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Association between ferritin to albumin ratio @«

and 28-day mortality in patients with sepsis:
a retrospective cohort study
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Abstract

Objectives The ratio of ferritin to albumin (FAR) has been proposed as a novel prognostic indicator for COVID-19.
However, the role of FAR in predicting the all-cause mortality rate in patients with sepsis has not been evaluated.
Therefore, the aim of this study is to elucidate the correlation between FAR and the 28-day all-cause mortality rate
in patients with sepsis.

Methods This study used data from the Medical Information Mart for Intensive Care IV database (v2.0) for a retro-
spective cohort analysis. The study focused on adult patients with sepsis who were admitted to the intensive care
unit. The primary objective was to assess the predictive capability of FAR in determining the 28-day all-cause mortality
rate among patients with sepsis.

Results The study involved 1553 sepsis patients in total. Based on the survival status of sepsis patients within 28 days,
they were divided into two groups: a survival group consisting of 973 patients, and a death group consisting of 580
patients. The results revealed a 28-day mortality rate of 37.35% among sepsis patients. The multivariable Cox regres-
sion analysis revealed that FAR was an independent predictor of the 28-day all-cause mortality rate in patients

with sepsis (hazard ratio [HR]: 1.17-1.19; 95% confidence interval 1.11-1.26; P<0.001). The FAR demonstrated a higher
area under the curve (AUC) of 61.01% (95% confidence interval 58.07-63.96%), compared to serum ferritin (60.48%),
serum albumin (55.56%), and SOFA score (56.97%). Receiver operating characteristic curve (ROC) analysis determined
the optimal cutoff value for FAR as 364.2215. Kaplan—-Meier analysis revealed a significant difference in the 28-day
all-cause mortality rate between patients with FAR>364.2215 and those with FAR <364.2215 (P<0.001). Furthermore,
subgroup analysis showed no significant interaction between FAR and each subgroup.

Conclusions This study revealed a significant correlation between FAR and the 28-day mortality rate in patients
with sepsis. Higher FAR values were strongly associated with increased mortality rates within 28 days.
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Introduction
Sepsis is described as a severe infectious disease char-
acterized by an abnormal inflammatory response of the
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ies have reported alarming mortality rates for sepsis in
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the United States, with the annual rate among hospital-
ized patients as high as 26.7%, and reaching a stagger-
ing 41.9% in the intensive care unit [3]. Therefore, early
detection and treatment of sepsis are crucial for improv-
ing patients’ prognosis. Currently, we use scoring tools
such as qSOFA, SOFA, and APACHE to assess the sever-
ity of sepsis in patients [4]. However, these scores require
the collection of multiple indicators, making their clini-
cal application less convenient. Consequently, there is an
urgent need to identify a simple, fast, and cost-effective
predictive indicator to evaluate the severity of sepsis.
Ferritin is a widely present protein in plasma, cells, and
tissue organs [5]. Studies indicate its crucial role in infec-
tion and inflammation processes [6, 7]. As a result, serum
ferritin level is often considered a significant indicator
for infectious and inflammatory diseases. An increase in
ferritin levels suggests the presence of inflammation or
the severity of a disease. Moreover, research has found
associations between abnormal serum ferritin levels and
conditions, such as digestive disorders [8], Liver disease
[9, 10] and COVID-19 [11]. However, it is worth not-
ing that ferritin levels are influenced by various factors,
including inflammation, liver function, and nutritional
status. Therefore, relying solely on ferritin levels may not
provide reliable results. On the other hand, serum albu-
min, a negative acute-phase reactant protein, is closely
linked to the degree of inflammation, disease prognosis,
and mortality rates [12]. Current studies demonstrate a
strong correlation between serum albumin and mortality
and prognosis in conditions, such as sepsis [13], tumors
[14], and kidney diseases [15]. It is important to consider
that patients’ nutritional status can also impact albumin
levels. Therefore, using albumin levels alone to predict
disease prognosis may have certain limitations.
Currently, there have been studies indicating the asso-
ciation between ferritin/albumin and the prognosis of
COVID-19 patients [16]. Nevertheless, the relation-
ship between ferritin/albumin levels and mortality rates
in patients with sepsis is still not clear. Therefore, we
assessed the relationship between ferritin/albumin and
the 28-day all-cause mortality rate in patients with sep-
sis based on the MIMIC-IV database. In accordance with
the STROBE guidelines, we present the following article.

