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A B S T R A C T   

C-reactive protein-to-albumin ratio (CAR) has been used as an indicator of prognosis in various diseases. Here, 
we intended to assess the CAR’s diagnostic power in early differentiation of hospitalized severe COVID-19 cases. 
In this retrospectively designed study, we evaluated 197 patients in total. They were divided into two groups 
based on their severity of COVID-19 as non-severe (n = 113) and severe (n = 84). The comparison of groups’ 
demographic data, comorbidities, clinical symptoms, and laboratory test results were done. Laboratory data of 
the patients within the first 24 h after admission to the hospital were evaluated. The calculation of receiver 
operating characteristic (ROC) curve was used to determine the diagnostic power of CAR in differentiating 
severity of COVID-19. Independent risk factors predictive of COVID-19 severity were determined by using lo-
gistic regression analysis. Although lymphocyte count levels were lower, severe COVID-19 patients had higher 
mean age, higher levels of neutrophil count, CRP, aspartate aminotransferase (AST), ferritin, and prothrombin 
time (P < 0.05). Compared with non-severe patients (median, 0.23 [IQR = 0.07–1.56]), patients with severe 
COVID-19 had higher CAR levels (median, 1.66 [IQR = 0.50–3.35]; P < 0.001). Age (OR = 1.046, P = 0.003), 
CAR (OR = 1.264, P = 0.037), and AST (OR = 1.029, P = 0.037) were independent risk factors for severe COVID- 
19 based on the multivariate logistic regression analysis. ROC curve analysis assigned 0.9 as the cut-off value for 
CAR for differentiation of severe COVID-19 (area under the curve = 0.718, 69.1% sensitivity, 70.8% specificity, 
P < 0.001). CAR is a useful marker in early differentiation of severity in patients hospitalized due to COVID-19 
that have longer hospital stay and higher mortality.   

1. Introduction 

In December of 2019, a novel coronavirus disease (COVID-19) star-
ted its worldwide spread from Wuhan, China. On March 11, 2020, the 
World Health Organization (WHO) declared COVID-19 as a pandemic 
due to its alarming rate of spread and countries’ inability to take action 
[1]. As of August 25, 2020, COVID-19 infected 23,518,843 individuals 
in virtually all parts of the world and caused 810,492 deaths [2]. 

COVID-19 is classified into four groups based on the clinical mani-
festations and disease severity as mild, moderate, severe, and critical 
[3]. Although most of the patients have mild and moderate cases, early 
diagnosis of severe and critical cases is important as it prolongs hospital 

stay and increases mortality rates [4,5]. Therefore, researchers are 
putting more effort to detect serious and critical cases at an earlier stage. 
At this point, the problem faced by researchers is how to monitor this 
patient group early and actively. 

Inflammation triggers the liver to synthesize numerous acute-phase 
reactants. One of such reactants is C-reactive protein (CRP), which can 
be used as biomarker in rheumatoid arthritis, cardiovascular disease and 
in the presence of infection [6,7]. It has been reported that in severe 
COVID-19 cases, CRP levels may raise before any findings can be 
observed on CT and thus CRP can be used to detect severe cases at an 
early stage [8]. On the other hand, the cytokine storm induced in hos-
pitalized COVID-19 cases may cause critical hypoalbuminemia, increase 
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the risk of death, and low albumin levels at the admission stage can 
predict the course of the disease independently from other indicators 
[9,10]. 

Prediction of severity of COVID-19 cases by using both the albumin 
and CRP have been documented as well as benefits of C-reactive protein 
to albumin ratio (CAR) as inflammation-related indicator of prognosis 
for diseases such as osteosarcoma [11]. Based on this information, we 
hypothesized that CAR can be used in early differentiation of the hos-
pitalized severe COVID-19 cases. 

2. Materials and methods 

2.1. Subjects 

This retrospectively designed study included COVID-19 patients 
hospitalized in a tertiary hospital between 18 March 2020 and 30 May 
2020. During hospitalization, the cases were diagnosed as mild, mod-
erate, severe, and critical based on WHO’s interim guidance [3]. We 
defined the mild and moderate subgroups as non-severe, severe and 
critical subgroups as severe. The non-severe group included symptom-
atic patients that had no indication of hypoxia or pneumonia as well as 
patients that had symptoms of moderate pneumonia such as dyspnea, 
cough and fever and oxygen saturation (SpO2) ≥ 90% on room air. 
Meanwhile, the severe group included patients that had at least one of 
the following: respiratory rate > 30/min, severe respiratory distress, 
SpO2 < 90% on room air, and arterial partial pressure of oxygen/frac-
tion inspiratory O2 ≤ 300 mmHg in addition to symptoms of pneumonia 
such as dyspnea, cough and fever as well as patients that required me-
chanical ventilation due to respiratory failure. Only patients above the 
age of 18 years were included in the study. Although the data from 310 
patients were available, 113 patients were excluded due to incomplete 
records, leaving a total of 197 patients. 

