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 A B S T R A C T  

Objectives: Inflammation is the main cause of systemic damage in SARS-
COV2 infections. Steroid treatment has been shown to reduce mortality 
in COVID-19. However, there is no index to monitor treatment responses 
to steroids. Here, we evaluated the validity of serial C-reactive-protein 
(CRP) follow-up for predicting the outcome in the patients receiving 
steroid therapy. 

Material and methods: In our retrospective cohort study, four 
hundred twenty-five patients were included. All patients received 
dexamethasone 6 mg/day or equivalent dose of steroid as much as 
needed with the onset of hypoxia (SaO2 ≤ 93%). We divided patients 
into two groups according to outcome (deceased/discharged). We then 
compared demographic, clinical and laboratory features between the 
groups. Lastly, we evaluated the thresholds of CRP decline associated 
with COVID-19 associated mortality at 3th, 5th days and at the end of 
treatment.

Results: COVID 19 associated mortality rate of the cohort was 6.1% 
(26/425). In multivariate analysis, in which survival was evaluated, 
parameters related to death due to COVID-19 in the steroid group were 
high NEWS-2 score (0.82, CI 95 % 0.68-0.97, p=0.02), increased Charlson 
comorbidity index (0.68,CI 95% 0.51-0.90,p= 0.007) and absolute CRP 
level at the end of treatment (0.97,CI 95%, p<0.001). In addition, cut-off 
levels of CRP reduction related to COVID-19-associated mortality during 
steroid therapy were found as follows: less than 33% (sensitivity 75%, 
specificity 64.1%) on day 3, less than 43.5% (sensitivity 81.8%, specificity 
70.8%) on day 5 and less than 55% at the end of the treatment (sensitivity 
80.7%, specificity 71.8%). 

Conclusions: Serial CRP measurement from the third day of steroid 
therapy can be used to predict mortality in COVID-19 patients receiving 
steroids.

Keywords: coronavirus disease 2019, mortality, c-reactive protein, 
steroid treatment.
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INTRODUCTION

Coronavirus disease 2019 (COVID-19) is a multi-
systemic disorder that is mainly characterized by 
severe lung disease [1]. Enhanced inflammatory 
response to the virus is thought to be the main 
cause for the lung damage [2]. Moreover, this 
uncontrolled inflammation is accepted as one of 
the unfavourable prognostic factors [3].

RECOVERY trial has shown that the steroid is the 
only proven treatment option that reduces the 
mortality in severe COVID-19 cases. In this trial, 
the patients randomised to receive steroid therapy 
in the form of 6 mg/day dexamethasone up to 10 
days and to receive usual care [4]. According to 
the results of the study, mortality rates were lower 
in patients who received dexamethasone and 
were hypoxic on the day of randomization. [5]. 
As expected, not all patients on dexamethasone 
treatment have responded to the treatment 
similarly. Moreover, there is no known indicators 
showing the success of the steroid treatment yet. 
Early detection of non-responders to the steroid 
treatment can guide clinicians for administering 
other anti-inflammatory treatment options such as 
anti-cytokine therapies as soon as possible.

C-reactive protein (CRP) is an acute phase reactant 
that is synthesized by liver in response to various 
inflammatory signals [6]. CRP is also one of the 
prognostic factors for COVID-19 [7]. Furthermore, 
as the severity of the lung involvement increases, 
there will be a corresponding increase in CRP 
values [8]. In addition, serial CRP measurements 
can be used to evaluate the treatment response to 
tocilizumab in the patients with severe COVID-19 
pneumonia [9].

In this study we evaluated the capability of serial 
CRP measurements to predict the response to 
the steroid treatment. We also evaluated factors 
associated with COVID-related mortality while the 
patient was receiving steroid therapy.

MATERIAL AND METHODS

Four hundred twenty-five COVID-19 patients over 
the age of 18 years hospitalized in a tertiary health-
care facility between July and September 2020 
were retrospectively included in the study. The 

inclusion criteria to the study were 1) the patients 
with hypoxia (oxygen saturation ≤ 93%) and/or 
in need of oxygen therapy due to COVID-19, 2) 
the patients who received dexamethasone 6 mg/
day or equivalent dose of steroid at the onset of 
hypoxia unless the patients had corticosteroid 
contraindications (uncontrolled hypertension, 
glaucoma, uncontrolled hyperglycemia, 
hypersensitivity to any component of formulation) 
or active infection. The COVID-19 patients with 
any corticosteroid contraindication, pregnant or 
nursing women and patients with concomitant 
bacterial or fungal infection at time of hypoxia 
and/or in need of oxygen supplementation were 
excluded. In our institute, COVID-19 is diagnosed 
through two different approaches. First, with 
Polymerase Chain Reaction (PCR) positivity. Second, 
the individuals with a negative PCR test with all 
of the three criteria: (a) fever and/or respiratory 
symptoms, (b) compatible chest imaging findings 
[10] and (c) decreased lymphocyte count with 
normal or decreased white blood cell count. 
The management of COVID-19 treatments, 
hospitalization and discharge decisions were 
taken according to the COVID-19 Guidelines of the 
Ministry of Health of The Republic of Turkey [11]. 
The length of the steroid treatment was decided 
by consultant clinician based on clinical progress of 
the patient.