Methods

Database introduction

The data for this study was obtained from the MIMIC-
IV (v2.0) database, a publicly available database for
medical research which contains inpatient data from
Beth Israel Deaconess Medical Center in Boston, USA,
from 2008 to 2019. MIMIC-IV 2.0 contains various
types of patient information, including demographic
data, physiological characteristics, diagnoses, surgeries,
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medication prescriptions, laboratory test results, and
vital signs. To gain access to and make effective use of
the database for this study, Zhengting Liu, the corre-
sponding author, successfully completed the Collabo-
rative Institutional Training Initiative (CITI) program,
specifically passing exams on "Conflicts of Interest"
and "Data or Specimen Only Research” (ID: 48255890).
Consequently, the research team is now authorized and
eligible to access and extract the necessary data from
the database for their study.

Population selection criteria

According to the MIMIC-IV database, a total of 73,181
patients were admitted to the ICU between 2008 and
2019, of which 50,920 were first-time hospitalizations
and first-time ICU stays. Among them, 24,390 met the
definition of Sepsis-3, which is defined as an increase
of >2 points in Sequential Organ Failure Assessment
(SOFA) score plus documented or suspected infection.
After a thorough screening process, patients who fail to
meet the following criteria will be excluded: (1) patients
who are under the age of 18; (2) patients who have had
less than 24 h of stay in the ICU; (3) patients with missing
death time data; and (4) patients who are not recorded
for serum ferritin and albumin within 24 h of hospitali-
zation. This study ultimately included a cohort of 1553
patients (Fig. 1).

Data extraction

The FAR is the primary variable under investigation. To
reduce the influence of subsequent treatments on serum
ferritin and albumin, we opted to measure these fac-
tors for the first time after patients were admitted. Fur-
thermore, we identified and controlled for several other
potential confounding factors, including demographic
variables (age and gender), vital signs (heart rate, res-
piratory rate, systolic and diastolic blood pressure, mean
arterial pressure, temperature, and oxygen saturation),
laboratory indicators (albumin, ferritin, anion gap, bicar-
bonate, calcium, chloride, sodium, potassium, hemato-
crit, hemoglobin, red blood cells, erythrocyte distribution
width, glucose, blood urea nitrogen, creatinine, platelets,
and white blood cells), comorbidities (myocardial infarc-
tion, congestive heart failure, chronic pulmonary disease,
diabetes, renal disease, malignant cancer, severe liver dis-
ease, and metastatic solid tumor), and sequential organ
failure assessment (SOFA). Data extraction was per-
formed using structured query language (SQL) queries
run on PostgresSQL software (v13.7.1) and Navicat Pre-
mium software (version 15) 0.2.4 Grouping and endpoint
events.
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Patients from MIMIC-1V V2.0
(n=73,181)

Excluded (n = 48,791 )

* Patients not firsted admitted to the hospital (n = 17,220)
* Patients not firsted admitted to the ICU (n = 5,041)

* Sepsis patients not based on sepsis 3.0 (n =26,530)

Patients from MIMIC-IV based on sepsis 3.0
(n =24,390)

»

Excluded (n = 22,837)

* Age < 18 years old (n =0)

 Length of ICU stays < 24 hours (n = 2,385)

* No demographic data (n = 12,833)

* Without records of serum albumin or ferritin in first 24h of admission
(n=17,619)

Patients from the final analysis
(n=1,553)

Y }

28-day Survivor
(n=973)

28-day Non-survivor
(n =580)

Fig. 1 Flowchart of study patients

Grouping and endpoint events

In this study, patients were stratified into two groups: a
28-day survival group and a 28-day death group, based
on their mortality status within the specified timeframe.
The primary endpoint of the study was defined as mortal-
ity from any cause within 28 days.