The ethics committee of our institution approved our research 
(Resolution Number 2020/8–19, dated July 08, 2020). Guidelines of the 
declaration of Helsinki were followed throughout the study. 

2.2. Laboratory assays and data collection 

Patients’ demographic data, signs and symptoms, comorbidities, and 
laboratory data were reviewed and collected from the hospital’s elec-
tronic information system. Laboratory data of the patients within the 
first 24 h after admission to the hospital were evaluated. 

Complete blood count analyses were performed in UniCel DxH 800 
hematology analyzer (Beckman Coulter, Miami, FL, USA), while C- 
reactive protein (CRP), glucose, creatinine, alanine aminotransferase 
(ALT), aspartate aminotransferase (AST), direct bilirubin (DBil), total 
bilirubin (TBil), and ferritin analyses were performed in AU 5800 
chemistry analyzer (Beckman Coulter, High Wycombe, UK). ADVIA -
Centaur XP immunoassay analyzer (Siemens Healthineers, Erlangen, 
Germany) was used for high sensitive troponin I (hs-TNI) analyses. CS 
2500 automated coagulation analyzer (Sysmex Corporation, Kobe, 
Japan) was used for prothrombin time (PT) and activated partial pro-
thrombin time (APTT) determination. COVID-19 diagnosis was done by 
real-time polymerase chain reaction (RT-PCR) (Bio-Speedy COVID-19 
RT-qPCR kit, Bioeksen R&D Technologies Ltd, Istanbul, Turkey) of 
viral nucleic acids form throat swab samples. 

2.3. Statistical analysis 

Dividing the neutrophil count (NEU) by the lymphocyte count (LYM) 
provided the neutrophil-to-lymphocyte ratio (NLR), while dividing the 
LYM by the monocyte count gave the lymphocyte-to-monocyte ratio 
(LMR). Moreover, dividing the values for CRP by those of albumin gave 
the CAR. 

Frequency (%) was used to express categorical variables. mean ±
standard deviation was used to express normally distributed continuous 

variables, while median (interquartile range) was used to present non- 
normally distributed continuous variables. The comparison of differ-
ences between the groups was done by chi-square test (categorical 
variables), independent samples t-test (normally distributed continuous 
variables), and Mann-Whitney U test (non-normally distributed 
continuous variables). The associations between non-normally distrib-
uted variables, the correlation coefficients and their significance were 
calculated using Spearman test. During the multivariate analysis, the 
possible factors identified with univariate analysis (age, coronary artery 
disease, diabetes mellitus, NLR, CAR, glucose, AST, ferritin, and PT) 
were further entered into the logistic regression analysis to determine 
independent predictors of COVID-19 severity. While differentiating the 
severity of COVID-19, the determination of area under the curve (AUC) 
and cut-off values was done by using receiver operating characteristic 
(ROC) curve analysis. MedCalc 15.0 (MedCalc, Ostend, Belgium) and 
SPSS 25.0 (IBM Corp., NY, USA) software packages were used to perform 
all statistical analyzes. P value of less than 0.05 was considered statis-
tically significant. 

3. Results 

This retrospectively designed study included 197 cases with 113 of 
them classified as having non-severe (mild, moderate) COVID-19 while 
84 were classified as severe (severe, critical) based on the diagnosis 
during admission. 

The median age of the non-severe COVID-19 group was significantly 
lower compared to the severe group (P < 0.001), but there was no sig-
nificant difference in terms of gender distribution (P = 0.761) (Table 1). 
We also observed that incidence of comorbidities such as hypertension, 
coronary artery disease, and diabetes mellitus (P = 0.045, 0.002, and 
0.001, respectively) was significantly higher in severe COVID-19 group. 
These three comorbidities were also the most frequent comorbidity 
parameters in total (44.2%, 16.2%, and 24.4%, respectively). At the 

Table 1 
Baseline characteristics of COVID-19 patients.  

