
Introduction
The outbreak of severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) began in 2019 and was named 
Coronavirus disease 2019 (COVID-19) by the World 
Health Organization (WHO) in early 2020. Although 
the disease was initially believed to have originated from 
animal-to-human transmission in a seafood and wild-
animal market, it soon became clear that COVID-19 can 
be transmitted from person to person. The main cause of 
death is usually due to complications involving multiple 

organs, including pneumonia (1-4).
COVID-19 is a highly contagious viral infection that 

can easily be transmitted from person to person. The virus 
likely enters human respiratory epithelial cells through 
interaction between its surface proteins and angiotensin-
converting enzyme 2 (ACE-2) receptors on human cells. 
The number of COVID-19 cases has spread rapidly 
worldwide and has been recognized as a global pandemic 
(1, 2, 5-7).

Patients with COVID-19 present with a range of 
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Abstract
Introduction: Coronavirus disease 2019 (COVID-19) can cause significant changes in serum 
biomarkers. C-reactive protein (CRP) and albumin (Alb) are proteins that can serve as potential 
markers of systemic inflammation. This study aimed to investigate CRP levels and the CRP/Alb 
ratio among hospitalized patients with COVID-19.
Methods: This cross-sectional analytical study was conducted among 114 patients with 
COVID-19 who were admitted to Al-Zahra Hospital in Isfahan, Iran, between 2021 and 2022. 
After checking the inclusion and exclusion criteria, demographic variables such as age, sex, and 
education level were collected, along with clinical data, including the number of days since 
symptom onset, length of hospitalization, initial oxygen saturation, severity of lung involvement, 
CRP, albumin, and the CRP/Alb ratio. Data were analyzed using SPSS version 20.
Results: The mean age of participants in this study was 60.36 ± 16.37 years, with 63% being 
men. The mean first-day CRP level was 55.59 ± 33.81. The mean CRP/Alb ratio in all patients 
was 17.31 ± 11.60. In the group with severe lung involvement, the mean CRP/Alb ratio and Alb 
level were 22.99 ± 11.27 and 3.14 ± 0.46, respectively. Patients with severe lung involvement 
exhibited significant clinical and statistical differences in CRP/Alb ratio and albumin and 
CRP levels compared with those with mild or moderate lung involvement (P < 0.05). Receiver 
operating characteristic curve analysis showed that baseline CRP/Alb ratio had a moderate 
predictive performance for 28-day mortality (AUC: 0.72, 95% CI: 0.587-0.853).
Conclusion: The results showed that the CRP/Alb ratio can be a useful prognostic marker in 
patients with COVID-19. Further studies are needed to evaluate the prognostic value of this 
index in patients with COVID-19 and other diseases.
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different initial symptoms, the most common of which 
are fever, myalgia, fatigue, and dry cough. In fact, patients 
with COVID-19 are more likely to develop respiratory 
symptoms, such as dry cough and shortness of breath. 
This disease can affect the lungs with manifestations 
ranging from mild to severe, similar to those of other 
respiratory viral diseases (7-12). Most patients recover 
without serious complications; however, patients with 
underlying conditions, such as diabetes, hypertension, 
heart disease, and obesity, may experience more severe 
disease. Several days after the onset of the disease, some 
patients may develop severe shortness of breath and 
hypoxia, which can rapidly progress to acute respiratory 
distress syndrome (ARDS) or organ failure due to the 
severity of the disease. Currently, various vaccines are 
being tested and administered in different parts of the 
world, and prevention and widespread vaccination seem 
to be the best approaches (1, 8-12).

Clinical data have shown that certain laboratory 
indicators can be used to assess disease severity. 
C-reactive protein (CRP) is an acute-phase protein and 
one of the most important indicators used in medical 
science. It is widely used in various diseases, especially 
acute inflammatory diseases, mainly due to its relatively 
low cost. Given the prevalence of COVID-19, identifying 
more accurate indicators is increasingly necessary (8-
12). In addition, albumin is one of the most important 
indicators of the patient’s nutritional status. Low albumin 
levels can adversely affect the body’s immune system. The 
ratio of CRP to Alb (CRP/Alb) has also been investigated 
in several diseases and has been used as an effective 
indicator in clinical medicine. 

