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Abstract

Background: Use of corticosteroids in managing COVID-19 is a significant concern for

healthcare professionals. Objectives: Evaluate the indications for, and implications of,

corticosteroid use in SARS-CoV-2 patients. Methods: Single-centered, retrospective and

quantitative study conducted at a tertiary care hospital. All patients (n=107) were admitted to

ICU between March 1 and December 31, 2020. Demographic and clinical profiles were

obtained from health records. Mortality, Mechanical Ventilation (MV) days, procalcitonin, and

C-reactive protein levels were compared between corticosteroid and non-corticosteroid groups.

Descriptive statistics include frequency and percentages. Inferential statistics include odds ratio,

correlation coefficients, regressions, and ANOVA. Results: Mean age of patients (85 males, 23

females) was 57.2+12.92 years (SD: 12.92). Number who received corticosteroids (n=75,

70.3%) was higher than non-corticosteroid group (n=31, 29.7%). Patients on MV were equal in

both groups (52% versus 52%). Mean procalcitonin was significantly higher in corticosteroid

group compared to non-corticosteroid (0.47+ 0.71 versus 0.14+ 0.61 ng/ml, p<0.001). Mean

number of days on MV was significantly higher in corticosteroid than non-corticosteroid

SCIREA Journal of Clinical Medicine

ISSN: 2706-8870

http://www.scirea.org/journal/CM

January 1, 2023

Volume 8, Issue 1, February 2023

https://doi.org/10.54647/cm320985



53

patients (9.6 versus 5.4). Conclusions: Old age, high C-reactive protein or procalcitonin levels,

risk of prolonged ICU stay, and MV should be indications for corticosteroid use.

Dexamethasone should be the preferred corticosteroid depending on severity of acute

respiratory distress syndrome. Hydrocortisone could be considered for sepsis.

Keywords: Corticosteroid; COVID-19; SARS-CoV-2; intensive care units; acute respiratory
distress syndrome

1. Introduction

The ongoing Coronavirus disease (COVID-19) pandemic has imposed significant challenges

on healthcare professionals across the globe [1]. The pandemic is attributed to SARS-CoV-2

(Severe Acute Respiratory Syndrome- Coronavirus-2), which is a variant of coronavirus

associated with high mortality and morbidity [2]. Whereas 80% of COVID-19 patients remain

asymptomatic, symptomatic, or exhibit mild to moderate symptoms, 5-15% of patients with

COVID-19 develop severe pneumonia and acute respiratory distress syndrome (ARDS),

septic shock, and multiple organ failure associated with dysregulated systemic inflammation

due to increased levels of inflammatory cytokines in the serum [3]. As per the

pathophysiology of SARS-CoV-2, acute lung injury is not only a predictor of mortality, but

also of the release of pro-inflammatory and anti-inflammatory cytokines contributing to the

so-called “cytokine storm.” The resultant cytokine storm destroys the lower airways and

alveolar endothelium leading to local inflammation, pulmonary oedema, and hyaline

formation [4,5].

The WHO and the Institute of Health Metrics and Evaluation estimated 14.9 million and 18.2

million excess deaths in 2020-21 from SARS-CoV-2 [6]. Most of these deaths were attributed

to treatment dilemmas [7]. One major treatment dilemma is the use of corticosteroids (CS) in

critically ill COVID-19 patients. Corticosteroids are recommended for ARDS patients due to

their anti-inflammatory, antioxidant, vasodilatory, and ant-oedematous properties. Although

ARDS remains underdiagnosed in intensive care settings, the evidence suggests that 42% of

patients presenting COVID-19 pneumonia, and 61-81% of patients admitted to Intensive Care

Units (ICU) for other clinical conditions, develop ARDS [8].

Considering that ARDS adds to all-cause mortality in SARS-CoV-2 patients [9,10], the use of

CS in critically ill COVID-19 patients seems justified. However, various studies have



54

reported contradictory results on the role of steroids in patient outcomes in critically ill

SARS-CoV-2 patients [11]. The benefits of CS in SARS-CoV-2-affected patients were

presented in the RECOVERY study [12]. The study showed that dexamethasone reduced the

rate of 28-day mortality in patients requiring oxygen therapy or mechanical ventilation [13].

Vita et al. evaluated the justification of CS use in COVID-19 patients as a function of

fractional inspired oxygen (FiO2) [11]. Out of 511 patients, around 39.1% of patients

underwent steroid therapy, of whom 19.5% died within 28 days. In their prospective meta-

analysis, Sterne et al. reported that CS lowers 28-day mortality in COVID-19 patients,

although the outcomes were influenced by various demographic and clinical variables [13].

