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Abstract 

This study examines the prognostic value of the neutrophil-to-lymphocyte ratio (NLR), fibrinogen-to-albumin ratio (FAR), and 

C-reactive protein-to-albumin ratio (CAR) as accessible indicators of inflammation and metabolic imbalance in critically ill 

patients with COVID-19-related sepsis. A total of 133 patients admitted to the intensive care unit were retrospectively analysed. 

Biomarker values obtained within the first 24 hours of admission were evaluated for their ability to predict 28-day mortality 

using receiver operating characteristic (ROC) curves and logistic regression analysis. Among the tested ratios, CAR (cut-off 

5.5; AUC = 0.665) and NLR (cut-off 25; AUC = 0.663) showed the strongest predictive accuracy for early mortality, whereas 

FAR demonstrated a weaker association. Elevated CAR and NLR levels were closely linked to poor outcomes, and CAR was 

identified as the most reliable independent predictor (p = 0.015). These findings suggest that inflammation-based ratios, 

particularly NLR and CAR, provide simple, cost-effective tools for early risk assessment and can complement personalized 

therapeutic strategies in critical care. 

 

Rezumat 

Acest studiu examinează valoarea prognostică a raportului neutrofile-limfocite (NLR), a raportului fibrinogen-albumină (FAR) 

și a raportului proteina C reactivă-albumină (CAR) ca indicatori accesibili ai inflamației și dezechilibrului metabolic la pacienții 

critici cu sepsis asociat COVID-19. Un total de 133 de pacienți internați în unitatea de terapie intensivă au fost analizați 

retrospectiv. Valorile biomarkerilor determinate în primele 24 de ore de la internare au fost evaluate în ceea ce privește 

capacitatea lor de a prezice mortalitatea la 28 de zile, utilizând curbe de tip „receiver operating characteristic” (ROC) și analiză 

de regresie logistică. Dintre rapoartele investigate, CAR (prag 5,5; AUC = 0,665) și NLR (prag 25; AUC = 0,663) au demonstrat 

cea mai bună acuratețe predictivă pentru mortalitatea precoce, în timp ce FAR a prezentat o asociere mai slabă. Nivelurile 

crescute ale CAR și NLR au fost strâns corelate cu evoluții nefavorabile, iar CAR a fost identificat drept cel mai fiabil predictor 

independent (p = 0,015). Aceste rezultate sugerează că rapoartele bazate pe inflamație, în special NLR și CAR, reprezintă 

instrumente simple și cost-eficiente pentru evaluarea precoce a riscului și pot completa strategiile terapeutice personalizate în 

îngrijirea critică. 

 
Keywords: biomarkers, COVID-19, inflammation, prognosis 

 

Introduction 

Biomarkers have long been essential tools in clinical 

medicine and pharmaceutical research, helping 

physicians diagnose diseases, monitor progression, 

and predict patient outcomes. Traditionally, single-

parameter biomarkers offered useful but limited 

insight into isolated physiological or pathological 

processes. In recent years, greater attention has been 

given to ratio biomarkers, which combine two or 

more laboratory parameters to better capture the 

complex interplay between inflammation, immunity, 

and metabolism. These derived indices - such as the 

neutrophil-to-lymphocyte ratio (NLR), fibrinogen-

to-albumin ratio (FAR), and C-reactive protein-to-

albumin ratio (CAR) - reflect both inflammatory and 

metabolic changes, providing a more integrated 

picture of systemic dysfunction (1-5). 

In critically ill patients, particularly those with sepsis 

and severe COVID-19, the clinical relevance of ratio 

biomarkers becomes more evident. Both conditions 

share similar biological mechanisms, including 

immune dysregulation, cytokine overactivation, and 

metabolic imbalance, which often result in organ 

failure and high mortality. In such patients, simple 

and rapidly obtainable markers like NLR, FAR, and 

CAR can serve as practical tools for assessing 

disease severity, identifying high-risk individuals, 

and guiding early intervention (6-9). Because they 

are calculated from routine laboratory data, these 

ratios offer a cost-effective and accessible method 

for risk stratification, especially in settings with 

limited resources. 
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The early phase of intensive care admission is 

critical for evaluating the patient’s physiological 

state and initiating appropriate therapy. 