CRP is an inflammatory marker and, along with 
albumin, can serve as an inexpensive and available marker 
for monitoring patients. Some studies have shown that 
these indices can be useful for monitoring the status of 
patients with inflammatory and infectious diseases (1, 2). 
It has also been used as an indicator for determining the 
prognosis of some cancers. Recently, some studies have 
recommended using this indicator for COVID-19, but few 
studies have been conducted in this area. Therefore, this 
study can help to better understand this novel indicator in 
patients with COVID-19 (13-19, 20-27).

The use of laboratory indices, due to their availability 
and low cost, can be useful for monitoring patients and 
following up on their clinical status. Given the above 
and the need to identify better indicators for this disease, 
this study aimed to investigate the levels of CRP and 
albumin and the CRP/Alb ratio in hospitalized patients 
with COVID-19 at Alzahra Hospital, Isfahan, Iran, during 
2021-2022.

Materials and Methods
This cross-sectional study was conducted on 114 patients 
with COVID-19 who referred to Al-Zahra Hospital in 
Isfahan in 2021-2022. COVID-19 diagnosis was confirmed 
through reverse transcription-polymerase chain reaction 
(RT-PCR) tests and imaging findings. We examined the 

medical records, laboratory results, nursing reports, and 
lung high-resolution computed tomography (CT) scans 
of all patients who had confirmed COVID-19 infection. 
The patients were admitted to the hospital between 
January 2021 and February 2022. Data collection forms 
were used to collect epidemiological, clinical, laboratory, 
radiological, and treatment data from medical records. To 
ensure accuracy, two researchers independently reviewed 
the data collection forms.

Exclusion criteria included rheumatologic diseases, 
cancer in the past six months, lack of necessary data, 
infectious diseases in the two weeks prior to hospitalization, 
and treatment with drugs effective on CRP (celecoxib, 
fenofibrate, niacin, vitamin E, Non-steroidal anti-
inflammatory drugs (NSAIDs), anti-rheumatic drugs, 
and so on) in the two weeks before hospitalization.

Method
Collected variables included demographic characteristics 
(age, sex, and education level) and clinical data (the 
number of days since symptom onset, length of hospital 
stay, medical history, initial oxygen saturation, severity 
of lung involvement on CT scan, and smoking status. 
Laboratory data included blood CRP levels, blood albumin 
levels, CRP/Alb ratio, and CRP levels on days 1, 3, and 5. 
The severity of lung involvement was determined as mild, 
moderate, or severe by an experienced internal medicine 
specialist. Patients were subsequently divided into mild, 
moderate, and severe groups based on the degree of 
pulmonary involvement. Pulmonary involvement was 
assessed based on CT scan.

Statistical Analyses
Data were analyzed using parametric or nonparametric 
statistical tests in SPSS software (version 20.0). 
Quantitative data were expressed as mean ± standard 
deviation (SD) for normally distributed data, while 
qualitative data were reported as frequencies, medians, 
interquartile ranges, and percentages. In all analyses, a 
P-value < 0.05 was considered statistically significant. 

Ethical Considerations
This study was conducted in accordance with the 
principles of the Declaration of Helsinki. Patient 
demographic information was kept confidential, and the 
study protocol was approved by the Ethics Committee 
of Isfahan University of Medical Sciences (Ethics code: 
IR.MUI.MED.REC.1401.111).

Results 
The mean age of participants in this study was 60.36 ± 16.37 
years, with 75 men and 44 women (Tables 1 and 2, 
Figure 1). Upon admission, the initial oxygen saturation 
among patients without oxygen was 86.28 ± 3.49%, and 
the mean length of hospital stay was 10.72 ± 9.41 days. 

