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Abstract: Introduction: In 2019, a new coronavirus disease spread throughout the world from the city of
Wuhan, China. COVID-19 is divided into four groups according to clinical symptoms and disease severity:
mild, moderate, severe, and critical. Budgeted rates of CRP and albumin utilization will be used to estimate
the incidence of COVID-19 cases. Based on this data, the aim of this study is to evaluate the diagnostic power
of the C-reactive protein to albumin ratio in the early differentiation of severe hospitalized cases of COVID-19.
Materials and Methods: During hospitalization, cases will be classified as mild, moderate, severe, and critical
according to the WHO interim guidance. The mild and moderate subgroups will be classified as non-severe
(group 1), and the severe and critical subgroups will be classified as severe (group 2). Demographic data,
morbidity, and mortality rates will be recorded.
Results: The exitus rates and length of hospital stay were significantly higher in group 2.
Conclusions: The C-reactive protein/albumin ratio has predictive value in severe COVID-19 patients who
are candidates for ICU admission or endotracheal intubation. However, it is thought that supporting this
data with a larger number of patients and multicenter studies would increase the value of the data.
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1. Introduction

I n December 2019, a new coronavirus disease (COVID-19) emerged from the city of Wuhan, China.
COVID-19 is classified into four categories based on clinical symptoms and disease severity: mild,

moderate, severe, and critical [1]. Although the majority of patients have mild to moderate symptoms,
early diagnosis is crucial to prevent extended hospitalization and increased mortality rates [2,3]. As a result,
researchers are striving to detect severe and critical cases at an early stage. The primary challenge faced by
researchers at this point is the lack of clarity around the parameters that should be used for early diagnosis
of critical intensive care patients. Inflammation can trigger the liver to synthesize an excessive amount
of acute phase reactants, including C-reactive protein (CRP). CRP can be used as a biomarker in various
conditions, including rheumatoid arthritis, cardiovascular diseases, and infection [4,5]. In severe critical cases
of COVID-19, elevated CRP levels have been reported before any findings on CT scan, indicating that CRP can
be used to identify severe cases at an early stage [6].

In addition, cytokine storms induced in critical COVID-19 cases can cause critical hypoalbuminemia,
which increases the risk of death. Low albumin levels at the patient’s hospital admission stage can
independently predict disease course, irrespective of other indicators [7,8]. The utilization rates of CRP and
albumin budgets (which will be used in calculating the CAR protein for osteosarcoma) will be utilized to
estimate the incidence of COVID-19 cases [9,10]. Based on this data, the goal is to evaluate the diagnostic
efficacy of the C-reactive protein to albumin ratio (CAR) in the early differentiation of severe hospitalized
COVID-19 cases.
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2. Materials and Methods

This study was designed retrospectively to include COVID-19 patients who were hospitalized at the
pandemic service and intensive care unit of Usak Training and Research Hospital between April 1, 2021,
and October 1, 2021. Patients were classified as mild, moderate, severe, and critical according to the interim
guidance of the World Health Organization (WHO). The non-severe subgroups (mild and moderate) were
categorized as group 1, while the severe and critical subgroups were categorized as group 2. Group 1 included
patients without symptomatic hypoxia and with moderate pneumonia symptoms such as dyspnea, cough,
fever, and room air oxygen saturation (SpO2) of at least 90%. Group 2 consisted of patients with at least
one of the following: respiratory rate >30/min, severe respiratory distress, SpO2 in room air <90%, and
oxygen/fraction arterial partial pressure = 300 mmHg, in addition to pneumonia symptoms such as dyspnea,
cough, and fever patients requiring mechanical ventilation therapy due to respiratory failure.

Only patients over the age of 18 were included in the study. Demographic data, signs and symptoms,
comorbidities, and laboratory data were collected from the hospital’s electronic information system.
Laboratory data obtained within the first 24 hours after hospitalization were evaluated, including complete
blood count, C-reactive protein (CRP), albumin, glucose, creatinine, alanine aminotransferase (ALT), aspartate
aminotransferase (AST), direct bilirubin (DBil), total bilirubin (TBil), ferritin, troponin, prothrombin time (PT),
and activated partial prothrombin time (APTT).