Management of missing data

To minimize bias, any variable with missing data greater
than 15% (such as aspartate aminotransferase, lactate
dehydrogenase, lactate, C-reactive protein, and coagula-
tion indicators) was excluded from the study. For vari-
ables with less than 5% missing data, including mean
arterial pressure, heart rate, oxygen saturation, tempera-
ture, calcium ion, hematocrit, hemoglobin, and red blood
cells, the missing values were replaced with the mean
value of the variable. Platelets and white blood cells had
less than 5% missing data and were replaced with the
median value of the variable.

Statistical analysis

In this study, normally distributed continuous variables
were presented as mean+standard deviation, while
non-normally distributed continuous variables were
represented using the median or interquartile range.
Categorical variables, on the other hand, were expressed
as percentages. To analyze the baseline characteristics,
¢ tests or one-way analysis of variance (ANOVA) were
used for continuous variables, while Chi-square tests
were employed for categorical variables. Univariate COX
regression analysis was conducted to identify potential
risk factors for 28-day mortality in sepsis patients, spe-
cifically considering variables with a multivariate COX
regression analysis P value of less than 0.001. Moreover,
ROC curve analysis was carried out to evaluate and com-
pare the prognostic performance of serum ferritin, serum
albumin, the ferritin/albumin ratio (FAR), and Sequential
Organ Failure Assessment (SOFA) score in predicting
28-day mortality among sepsis patients. Sensitivity and
specificity measures were computed for each indicator.
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Table 1 Baseline characteristics between survivors and non-survivors

Variables Total (n=1553) Survivors (n=973) Non survivors (n=580) P

Age (years) 66.8+15.1 669+ 145 66.7+16.0 0.823

Gender (%) 0.868
Female 687 (44.2) 432 (44.4) 255 (44)
Male 866 (55.8) 541 (55.6) 325 (56)
Length of stay in hospital 349.8(190.3,633.8) 4759 (242.4,798.3) 234.2(122.1,374.0) <0.001
Length of stay in ICU 135.6 (706, 286.1) 136.1 (69.8,328.1) 2(73.9,244.0) 0.064

Vital signs
HR (beats/min) 949+226 9414225 96.2+228 0.084
SBP (mmHg) 119.2+246 120.2+£25.2 1174+235 0.026
DBP (mmHg) 654+183 66.2+18.8 640+17.2 0.023
MBP (mmHg) 7934189 80.3+19.2 776+182 0.006
RR (t/min) 21.1+6.3 20.8+6.1 216+6.6 0.017
SpO, (%) 96.2+4.9 96.5+4.5 958+53 0.006
Temperature ('C) 36.7+1.0 36.7+1.0 36.6+1.1 0.068

Laboratory parameters
ALB (g/dL) 29407 29+07 28+0.7 <0.001
Ferritin (ng/ml) 532.0(230.0,1199.0) 467.0 (209.0,1011.0) 777.0(292.8,1847.8) <0.001
FAR 188.7 (78.5,462.9) 164.2 (694, 355.9) 2929 (107.3,669.5) <0.001
AG (mg/dL) 17.7+6.0 17.1+56 18.8+64 <0.001
Bicarbonate (mg/dL) 214460 218160 208+6.0 0.002
Calcium (mg/dL) 82+12 82+12 82+1.1 0.749
Chloride(mEg/L) 101.8+85 102.2+85 101.2+85 0.026
Sodium (mEg/L) 1374+74 1374+74 1374+74 0929
Potassium (mEg/L) 44+10 44+£10 45+10 0472
HCT (%) 31.2+7.1 314+7.1 31.0+70 0.351
HGB (g/dL) 10.1+2.3 102+23 10.1+£24 0.388
RBC (10/L) 34+09 34+09 34+09 0.043
RDW (%) 165+28 164+2.7 16.7+29 0.01
Glu (mg/dL) 133.0(104.0,178.0) 132.0(105.0,178.0) 133.0(101.0,178.0) 0514
BUN (mg/dL) 33.0(20.0,55.0) 32.0(19.0,53.0) 37.0(21.0,60.0) 0.003
Crea (mg/dL) 15(0.9,2.8) 15(0.9,2.7) 1.7(1.0,2.8) 0.1
PLT (10°/1) 185.0(119.0,272.0) 195.0 (126.0, 282.0) 168.5 (105.8, 247.0) <0.001
WBC (10%/L) 12.0(7.6,17.8) 11.6(7.2,16.9) 13.2(85,19.3) <0.001