Understanding which biomarkers can predict short-

term mortality during this period may help clinicians 

make timely, evidence-based decisions. 

The present study examines the prognostic value of 

three ratio biomarkers - NLR, FAR, and CAR - in 

patients with confirmed COVID-19 and sepsis 

admitted to the intensive care unit (ICU). The 

analysis focuses on values measured within the first 

24 hours of admission and their relationship to 28-

day mortality. By assessing the predictive accuracy 

of these markers, this study aims to clarify their role 

in early risk assessment, support individualized 

therapeutic planning, and contribute to improving 

outcomes in this highly vulnerable patient 

population (10-12). 

 

Materials and Methods 

Study design and ethical approval 

This retrospective observational study was 

conducted at the Institute for Pulmonary Diseases of 

Vojvodina, Sremska Kamenica, within the Clinic for 

Intensive Medicine and Vascular Pulmonary 

Diseases, Department for Intensive Care and 

Intoxications Level 3. The study period extended 

from November 2020 to February 2022 and included 

133 adult patients admitted to the Intensive Care 

Unit (ICU). Ethical approval was obtained from the 

Ethics Committee of the Institute for Pulmonary 

Diseases of Vojvodina (Protocol No. 9-II/3, 

February 24, 2022) and from the Ethics Committee 

of the Faculty of Medicine, University of Novi Sad 

(Protocol No. 01-39/190/1, May 13, 2022). The 

study was conducted in accordance with the 

Declaration of Helsinki and institutional ethical 

standards. 

Patient selection and data collection 

Eligible participants were adults (≥ 18 years) with a 

confirmed COVID-19 infection, as verified by RT-

PCR or rapid antigen testing from nasopharyngeal 

swabs. All patients were critically ill at ICU 

admission, presenting with life-threatening 

conditions and a high risk of imminent death. Sepsis 

was diagnosed according to the Sepsis-3 criteria, 

requiring confirmed or suspected infection and an 

acute increase in the Sequential Organ Failure 

Assessment (SOFA) score of ≥ 2 points. 

Exclusion criteria were applied to ensure data 

consistency and eliminate potential confounders. 

The study excluded immunocompromised patients 

(HIV-positive individuals with AIDS, post-

transplant recipients), pregnant or breastfeeding 

women, and patients with active malignancies, 

highly active autoimmune diseases, or ICU stays 

shorter than four hours. These conditions may 

significantly alter immune and metabolic responses, 

confounding biomarker interpretation and outcome 

analysis. 

The study analyzed three biomarkers: the neutrophil-

to-lymphocyte ratio (NLR), fibrinogen-to-albumin 

ratio (FAR), and C-reactive protein-to-albumin ratio 

(CAR). NLR was obtained by dividing the absolute 

neutrophil count by the absolute lymphocyte count 

from a complete blood count (CBC) performed using 

whole blood with K₂EDTA anticoagulant on the 

Beckman Coulter DxH 900 analyzer (Nyon, 

Switzerland). FAR was calculated by dividing the 

fibrinogen concentration in plasma, determined by 

the Clauss method on ACL TOP CTS 300 

(Instrumentation Laboratory, Bedford, MA, USA), 

by the serum albumin concentration measured using 

the Bromocresol Green colorimetric method on 

Cobas c311 (Roche Diagnostics, Basel, 

Switzerland). CAR was computed by dividing the C-

reactive protein concentration obtained from venous 

blood without anticoagulants, measured by the 

immunoturbidimetric method on Cobas c311 

(Roche Diagnostics, Basel, Switzerland), by the 

albumin concentration. All laboratory parameters 

were collected within the first 24 hours of ICU 

admission. 

