any of dobutamine, dopamine, epinephrine, norepinephrine, milrinone, phen-
ylephrine) and mechanical ventilation (MV). Relevant outcomes included renal replacement therapy (RRT); hospital and
ICU length of stay; in-hospital/ICU mortality, in 30-day mortality; disseminated intravascular coagulation (DIC) and acute
kidney injury (AKI) stage.

Statistical analysis

Skewed variables were log-transformed to minimize outlier effects. Missing data were addressed using multiple imputation
by chained equations (mice in R; three imputations) (S2 Table). Patients were stratified into FAR tertiles: low-FAR group
(FAR<64.82), medium-FAR group (64.82<FAR<110.74) and high-FAR group (FAR 2110.74). Continuous data were
presented as mean t standard deviation (SD) or median (interquartile range, IQR); categorical variables as number (%).
Differences across tertiles were examined with the Kruskal-Wallis or one-way ANOVA test (continuous variables) and the
Chi-square test (categorical variables). The multi-collinearity was assessed using variance inflation factors (VIF>=5) and
Pearson/Spearman correlations (two-tailed).

Associations were evaluated by logistic and Cox regression models, with the low-FAR group as reference. Logistic
regression models were built sequentially: an unadjusted crude model; Model | adjusted for age, gender, and race; Model
Il additionally adjusted for comorbidities and Model Il further adjusted for vasopressor use, MV, DIC, SOFA score, SAPSII
score, creatinine, PT, APTT, platelets, WBC and MBP. Temporal relationships between FAR and SA-AKI were examined in
Cox regression models.

Sensitivity analyses were conducted to evaluate the robustness of this association. These included stratified analyses
by age, DIC, comorbidities and vasopressor use, with interaction testing; significant interactions were further explored by
using logistic and Cox regression models. A restricted cubic spline (RCS) was applied to examine the continuous rela-
tionship between FAR and SA-AKI. Predictive performance was assessed using receiver operator characteristic curves
(ROCs) and the corresponding areas under curve (AUCs) for FAR and other markers.

All statistical analyses were performed using IBM SPSS Statistics version 26.0, and the Free Statistics software ver-
sions 1.7 (http://www.clinicalscientists.cn/freestatistics). Significance was set at P<0.05.

Results
Study cohort and patient characteristics

The study flow chart was presented in Fig 1. This cohort included 1,771 patients with sepsis. Patients’ detailed character-
istics according to FAR tertiles were shown in Table 1. Among those participants, 722 were women and 1,049 were men,
with a median age of 61.0 (IQR 46.0—-73.0) years. During their ICU stay, 568 patients (32.1%) developed SA-AKI. The inci-
dence of SA-AKI was highest in the high-FAR group (242 patients, 40.9%), compared with the medium-FAR (157 patients,
26.6%) and low-FAR groups (169 patients, 28.6%) (P<0.001), suggesting a potential association between higher FAR
and SA-AKI. In addition, patients in the high-FAR group were older and were more likely to suffer from diabetes, heart fail-
ure and had longer ICU and hospital stays as well as higher SOFA and SAPSII score. Across different time windows, FAR
values were consistently higher in patients with SA-AKI than in those without (Table 2, Fig 2).
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Table 1. Baseline characteristics of participants.