Comorbidities, n (%)
Myocardial infarct 297 (19.1) 177 (1 8.2) 120 (20.7) 0.226
Congestive heart failure 609 (39.2) 1(39.2) 228 (39.3) 0.952
Chronic pulmonary disease 499 (32.1) 297 (30 5) 202 (34.8) 0.079
Diabetes 216(13.9) 165 (17 51(88) <0.001
Renal disease 504 (32.5) 340 (34 9) 164 (28.3) 0.007
Malignant cancer 296 (19.1) 190 (19.5) 106 (18.3) 0.544
Severe liver disease 250 (16.1) 130 (13.4) 120 (20.7) <0.001
Metastatic solid tumor 148 (9.5) 72(74) 76 (13.1) <0.001
Sofa score 44+25 41+£22 48+28 <0.001

HR heart rate, SBP systolic blood pressure, DBP diastolic blood pressure, MBP mean blood pressure, RR respiratory rate, SpO, oxygen saturation, ALB albumin, FAR
ferritin/albumin ratio, AG anion gap, HCT hematocrit, HGB hemoglobin, RBC red blood cells, RDW erythrocyte distribution width, Glu glucose, BUN blood urea nitrogen,
Crea creatinine, PLT platelets, WBC white blood cell
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Table 2 Univariate Cox analysis of risk factors for death within
28 days in patients

Variables Univariable COX
HR 95% ClI P
Age (years) 0.998 0.9926,1.0035 0.483
Gender (%)
Female Ref.
Male 1.0048 0.8528,1.1838 0.955
Length of stay in hospital 0.9962 0.9958,0.9967 <0.001
Length of stay in ICU 0.9986 0.9982,0.999 <0.001
Vital signs
HR (beats/min) 1.0036 1,1.0071 0.048
SBP (mmHQ) 0.996 0.9927,0.9994 0.021
DBP (mmHg) 0.9949 0.9903,0.9995 0.029
MAP (mmHg) 0.994 0.9896,0.9984 0.008
RR (t/min) 1.02 1,1.03 0.015
SpO2 (%) 098 0.96,0.99 0.002
Temperature ('C) 0.93 0.86,1 0.064
ALB (g/dL) 0.79 0.7,09 <0.001
Ferritin (ng/mL) (Log,) 117 1.13,1.22 <0.001
FAR (Log,) 117 1.13,1.22 <0.001
AG (mg/dL) 1.04 1.02,1.05 <0.001
Bicarbonate (mg/dL) 0.98 0.96,0.99 <0.001
Calcium (mg/dL) 098 0.92,1.05 0616
Chloride, mean+SD 0.99 0.98,1 0.038
Sodium (mEg/L) 1.0003 0.9894,1.0113 0.959
Potassium (mEg/L) 1.03 0.96,1.12 0.396
HCT (%) 0.9954 0.984,1.007 0.438
HGB (g/dL) 0.99 0.95,1.02 0471
RBC (10°/L) 091 0.83,1 0.059
RDW (%) 1.04 1.01,1.07 0.004
Glu (mg/dL) 1 1.1 <0.001
BUN (mg/dL) 1.0032 1.0009,1.0055 0.006
Crea (mg/dL) 1.0008 0.9643,1.0387 0.968
PLT (10°/L) 0.999 0.9984,0.9996 0.002
WBC (10%/L) 1.0073 1.0024,1.0122 0.003
Comorbidities, n(%)
Myocardial infarct
No Ref.
Yes 1.11 091,136 0311
Congestive heart failure
No Ref.
Yes 097 0.82,1.15 0.719
Chronic pulmonary disease
No Ref.
Yes 1.13 0.95,1.34 0.169
Diabetes
No Ref.
Yes 0.53 04,0.7 <0.001