Statistical analysis 

Data was analyzed using IBM SPSS Statistics 

software, version 26.0 (Chicago, IL, USA). 

Statistical significance was set at α = 0.05, with p < 

0.05 considered significant. The Shapiro–Wilk test 

assessed normality of distribution. Differences 

between survivors and non-survivors were evaluated 

using the Mann–Whitney U test for continuous 

variables and the Chi-square test for categorical data. 

Median values were used as cut-off points for NLR, 

FAR, and CAR. Logistic regression analysis 

identified potential predictors of 28-day mortality. 

Receiver operating characteristic (ROC) curve 

analysis was used to assess the prognostic 

performance of biomarkers, with the area under the 

curve (AUC) quantifying discriminatory accuracy 

between survivors and non-survivors. 

 

Results and Discussion 

Patient characteristics and mortality 

The study included 133 patients, of whom 90 were 

male and 43 females. Within 28 days, 45 patients 

survived, whereas 88 did not. Mortality was higher 

among males (72.2%, 65/90) compared to females 

(53.5%, 23/43), indicating an elevated risk of short-

term death in men. Age distribution (Figure 1) 

showed that deceased males were generally older, 

particularly between 60 and 80 years, while 

survivors of both sexes were younger and more 

evenly distributed, highlighting the influence of 

advanced age on 28-day mortality.
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Figure 1. 

Age distribution of survivors and deceased patients stratified by gender 

 

Inflammatory ratio biomarkers and distribution 

Significant differences between survivors and non-

survivors were observed for NLR (p = 0.002), CAR 

(p = 0.002), and FAR (p = 0.033), although FAR 

demonstrated a weaker association. Elevated NLR 

was strongly associated with increased mortality. As 

illustrated in Figure 2, deceased patients of both 

sexes had NLR values primarily ranging from 20 to 

40, with some exceeding 100. In contrast, survivors 

mostly exhibited values below 25. Male non-survivors 

showed greater variability in NLR, reflecting a more 

heterogeneous inflammatory response.

 

 
Figure 2. 

Distribution of NLR among survivors and deceased by gender 

 

CAR values were higher among deceased patients, 

particularly males, suggesting a correlation with 

increased mortality risk. Figure 3 demonstrates that 

survivors generally had lower CAR levels, mostly 

between 0 and 10, whereas deceased patients 

showed a broader distribution with a rightward shift. 

This trend was more pronounced in males; females 

exhibited a similar pattern, but less markedly. The 

shift in CAR distribution among non-survivors 

supports its potential role as a prognostic marker.
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Figure 3. 

Distribution of CAR among survivors and deceased by gender 

 

Predictive Performance and Risk Stratification 

ROC curve analysis indicated that CAR (AUC = 

0.665, p = 0.002) and NLR (AUC = 0.663, p = 0.002) 

demonstrated moderate discriminative ability for 28-

day mortality. FAR showed lower predictive 

accuracy (AUC = 0.613, p = 0.033), while ICU stay 

duration did not predict mortality (AUC = 0.532, p = 

0.541) (Figure 4, Table I).

 

 
Figure 4. 

Viscosity curves and the statistical mean of differences expressed by the regression lines 

 

Table I 

Area under the curve for FAR, NLR, CAR, and ICU days 

    Asymptotic 95% Confidence Interval 

Test Variable Area Standard Error Asymptotic Sig. Lower Bound Upper Bound 

FAR 0.613 0.050 0.033 0.516 0.711 

NLR 0.663 0.049 0.002 0.567 0.760 

CAR 0.665 0.047 0.002 0.572 0.758 

ICU days 0.532 0.054 0.541 0.426 0.639 
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Logistic regression suggested CAR as the most 

robust marker (p = 0.015, OR = 1.225), while NLR 

showed a borderline effect (p = 0.055, OR = 1.025). 

FAR, age, and gender did not reach statistical 

significance. 