We collected data from COVID-19 patients 
retrospectively from the hospital’s medical 
database. We obtained the demographic properties 
of the patients (age, gender), co-morbidities, 
presenting COVID-19 related symptoms, results 
of SARS-CoV-2 PCR tests, treatment history for 
COVID-19 during hospitalization, outcome of 
the patients, intensive care unit admission/stay, 
requirement of mechanical ventilation, duration of 
hospitalization, time from hospitalization to steroid 
treatment and time from onset of the symptoms 
to initiation of steroid treatment, length of steroid 
treatment, laboratory values at the onset of hypoxia 
[normal blood levels of biochemical parameters 
include aspartate aminotransferase (AST) (5-40 
U/L), alanine aminotransferase (ALT) (7-56 U/L), 
creatinine (0.6-1.0 mg/dL), creatinine kinase (CK) 
(22-198 U/L) , lactate dehydrogenase (LDH) (140-
280 U/L), D-dimer, ferritin, CRP (0-5 mg/dl) and total 
blood counts ], length of steroid treatment.
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The levels of ALT, AST, creatinine, CK, LDH, CRP were 
classified according to the laboratory reference 
ranges as normal, low, or high. However, ferritin 
and D-dimer levels were classified based upon 
their levels related to unfavourable prognosis in 
COVID-19. These cut- off levels were specified as 300 
mg/mL for ferritin and 1000 mg/L for D-dimer. Also, 
we focused on lymphocyte counts at total blood 
counts. Lymphocyte level lower than 1x109 per litre 
was accepted as cut-off value for severe disease 
[12]. Moreover, the severity of co-morbidities 
was defined by the Charlson comorbidity index 
score [13]. In addition, NEWS-2 score was used to 
determine the severity of the cases. These scores 
were classified as low (0-4), medium (5-6) and 
high (≥7) [14]. Also, we have defined hypoxia if the 
oxygen saturation is 93% or lower [11]. 

CRP values were measured serially at the beginning 
of steroid treatment, on the 3rd day, on the 5th day 
and finally at the end of the treatment. Furthermore, 
we analysed patients’ individual CRP changes 
during treatment by comparing the CRP level on 
the first day of steroid treatment (basal CRP level).

Additionally, we dichotomized the patients based 
upon their prognosis (discharged or deceased). 
We then compared the demographic, laboratory, 
treatment related features, prognosis, and serial 
CRP changes between the groups. 

This study was approved by both the Local Research 
Ethics Committee (30.12.2020 514/192/46) and 
Turkish Health Ministry (2020-12-05T17_11_39) 
prior to data collection and carried out in 
compliance with the Helsinki Declaration. 

Statistical analyses 
Statistical analyses were carried out using SPSS 
Version 17.0 (SPSS Inc., Chicago, IL, USA). In order 
to determine if the data were normally distributed, 
the Kolmogorov-Smirnov test was performed. 
None of the parameters was distributed normally. 
Therefore, comparisons of the continuous variables 
and categorical variables were performed by Mann-
Whitney U test and Chi-square test, respectively. 
We evaluated the factors related to mortality in 
the patients receiving steroid with binary logistic 
regression (Backward LR methods) method. 
The outcome of these analyses was surviva we 
included (all variables p<0,05 in univariate analyses 
plus possible confounding factor gender) age, 
gender, CRP values at the onset and at the end of 

the steroid treatment (absolute values), baseline 
d-dimer values, time from symptoms to steroid 
treatment, severity of the disease (absolute values 
of NEWS score) and co- morbidities (absolute values 
of Charlson comorbidity index score) and high 
baseline transaminases and creatinine levels to the 
multivariate analysis model. We also performed 
ROC analyses to find threshold CRP decline in serial 
measurements related to mortality associated with 
COVID-19. To determine the threshold changes 
for associated mortality of COVID-19, we specified 
the percent change in CRP values at day 3, day 5 
and at the end of treatment compared to day 1 
with ROC curves. We presented the intersection of 
highest sensitivity and specificity. Area under curve 
measurements were made in all CRP measurements 
to determine the validity of CRP changes to predict 
mortality. All values were shown as median 
(IQR). P-value lower than 0.05 was considered as 
statistically significant.

