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ABSTRACT

Objective: Due to the high mortality levels associated with the novel coronavirus,
reliable predictors for determining disease mortality and severity are needed to permit the
careful allocation of health services and for earlier clinical intervention and follow-up.
The purpose of this study was to determine the predictive value of the C-reactive protein
(CRP)/albumin ratio (CAR) and the fibrinogen/albumin ratio (FAR) in determining
mortality and evaluate correlations between these values and thoracic computed
tomography (CT) findings.

Material and Methods: COVID-19 patients aged over 65 presenting to the emergency
department of a tertiary training and research hospital between Oct 15, 2021, and Jan 15,
2022, were examined in this single-center, retrospective study. The study population was
established based on inclusion and exclusion criteria. The patients’ mortality status and
pulmonary involvement percentages were compared with their laboratory parameters.

Results: The relationships between patients’” CAR and FAR values and mortality and
disease severity were investigated. Cut-off points of 3.0 for CAR (AUC 0.767, sensitivity
76.5% and specificity 70.1%) and 14.4 for FAR (AUC 0.731, sensitivity 75.0% and
specificity 69.0%) were determined for the prediction of mortality. In terms of prediction
of disease severity, cut-off points were 4.2 for CAR (AUC 0.786, sensitivity 73.7%, and
specificity 75.2%) and 15.2 for FAR (AUC 0.789, sensitivity 84.2%, and specificity
69.6%).

Conclusion: Based on our study findings, CAR and FAR values may be useful in the
early differentiation of mortality and pulmonary parenchymal involvement in elderly
COVID-19 patients.
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INTRODUCTION

With the rapid global spread of the COVID-19 pandemic declared by the World Health
Organization (WHO) on Mar 11, 2020, countries began adopting strict precautionary
measures in their health systems (1,2). COVID-19 exhibits a wide clinical manifestation,
from asymptomatic infection to mild or severe viral pneumonia or fatal respiratory failure
(3). It is assumed that the course of the disease may be more severe in elderly patients or
those with previously known chronic diseases (4). Due to its high mortality rates, early
diagnosis and prompt treatment are essential in terms of preventing the progression of the
disease. It is, therefore, necessary to identify rapid, easily accessible, low-cost, and reliable
parameters for predicting disease mortality. Several studies have recommended various
laboratory parameters as predictive markers of the severity of COVID-19 (3-6). Also, chest
CT imaging is a valuable instrument for diagnosing COVID-19 infection (7).

Studies have suggested that high levels of such inflammatory markers as C-reactive protein
(CRP) are associated with disease severity in patients with COVID-19. Albumin, a negative
acute phase reactant, has long been used as a marker of nutritional status. However, recent
studies have shown that low albumin levels are associated with severe COVID-19 disease
(6,8). The CRP/albumin ratio (CAR) has the potential to reflect the patient’s inflammatory
status. It has recently been described as a prognostic biomarker in several inflammatory
conditions and disorders (6,9). Fibrinogen is a positive acute-phase reactant released from
the liver that plays an active role in coagulation cascade and inflammation. Recent studies
have shown that the fibrinogen-albumin ratio (FAR) is associated with poor clinical
outcomes in diseases characterized by inflammation and thrombosis. Moreover, studies
have also touched on the importance of FAR in predicting the severity of disease in
COVID-19 (10,11).
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We think that CAR and FAR calculated from albumin, CRP,
and fibrinogen levels measured among routine laboratory
parameters may constitute predictive markers of disease
severity in patients with COVID-19. Based on that
hypothesis, this study aimed to determine the prognostic
value of CAR and FAR in assessing mortality in elderly
COVID-19 patients and evaluate the correlations between
these values and thoracic computed tomography (CT)
findings.

MATERIAL and METHODS

Study Design: COVID-19 patients aged over 65 presenting
to the emergency department of a tertiary training and
research hospital between Oct 15, 2021, and Jan 15, 2022,
were examined in this single-center, retrospective study.
Approval was obtained before commencement from the local
ethical committee (decision no. 2022/79).

Diagnosis of COVID-19 was confirmed with a positive PCR
result from nasopharyngeal swab specimens. All patients
aged over 65 with established COVID-19 disease and not
meeting the exclusion criteria were enrolled in the study.
Patients transferred to another institution, rejecting diagnosis
and treatment, with deficient laboratory and tomographic
images at the time of presentation to the emergency
department, trauma patients, patients with known connective
tissue disease, hematological disease, liver function disorder,
or thyroid disease, terminal stage cancer patients, and patients
who had received albumin transfusion prior to treatment were
excluded.