Patients were stratified into low- and high-risk 

groups (Figure 5) using median cut-off values for 

NLR (25), CAR (5.5), and FAR (21). Figure 6 shows 

that patients with NLR above 25 had markedly 

higher mortality (38 deceased vs. 10 survived) 

compared to those with NLR ≤ 25 (50 deceased vs. 

35 survived; p = 0.017). Similarly, Figure 7 

illustrates that patients with CAR > 5.5 had an 81.8% 

mortality rate, while those with CAR ≤ 5.5 had a 

55.1% mortality rate (p = 0.001), confirming CAR 

as a strong prognostic indicator. FAR did not show a 

significant association with mortality (χ² = 2.448, p 

= 0.118; Fisher’s exact p = 0.156; likelihood ratio χ² 

= 2.545, p = 0.111), suggesting that observed 

differences were likely due to chance. 

 

 
Figure 5. 

Mean values of FAR, CAR, and NLR in survivors 

vs. deceased patients 

 

 
Figure 6. 

28-day survival outcomes in patients with NLR < 

25 and NLR > 25 

 

 
Figure 7. 

28-day survival outcomes in patients with CAR < 

5.5 and CAR > 5.51 

 

Traditional single biomarkers, such as CRP or 

albumin, provide useful information but often fail to 

capture the multifaceted nature of critical illness. 

Ratio biomarkers (NLR, CAR, FAR) combine 

related parameters to reflect inflammation, immune 

response, and nutritional/metabolic status, offering a 

more integrated perspective. This approach reduces 

individual variability and may improve early risk 

stratification compared to single markers (13-15). 

By combining two related variables, these ratios 

reduce individual variability and increase 

specificity. For instance, CAR reflects both systemic 

inflammation (CRP) and nutritional status 

(albumin), making it a more reliable predictor of 

mortality than either component alone (4, 15-17). 

NLR highlights neutrophil-driven inflammation 

alongside lymphocyte suppression, while FAR links 

coagulation and nutrition—both crucial factors in 

critical illness (14-16). 

In this study, higher NLR and CAR were 

consistently associated with 28-day mortality, with 

CAR showing the strongest association (14, 18, 19). 

The observed thresholds (NLR = 25, CAR = 5.5, 

FAR = 21) were higher than those reported in less 

severely ill populations, reflecting the extreme 

inflammatory and metabolic burden in ICU patients 

(14, 18, 19). FAR showed weaker prognostic 

performance, consistent with previous observations 

in other critical illnesses. These findings suggest that 

CAR and NLR may serve as practical early 

indicators of mortality risk, particularly in critically 

ill COVID-19 patients (2, 6, 20-24). Elevated values 

may indicate a need for immunomodulatory therapy, 

while lower values could guide supportive or 

antiviral interventions (21-24). However, due to the 

retrospective design, limited sample size, and 

absence of certain covariates such as mechanical 

ventilation or comprehensive comorbidity data, 

these associations should not be interpreted as fully 

independent of other clinical factors. 
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Although elevated NLR and CAR may reflect the 

severity of inflammation, their use to guide 

therapeutic interventions such as corticosteroids or 

tocilizumab remains speculative. No interventional 

data currently support treatment decisions based on 

these biomarkers, and prospective trials are needed 

to assess any potential predictive or therapeutic role. 

Beyond COVID-19, ratio biomarkers have shown 

utility across diverse conditions. In cardiovascular 

diseases, they help assess inflammation and vascular 

risk (5). In oncology, they monitor immune 

responses and disease progression (24). In 

autoimmune and chronic illnesses, they reflect 

systemic inflammatory and metabolic status (4-6, 

13-18). Their simplicity, rapid availability, and cost-

effectiveness make them practical for early risk 

stratification, personalized decision-making, and 

monitoring disease evolution (2, 6, 21, 24). 