RESULTS

Two hundred fifty-nine of the patients were male. 
Median age of the patients was 61.0 (50.5-72.0) 
years. The PCR positivity for SARS-COV-2 was 87.5%. 
More than two thirds of the patients had high or 
medium NEWS-2 scores. Most frequent presenting 
symptoms of the patients were cough, shortness of 
breath and malaise. In addition, hypertension was 
the most frequent co-morbidity of the patients. 
Mortality rate of the cohort was 6.1% (26/425). 
Thirty patients (7.1%) had requirement of intensive 
care unit. Lastly, 23 (5.4%) of the patients received 
mechanical ventilation. Demographic and disease 
related features of the COVID-19 patients were 
shown in Table 1.

In our study, we found that deceased patients in our 
cohort were older, had shorter duration between 
onset of symptoms to onset of hypoxia (treatment), 
had more severe disease and had higher co-
morbidity burden than those who were discharged. 
In addition, patients who died had higher baseline 
CRP levels, d-dimer values and more patients in this 
group had creatinine and transaminase levels higher 
than upper limits. Comparison of demographic 
and disease related features between the patients 
classified according to outcome was shown at 
Table 2. Also, in multivariate analysis multivariate 
analysis, in which survival was evaluated, NEWS-
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2 score (0.82 CI 95 % 0.68-0.97, p=0.02), Charlson 
comorbidity index score (0.68, CI 95% 0.51-0.90, 
p= 0.007) and CRP levels at the end of treatment 
(0.97, CI 95% 0.96-0.98, p<0.001) were found to be 
significantly associated with mortality in our cohort 
(Table 3).

In the deceased group, median CRP values were 
higher than those who were discharged at the 
beginning of steroid treatment, on the 3rd day, on 
the 5th day and finally at the end of the treatment. 
Furthermore, changes of the median CRP values 
on the 3rd day, on the 5th day and at the end of 
the treatment were significantly different between 
the groups. In all serial measurements, patients in 
discharged group showed higher improvement in 
CRP values. The main CRP reduction in discharged 
group occurred within the first five days of the 
treatment (Figure 1). 

Finally, we conducted ROC analyses to determine 
the threshold CRP decline associated with mortality 
on day 3, day 5 and the end of the treatment. 
All three ROC curves were statistically valid for 
predicting mortality (Figure 2). Here, the cut- off 
CRP reductions for mortality was defined less than 
33% (sensitivity 75%, specificity 64.1%) on day 
3, less than 43.5% (sensitivity 81.8%, specificity 
70.8%) on day 5 and less than 55% at the end of 
the treatment (sensitivity 80.7%, specificity 71.8%) 
from baseline (Table 4).

DISCUSSION

In our study where we evaluated the CRP levels 
during steroid therapy, we showed that serial CRP 

Table 1. Demographic and disease related features of 
the COVID-19 patients

n= 425
Age (year) 61 (50.5-72.0)

Gender (M/F) 259/166

Positive PCR n(%) 372 ( 87.5)

Time from onset of symptoms to initiation of 
steroid treatment (day)

6 (3.0-8.5)

Time to hospitalization to steroid treatment 
(day)

1(1-1)

Length of hospitalization (days) 6 (5-9)

Length of steroid treatment (days) 5.0(3.0-7.0)

NEWS-2 score 3 (1.0-5.5)

Low 263 (61.9)

Medium 84 (19.8)

High 78 (18.3)

Presenting symptoms n (%)
Cough 260 (61.2)

Shortness of breath 234 (55.1)

Fever 158 (37.2)

Myalgia 95 (22.4)

Headache 29 (6.8)

Nasal discharge 2 (0.5)

Sore throat 16 (3.8)

Loss of taste or smell 10 (2.4)

Malaise 178 (41.9)

Diarrhoea 28 (6.6)

Nausea/vomiting 56 (13.2)

Loss of appetite 42 (9.9)

Co-morbidities n(%)
Diabetes mellitus 132 (31.1)

Hypertension 188 (44.2)

Coronary arterial disease 82 (19.3)

COPD 21 (4.9)

Asthma 36 (8.5)

Malignancy 30 (7.1)

Obesity
Chronic renal disease 24(5.6)

Rheumatic diseases 9 (2.1)

Charlson comorbidity index score 3 (1-5)

Treatment n(%)
Hydroxychloroquine 116 (27.3)

Favipravir 376 (88.5)

Antibiotherapy 118 (27.8)

Outcome n(%)
Intensive care unit requirement 30 (7.1)

Mechanical ventilation requirement 23 (5.4)

Mortality 26 (6.1)
M: Male; F: Female; PCR: polymerase chain reaction for SARS Cov2; 
COPD: Chronic obstructive pulmonary disease; ICU: Intensive care unit; 
MV: Mechanical ventilation; NEWS-2: National Early Warning Score -2 
Obesity: BMI≥25 kg/m2

Figure 1. CRP decrease percentages of patients receiving 
steroid therapy
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measurements during the treatment can be used 
to predict the outcome of the steroid treatment.