The mean CRP level on day 1 was 55.59 ± 33.81 mg/L, 
which subsequently decreased on day 3 (35.87 ± 33.10 
mg/L) and day 5 (30.85 ± 32.95 mg/L) of hospitalization. 
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The mean CRP level at admission was significantly higher 
in patients with severe lung involvement (68.07 ± 29.07 
mg/L) compared to those with moderate (54.75 ± 36.56 
mg/L) and mild lung involvement (35.36 ± 26.05 mg/L). 
This difference between the severe and mild lung-
involvement groups was statistically significant (P < 0.05), 

as illustrated in Table 3. The mean albumin was 3.37 ± 0.45 
among all patients.

The proportion of smokers was higher among patients 
with severe lung involvement (32%) compared to those 
with moderate involvement (28%) or mild involvement 
(10%). The mean CRP/Alb ratio among all patients was 
17.31 ± 11.60. In patients with severe lung involvement, 
the mean CRP/Alb ratio was 22.99 ± 11.27, compared with 
11.87 ± 16.24 and 10.11 ± 7.79 in patients with moderate 
and mild lung involvement, respectively. Patients with 
severe lung involvement had significantly higher CRP/
Alb ratios than the other two groups, both clinically and 
statistically (P < 0.05), as depicted in Table 3. Receiver 
operating characteristic curve analysis showed that the 
baseline CRP/Alb ratio was a moderate predictor of 28-
day mortality (AUC: 0.72, 95% CI: 0.587-0.853).

Table 1. Demographics and Baseline Characteristics of Patients Infected with 
COVID-19

Variables Number Minimum Maximum Mean ± SD

Age (years) 114 30.00 103.00 60.36 ± 16.37

Oxygen 
Saturation (%)

112 72.00 94.00 86.28 ± 3.49

Days From 
Symptom Onset

101 5.00 50.00 17.19 ± 9.74

Hospitalization 
Duration (Days)

101 1.00 70.00 10.72 ± 9.41

Creatinine 116 0.30 3.70 1.20 ± 0.55

GFR (mL/min) 108 30 128 69.7 ± 40.9

Albumin(g/Dl) 110 2.00 4.20 3.37 ± 0.45

White Blood Cells 108 2300.00 17800.00 7491.66 ± 3313.04

Neutrophils (%) 94 5.00 95.00 76.12 ± 14.70

Lymphocytes (%) 105 1.00 85.00 16.72 ± 14.23

ESR 113 2.00 102.00 48.17 ± 25.92

CRP Day 1 117 1.00 111.00 55.59 ± 33.81

CRP Day 3 88 1 124 35.87 ± 33.10

CRP Day 5 57 1 122 30.85 ± 32.95

CRP/Alb Ratio 110 0.24 55.50 17.31 ± 11.60

Note. SD: Standard deviation; CRP: C-reactive protein; GFR: Glomerular 
filtration rate; Alb: Albumin; ESR: Erythrocyte sedimentation rate.

Table 2. Demographics and Baseline Characteristics of Patients Infected With COVID-19 According to Severity

Variables
Severity, N = 114 (%)