Variables Total FAR<64.82 64.82<FAR<110.74 FAR2110.74 P-value

(n=1771) (n=590) (n=590) (n=591)
Age (yr), 61.0 57.1 62.3 62.3 <0.001
median (IQR) (46.0, 73.0) (39.9, 69.6) (47.7,74.8) (49.8, 75.3)
Race, n (%) 0.008
White 1079 (60.9) 349 (59.2) 363 (61.5) 367 (62.1)
Black 122 (6.9) 37 (6.3) 29 (4.9) 56 (9.5)
Other 570 (32.2) 204 (34.6) 198 (33.6) 168 (28.4)
Gender, n (%) <0.001
Female 722 (40.8) 206 (34.9) 246 (41.7) 270 (45.7)
Male 1049 (59.2) 384 (65.1) 344 (58.3) 321 (54.3)
Comorbidities, n (%)
COPD 104 (5.9) 26 (4.4) 36 (6.1) 42 (7.1) 0.137
Hypertension 821 (46.4) 268 (45.4) 282 (47.8) 271 (45.9) 0.684
Diabetes 376 (21.2) 86 (14.6) 144 (24 .4) 146 (24.7) <0.001
Heart failure 373 (21.1) 88 (14.9) 138 (23.4) 147 (24.9) <0.001
Laboratory parameters
Far, 84.5 47.9 84.5 173.8 <0.001
median (IQR) (56.4, 134.4) (38.8, 56.4) (73.8, 96.2) (134.4, 233.1)
Fibrinogen (mg/dL), 272.0 164.0 277.0 491.0 <0.001
median (IQR) (190.0, 411.0) (130.0, 203.8) (238.0, 323.0) (397.0, 643.0)
Albumin (g/dL), 3.2+0.7 3.5+0.7 3.3+0.7 2.8+0.6 <0.001
mean (SD)
Creatinine (mg/dL), 1.0 1.0 1.0 1.0 0.364
median (IQR) (0.8, 1.3) (0.8, 1.2) (0.8, 1.3) (0.7, 1.5)
Platelets (K/uL), 196.0 192.5 198.0 199.0 0.133
median (IQR) (134.0, 269.0) (137.0, 253.8) (141.0, 272.8) (125.0, 286.0)
WBC (K/uL), 11.8 11.5 11.6 12.4 0.149
median (IQR) (8.1,17.1) (8.1, 16.5) (8.0, 16.4) (8.2, 18.7)
PT, 14.0 13.6 13.3 14.9 <0.001
median (IQR) (12.3,17.7) (11.9, 18.1) (12.0, 16.6) (13.0, 18.4)
APTT, 30.8 322 29.5 31.1 <0.001
median (IQR) (26.6, 39.4) (27.3, 45.0) (25.7, 35.5) (26.6, 37.8)
Glucose (mg/dL), 135.0 133.0 139.0 133.0 0.055
median (IQR) (108.0, 178.0) (108.0, 172.8) (111.0, 184.8) (107.0, 174.5)
MBP (mmHg), mean (SD) 84.4+19.5 85.5+19.5 85.8+19.3 81.9+19.4 <0.001
Charlson score, 4.0 4.0 4.0 4.0 <0.001
median (IQR) (2.0, 6.0) (2.0,5.0) (3.0, 6.0) (2.0, 6.0)
SOFA score, 3.0 3.0 3.0 4.0 0.005
median (IQR) (2.0, 5.0) (2.0, 5.0) (2.0, 4.0) (2.0, 5.0)
SAPSII score, 37.0 36.0 36.0 39.0 <0.001
median (IQR) (29.0, 47.0) (28.2, 46.0) (29.0, 46.0) (30.0, 50.0)
Vasopressor use, n (%) 1090 (61.5) 399 (67.6) 325 (55.1) 366 (61.9) <0.001
MV use, n (%) 1397 (78.9) 516 (87.5) 446 (75.6) 435 (73.6) <0.001
Clinical outcomes
RRT, n (%) 149 (8.4) 63 (10.7) 33 (5.6) 53 (9.0) 0.006
Hospital LOS (days), 9.7 8.9 9.5 10.8 0.001
median (IQR) (5.8, 17.9) (5.2,17.0) (5.8, 16.7) (6.6, 20.0)
ICU LOS (days), 4.7 4.4 4.6 5.0 0.041
median (IQR) (2.5,9.8) (2.4,9.5) (2.4,9.4) (2.7, 10.1)

(Continued)
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Table 1. (Continued)

Variables Total FAR<64.82 64.82<FAR<110.74 FAR2110.74 P-value
(n=1771) (n=590) (n=590) (n=591)