Sample size was calculated using G Power 3 software. The study included 24 cases in each group,
which was determined to be sufficient for comparing the numerical variables between the C-reactive
protein/albumin ratios of the two groups using the Mann-Whitney U test with a 5

2.1. Exclusion criteria

Patients under 18 years of age and patients with missing CRP, albumin, glucose, creatinine, ALT, AST,
DBil, TBil and ferritin, troponin, PT and APTT records in the first 24 hours were not included in the study.

3. Results

No significant difference was found between demographic data. There was no significant difference
between patients with chronic diseases. There was a significant difference between the length of stay in
the hospital and the exitus rates. Exitus rates and length of hospital stay were significantly higher in
group 2 (severe ill group) (Table 1). When the patient’s symptoms were examined, no significant difference
was observed except fever and dyspnea, but fever and dyspnea rates were significantly higher in group
2. When complete blood count parameters were examined, a statistically significant difference was found
in lymphocyte, monocyte, and neutrophil-lymphocyte ratios. While there was a significant decrease in
lymphocyte and monocyte counts in group 2, NLR was significantly higher. The CRP/Alb ratio (CAR) was
found to be significantly higher in group 2 (Table 2).

Mean, standard deviation, or median (25.pers-75.pers) statistics were given for numerical variables, and
frequency (percentage) statistics were given for categorical variables. Wilcoxon Rank Sum test was used in
the analysis of numerical variables, and Pearson Chi-Square or Fisher’s exact test was used in the analysis of
categorical variables. Analytics R 4.1.3 (R Core Team 2022) done with the program. p<0.05 was considered
significant.

4. Discussion

According to WHO data, COVID-19 disease has caused a worldwide pandemic and more than 2 million
deaths [1]. Due to the large number of patients applying to health institutions at the same time, the need for
management, classification, and treatment of these patients by directing them to different units according to
their severity has arisen [11]. Because of this need, physicians have sought many different methods in order
to predict which patients will need intensive care conditions/endotracheal intubation with milder symptoms
[12]. The study it is aimed to contribute to this issue by using frequently used and easily accessible biochemical
parameters (CRP, Alb). It has been reported in previous studies that high CRP values are correlated with
the presence of infiltration in lung tomography imaging [6] and that CRP values increase early [10]. For
this reason, in our retrospective study, in which the test results obtained at the stage without pneumonic
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Table 1. Demographic Information by Health History

Variable Good n=241 Severe n=261 p-value2
Age 74.50±6.20 75.04±7.23 >0.9
Gender 0.8
E 12 (50%) 14 (54%)
K 12 (50%) 12 (46%)
HT 14 (58%) 12 (46%) 0.4
CAD 14 (58%) 15 (58%) >0.9
DM 9 (38%) 13 (50%) 0.4
CRD 0 (0%) 1 (3.8%) >0.9
COPD 10 (42%) 7 (27%) 0.3
CVD 3 (12%) 4 (15%) >0.9
Hospital Stay 7.83±4.07 13.77±8.38 0.007
Exitus 0 (0%) 15 (58%) <0.001
Mean±SD; n (%)
Wilcoxon rank sum test; Pearson’s Chi-squared test; Fisher’s exact test