Mild Moderate Severe Total

Sex
Male 16 (14.03) 26 (22.80) 23 (20.20) 65

Female 13 (11.40) 20 (17.54) 16 (14.03) 49

Age (Years) - 54.12 ± 16.64 57.75 ± 15.82 66 ± 13.75 -

Education

Elementary 6 (5.26) 6 (5.26) 6 (5.26) 18

Middle School 4 (3.50) 10 (8.77) 12 (10.52) 26

High school 10 (8.77) 9 (7.89) 7 (6.14) 26

University 15 (13.20) 19 (16.66) 10 (8.77) 44

Ischemic Heart Disease Yes 4 (21.05) 8 (42.10) 7 (36.84) 19

Diabetes Mellitus Yes 1 (4.7) 12 (57.14) 8 (38.09) 21

Hypertension Yes 6 (20.00) 14 (46.66) 10 (33.33) 30

Dyslipidemia Yes 2 (11.76) 10 (58.82) 5 (29.41) 17

Remdesivir Yes 21 (25.92) 34 (41.97) 26 (32.09) 81

Dexamethasone Yes 26 (26.53) 44 (44.89) 38 (38.77) 98

PTE Yes 0 2 (40.00) 3 (60.00) 5

DVT Yes 0 0 0 0

Death Yes 0 0 9 (100) 9

ESR - 45.96 ± 28.8 48.78 ± 25.35 52.55 ± 22.9 48.82 ± 25.7

Albumin*(g/dL) - 3.57 ± 0.41 3.41 ± 0.42 3.14 ± 0.46 3.36 ± 0.46

GFR (mL/min) - 79.50 ± 17.62 79.04 ± 57.59 53.93 ± 22.367 69.64 ± 41.44

Note. COVID-19: Coronavirus disease 2019; SD: Standard deviation; PTE: Pulmonary thromboembolism; DVT: Deep vein thrombosis; ESR: Erythrocyte 
sedimentation rate; GFR: Glomerular filtration rate.

Figure 1. Age Distribution of Patients With COVID-19 Based on Severity of 
Lung Disease. Note. COVID-19: Coronavirus disease 2019
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Discussion
Coronavirus disease spread rapidly worldwide in 2020. 
The clinical manifestations of the disease include difficulty 
breathing, fever, cough, and fatigue, which in some cases 
can lead to serious complications. To identify predictors 

of severe complications in patients with COVID-19, many 
studies have investigated various inflammatory markers 
and the immune system’s response to viral infection (1-4, 
22-25).

One marker of interest in this area is the CRP/Alb ratio. 

Table 3. Demographics and Baseline Characteristics of Patients Infected With COVID-19 According to CRP and CRP/Alb Levels

Variables
CRP/Alb CRP

N Mean SD Minimum Maximum N Mean SD Minimum Maximum

Age (years)

 < 40 12 15.94 8.67 2.75 26.86 15 55.20 29.74 11.00 94.00

41-60 42 16.05 11.00 0.25 38.85 44 52.88 33.42 1.00 107.00

 > 60 50 18.70 13.02 0.24 55.50 52 57.37 36.12 1.00 111.00

Total 104 17.31 11.78 0.24 55.50 111 55.30 34.04 1.00 111.00

Sex

Male 70 17.59 12.05 0.24 55.50 72 55.48 34.02 1.00 122.00

Female 40 16.82 10.88 0.24 55.50 45 55.76 33.86 1.00 111.00

Education Level

Elementary 14 19.3662 13.69 0.30 41.82 16 56.37 34.49 1.00 94.00

Mid School 27 19.37 13.41 0.27 55.50 28 58.76 36.43 1.00 111.00

High school 21 17.70 10.73 0.24 31.71 22 58.09 36.34 1.00 111.00

University 38 15.60 10.68 0.25 38.85 41 52.75 32.26 1.00 101.00

Total 100 17.59 11.86 0.24 55.50 107 55.96 34.17 1.00 111.00

Oxygen Saturation (%)

 < 80 7 18.42 18.19 0.28 41.82 7 45.47 40.89 1.00 92.00

80-85 29 18.09 10.77 0.25 33.57 30 54.72 34.14 1.00 111.00

 > 85 67 16.56 11.66 0.24 55.50 72 54.27 33.81 1.00 111.00

Disease Severity

Mild 23 10.11£ 7.79 0.25 28.00 25 35.36 α 26.05 1.00 91.00

Moderate 41 16.24¥ 11.87 0.24 41.82 43 54.75 36.56 1.00 107.00

Severe 36 22.99¥, £ 11.27 0.32 55.50 38 68.07 α 29.07 1.00 111.00

Total 105 17.12 11.80 0.24 55.50 111 54.86 34.20 1.00 111.00

Days from Symptom Onset

 < 10 29 15.20 10.04 0.24 32.50 30 54.76 34.23 1.00 111.00

10-15 23 16.39 11.64 0.27 33.57 25 55.36 36.54 1.00 108.00

 > 15 41 18.87 12.85 0.32 55.50 44 54.93 33.12 1.00 111.00

Hospitalization Duration (Days)