Renal disease
No Ref.
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Table 2 (continued)
Variables Univariable COX
HR 95% ClI P

Yes 0.76 063,091 0.002
Malignant cancer

No Ref.

Yes 0.91 0.74,1.13 0.39
Severe liver disease

No Ref.

Yes 1.51 1.23,1.84 <0.001
Metastatic solid tumor

No Ref.

Yes 1.6 1.25,2.03 <0.001

Sofa score 1.1 107,113 <0.001

HR heart rate, SBP systolic blood pressure, DBP diastolic blood pressure, MBP
mean blood pressure, RR respiratory rate, SpO, oxygen saturation, ALB albumin,
FAR ferritin/albumin ratio, AG anion gap, HCT hematocrit, HGB hemoglobin, RBC
red blood cells, RDW erythrocyte distribution width, Glu glucose, BUN blood urea
nitrogen, Crea creatinine, PLT platelets, WBC white blood cell

The Youden index was used to determine the optimal
cutoff value for FAR, and patients were separated into
high and low FAR groups for survival rate comparisons
using Kaplan—Meier survival analysis. Finally, subgroup
analysis was performed to determine if an interaction
effect of FAR existed in different subgroups. Statisti-
cal analyses were conducted using R 4.1.1 software and
Freestat software version 1.8. The significance level was
set at P<0.05 for all tests, using a two-tailed approach.

Results

Baseline patient demographics

Table 1 displays the baseline characteristics of sepsis
patients in both the 28-day survival and non-survival
groups. This study included a total of 1553 patients
who met the inclusion and exclusion criteria, consist-
ing of 687 females and 866 males, with an average age
of 66.8+15.1 years. The 28-day mortality rate for sepsis
patients was 37.34%. Non-survivors had significantly
lower hospital length of stay, SBP, DBP, MAP, and SpO2,
and higher RR and SOFA scores than survivors (P <0.05).
In addition, laboratory indices such as FAR, ferritin,
AG, RDW, BUN, CREA, and WBC were higher in the
non-survival group, whereas ALB, bicarbonate, chlo-
ride, and PLT were lower (P<0.05). No statistically sig-
nificant differences were found between the two groups
for the remaining covariates (P>0.05). Among the sepsis
patients, 28.3%, 20.7%, 13.1%, and 8.8% had nephropa-
thy, severe liver disease, tumor, and diabetes mellitus,
respectively.
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Table 3 Multivariate Cox regression analysis of risk factors for death within 28 days in patients
Variable Non-adjusted Model Model | Model Il Model lll

HR (95%(Cl) Pvalue HR(95%Cl) Pvalue HR(95%Cl) Pvalue HR(95%Cl) P value
Ferritin/albumin (Log,) 1.17.(1.13-1.22) <0001 1.18(1.13-1.23) <0001 1.17(1.11-1.24) <0.001 1.19(1.12-1.26) <0.001
Binary variable
Ferritin/Albumin <364.2215  Ref. Ref. Ref. Ref.
Ferritin/albumin >364.2215 2.07 (1.75-2.44) <0.001 209 (1.77-247) <0.001 1.8(149-2.17) <0.001 1.84(1.5-2.25) <0.001