Several cytokines were found to be associated 
with the disease severity of the COVID-19 [15]. 
Based upon these data, it was predicted that 
anti-inflammatory treatment may be an option 
for COVID-19. Subsequently, both the results of 
the recovery trial and other anti-inflammatory 

treatments with tocilizumab; or baricitinib, 
remsedevir combination has some promising 
results [15-17]. 

There were several parameters that can help to 
predict the prognosis of the COVID-19 patients. 
Features related to severe disease in physical 
examination, high inflammation parameters/acute 
phase reactants, laboratory parameters showing 

Table 2. Comparison of demographic and disease related features between the patients classified according to 
outcome

Deceased
n=26

Discharged
n= 399

p

Age (years) 64 (72.0-77.5) 60 (50.0-71.0) <0.001

Gender (M/F) 17/9 242/157 0.63

Positive PCR test, n (%) 25 (96.2) 347 (87.0) 0.22

Time from onset of symptoms to initiation of steroid treatment (day) 3.0 (2.0-7.0) 6.0 (3.0-9.0) 0.02

Time to hospitalization to steroid treatment (day) 1.0 (1.0-1.0) 1.0 (1.0-1.0) 0.50

Length of hospitalization (day) 10.5(7.0-14.5) 6 (5.0-9.0) <0.001

Length of steroid treatment (days) 10.0(5.75-12.5) 5.0(4.0-7.0) <0.001

NEWS-2 score 6 (4.5-7.0) 3 (1.0-5.0) <0.001

Low 6 (23.1) 257 (64.5) <0.001

Medium 9 (34.5) 75 (18.7)

High 11 (42.4) 67 (16.8)

Charlson comorbidity index score 5 (4-7) 3 (1-5) <0.001

Laboratory

Baseline Median CRP values 141.5 (63.5-170.7) 66.0 (30.0-122.0) <0.001

Median CRP values (Day 3) 129.0 (55.5-182.0) 30.0 (14.0-64.0) <0.001

Median CRP values (Day 5) 133.5 (85.2-176.5) 17.0 (7.5-38.5) <0.001

Median CRP values (End of the treatment) 173.0 (66.0-236.5) 5.0 (13.0-30.0) <0.001

ΔCRP (Day 3) % 1.9 (-37.5-39.8) -51.3 (-71.7- -10.0) <0.001

ΔCRP (Day 5) % -11.6 (41.3- 103.3) -75.9 (-88.0- -27.2) <0.001

ΔCRP (End of the treatment) % -6.4 (-44.0-202.8) -76.5 (-89.8- -51.0) <0.001

Transaminases (>35 IU/L) 15 (57.7) 150 (37.6) 0.04

Creatinine (>1.2 mg/dL) 14 (53.8) 96 (24.1) 0.002

LDH (>240 U/L) 20 (76.9) 258 (64.7) 0.20

D-dimer (≥1000 ng/mL) 17 (65.4) 157 (39.3) 0.008

Lymphocyte count (≤1x109/L) 15 (57.7) 190 (47.6) 0.31

Ferritin (≥300 mg/mL) 17 (65.4) 213 (57.4) 0.57

Treatment n(%)

Hydroxychloroquine 4 (15.4) 112 (28.1) 0.35

Favipravir 25 (96.2) 351 (88.0) 0.34

Antibiotherapy 23 (88.5) 95 (23.8) <0.001

Outcomes n(%)

Intensive care unit requirement 24 (92.3) 6 (1.5) <0.001

Mechanical ventilation requirement 23 (88.5) 0
M: Male; F: Female; PCR: SARS Cov2 polymerase chain reaction ; ICU: Intensive care unit; MV: Mechanical ventilation; NEWS-2: National Early Warning 
Score -2; CRP: C reactive protein; LDH: Lactate dehydrogenase. ΔCRP: Median CRP changes of the individual patients as compared to baseline values

p<0.05 was shown bold
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specific tissue damage, high interleukin (IL)-6 levels 
and increased Sequential Organ Failure Assessment 
(SOFA) scores was found to be associated with 
unfavourable prognosis [18-21]. In addition, CRP 
levels higher than 10 mg/dl was related to intense 
inflammation and unfavourable outcome [22]. As 
expected, normalization of these features would 
indicate improvement [23]. However, the use of 

specific parameters to predict the response of the 
treatments has not been shown yet. Recently, it has 
been shown that CRP levels would be used to track 
the response of tocilizumab treatment [9]. 