Variables Total Non- 
Severe 

Severe P 

n = 197 n = 113 n = 84 

Age, years (mean ± SD) 54.0 ±
18.0 

48.0 ±
16.6 

62.1 ±
16.8  

<0.001 

Gender Female, n(%) 89 (45.2) 50 (44.2) 39 (46.4)  0.761  

Comorbidities 
Hypertension, n(%) 87 (44.2) 43 (38.1) 44 (52.4)  0.045 
Coronary artery disease, n(%) 32 (16.2) 10 (8.8) 22 (26.2)  0.002 
Diabetes mellitus, n(%) 48 (24.4) 17 (15.0) 31 (36.9)  0.001 
Hypothyroidism, n(%) 11 (5.6) 7 (6.2) 4 (4.8)  0.761 
Chronic renal failure, n(%) 12 (6.1) 7 (6.2) 5 (6.0)  1.000 
Malignancy, n(%) 14 (7.1) 5 (4.4) 9 (10.7)  0.156 
Chronic obstructive pulmonary 

disease, n(%) 
17 (8.6) 6 (5.3) 11 (13.1)  0.095 

Asthma, n(%) 10 (5.1) 6 (5.3) 4 (4.8)  1.000 
Hepatitis B, n(%) 3 (1.5) 2 (1.8) 1 (1.2)  1.000 
Cirrhosis, n(%) 3 (1.5) 2 (1.8) 1 (1.2)  1.000 
Cerebrovascular disease, n(%) 5 (2.5) 2 (1.8) 3 (3.6)  0.653  

Clinical symptoms 
Cough, n(%) 93 (47.2) 50 (44.2) 43 (48.8)  0.334 
Fever, n(%) 70 (35.5) 42 (37.2) 28 (33.3)  0.578 
Dyspnea, n(%) 56 (28.4) 24 (21.2) 32 (38.1)  0.015 
Headache, n(%) 18 (9.1) 15 (13.3) 3 (3.6)  0.037 
Pharyngalgia, n(%) 21 (10.7) 17 (15.0) 4 (4.8)  0.038 
Fatigue, n(%) 43 (21.8) 29 (25.7) 14 (16.7)  0.181 
Anosmia/Hyposmia, n(%) 4 (2.0) 4 (3.5) 0 (0)  0.137 
Dysgeusia, n(%) 4 (2.0) 3 (2.7) 1 (1.2)  0.638 
Length of hospital stay, day 

(median, IQR) 
8 (5–11) 6 (5–8) 10 

(8–15)  
<0.001 

Death, n(%) 8 (4.1) 0 (0) 8 (9.5)  <0.001 

Abbr: n, number; IQR, interquartile range; SD, standard deviation. 
Statistically significant P values are shown in bold. 
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time of admission, the most frequently observed clinical symptoms 
among all patients were cough, fever, and dyspnea (47.2%, 35.5%, and 
28.4%, respectively). However, frequency of dyspnea, headache, and 
pharyngalgia were significantly different between the groups (P =
0.015, 0.037, 0.038, respectively). Severe COVID-19 group also had 
longer hospital stay and higher mortality as expected (P = 0.001 for both 
variables). 

Table 2 depicts the laboratory results from both groups. The severe 
COVID-19 group had significantly higher NEU, NLR, CRP, CAR, glucose, 
AST, ferritin, and PT values (P = 0.038, 0.003, <0.001, <0.001, 0.014, 
0.047, 0.003, and 0.024, respectively), while its LYM values were 
significantly lower compared to the non-severe group (P = 0.012). 

Correlation analysis in all subjects showed that age was negatively 
correlated with albumin (r = -0.419, P < 0.001). However, there was no 
correlation between age and both CRP and CAR (r = 0.096, P = 0.179 
and r = 0.132, P = 0.064; respectively). Multivariate logistic regression 
analysis identified that age, CAR, and AST are independent risk factors 
that can forecast how severe the patients COVID-19 disease will progress 
(Table 3). 

ROC curve analysis is shown in Fig. 1. Based on the interpretation of 
AUC proposed by Hosmer and Lemeshow [12], AUC values indicated 

poor discrimination between our groups by AST (AUC = 0.584, 95% 
confidence interval: 0.511-0.655, 32.5% sensitivity, 82.4% specificity, 
P = 0.044) and acceptable discrimination by CAR. ROC curve analysis 
assigned 0.9 as the cut-off value for CAR for discrimination severe 
COVID-19 with an AUC of 0.718 (95% confidence interval: 0.649–0.779, 
69.1% sensitivity, 70.8% specificity, P < 0.001). Comparison of efficacy 
of CAR and CRP in predicting severity of COVID-19 by ROC analysis 
revealed that CRP’s cut-off value was 19.9 and AUC value was 0.697 
(95% confidence interval: 0.624–0.771, 73.8% sensitivity, 64.6% spec-
ificity, P < 0.001). 