 < 10 56 14.99 10.71 .24 33.57 60 52.42 35.01 1.00 111.00

10-15 21 19.47 10.87 .32 36.25 21 59.57 32.15 1.00 107.00

 > 15 16 21.43 14.89 1.58 55.50 18 58.22 33.62 6.00 111.00

PTE

Yes 6 23.48 11.05 2.25 34.67 6 81.33 36.46 9.00 108.00

GFR

 < 30 12 21.14 16.27 0.27 41.82 12 58.00 44.18 1.00 111.00

30-44 7 14.62 11.74 0.24 27.00 7 47.75 37.13 1.00 85.00

45-59 14 21.15 14.82 0.32 55.50 17 64.00 35.05 1.00 111.00

60-90 52 15.62 10.08 0.28 38.85 55 52.30 31.48 1.00 104.00

90-00 16 15.74 10.04 0.25 28.00 16 52.12 34.10 1.00 94.00

Remdesivir

Yes 79 17.24 11.18 0.24 55.5 84 56.32 33.29 1 111

Note. CRP: C-reactive protein; Alb: Albumin; CRP/Alb: C-reactive protein-to-albumin ratio; SD: Standard deviation; PTE: Pulmonary thromboembolism; GFR: 
Glomerular filtration rate; £: Significant difference (P < 0.05); ¥: Significant difference (P < 0.05); α: Significant difference (P < 0.05).
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CRP is an inflammatory protein produced by the liver 
that increases rapidly during systemic inflammation in 
the body, whereas albumin is a serum protein produced 
by the liver that reflects the body’s nutritional status. 
Overall, the findings of the present study showed that 
patients with more severe lung involvement exhibited 
significantly higher CRP/Alb ratios than those with 
milder involvement, suggesting that the CRP/Alb ratio 
may serve as a reliable indicator of inflammatory severity 
in COVID-19. 

High CRP levels at the time of hospital admission, 
along with advanced age, have been reported as key 
factors associated with the progression of COVID-19. 
Additionally, a direct correlation has been observed 
between CRP levels at admission and the extent of lung 
damage, highlighting its utility as an indicator of disease 
severity. CRP is a protein produced by the liver that has 
been shown in numerous studies to act as an early indicator 
of infection and inflammation. Its serum concentration 
increases rapidly within about 6 hours of the onset of 
illness. When the inflammatory process comes to an end, 
and the patient begins to recover, CRP levels decrease. 
Therefore, monitoring CRP concentration is a suitable 
indicator for assessing disease severity (22-25)

The relationship between blood oxygen saturation 
and CRP levels in COVID-19 patients has also been 
investigated in some studies. Generally, studies exploring 
this relationship indicate that an increase in CRP levels is 
associated with a decrease in blood oxygen levels, and vice 
versa. However, more accurate clinical studies are needed 
to diagnose patients at risk of serious complications. 
Consistent with literature findings, patients with lower 
blood oxygen levels have higher CRP levels (21-24).

Studies have also shown that patients with elevated 
CRP levels face a higher risk of COVID-19-related 
mortality. Additionally, an increase in CRP levels over 
time indicates disease progression and the development 
of severe complications, such as pulmonary injury and 
heart attacks. The results of the present study support 
these observations. However, it should be noted that the 
CRP level represents only one of several indicators used 
to monitor the clinical status of COVID-19 patients and 
must be examined in conjunction with other clinical 
findings (20-24).

Patients with COVID-19 frequently experience a 
decrease in albumin levels. Albumin is an essential 
protein in the body that plays a key role in maintaining 
blood pressure, transporting hormones and drugs, and 
maintaining the acid-base balance. According to various 
studies, approximately 65% of hospitalized COVID-19 
patients experience a decrease in albumin levels. Patients 
with low albumin levels are at a significantly higher risk of 
mortality. One study showed that patients with albumin 
levels less than 3.5 g/dL have higher mortality rates. 
Therefore, physicians need to pay sufficient attention to 
the albumin levels of COVID-19 patients during their 
course of treatment (22-24).