ICU Mortality, n (%) 289 (16.3) 106 (18.0) 87 (14.7) 96 (16.2) 0.326

Hospital Mortality, n (%) 314 (17.7) 110 (18.6) 96 (16.3) 108 (18.3) 0.517

30-day Mortality, n (%) 385 (21.7) 126 (21.4) 124 (21.0) 135 (22.8) 0.721

DIC, n (%) 60 (3.4) 33 (5.6) 14 (2.4) 13(2.2) 0.001

AKI, n (%) 568 (32.1) 169 (28.6) 157 (26.6) 242 (40.9) <0.001

AKI stage, n (%) 0.335

1 429 (75.5) 131 (77.5) 120 (76.4) 178 (73.6)

2 130 (22.9) 35(20.7) 37 (23.6) 58 (24.0)

3 9 (1.6) 3(1.8) 0 (0.0) 6 (2.5)

COPD: chronic obstructive pulmonary disease, FAR: the ratio of fibrinogen to albumin, WBC: white blood cell count, PT: prothombin time, APTT: activat-
ed partial thromboplastin time, MBP: mean blood pressure, SOFA: sepsis-related organ failure assessment, SAPSII: simplified acute physiology score I,
MV: mechanical ventilation, RRT: renal replacement therapy, DIC: disseminated intravascular coagulation, AKI: acute kidney injury.

https://doi.org/10.137 1/journal.pone.0343549.t001

Table 2. FAR values based on time windows.

Time-windows Variables Total No SA-AKI SA-AKI P-value
n=1587 n=1203 n=384

<24 hours™ Far, 81.5 78.9 91.0 0.001
median (IQR) (55.6, 128.8) (55.3, 119.4) (57.6, 154.8)
Variables n=1070 n=967 n=103

24-48 hours™ Far, 81.1 79.7 103.9 0.002
median (IQR) (56.5, 125.9) (56.1, 120.7) (62.6, 185.9)
Variables n=802 n=763 n=39

48-72 hours™ Far, 81.1 80.5 116.4 0.011
median (IQR) (56.9, 126.4) (56.5, 124.5) (63.3, 188.1)
Variables n=805 n=763 n=42

>72 hours™ Far, 82.9 80.5 116.8 <0.001
median (IQR) (57.0, 127.1) (56.5, 124.5) (85.6, 180.9)

*1: No SA-AKI after ICU day 1; SA-AKI onset within ICU day 1.
*2: No SA-AKI after ICU day 2; SA-AKI onset within ICU day 2.
*3: No SA-AKI after ICU day 3; SA-AKI onset within ICU day 3.
*4: No SA-AKI after ICU day 3; SA-AKI onset after ICU day 3.

https://doi.org/10.1371/journal.pone.0343549.t002

Logistic regression analysis

A univariable logistic regression analysis indicated risk factors associated with SA-AKI (Table 3). The association between
FAR and SA-AKI was further evaluated using multivariable logistic regression after adjusting for potential confounders
(Table 4). Compared with the reference group, the crude odds ratio (OR) value for SA-AKI in the high-FAR group was

1.73 (95% CI 1.36-2.20, P<0.001). After adjustment, the OR remained significant: 1.68 (95% CI 1.31-2.15, P<0.001) in
Model I; 1.57 (95% CI 1.22—-2.03, P<0.001) in Model II; and 1.55 (95% CI 1.11-2.18, P=0.011) in Model Il (Table 4). In a
time-stratified Cox model (Table 5), the association between FAR and SA-AKI strengthened over time and became statisti-
cally significant after ICU day 3, with an adjusted HR of 5.17 (95% CI 1.81-14.72, P=0.002).
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Fig 2. Bar chart of FAR values based on time windows.

https://doi.org/10.1371/journal.pone.0343549.9002

Sensitivity analysis

The results of subgroup analyses, which were stratified by age, vasopressor use, DIC complication, diabetes and heart
failure (Fig 3), were similar to the main finding (Table 4), and there were no interaction between variables listed above.
However, the interactions between other subgroups stratified by COPD and hypertension were observed (Fig 3a). After
excluding patients with COPD or with hypertension, the multivariate logistic and Cox regression analyses were conducted
further. As shown in Table 6 and Table 7, the adjusted OR in Model lll was 2.31 (95% CI 1.40-3.82, P=0.001), and the
adjusted HR in the > 72-hour group was 8.57 (95% CI 1.88-38.94, P=0.005), which aligns well with the association
reported in Table 4 and Table 5, respectively.