Model I=Adjusted for age + gender. Model Il =Model | + length of stay in hospital + length of stay in ICU + ALB + Ferritin + AG + Bicarbonate + Glu + Diabetes + Severe
liver disease + Metastatic solid tumor + Sofa score. Model Ill=Model Il + HR + SBP + DBP + MBP + RR + Spo2 + Temperature + Calcium + Chloride + Sodium + Potassi
um + HCT +HGB + RBC + RDW + BUN + Crea + PLT +WBC + Myocardial infarct + Congestive heart failure + Chronic pulmonary disease + Renal disease + Malignant

cancer

HR heart rate, SBP systolic blood pressure, DBP diastolic blood pressure, MBP mean blood pressure, RR respiratory rate, SpO, oxygen saturation, ALB albumin, FAR
ferritin/albumin ratio, AG anion gap, HCT hematocrit, HGB hemoglobin, RBC red blood cells, RDW erythrocyte distribution width, Glu glucose, BUN blood urea nitrogen,

Crea creatinine, PLT platelets, WBC white blood cell
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Fig. 2 ROC curve analysis

The LAR is an independent risk factor for 28-day mortality
in patients with sepsis

Our univariate Cox regression analysis revealed a sig-
nificant association between FAR (log2) and 28-day
mortality in sepsis patients (HR: 1.17, 95% CI 1.13-1.22,
P<0.001), as shown in Table 2. Subsequently, we included
covariates with P<0.001 from Table 2 in our multivari-
ate Cox regression analysis to examine the independent
effect of FAR on 28-day mortality in sepsis patients. We
constructed four different multivariate Cox regression
models, and the hazard ratios (HR) and 95% confidence
intervals (CI) are presented in Table 3.

Table 4 Information of ROC curves in Fig. 2

In the minimally adjusted model (Model I), we
observed a persistent significant association between
FAR and 28-day mortality in sepsis patients (HR: 1.18,
95% CI 1.13-1.23, P<0.001). Even after full adjustment
for covariates (Model III), FAR was still an independ-
ent risk factor. To further assess the robustness of our
findings, we converted the continuous variable FAR to
a dichotomous variable based on the FAR threshold
derived from the ROC curve in Fig. 2. Using a cutoff point
of FAR <364.2215 as the reference baseline, we obtained
similar conclusions, indicating that FAR is an independ-
ent risk factor for 28-day death in sepsis patients.

ROC curve analysis and survival curve analysis

We performed an ROC curve analysis on four indica-
tors, namely, FAR, ferritin, albumin, and SOFA score,
to predict the 28-day mortality rate in sepsis patients.
Table 4 shows the data from Fig. 2. The results revealed
that FAR had a larger AUC (61.0141%) than ferritin
(60.4778%), albumin (55.5618%), and even the SOFA
score (56.9719%), indicating a significant predictive
advantage of FAR.

Furthermore, we have determined the optimal thresh-
old for FAR to be 364.2215, enabling the categorization of
sepsis patients into high FAR group (FAR >364.2215) and
low FAR group (FAR <364.2215). Subsequently, as shown
in Fig. 3, survival curves were constructed to compare
the survival rates between the two groups of patients,

Variables AUC (%) 95% Cl (%) Threshold Sensitivity Specificity
FAR 61.0141 58.0655-63.9627 364.2215 04483 0.7585
Ferritin 604778 57.5161-63.4396 8215 0.4897 0.6968
Albumin 55.5618 52.5937-58.5299 2.75 0.4966 0.6023
Sofa score 56.9719 54.0308-59.9129 55 0.2158 0.6638
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Fig. 3 Kaplan—-Meier survival analysis curves for 28-day mortality
in patients with sepsis

revealing a significantly higher mortality rate in the high
FAR group compared to the low FAR group (P<0.001).

Subgroup analysis

The forest plot (Fig. 4) demonstrated that there was no
observed interaction between FAR and any of the sub-
groups when stratified by variables, such as age, gender,
diabetes, congestive heart failure, liver disease, kidney
disease, chronic pulmonary disease, and malignant can-
cer (P>0.05). These findings strongly suggest that,
regardless of these demographic and clinical factors, FAR
remains an independent risk factor for 28-day mortality
in sepsis patients.