Comparison with previous studies highlights 

context-specific differences. For example, 

postoperative ICU patients had CAR cut-offs of 

~1.75 - 1.58 for predicting short- and long-term 

mortality (25). In contrast, our critically ill COVID-

19 cohort required a higher CAR threshold (5.5), 

likely due to more severe systemic inflammation and 

metabolic stress (14, 18, 26). Similarly, FAR cut-

offs in chronic heart failure were reported at 9.06 

(14), whereas we observed 21 in severe COVID-19 

sepsis. NLR thresholds also differed; in general, 

COVID-19 populations, values above 3 indicated 

severe disease (25, 26), but our ICU cohort required 

NLR > 25 to identify high-risk individuals (14, 18). 

Overall, ratio biomarkers provide a simple, rapid, 

and accessible complement to traditional 

diagnostics. They integrate multiple aspects of 

pathophysiology—systemic inflammation, immune 

response, and nutritional status—allowing early risk 

assessment, informed therapeutic decisions, and 

personalized care (21-24, 27-30). Their use 

complements—but does not replace—

comprehensive clinical evaluation and advanced 

diagnostics. 

Several pharmacological strategies aimed at 

modulating the host inflammatory response in 

COVID-19 have been explored in the literature, 

emphasizing that targeting specific cytokine 

pathways may influence disease progression without 

yet being validated for routine therapeutic guidance. 

For example, inhibitors of key pro-inflammatory 

cytokines such as IL-6 have been discussed in the 

context of severe COVID-19 due to their potential to 

attenuate the cytokine release syndrome that 

underlies critical illness, although evidence remains 

mixed and dependent on concurrent interventions 

like corticosteroids (31). Furthermore, blockade of 

IL-1 signalling has been proposed as a mechanistic 

approach to mitigate hyperinflammation; observational 

and cohort studies suggest IL-1 receptor antagonists 

may reduce systemic inflammation and need for 

mechanical ventilation in selected patients, yet 

prospective clinical validation is still needed (32). A 

recent study by Adamescu et al. further underscores 

the central role of cytokines IL-6 and IL-1 in 

COVID-19 disease progression, reporting that 

elevated IL-6 is significantly associated with more 

severe disease, and suggesting that therapies targeting 

these mediators could be promising in patients with 

high cytokine burden or specific comorbid 

conditions, although this remains to be formally 

proven in interventional studies (33). These findings 

complement our focus on inflammation-based 

biomarkers by showing biologically plausible links 

between systemic immuno-inflammatory activation 

and clinical outcomes, but also highlight that 

therapeutic use of such pathways requires careful 

evaluation in well-designed trials. This context 

supports our position that although inflammation-based 

biomarkers may reflect immune activity and 

systemic stress, their use for guiding specific 

therapies (e.g., corticosteroids, tocilizumab) remains 

speculative without interventional trial evidence (34). 

Study limitations 

This study has several limitations that should be 

considered when interpreting the results. It was 

designed as a retrospective, single-centre analysis 

with a relatively small sample size, which may 

restrict the generalisability of the findings. Because 

the study population included only critically ill 

COVID-19 patients with sepsis, the results may not 

reflect outcomes in milder or non-COVID cases. 

Further prospective, multicentre research with larger 

cohorts is needed to confirm these associations and 

to refine the optimal biomarker thresholds for 

broader clinical application. 

 

Conclusions 

In critically ill COVID-19 patients with sepsis, NLR 

and CAR were associated with 28-day mortality, with 

CAR showing the strongest effect among the markers 

studied. FAR demonstrated limited prognostic value. 

Male patients had higher mortality and more variable 

inflammatory responses, highlighting sex-based 

differences. Ratio biomarkers integrate inflammation, 

immune function, and nutritional status, offering 

practical guidance for early risk stratification and 

individualized therapy. Their simplicity, rapid 

availability, and broad applicability make them 

valuable tools in routine critical care, particularly in 

urgent or resource-limited settings. By supporting 

timely identification of high-risk patients and guiding 

therapeutic decisions, these markers enhance clinical 

management without replacing advanced diagnostics. 

Their use may contribute to more precise, patient-

centred care and improved outcomes. 
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