The relationship between FAR and SA-AKI was further fitted using RCS curve. It was shown that RCS analysis indi-
cated a linear relationship between FAR and SA-AKI (P for non-linearity: 0.415) (Fig 4), consistent with the results pre-
sented in Table 4.

Prognostic value of variables

We further evaluated the predictive performance of FAR and other clinical marker (Table 8). The sensitivity, specificity,
positive predictive value (PPV), and negative predictive value (NPV) of FAR were 0.444, 0.702, 0.412 and 0.728, respec-
tively. In the ROC analysis, FAR combined with SOFA slightly outperformed SOFA alone (AUC 0.697 vs. 0.678; P=0.004)
(Fig 5).

Discussion

The main finding of the present study is that an elevated FAR level is associated with the increased incidence of SA-AKI.
Patients with elevated FAR levels, particularly those in the highest tertile, exhibited a significantly higher rate of SA-AKI.
However, the association was significant only when SA-AKI occurred after ICU day 3 among patients with sepsis who had
neither COPD nor hypertension.

The detrimental inflammatory cascade characteristic of sepsis seems to be an essential player in the pathogenesis
of AKI [14]. Fibrinogen as a key regulator of inflammation in disease [15], correlates with excessive inflammation and
disease severity [16]. Additionally, fibrinogen, as a key component in hemostasis and coagulation, induces platelet aggre-
gation via glycoprotein llb-Illa [17], disrupting renal hemodynamics and promoting sustained hypoxic renal injury and
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Table 3. Risk factors for SA-AKI patients by univariate logistic analysis.

Variables OR (95% ClI) P-value
Age, (per 10 yr) 1.070 (1.014-1.13) 0.014
Race

Black 1.141 (0.769-1.694) 0.512
Other 1.053 (0.847-1.308) 0.642
Gender, (n%, Male) 0.995 (0.812-1.219) 0.964
Comorbidities, n (%)

COPD 1.668 (1.117-2.493) 0.013
Hypertension 1.334 (1.092-1.629) 0.005
Diabetes 1.792 (1.417-2.266) <0.001
Heart failure 2.571 (2.033-3.250) <0.001
Laboratory parameters

Far 1.004 (1.003-1.005) <0.001
Fibrinogen, (mg/dL) 1.001 (1.001-1.002) <0.001
Albumin, (g/dL) 0.628 (0.547-0.722) <0.001
Creatinine, (mg/dL) 16.377 (11.826-22.679) <0.001
Platelets, (K/uL) 0.999 (0.998-1.000) 0.024
WBC, (K/uL) 1.025 (1.014-1.036) <0.001
PT 1.023 (1.015-1.031) <0.001
APPT 1.005 (1.002-1.009) 0.005
Glucose, (mg/dL) 1.003 (1.002-1.004) <0.001
MBP, (mmHg) 0.991 (0.986-0.996) <0.001
Charlson score 1.167 (1.117-1.220) <0.001
SOFA score 1.364 (1.298-1.432) <0.001
SAPSII score 1.061 (1.053-1.070) <0.001
Vasopressor use, n (%) 2.597 (2.077-3.247) <0.001
MV use, n (%) 1.701 (1.308-2.213) <0.001
DIC, n (%) 6.229 (3.483-11.141) <0.001

COPD: chronic obstructive pulmonary disease, FAR: the ratio of fibrinogen to albumin, WBC: white blood
cell count, PT: prothombin time, APTT: activated partial thromboplastin time, MBP: mean blood pressure,
SOFA: sepsis-related organ failure assessment, SAPSII: simplified acute physiology scores Il, MV: me-

chanical ventilation, DIC: disseminated intravascular coagulation.

https://doi.org/10.1371/journal.pone.0343549.t003

Table 4. Multivariate logistic regression analysis of risk factors in SA-AKI patients.