Liu et al reported that CS administration in severe and high-risk COVID-19 patients was

associated with significant mortality and reduced clearance of SARS-CoV-2 infection [14].

Yang et al. also reported in their meta-analysis that CS administration in SARS-CoV-2

pneumonia patients increases the length of hospital stay and mortality [15]. Dupuis et al.

reported that early CS treatment was associated with a lower mortality rate in patients aged 60

years or more but increased the risk of death in patients younger than 60 years [16]. Similarly,

the WHO REACT Group meta-analysis showed that dexamethasone significantly reduces

mortality, while methylprednisolone or hydrocortisone did not influence mortality [7].

Thus, this study was planned to evaluate the indications for and implications of the use of CS

in ICU-admitted COVID-19 patients. The present study is important as the WHO continues to

track and identify new variants of SARS-CoV-2 in the year 2022.

2.Materials andMethods

The present study involved a retrospective and quantitative study design across 107 patients

admitted to the ICU of a tertiary care hospital. All patients were admitted between March 1 to

December 31, 2020. The patients who did not require ICU admission and those with

incomplete health records were excluded from the study. The major inclusion criterion for the

study was “ICU admission for COVID-19” and age >18 years. The demographic profile of the

patients was obtained from health records. These included age, gender, comorbidities, body

mass index (BMI), mean oxygen saturation, microbial culture, length of ICU stay, percentage

of patients on mechanical ventilation, and the number of days of CS use. The data was further

sorted in terms of neutrophil count, WBC count, lymphocyte count, CRP (C-reactive protein),

and Procalcitonin levels. The last two parameters were assessed as objective markers of



55

inflammation and sepsis. The parameters were evaluated from the perspective of the length of

ICU stay, days on mechanical ventilation (MV), type of CS received, and discharge outcomes

from the hospital (death or discharge to home or non-ICU facilities).

The results of this study were presented based on descriptive and inferential statistics. The

results were reported as descriptive statistics including frequency and percentages, while the

inferential statistics include OR (odds ratio), correlation coefficients, regressions, and

ANOVA. The logistic regression model was constructed with hospital discharge outcome as

the dependent variable, and immune status (lymphocyte and neutrophil count) and CS use

status (yes/no) as the independent variables. The OR of mortality with CS use was also

evaluated. The different quantitative clinical parameters between CS and non-CS patients

were evaluated based on the mean difference and the level of significance of such difference

(p<0.05). Apart from logistic regression and ANOVA, the independent sample t-test was

considered the statistical test of comparison for evaluating the referred differences. The study

was conducted after obtaining appropriate permission from the Institutional Review Board

(IRB). The identity of each patient was kept confidential while reporting the results of this

study.

3. Results

The descriptive statistics on patient profiles reflected that the mean age of the patients was

57.52 years (SD: 12.92) suggesting that most of the patients belonged to the age group below

60 years (Table 1). The study was biased toward gender because there were more male than

female patients (85% versus 23%). The major comorbidities that were observed in almost

50% of the patients included diabetes and hypertension. The other notable comorbidities

included heart failure (19.6%) and chronic kidney disease (15.7%).

Table 1. Descriptive Statistics on patient profile.

Parameters Values

Age in years (mean/SD) 57.52±12.92

Gender (n/%)

Male

Female

85 (78.7%)

23 (22.3%)
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Previous Co morbidities (n/%)

Diabetes Mellitus

Hypertension

Heart failure

Ischemic heart disease

Chronic Lung Disease

COPD

Bronchial Asthma

Chronic liver disease

Chronic kidney disease

Hemoglobinopathy

Malignancy

60(46.0)

61(50.0)

13(19.6)

22(1.1)

2(1.7)

2(5.6)

7 (0.06)

1(0.009)

17 (15.7)

1(0.009)

1(0.009)

Body mass index (Mean/SD) (kg/m2)

Normal weight

Overweight

Obese

32.8 (12.4)

43(39.8)

25(23.2)

40(37)

Mean Oxygen saturation (%, mean/SD) 79.6 (5.6)

Mechanical Ventilation 51

Culture types (n/%)

Respiratory /Tracheal aspiration

Sputum

Blood

Bronchoalveolar lavage (BAL)

Urine

21 (19.44)

3 (2)

63 (58)

15 (13.8)

3 (2)

Days of ICU admission (Mean/SD) 11.78 (11)

Mechanical Ventilation (n/%)

Yes

No

Days ventilated (Mean)

51 (47.2)

56 (53.8)

8.3

Steroid Usage

Yes

No

75 (70.3%)

31 (29.7%)

CRP value (n/mean) 57 (191.67)

Mortality (Steroid Types) (/%)

Hydrocortisone

Methylprednisolone

Dexamethasone

78

83

63
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A substantial number of the cohort was overweight and obese (65%). The mean oxygen

saturation with which patients were admitted was 79.6% (SD: 5.6%). The bacterial cultures

were sampled primarily from blood (58%) and respiratory tract/bronchoalveolar lavage (BAL)

(33.24%). The bio-specimen cultured was appropriate because the aim was to assess the

probability of septicaemia at the primary site of infection. The mean ICU length of stay was

11.78 +9.1days which indicated that patients were at high risk of secondary infection. Of the

admitted ICU patients, 47.2% (n=51) required MV, indicating that patients with severe

COVID-19 required intubation. Among the ICU admitted patients, 70.3% received steroids.