Discussion

The findings of this retrospective study strongly indi-
cate that FAR is a significant independent factor associ-
ated with a 28-day all-cause mortality in sepsis patients
and serves as a reliable predictor for predicting 28-day
mortality in sepsis patients. The analysis of the ROC
curve demonstrates that FAR exhibits a higher AUC
value (61.0141%) compared to ferritin (60.4778%), albu-
min (55.5618%), and SOFA score (56.9719%). Moreover,
the comprehensive analysis, including multifactor COX
regression and Kaplan—Meier survival analysis, reveals a
positive correlation between FAR and the 28-day mortal-
ity rate among sepsis patients. Notably, as FAR increases,
the risk of 28-day mortality decreases. The findings are
further reinforced by the subgroup analysis, ensuring the
robustness and validity of our results.
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In recent years, an increasing number of researchers
have found that inflammatory biomarkers, such as ALB
[17], ferritin [6], Albumin/Fibrinogen [18, 19], hematocrit
[20], platelets [21], Red blood cell distribution width [22],
systemic immune-inflammation index [23], Prognostic
nutrition index [24], and urea nitrogen/albumin [25], etc.
FAR holds potential as a prognostic indicator for predict-
ing the outcome of sepsis patients. FAR has been widely
employed as a novel predictive factor for COVID-19 [16],
exhibiting excellent prognostic accuracy for mortality
rates. However, studies specifically exploring the applica-
tion of FAR in predicting the prognosis of sepsis patients
have yet to be reported.

Ferritin plays a vital role in iron storage and regula-
tion, transportation of iron ions, immune modulation,
and antioxidation within the body. Our research find-
ings strongly support the close association between ele-
vated serum ferritin levels and poor prognosis in sepsis
patients, consistent with the study conducted by Liu-
dang He et al. [6]. In addition, the study by Yi-Peng Fang
et al. [26] revealed a significant correlation between high
serum ferritin levels and increased in-hospital mortality
rate in sepsis patients, establishing it as an independent
prognostic indicator for predicting mortality in septic
patients. However, it is important to consider that fac-
tors, such as inflammation, liver and kidney function, as
well as dietary and nutritional status, can also influence
serum ferritin levels. Thus, relying solely on ferritin as a
prognostic marker may have limitations and lack reliabil-
ity to predict patient outcomes.

The pathogenesis of sepsis is closely tied to the inflam-
matory response, which triggers vasodilation, throm-
bus formation, cell apoptosis, and tissue damage. Serum
albumin, being a negative acute-phase reactant protein,
is correlated with the severity of infection [27, 28]. Dur-
ing sepsis, the inflammatory response induced by infec-
tion influences the synthesis and degradation of albumin,
resulting in reduced levels of albumin in the plasma and
causing hypoalbuminemia [29, 30]. Recent research indi-
cates that hypoalbuminemia in sepsis patients is not pri-
marily caused by suppressed liver synthesis, but rather by
enhanced systemic clearance [31]. Studies indicate that
serum albumin is an independent prognostic risk factor
for sepsis patients [13, 17]. Nevertheless, it is important
to consider that serum albumin levels can be influenced
by various factors, including nutritional status, hepatic
and renal function, chronic inflammatory conditions,
and other underlying medical conditions of the patients.
Therefore, this study aims to evaluate prognostic risks in
sepsis patients more comprehensively by analyzing the
relationship between the ferritin-to-albumin ratio and
the 28-day mortality rate, thereby mitigating the influ-
ence of individual factors on sepsis prognosis.
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Subgroup Total 28-day mortality(%) HR (95%Cl) P for interaction
Gender
Female 687 255 (37.1) 1.24 (1.14~1.35) —e— 0.192
Male 866 325 (37.5) 1.22 (1.14~1.31) —o—
Age(years)
<60 435 169 (38.9) 1.32 (1.2~1.47) —— 0.752
=60 1,118 411 (36.8) 1.22 (1.15~1.3) o
Chronic pulmonary disease
No 1,064 378 (35.9) 1.28 (1.2~1.37) o 0.17
Yes 499 202 (40.5) 1.18 (1.08~1.28) —e—
Malignant cancer
No 1,257 474 (37.7) 1.24 (1.17~1.31) [ 0.209
Yes 296 106 (35.8) 1.23 (1.08~1.4) ——
Severe liver disease
No 1,303 460 (35.3) 12(1.13~1.27) =0~ 0.162
Yes 250 120 (48) 1.47 (1.3~1.66) —0—
Renal disease
No 1,049 416 (39.7) 1.28 (1.2~1.36) —@— 0.069
Yes 504 164 (32.5) 1.16 (1.02~1.31) —0—
Diabetes
No 1,337 529 (39.6) 1.24 (1.18~1.31) o 0.717
Yes 216 51(236) 1.05 (0.82~1.33) —_——
Congestive heart failure
No 944 352 (37.3) 1.33(1.23~1.43) —@— 0.068
Yes 609 228 (37.4) 1.14 (1.05~1.23) —0—
T T T
0.71 1.0 1.41
HR(95%CI)