Variables N (% with AKI) | Crude model Model | Model I Model Il
OR (95% Cl) | P-value | OR(95% Cl) | P-value 'OR(95% Cl) |P-value | OR (95% Cl) | P-value
FAR<64.82 590 (28.6) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref)
64.82<FAR<110.74 | 590 (26.6) 0.90 0.435 0.88 0.315 0.80 0.095 0.89 0.506
(0.70-1.17) (0.68-1.13) (0.61-1.04) (0.64-1.25)
FAR=110.74 591 (40.9) 1.73 <0.001 1.68 <0.001 1.57 <0.001 1.55 0.011
(1.36-2.20) (1.31-2.15) (1.22-2.03) (1.11-2.18)
Adjusted covariates:
Crude model: adjusted for no factors.
Model I: adjusted for age, gender, race.
Model II: adjusted for Model | and comorbidities (COPD, hypertension, diabetes, heart failure).
Model III: adjusted for Model I, Vasopressor use, MV, DIC, SOFA score, SAPSII score, Creatinine, PT, APTT, Platelets, WBC and MBP.
https://doi.org/10.1371/journal.pone.0343549.t004
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Table 5. Multivariate Cox regression analysis of risk factors in SA-AKI patients.

Time-windows N (% with AKI) FAR<64.82 64.82<FAR<110.74 FAR2110.74

HR (95% Cl) HR (95% Cl) P-value HR (95% Cl) P-value
<24 hours™ 1587 (24.2) 1(Ref) 1.03 (0.79-1.35) 0.833 1.2 (0.93-1.56) 0.166
24-48 hours™ 1070 (9.6) 1(Ref) 0.92 (0.52-1.63) 0.772 1.63 (0.97-2.74) 0.066
48-72 hours™ 802 (4.9) 1(Ref) 0.61(0.21-1.72) 0.348 2.15 (0.95-4.90) 0.067
272 hours™ 805 (5.2) 1(Ref) 1.99 (0.65-6.13) 0.23 5.17 (1.81-14.72) 0.002

*1: No SA-AKI after ICU day 1; SA-AKI onset within ICU day 1. *2: No SA-AKI after ICU day 2; SA-AKI onset within ICU day 2. *3: No SA-AKI after ICU
day 3; SA-AKI onset within ICU day 3. *4: No SA-AKI after ICU day 3; SA-AKI onset after ICU day 3. The time-window Cox regression models adjusted
for all variables: age, gender, race, COPD, hypertension, diabetes, heart failure, Vasopressor use, MV, DIC, SOFA score, SAPSII score, Creatinine, PT,
APTT, Platelets, WBC and MBP.

https://doi.org/10.1371/journal.pone.0343549.t005

inflammation [18]. Sustained low albumin level reflects ongoing inflammation and is linked to cardiovascular disease,
rather than malnutrition [19,20], and adequate levels of serum albumin are also essential for maintaining oncotic pressure
and ensuring perfusion [21]. Both of which above are risk factors for AKI and may contribute to sepsis-induced AKI [22].
FAR, as a novel inflammatory biomarker [23], has shown promise in various medical conditions, including cancer mortal-
ity [24], thromboembolic complications [25] and in-hospital mortality among critically patients with AKI [26]. However, its
role in SA-AKI had not been thoroughly investigated until now. In our study, we revealed a positive association between
FAR and SA-AKI, independent of other well established risk factors (Table 4), and the RCS curve fitting also showed an
adjusted, continuous association between FAR and SA-AKI (Fig 4). There was a positive correlation between fibrinogen
and AKI [27], while negative correlation between albumin and AKI [28]. FAR incorporates both of these opposing factors,
which amplified the distinction. FAR may be more valuable than fibrinogen and albumin in assessing the SA-AKI in sepsis
patients. Consequently, FAR combined with SOFA may offer greater clinical value than SOFA alone in assessing SA-AKI
risk in sepsis patients (Table 8, Fig 5). Therefore, early risk assessment through FAR measurement may enable clinicians
to implement timely interventions and preventive strategies, ultimately reducing the occurrence and severity of SA-AKI in
sepsis patients.