Under inflammatory conditions, pro-inflammatory 

cytokines can reduce serum albumin levels by decreasing 
its synthesis through interleukin-6 (IL-6) and tumor 
necrosis factor-alpha (TNF-α) or by increasing its 
breakdown. Low serum albumin levels have been 
associated with long-term postoperative complications in 
colorectal cancer patients and increased short- and long-
term mortality in hospitalized patients. In COVID-19 
patients, low serum albumin levels serve as a strong 
predictor of poor prognosis (27-32). 

Based on available literature and the findings of the 
present study, integrating CRP and albumin levels into 
a single index may enhance the clinical management of 
hospitalized COVID-19 patients within the first 24 hours 
of admission. This index is considered a valuable indicator 
in this field and has been used in some studies of other 
diseases, showing promising results in predicting disease 
severity, mortality, and prognosis. One of the primary 
advantages of this method is its simplicity of calculation. 
Additionally, measuring both albumin and CRP levels is 
inexpensive and available in many laboratory settings. The 
concept of combining albumin and CRP was proposed in 
2009, and subsequent studies demonstrated its prognostic 
and predictive value for mortality in patients admitted to 
the intensive care unit (ICU) and those with liver cancer 
(29-33).

In fact, studies suggest that an elevated CRP/Alb 
ratio is significantly associated with a higher risk of 
mortality in COVID-19 patients. In other words, an 
increase in the CRP/Alb ratio indicates a state of severe 
inflammation, which increases the risk of mortality in 
COVID-19 patients. Therefore, assessing the CRP/Alb 
ratio at admission may serve as a useful tool for predicting 
mortality risk in hospitalized COVID-19 patients (22-30).

Consistent with prior literature, an increase in CRP/Alb 
ratio in COVID-19 patients is associated with a higher 
risk of serious complications, such as cardiovascular, 
respiratory, and renal diseases. For example, a study 
evaluating 144 patients with COVID-19 showed that 
the CRP/Alb ratio was higher in patients with serious 
cardiovascular and respiratory complications. Similarly, 
another study of 200 COVID-19 patients confirmed that 
the CRP/ Alb ratio was higher in patients at a high risk 
of mortality. Based on these studies, the CRP/Alb ratio 
can serve as a valuable predictor for the risk of serious 
complications in COVID-19 patients. This indicator 
can help physicians identify patients at risk of serious 
complications, thereby facilitating timely and appropriate 
treatment. However, further accurate studies are needed 
to establish a more precise and stable diagnosis of the risk 
of serious complications in COVID-19 patients (24-33).

In another study, the results demonstrated that 
elevated levels of CRP, lymphocytes, neutrophil aspartate 
aminotransferase, ferritin, and prothrombin time were 
significantly higher in patients with a longer period of 
hospitalization compared to other patients (20).

Limitations and Suggestions
Every study has inherent limitations. First, this study was 
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conducted in a single center, which may potentially limit 
the generalizability of the findings to other populations 
with varying demographics. Second, there were incomplete 
patient records. It is suggested that future studies evaluate 
newer indices and assess their combination with available 
indices, such as the erythrocyte sedimentation rate, CRP, 
and white blood cell count, based on available laboratory 
tests. Additionally, these indices can be investigated in a 
wider range of inflammatory diseases in future studies. 
Finally, the treatments administered to patients may 
affect their indices and clinical outcomes; therefore, these 
potential confounding effects should be considered in the 
data analysis.

Conclusion
The results of this study suggest that the CRP/Alb ratio may 
serve as a valuable indicator in patients with COVID-19 
and can play an important role in monitoring disease 
status and the recovery process of patients. However, it 
should be noted that CRP levels and the CRP/Alb ratio are 
only part of the indicators used to assess the condition of 
COVID-19 patients and should therefore be investigated 
along with other clinical findings.
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