Fig. 4 Subgroup analysis forest plot depicting the relationship between 28-day mortality rate and FAR in sepsis patients

Although there have been numerous studies investi-
gating the relationship between ferritin and albumin and
various diseases, the association between the ferritin-
to-albumin ratio (FAR) and sepsis remains unexplored.
However, research indicates that elevated ferritin levels
and decreased albumin levels serve as important mark-
ers for mortality and prognosis in sepsis patients. Based
on this information, we propose that FAR may hold

greater significance in the context of sepsis compared
to individual measurements of ferritin and albumin. In
our study, we discovered a positive correlation between
FAR and the 28-day mortality rate among sepsis patients,
suggesting that higher FAR levels are associated with an
increased risk of death in this population. These find-
ings align with the conclusions drawn by Oztiirk Taskin
et al. regarding the prognostic value of FAR in predicting
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mortality in COVID-19 patients [16]. Furthermore, ROC
curves demonstrated that FAR exhibits good predic-
tive capabilities with regard to the 28-day mortality rate
among sepsis patients.

Our study has several advantages. First, the data used
in our study is obtained from the MIMIC-IV database,
ensuring the authenticity and reliability of the data. Sec-
ond, this is a retrospective study, where we employed
various statistical methods such as multiple-factor Cox
regression analysis and subgroup analysis to control for
potential confounding factors in the study. In addition,
we selected the levels of ferritin and albumin measured
for the first time after patient admission, excluding the
interference of subsequent treatments, thereby enhanc-
ing the accuracy of the results. Finally, our study is the
first to explore the relationship between FAR and the
28-day mortality rate in sepsis patients. Moreover, the
convenient and cost-effective acquisition of serum ferri-
tin and albumin levels further enhances the feasibility of
this approach.

Certainly, Our study does have certain limitations.
First, One significant limitation of our study is that we
solely relied on the initial measurement of FAR after
admission, failing to continuously track its fluctuations
throughout the entire duration of sepsis. As a result, we
were unable to assess the potential impact of dynamic
changes in FAR on the prognosis of sepsis patients. Sec-
ond, the data used in our study was obtained from the
MIMIC-IV public database. As a retrospective study,
despite our best efforts to control for confounding fac-
tors, it is still challenging to completely avoid the influ-
ence of unknown confounders. Finally, the measurement
of laboratory indicators was not strictly standardized,
and different hospitals may use different instruments,
leading to measurement deviations in the results.

Conclusion

FAR, which has the potential to serve as an indicator for
predicting the prognosis of sepsis patients, shows a cor-
relation with the 28-day mortality rate. A higher FAR
value is associated with an elevated risk of mortality
within 28 days among sepsis patients. However, to com-
prehensively validate the relationship between FAR and
sepsis prognosis, a large-scale study involving multiple
medical centers is necessary.
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