The temporal association between FAR and SA-AKI reached significant only when SA-AKI occurred after ICU day
3 (Table 5). Across different time windows, the 2 72-hour SA-AKI group had the highest FAR, and the FAR difference in
the = 72-hour window was the largest among all time windows (Table 2, Fig 2), which made the association between FAR
and SA-AKI in this time window more statistically significant than in the other groups. This temporal association (Table
5) were still consistent with the main finding (Table 4), indicating that higher FAR was associated with a greater risk of
SA-AKI. The 272-hour group had milder iliness than the other groups (S3 Table, S4 Table). Among patients with milder
sepsis, fibrinogen levels were higher, consistent with the study by Chi Yao et al. [29]. In addition, the = 72-hour group had
a lower incidence of DIC, which may further help explain the higher FAR in this group relative to the other time windows.
Early in sepsis, hemodynamic instability can further exacerbate kidney injury [30], especially in the sicker cohort, which
might obscure the individual effect of the FAR. In contrast, after 72 hours, persistent inflammatory infiltration and micro-
thrombosis formation lead to microcirculatory disturbances and sustained kidney damage [31]. Therefore, the FAR might
better reflect the cumulative inflammatory damage rather than acute changes.

Subgroup analyses suggested interactions in COPD and hypertension groups (Fig 3). COPD entails chronic systemic
inflammation and hypoxia, leading to endothelial and microcirculatory dysfunction [32,33], and hypertension promotes
inflammation and fibrosis via renin—angiotensin—aldosterone system overactivation and microvascular remodeling [34].
Both of which can alter FAR and weaken its association with SA-AKI. Additionally, a markedly smaller COPD sample may
have reduced the precision of effect-size estimation. After excluding patients with COPD and hypertension, the findings
(Table 6, Table 7) remained robust.
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(a)
Subgroups Variables N AKI (%) OR (95% CI) P-for interaction
Age 0514

<65yr
FAR<64.82 393 109 (27.7) 1 (Ref)
64.82<FAR<110.74 335 86 (25.7) 1.04 (0.65-1.64) —_
FAR>110.74 327 121 (37.0) 1.61 (1.02-2.55) —
=65yr
FAR<64.82 197 60(30.5) 1 (Ref)
64.82<FAR<110.74 255 71(278) 0.74(044-125)  +———
FAR>110.74 264 121 (45.8) 1.44 (0.84-2.48) 4
Vasopressor 0.187
No
FAR<64.82 191 30(15.7) I (Ref)
64.82<FAR<110.74 265 47 (17.7) 1.45(0.75-2.83) —_——
v FAR>110.74 225 60(26.7) 2.18 (1.10-4.33) ——
es
FAR<64 82 399 139 (34.8) 1 (Ref)
64.82<FAR<110.74 325 110 (33.8) 0.73(0.48-1.09) <—o—
FAR>110.74 366 182 (49.7) 1.38 (0.91-2.08) _—
COPD 0.004
No
FAR<64.82 564 159 (28.2) 1 (Ref)
64.82<FAR<110.74 554 139 (25.1) 0.78 (0.55-1.11) —_——
N FAR>110.74 549 225 (41.0) 1,57 (1.10-2.33) ——
es
FAR<64.82 26 10 (38.5) 1 (Ref)
64.82<FAR<110.74 36 18 (50.0) 7.56 (1.14-50.26) —_—
FAR>110.74 42 17 (40.5) 1.16(0.18-7.53) +——t————>
Hypertension 0.035
No
FAR<64.82 322 85(26.4) 1 (Ref)
64.82<FAR<110.74 308 76 (24.7) 0.99 (0.61-1.63) —_—
. FAR>110.74 320 116(36.2) 234 (1.44-3.82) —_—
es
FAR<64.82 268 84 (31.3) 1 (Ref)
64.82<FAR<110.74 282 81(28.7) 0.82(0.51-1.32) —_——
FAR>110.74 271 126 (46.5) 1.02(0.62-1.68) —_
Diabetes 0.247
No
FAR<64.82 504 135(26.8) 1 (Ref)
64.82<FAR<110.74 446 112 (25.1) 1.02 (0.69-1.50) —_—
v FAR>110.74 445 161 (36.2) 1.57(1.06-2.31) [——
es
FAR<64.82 86 34(39.5) 1 (Ref)
64.82<FAR<110.74 144 45 (31.2) 0.51(0.24-1.08) =t
FAR>110.74 146 81 (55.5) 1.3(0.61-2.80) —_—
Heartfailure 0.641
No
FAR<64.82 502 129(25.7) 1 (Ref)
64.82<FAR<110.74 452 95 (21.0) 0.81(0.54-120)  —om—
v FAR>110.74 444 160 (36.0) 1.56 (1.05-2.32) [——
® FAR<64.82 88 40 (45.5) 1 (Ref)
64.82<FAR<110.74 138 62 (44.9) 1.03 (0.51-2.08) _—
FAR>110.74 147 82 (55.8) 1.59(0.77-3.27) _—
05 10 20 45