Dexamethasone treatment has been shown to 
reduce 28-day mortality in hypoxemic COVID-19 
patients [5]. However, no clinical or laboratory 

Figure 2. ROC curves for CRP changes of the patients receiving steroid therapy

Table 3. Multivariate analyses of the factors related to the mortality of patients on steroid treatment

OR %95 CI p

Age 0.96 0.89-1.03 0.30

Gender 0.80 0.22-2.97 0.74

Time from onset of symptoms to initiation of steroid treatment 1.02 0.86-1.22 0.74

NEWS-2 score 0.82 0.68-0.97 0.02

Charlson comorbidity index score 0.68 0.51-0.90 0.007

Baseline Median CRP values 0.99 0.90-1.00 0.82

Median CRP values (at the end of the treatment) 0.97 0.96-0.98 <0.001

Transaminases (>35 IU/L) 0.30 0.80-1.10 0.07

Creatinine (>1.2 mg/dL) 0.52 0.13-2.02 0.35

D-dimer (≥1000 ng/mL) 0.81 0.23-2.87 0.75
NEWS-2: National Early Waning Score -2; CRP: C reactive protein; LDH: Lactate dehydrogenases 

The outcome of the analyses was survival

p<0.05 was shown bold

Table 4. Relationship between mortality and CRP value changes from baseline 

CRP decrease from 
baseline (%)

Sensitivity 
(%)

Specificity 
(%)

Positive predictive 
value (%)

Negative predictive 
value (%)

OR (%95 CI) p

Day 3

< 33 75 64.1 11.3 97.6 5.3 (1.6-9.6) <0.001

Day 5

< 43.5 81.8 70.8 19.5 97.8 10.9 (3.5-33.4) <0.001

End of the treatment

< 55 80.7 71.8 15.4 98.2 10.3(3.8-28.1) <0.001
Values are for mortality
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indicators have been shown to predict the response 
of the therapy. According to the original article, the 
only feature related to treatment success was the 
need for oxygen support. In our study, we presented 
in multivariate analyses that disease severity, high 
co-morbidity burden and CRP levels at the end of 
the treatment will be negative prognostic factors 
in the patients receiving steroid treatment. Both 
multiple co-morbidities and high disease severity 
are also known as unfavourable outcome indices 
[24,25]. However, differently in our study, we 
showed that CRP response to the treatment may 
be related to the outcome of the patients receiving 
steroid therapy. Our results show the importance 
of CRP level monitoring for assessment of the 
treatment success.

Serial CRP level measurements can be used to predict 
the outcome of steroid treatment. According to our 
results, there was a significant decrease in median 
CRP levels between the deceased and discharged 
patient groups as early as the third day of the 
treatment. Furthermore, this difference increased 
throughout the treatment. Therefore, rapid, and 
persistent CRP reduction can be considered an 
important feature of steroid responders. We think 
that daily CRP level monitoring will be important 
for the patient follow up and clinical assessment. 

In our study, we showed that CRP changes during 
the steroid treatment might predict that CRP 
response lower than certain thresholds at serial CRP 
follow up would be an indicator of mortality. The 
threshold levels in our study would not be specific 
to predict mortality in the patients receiving steroid 
treatment, but they suggest that monitoring CRP 
levels would be valuable. Reduction levels in CRP 
values should be followed closely concomitant with 
clinical parameters. In addition, non-responders 
will be candidates for other anti-inflammatory 
treatment options such as anti-cytokine therapies.

The study has some limitations; firstly, we evaluated 
only changes in CRP levels to predict treatment 
response for steroid therapy. The composite indices 
would be more predictive of treatment response. 
Additionally, we do not have any specific treatment 
protocol for steroid therapy. This would limit the 
generalizability of our results. Lastly, we did not 
exclude respiratory viral infections other than 
COVID-19.

In conclusion, serial CRP measurements will be 
useful for predicting the unfavourable prognosis in 
patients receiving steroid as early as the third day 
of the therapy. Patients with low-level declines in 
CRP levels during treatment may be considered 
candidates for aggressive immunosuppressive 
therapies to prevent further clinical worsening.
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