4. Discussion 

In this study we showed that CAR can be effectively used in early 
differentiation of the COVID-19 severity in hospitalized patients. We 
found that older age, elevated levels of inflammation markers, along 
with increased incidence of diabetes mellitus, hypertension, and coro-
nary artery disease are common in patients that have severe COVID-19 
and have high CAR levels. Multivariate logistic regression analysis 
model reinforced the notion that in severe COVID-19, CAR can be used 
as an independent risk factor. 

Elevated inflammation markers at the time of admission and older 
age have previously been reported as significantly related to COVID-19′s 
severe manifestation [13]. The positive correlation between CRP levels 
on admission and the diameter of the lung lesion was also reported to 
indicate disease severity [14]. Another indicator of COVID-19 severity is 
presence of hypertension, coronary heart disease, and diabetes mellitus 
[15]. Glycolipid metabolic disorders can induce cytokine storm and an 
imbalance between this cytokine storm and angiotensin converting 
enzyme 2 may affect the severity of COVID-19 [15]. The results of our 

Table 2 
Laboratory results of the COVID-19 patients.  

Parameter Total Non-Severe Severe P 

n = 197 n = 113 n = 84 

WBC (x 109/ 
L) 

7.40 
(5.40–9.85) 

7.20 
(5.30–8.90) 

7.50 
(5.45–10.35)  

0.266 

NEU (x 109/ 
L) 

4.60 
(3.30–7.00) 

4.40 
(3.10–6.40) 

5.10 
(3.80–8.20)  

0.038 

LYM (x 109/ 
L) 

1.50 
(1.00–2.00) 

1.60 
(1.10–2.10) 

1.20 
(0.80–1.80)  

0.012 

MON (x 
109/L) 

0.60 
(0.40–0.90) 

0.60 
(0.40–0.90) 

0.60 
(0.50–0.88)  

0.556 

PLT ((x 109/ 
L) 

216.0 
(172.0–299.0) 

216.0 
(175.0–296.0) 

219.0 
(165.0–334.0)  

0.691 

NLR 3.13 
(1.92–6.62) 

2.53 
(1.75–4.38) 

4.31 
(2.13–8.34)  

0.003 

LMR 2.40 
(1.58–3.50) 

2.53 
(1.70–3.67) 

2.23 
(1.43–3.00)  

0.052 

CRP (mg/L) 19.6 
(5.78–89.53) 

9.5 
(2.75–63.0) 

58.3 
(16.3–99.7)  

<0.001 

CAR 0.53 
(0.14–2.56) 

0.23 
(0.07–1.56) 

1.66 
(0.50–3.35)  

<0.001 

Glucose 
(mmol/L) 

6.4 (5.6–8.4) 6.2 (5.2–7.7) 6.7 (6.1–8.6)  0.014 

Creatinine 
(µmol/L) 

79.56 
(70.72–106.08) 

79.56 
(70.72–97.24) 

88.40 
(70.72–114.92)  

0.093 

AST (U/L) 26.0 
(19.0–37.0) 

25.0 
(18.0–35.0) 

28.0 
(21.0–44.0)  

0.047 

ALT (U/L) 21.0 
(13.0–34.0) 

22.0 
(12.0–36.0) 

20.0 
(14.0–33.0)  

0.787 

TBil (µmol/ 
L) 

9.23 
(7.39–13.17) 

9.41 
(7.52–13.42) 

9.06 
(7.35–12.65)  

0.672 

DBil (µmol/ 
L) 

1.80 
(1.37–2.52) 

1.71 
(1.20–2.27) 

1.88 
(1.37–2.78)  

0.336 

Ferritin (µg/ 
L) 

142.0 
(54.0–294.7) 

84.7 
(38.0–255.0) 

217.7 
(101.1–433.5)  

0.003 

hs-TNI (ng/ 
L) 

2.50 
(0.02–8.34) 

2.50 
(0.02–7.94) 

2.50 
(0.02–9.82)  

0.849 

PT, second 12.6 
(11.9–13.7) 

12.4 
(11.7–13.4) 

13.0 
(12.1–13.8)  

0.024 

APTT, % 25.1 
(23.5–27.5) 

24.6 
(23.6–26.7) 

26.2 
(23.3–28.8)  

0.336 

Abbr: WBC, white blood cell count; NEU, neutrophil count; LYM, lymphocyte 
count; MON, monocyte count; PLT, platelet count; NLR, neutrophil-to- 
lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio; CRP, C-reactive pro-
tein; CAR, C-reactive protein to albumin ratio; AST, aspartate aminotransferase; 
ALT, alanine aminotransferase; TBil, total bilirubin; DBil, direct bilirubin; hs- 
TNI, high sensitive troponin I; PT, prothrombin time; APTT, activated partial 
prothrombin time; n, number. 
Statistically significant P values are shown in bold. 