(b) Odds Ratio (95% CI)
Subgroup Variables N AKI (%) OR (95% Cl) P-for interaction
DIC 0351

No
FAR<64.82 557 144(25.9) 1 (Ref)
64.82<FAR<110.74 576 149 (25.9) 0.89 (0.63-1.26)
v FAR>110.74 578 231 (40.0) 1.50 (1.06-2.12)
es
FAR<64.82 33 25(75.8) 1 (Ref)
64.82<FAR<110.74 14 8 (57.1) 0 (0-Inf) —
FAR>110.74 13 11 (84.6) 1.80 (0-Inf) —

0.5
Odds Ratio (95% CI)

Fig 3. Subgroup analyses of the association between FAR and SA-AKI. Each stratification adjusted for the factors (gender, race, age, COPD,
hypertension, diabetes, heart failure, Vasopressor use, MV, DIC, SOFA score, SAPSII score, Creatinine, PT, APTT, Platelets, WBC and MBP) except
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the stratification factor itself. COPD =chronic obstructive pulmonary disease, MV =mechanical ventilation, DIC =disseminated intravascular coagulation,
SOFA=sepsis-related organ failure assessment, SAPSII =simplified acute physiology score I, PT=prothombin time, APTT =activated partial thrombo-
plastin time, WBC =white blood cell count, MBP=mean blood pressure.

https://doi.org/10.1371/journal.pone.0343549.9003

Table 6. Multivariate logistic regression analysis of risk factors for SA-AKI in patients without COPD and hypertension.

Variables N (% with AKI) | Crude model Model | Model Il Model Il

OR (95% Cl) P-value | OR (95% CI) P-value | OR (95% CI) P-value | OR (95% CI) P-value
FAR<64.82 310 (25.8) 1(Ref) 1(Ref) 1(Ref) 1(Ref)
64.82<FAR<110.74 | 287 (23.3) 0.88 (0.60-1.27) | 0.486 0.87 (0.60-1.27) 1 0.474 0.78 (0.53-1.16) 1 0.219 0.83 (0.49-1.40) 1 0.482
FAR=110.74 301 (35.9) 1.61 (1.14-2.28) | 0.007 1.6 (1.12-2.28) |0.010 1.57 (1.09-2.25) | 0.016 2.31(1.40-3.82) | 0.001
Adjusted covariates:
Crude model: adjusted for no factors.
Model I: adjusted for age, gender and race.
Model II: adjusted for Model |, diabetes and heart failure.
Model IlI: adjusted for Model I, Vasopressor use, MV, DIC, SOFA score, SAPSII score, Creatinine, PT, APTT, Platelets, WBC and MBP.
https://doi.org/10.1371/journal.pone.0343549.t006
Table 7. Multivariate Cox regression analysis of risk factors for SA-AKI in patients without COPD and hypertension.
Time-windows N (% with AKI) FAR<64.82 64.82<FAR<110.74 FARz110.74