Study Protocol: The demographic characteristics of the
patients included in the study and laboratory data (CRP
[mg/11], fibrinogen [mg/dl], and albumin [g/dl]) at the time of
presentation to the emergency department and in the
subsequent first 24 hours were retrieved from the hospital’s
digital archive. Thoracic CT findings recorded at the initial
presentation were evaluated. Thoracic CT examinations were
based on involvement percentages, with cases with
pulmonary parenchymal involvement of 0-50% being
regarded as mild-moderate and those with involvement
exceeding 50% as severe. Patients’ lengths of hospital stay,
transfer to the intensive care unit requirements, mortality, and
discharges were also subjected to analysis.

Whether CAR and FAR obtained within 24 hours after
presentation to the emergency department can determine
mortality and the severity of lung parenchymal involvement
in elderly patients diagnosed with COVID-19 were adopted
as the study endpoints.

Statistical Analysis: All analyses were performed on Jamovi
v.1.6 statistical software (The Jamovi Project (2021)
Computer Software, version 1.6. Sydney, Australia).
Categorical data were expressed in frequency (n) and
percentage. Normally distributed continuous variable data
were described as mean plus standard deviation (SD), and
non-normally distributed data as median and interquartile
range (IQR). Normality of distribution was evaluated using
the Shapiro-Wilk test. Two-group comparisons were
performed using Student’s t-test or the Mann-Whitney U test,
depending on whether or not the data were normally
distributed. P values <0.05 were regarded as statistically
significant. A receiver operating characteristic (ROC) curve
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was drawn to determine cut-off points for mortality for CAR
and FAR. Finally, sensitivity, specificity, likelihood ratios
(+LR and -LR), positive predictive values, and negative
predictive values were also calculated for CAR and FAR.

RESULTS

Two hundred fifty-two patients were included in the study, of
whom 107 (42.5%) were men and 145 (57.5%) were women.
The patients’ median age was 77 (IQR 70-83). The mortality
rate was 27.0% (n=68). Investigation of thoracic CT findings
revealed severe pulmonary involvement in 15.1% of patients
(n=38). Patients’ demographic data and lengths of hospital
stay under the study protocol is shown in Table 1.

Patients’ laboratory values were calculated using the values at
the time of initial presentation (Table 2). Examination of the
laboratory parameters revealed that neutrophil (p=0.014),
lymphocyte (p=0.001), and platelet (p=0.003) counts, CRP
(p=0.001), Troponin T (p=0.001), D-dimer (p=0.002),
fibrinogen (p=0.001), ferritin (p=0.001), CAR (p=0.001) and
FAR (p=0.001) were statistically significant in differentiating
patients with and without mortality. Comparison of laboratory
findings and thoracic CT involvement identified WBC
(p=0.005), neutrophil count (p=0.001), CRP (p=0.001),
Troponin T (p=0.001), D-dimer (p=0.001), fibrinogen
(p=0.001), ferritin (0.001), CAR (P=0.001), and FAR
(P=0.001) values as significant in differentiating patients with
severe involvement from those with mild-moderate
involvement.

The relationship between CAR and FAR values and patients
with and without mortality was also investigated. The
relationship between CAR and FAR and patients with and
without severe tomographic involvement was also assessed.
The prognostic value of CAR and FAR is shown in Table 2.
ROC analysis was performed, and the results are shown in
Figures 1A, 1B, 2A, and 2B

CAR and FAR values were higher in the group with mortality
than in the non-fatal group. CAR values in the groups with
and without mortality were 4.6 (IQR 3.1-6.2) and 1.8 (IQR
0.5-3.7), respectively (p =0.001). FAR values in the groups
with and without mortality were 16.6 (IQR 14.4-21.7) and
12.8 (IQR 10.3-15.4), respectively (p=0.001). Area under the
curve (AUC) analysis for the prediction of mortality revealed
a value of 0.767 for CAR (95% confidence interval: 0.705-
0.829, p =0.001). The cut-off value for mortality of CAR was
3.0, exhibiting 76.5% sensitivity and 70.1% specificity. The
AUC value for FAR was 0.731 (95% confidence interval;
0.659-0.802, p=0.001) and the cut-off value for FAR was
14.4, exhibiting 75.0% sensitivity and 69.0% specificity.