This indicates that a substantial number of patients with MV were put on steroids. The mean

number of days on MV was 8.3+ 6.3 days. The CRP value (M:191.6 mg/L SD:26.8) justified

the use of steroids for reducing inflammation. However, an elaborate analysis of the probable

conditions for the use of CS has been shown in Table 2.

Table 2. Differences in clinical parameters between corticosteroids (CS) and non-CS patients.

CS Usage N (%)
aHFNC used

(n/%)

Mean bCRP

levels

Mean procalcitonin

levels

Mean days on
cMV

CS received 71(66%) 1 (1%) 172.2 0.47 9.6

CS not

received

35

(34%)
2 (5%) 179.39 0.14 5.4

Significance

(p-value)
<0.05 <0.05 ns <0.001 <0.01

a high flow nasal cannula, bC-reactive protein, cmechanical ventilation

Table 2 reflects that CS was received by 1% of patients on high flow nasal cannula (HFNC)

compared to 5% of those who did not require HFNC. The mean CRP levels were significantly

lower in patients who received CS compared to those who did not require CS (172.2 mg/L

versus 179.9 mg/L). On the contrary, the mean procalcitonin levels were significantly higher

in those who received CS compared to those who did not receive CS (17.9 ng/mL versus 3.8

ng/mL). Finally, the mean number of days on MV in patients who received CS was

significantly higher than the number of days on MV in patients who did not receive CS (9.6

versus 5.4). These findings suggest that sepsis and MV could have been the criteria for the use

of steroids. Figure 1 shows that steroid usage was associated with a higher incidence of

mortality compared to those who had not been prescribed corticosteroids. Figure 2 shows that

the mortality percentage was lowest with dexamethasone, followed by hydrocortisone and MP.
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Figure 1: Incidence of mortality with steroid use.

Figure 2:Mortality percentage as per different types of steroids.

Table 3 reflects the regression analysis that shows that steroid use insignificantly reduced the

number of days on MV (F=0.38, p=0.53). The negative beta coefficient indicates that MV

might be an indication of steroid use, as a lower number of MV days was associated with

higher use of steroids.

Table 3. Regression model of number of days in mechanical ventilation (MV) on steroid usage.

ANOVA Df SS MS F Significance F

Regression 1 14.28292 14.2829 0.38031 0.539934

Residual 56 2103.114 37.5556

Total 57 2117.397
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Coefficients Standard Error t Stat P-value Lower 95% Upper 95%

Intercept 9.272727 1.30655 7.09710 0.00 6.655393 11.8900

MV days -1.02273 1.658398 -0.6167 0.53993 -4.3449 2.29944

Figure 3 shows that steroid use did not increase the incidence of bacterial infection. This

could be due to the dose and the type of steroid used. The mean CRP levels were comparable

in CS compared to non-CS (172.2+91.5 versus 179.9 + 125.6mmol, p>0.05) (Figure 4). This

indicates that CRP did not influence the decision for CS use. Mean PCT was significantly

higher in the CS group compared to non-CS (0.47+ 0.71 versus 0.14+ 0.61 ng/ml, p<0.001)

(Figure 5). This indicates that the respective ICU had a protocol to use CS in COVID-19

patients if sepsis or ARDS was confirmed.

Figure 3: The incidences of secondary bacterial infections with steroid use and non-use.

Figure 4:Mean C-reactive protein (CRP) Levels in corticosteroids (CS) and non-CS patients.
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Figure 5: Mean procalcitonin levels in corticosteroids (CS) and non-CS patients.

The results were obtained for 75 (70.3%) individuals who received corticosteroids and 31

(29.3%) who did not receive CS therapy. In our study, we found that mortality was almost

69% (38/55) in ICU patients admitted with COVID-19 with CS administration and 30% (6/20)

in those who did not receive CS. Thus, the odds of mortality were 2.98 times higher in those

who received CS (OR:2.98, 95% CI: 1.26 to 7.08, p=0.012) (Table 4). The regression analysis

and the OR depicted that CS use was negatively correlated to discharge to home, which might

be the increased risk of mortality.