Table 3 
Regression analysis of risk factors for severe COVID-19.  

Parameter B SE Wald P OR (95% CI) 

Age  0.045  0.015  8.939  0.003 1.046 (1.016–1.077) 
CAR  0.235  0.113  4.330  0.037 1.264 (1.014–1.577) 
AST  0.028  0.014  4.334  0.037 1.029 (1.002–1.057) 

Abbr: CAR, C-reactive protein to albumin ratio; AST, aspartate aminotrans-
ferase; OR, Odds ratio; CI, confidence interval. 

Fig. 1. Receiver operating characteristic curve of independent risk factors for 
the severe COVID-19. 
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study are in agreement with the aforementioned literature. 
CRP, has been used as a systemic marker for tissue damage, infection, 

and inflammation ever since it was first identified as an acute phase 
protein. When bound to macromolecular ligands, CRP strongly activates 
the classical complement pathway and can also regulate alternative 
pathway amplification as well as C5 convertases [16]. The CRP 
expression level is usually low, but increases rapidly during acute in-
flammatory responses from plasma levels of 1 µg/mL to 500 µg/mL [7]. 
The prognostic value of CRP has been demonstrated in nasopharyngeal 
carcinoma [17], colorectal cancer with liver metastasis [18], and 
amyotrophic lateral sclerosis [19]. Li et al. stated that CRP can be used 
as an indicator in the progression of COVID-19 and can allow for an early 
identification of severe cases therefore contributing to the decrease in 
mortality [20]. 

Albumin is the main protein synthesized in the liver and can be 
notably negatively affected by factors such as inflammation rather than 
nutritional intake [21]. Inflammation may cause a decrease in serum 
albumin levels by downregulating albumin synthesis by means of IL-6 
and TNF-α or by increasing its catabolism [22,23]. On the other hand, 
albumin is also a prognostic factor for poor long-term survival after 
surgery in colorectal cancer, and its low levels at the time of admission 
increase short and long-term mortality in hospitalized patients [24,25]. 
Low serum albumin levels have also been reported to indicate poor 
prognosis in COVID-19 patients [9]. 

We hypothesized that combining CRP and albumin in an index may 
have a prognostic value in inflammation and can predict COVID-19′s 
severity in hospitalized patients within the first 24 h after admission. 
Combining albumin and CRP in an index has previously been proposed 
in various diseases. Fairclough et al. proposed the concept of CAR in 
2009 [26]. Ranzani et al. stated that CAR can predict mortality in 
intensive care unit [27]. Also, Kinoshita et al. demonstrated CAR’s in-
dependent prognostic value in hepatocellular carcinoma and stated that 
it has a prognostic power comparable to other inflammation-based 
prognostic scores [28]. There is only one study evaluating the efficacy 
of CAR in COVID-19 patients in the literature. Wang et al. stated that 
CAR could be a warning sign for early COVID-19 severity [29]. Similar 
to our study, Wang et al. reported that in patients with severe COVID-19, 
CAR was significantly elevated compared to the non-severe group. Their 
multivariate regression analyses also revealed CAR as an independent 
risk factor for COVID-19′s severity. Because CAR is derived from only 
two laboratory data and is easily analyzed in many centers, it can be a 
simple, useful, and inexpensive prognostic marker to foresee severity of 
COVID-19 in patients when they first arrive at the hospital. In addition, 
having a higher AUC in ROC analysis than CRP makes CAR a significant 
marker in early detection severe COVID-19. 

The incidence of Kawasaki disease, a rare hyper inflammatory- 
syndrome that increases the risk of coronary artery aneurysm in chil-
dren, has increased during the COVID-19 pandemic [30]. Kawasaki 
disease and acute respiratory distress syndrome are of concern to cli-
nicians, and inclusion of CAR in the initial evaluation of hospital ad-
missions may make it possible to identify and closely monitor patients in 
whom these conditions may develop. In addition, although there are 
currently no standardized criteria for COVID-19 patients to be admitted 
to intensive care units [31], it may be possible to classify patients 
requiring strict monitoring and early possible therapeutic intervention 
by using CAR as a risk factor. 

Limitations of our study are small size and retrospective design. 
Moreover, similar to other retrospective studies, we cannot completely 
rule out the impact of selection bias. There is a need for further pro-
spective studies to confirm our findings. 

In conclusion, CAR is a useful marker in early differentiation of 
severity in patients hospitalized due to COVID-19 that have longer 
hospital stay and higher mortality. 
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