Table 2. Biochemical Parameters by Health Condition

Variable Good n=241 Severe n=261 p-value2
WBC 9.91±4.17 9.68±6.04 0.5
NOTR 7.57±3.39 8.45±5.21 >0.9
LENF 1.65(0.94-2.20) 0.81(0.49-1.58) 0.015
MON 0.64±0.34 0.35±0.20 0.002
PLT 242.12±107.11 269.96±81.61 0.12
NLO 3.17(2.44-6.37) 8.74(4.89-16.09) 0.004
LMO 2.71(2.00-3.25) 2.76(1.96-3.28) 0.9
CRP 46.62±43.91 148.70±83.71 <0.001
ALB 36.68±3.48 32.65±4.34 0.001
CAR 1.31±1.28 4.75±2.81 <0.001
Glucose 127.46±32.46 147.92±58.04 0.6
Creatinin 0.96(0.82-1.10) 1.30(0.89-1.98) 0.023
ALT 22.38±15.91 26.08±15.31 0.2
AST 23.67±9.65 36.42±19.91 0.020
DBIL 0.23(0.17-0.30) 0.28(0.20-0.48) 0.10
TBIL 0.50(0.40-0.80) 0.60(0.40-0.80) 0.7
Ferritin 267.96±286.52 714.40±536.41 <0.001
Troponin 0.01(0.00-0.03) 0.05(0.01-0.26) 0.019
PT 96.95±24.34 88.37±30.14 0.3
APTT 26.35±8.40 26.66±5.55 0.3
PTZ 11.10(10.70-12.12) 11.75(11.15-12.95) 0.080
Mean±SD; Median(25%-75%)
Wilcoxon rank sum test
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infiltrates on the chest X-ray were evaluated, patients with oxygen saturation less than 90%, a respiratory
rate more than 30/min, and pO2/FiO2 less than 300 mmHg according to arterial blood gas results showed
severe disease. Group 2) and patients with milder symptoms in the other group (group 1) were classified,
and the patients were retrospectively examined in terms of disease course and outcomes. According to our
statistical results, the high mortality rate in group 2 and the high CRP/Alb rate we followed were considered
significant.It has also been reported in previous studies that the Alb value begins to decrease before the disease
progresses [8]. In addition, it has been reported that cytokines are effective in inflammation processes that are
responsible for lung involvement [7,8]. Although our case number is limited and our study is retrospective,
the number of cases is sufficient according to our power analysis results before the study. Considering that
this rate was much lower in Group 1 and there was no mortality, it was concluded that when CRP/Alb was
used predictively, consistent predictions could be made to make a significant difference in mortality and ICU
admissions. There was no statistically significant difference between the demographic data of the patients
and their chronic diseases. In the patients whose data were analyzed in our study, chronic disease rates
were found to be similar in both groups. Considering that no statistically significant correlation could be
established between the patients’ previous HT, DM, or COPD and the course of the disease, the need to focus
on biochemical parameters is undeniable.

On the other hand, cytokine storms induced in critical COVID-19 cases can cause critical
hypoalbuminemia, and increase the risk of death, and low albumin levels at the patient’s admission stage
can be used to predict disease course independently of other indicators [7,8]. CRP and albumin together and
the ratio of C-reactive protein to albumin (CAR) have been used to estimate the severity of COVID-19 cases,
with documented benefits as an indicator of inflammation-related prognosis for diseases such as osteosarcoma
[9,10].

The fact that there was a significant increase in the duration of hospital stay of the patients in Group 2
supports the clinical picture of more severe disease. Considering both the clinical sense and the high mortality
rates caused by the disease severity, the increase in the CAR parameter increases the predictive value. Since the
beginning of the epidemic, changes in the biochemical parameter caused by the disease are known [3]. Zuang
et al., reported that the risk of poor clinical outcome may increase in patients with advanced age, chronic
comorbidities, blood leukocyte/lymphocyte count, procalcitonin level, and coinfections. However, according
to the data of our study, higher mortality and longer hospital stays were observed in the patient group with a
high CAR ratio, in groups that did not differ in terms of chronic diseases and demographic data. According to
these results, biochemical parameters provided more consistent clinical prediction.

5. Conclusions

CAR has predictive value in severe covid patients who are candidates for ICU admission/endotracheal
intubation. however, it was thought that supporting this data with higher numbers of patients and multicenter
studies would increase the value of the data.
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