Patients” CAR and FAR values were also higher in the group
with severe tomographic involvement than in the group
without (p=0.001 for both). AUC analysis for predicting
severe tomographic involvement revealed an AUC value for
CAR of 0.786 (95% confidence interval; 0.714-0.859,
p=0.001), and of 0.789 for FAR (95% confidence interval,
0.716-0.862, p=0.001). The detection of patients with severe
tomographic involvement with cut-off values of 4.2 for CAR
(73.7% sensitivity and 75.2% specificity) and 15.2 for FAR
(84.2% sensitivity and 69.6% specificity) confirms these as a
powerful predictive factor (Table 3).
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Figure 1A, 1B, 2A, 2B - ROC Curve and Cutoff Value of CAR and FAR at Mortality and Severe Tomography

Involvement
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DISCUSSION

COVID-19 disease remains a significant public health
problem with high in-hospital mortality (4). High levels of
resources are set aside for combatting this disease in the
provision of inpatient health services. Prudent use of
healthcare resources, early intervention, and reliable markers
for predicting disease severity and mortality and determining
clinical outcomes are therefore needed (5).

The present study investigated the relationship between CAR
and FAR and severe tomographic pulmonary involvement
and mortality in patients with COVID-19. The results showed
that CAR and FAR at laboratory examinations in the first 24
hours after presentation to the emergency department could
be used as markers of disease severity (CAR p=0.001, FAR
p=0.001). ROC analysis was applied to evaluate CAR and
FAR in the prediction of disease severity. We determined
AUC values of 0.786 for CAR and 0.789 for FAR. Our cut-
off point for CAR at 73.7% sensitivity and 75.2% specificity
was 4.2, and the cut-off point for FAR at 84.2% sensitivity
and 69.6% specificity was 15.2. ROC analysis was also
applied to determine the prognostic value of CAR and FAR in
terms of mortality in COVID-19 infection. We decided on
AUC values of 0.767 for CAR and 0.731 for FAR.
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1B- Fibrinogen Albumin Ratio for Mortality
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Our cut-off point for CAR, with 76.5% sensitivity and 70.1%
specificity, was 3.0, and the cut-off point for FAR, with
75.0% sensitivity and 69.0% specificity, was 14.4. Kalyon et
al. investigated the association between the neutrophil-
lymphocyte ratio (NLR) and CAR and length of hospital stay
in mortality in elderly patients with COVID-19. They
reported that NLR and CAR calculated at the initial
presentation were helpful in predicting the length of hospital
stay and the risk of mortality in those patients (12). Li et al.
investigated whether or not CAR values are helpful in terms
of risk classification in COVID-19 patients and found that
CAR may represent an excellent prognostic biomarker for
risk classification in severe COVID-19 cases (13).

Several studies have mentioned the prognostic importance of
CAR and FAR in terms of mortality and disease severity in
patients with COVID-19. Kalabin et al. investigated the
prognostic value of CAR in terms of disease severity in
COVID-19 and found that it can be employed as a prognostic
factor for disease severity (6). Torun et al. investigated the
prognostic value of CAR, FAR, and NLR in determining the
severity of disease in COVID-19 and found that these were
capable of use for predicting severity. They calculated AUC
values of 0.841 for CAR, 0.737 for FAR, and 0.802 for NLR
at ROC analysis (14).
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Ayranct et al. investigated the potential for the use of NLR
and CAR as markers of mortality in elderly COVID-19
patients and found that both were capable if used as
prognostic factors for mortality (15). In another study,
Kdigcukceran et al. investigated whether the D-Dimer-albumin
ratio (DAR) and FAR constituted a mortality marker in
COVID-19 and found that both were capable of use as a
prognostic marker of mortality in COVID-19. Those authors
calculated AUC values of 0.773 for DAR and 0.703 for FAR
at ROC analysis (3). Various positive and negative
biomarkers change with the resulting inflammatory response
in infectious diseases. Markers that exhibit a positive change
in the inflammatory response are known as positive acute-
phase proteins and those that show a negative change as
negative acute-phase proteins (16). Examples of positive
acute-phase proteins include CRP and fibrinogen, while
albumin is a negative acute-phase protein (17,18). Since,
apart from the acute phase response, these markers may also
increase and decrease due to secondary causes, we
hypothesized that their combined use would yield more
accurate results than using them alone.

Limitations: There are a number of limitations to this study.
In particular, the research was small in scope and single-
center, and retrospective in nature. Further studies with more
significant numbers of patients and more centers are therefore
needed. In addition, similarly to other retrospective studies,
there was concern over the possibility of selection bias.
However, in order to eliminate that concern, we included all
elderly patients presenting to our emergency department
during the study period and diagnosed with COVID-19.
Further prospective studies are needed to confirm our
findings.

CONCLUSION

Based on our findings, we think that CAR and FAR values
may be helpful in the early differentiation of mortality and
severity of pulmonary parenchymal involvement in elderly
COVID-19 patients. We, therefore, think that high values for
CAR and FAR, rapid, inexpensive, reproducible
inflammatory biomarkers, will attract greater attention in
early treatment plans.
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