HR (95% Cl) HR (95% Cl) P-value HR (95% Cl) P-value

<24 hours™ 812 (20.8) 1(Ref) 0.9 (0.60-1.35) 0.603 1.12 (0.76-1.66) 0.553
24-48 hours™ 568 (8.3) 1(Ref) 0.6 (0.25-1.49) 0.272 1.75 (0.83-3.69) 0.144
48-72 hours™ 432 (4.2) 1(Ref) 0.14 (0.01-1.42) 0.095 3.55(0.91-13.84) 0.068
272 hours™ 435 (4.8) 1(Ref) 3.94 (0.81-19.23) 0.090 8.57 (1.88-38.94) 0.005

*1: No SA-AKI after ICU day 1; SA-AKI onset within ICU day 1. *2: No SA-AKI after ICU day 2; SA-AKI onset within ICU day 2. *3: No SA-AKI after ICU
day 3; SA-AKI onset within ICU day 3. *4: No SA-AKI after ICU day 3; SA-AKI onset after ICU day 3. The time-window Cox regression models adjusted
for all variables: age, gender, race, diabetes, heart failure, Vasopressor use, MV, DIC, SOFA score, SAPSII score, Creatinine, PT, APTT, Platelets, WBC
and MBP.

https://doi.org/10.1371/journal.pone.0343549.t007

There are some unavoidable limitations in our study. Firstly, this single-center retrospective study was prone to selec-
tion bias, and association does not imply causation or prediction performance. Secondly, many patients lacked the first
FAR values (Fig 1). Our study results were more applicable to the sepsis subgroup with an indication for FAR testing.
Future studies should expand the sample to further investigate the association between FAR and SA-AKI. Thirdly, FAR
correlates with an acute-phase response, high FAR may have been a result of SA-AKI. Fourthly,. COPD and hyperten-
sion interfered with the FAR—SA-AKI association, limiting generalizability in these subgroups. Finally, CKD patients were
excluded because MIMIC could not distinguish CKD with AKI from CKD alone. Therefore, future studies should validate
this association with a prospective design.

Conclusions

An elevated FAR level was associated with an increased incidence of SA-AKI in patients without COPD and hypertension.
However, this association reached statistical significance only when SA-AKI occurred after ICU day 3. Further research is
needed to explore this association. And the predictive ability of FAR for SA-AKI still be required further exploration.
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Fig 4. RCS curve fitting of relationship between FAR with SA-AKI. The solid line and dashed line represented the estimated values and their cor-
responding 95% confidence intervals. Only 95% of the data were displayed. Adjusted for all factors (age, gender, race, COPD, hypertension, diabetes,

heart failure,Vasopressor use, MV, DIC, SOFA score, SAPSI| score, Creatinine, PT, APTT, Platelets, WBC and MBP).

https://doi.org/10.1371/journal.pone.0343549.9004

Table 8. Comparison of prognostic FAR and other clinical markers.

Variables ROC Areas (AUCs) P-value 95% Confidence Interval Sensitivity Specificity PPV NPV
95% CI Lower 95% CI Upper

FAR 0.578 <0.001" 0.548 0.607 0.444 0.702 0.412 0.728

SOFA 0.678 0.004%2 0.651 0.704 0.636 0.628 0.446 0.785

FAR+SOFA 0.697 — 0.670 0.724 0.651 0.660 0.475 0.800

*1: The comparison of the predictive ability for SA-AKI between FAR and FAR combined with SOFA, *2: The comparison of the predictive ability for SA-
AKI between SOFA and FAR combined with SOFA. ROC: receiver operating characteristic curve, AUCs: areas under the curve, Cl: confidence interval,
PPV: positive predictive value, NPV: negative predictive value, FAR: the ratio of fibrinogen to albumin, SOFA: sepsis-related organ failure assessment.

https://doi.org/10.137 1/journal.pone.0343549.t008
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Fig 5. The ROCs for FAR, SOFA, and FAR combined with SOFA in predicting the incidence of SA-AKI. ROC: receiver operating characteristic curve, AUC:
area under the curve, FAR: the ratio of fibrinogen to albumin, SOFA: sepsis-related organ failure assessment, SA-AKI: sepsis-associated acute kidney injury.

https://doi.org/10.1371/journal.pone.0343549.9005
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