Table 4. Odds associated with steroid use on patient outcomes.

OR 95% CI p-value

Mortality with steroid use 2.98 1.26 to 7.08 0.012*

Mortality with hydrocortisone against dexamethasone 2 0.65 to 6.5 0.2

Risk of secondary bacterial infection with steroid use 0.46 0.0918 to 2.39 0.36

There was no significant correlation between baseline immune status (neutrophil and

lymphocyte count) and hospital discharge outcome, which implies that CS-based mortality is

not mediated by baseline immune status. The results further show that mortality attributes

were not dependent on the type of steroid used. The number of deaths and those who were

discharged healthy were 39 and 11 in the hydrocortisone group (n=50), 10 and 2 in the
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methylprednisolone group (n=12), and 12 and 7 in the dexamethasone group (n=19). Thus,

dexamethasone was found to be marginally safer than hydrocortisone and methylprednisolone.

The OR for mortality with hydrocortisone against dexamethasone was 2.0 (95% CI: 0.65 to

6.5, p=0.2). Therefore, it is inferred that the type of steroid used has no relevance to discharge

outcomes from hospital in COVID-19 patients requiring ICU admission. There is some

evidence to this recommendation because our study showed that steroid therapy could

marginally reduce the number of days on mechanical ventilation for ICU COVID-19 patients

(r= -1.02, p=0.5, Table 3).

The ANOVA of the logistic regression analysis shows that steroid use does not influence the

number of days (mean=8.3 days) on mechanical ventilation (F=0.38, p=0.53). However, there

was an insignificant but negative correlation between steroid use and reduction in mechanical

ventilation days (r=-0.08, p=0.53). This means that steroids should be administered with

appropriate indications for cardiovascular and respiratory emergencies, and not

indiscriminately in COVID-19 patients requiring ICU admission. The present study also

evaluated whether steroid use increased the risk of secondary bacterial infections. The results

suggested that 15 out of 39 patients receiving steroids (38%) developed secondary bacterial

infections compared to 57.1% (4/7) who did not receive steroids (OR:0.46, 95% CI: 0.0918 to

2.392, p=0.36). These findings suggest that steroid use in ICU-admitted COVID-19 patients

does not significantly increase the risk of secondary bacterial infections compared to their

counterparts who did not require steroid administration as a therapeutic protocol. The study

shows that the mortality percentage in the steroid group (73.8%, 17/65) was significantly

higher compared to those who did not receive steroids (48.5%, 18/35) (p=0.01).

4. Discussion

The mortality and therapeutic dilemmas associated with COVID-19 continue to challenge the

clinical fraternity. The findings of the present study both challenge and support the findings of

Dupuis et al.16 who showed that mortality decreases with CS use with age (>60 years) and

increases in those younger than 60 years. Our study reflected that the median age group of the

patients (57 years) was close to the mean (57.2 years), which means that 50% of the patients

were below the age of 57 years. As the modal score for age was 53 years for patients, it

justified our assumption that most participants were below the age of 60 years. The 60-year

criterion in reference to steroid usage is important because Dupuis et al. [16] suggested that
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60 years is the cut-off for determining the indication of steroid usage in terms of mortality

associated with CS. However, the findings of Vita et al. [11] challenged this notion as they

concluded that steroid usage should be guided by the severity of ARDS as assessed by FiO2.

From this perspective, the findings of Dupuis et al. [16] and our study could imply that older

patients presented with ARDS more than their younger counterparts. As a result, the benefits

of steroid usage were witnessed more in older patients. On the contrary, unlike our study, the

Dupuis et al. study [16] was not exclusively based on ICU-admitted COVID-19 patients.

Therefore, patient populations who deserved CS were redefined and further elucidated by our

study. From this perspective, we assumed that as CRP level is an objective marker of systemic

inflammation, and procalcitonin (PCT) is an objective marker of infection or sepsis, it would

be pertinent to compare these parameters between the CS and non-CS groups.

We found that PCT levels were more elevated in the CS group, which might have motivated

CS use to prevent sepsis. On the contrary, there were contradictory results in relation to CRP

levels because CRP levels were higher in the non-CS group than in the CS. This led us to

conclude that CS was probably used indiscriminately without evaluating the level of pro-

inflammatory and anti-inflammatory cytokines that are hallmarks of the severity and

prognosis of SARS-CoV-2 infected patients. The assumption that steroid use was

indiscriminate and was not prescribed based on respiratory distress was supported by the

finding that the percentage of patients with HFNC requirements who received CS was lower

than the percentage of patients with HFNC requirements who were not prescribed CS.

According to the findings of the Vita et al. study [11], the trend should have been the opposite.

To overcome this dilemma, we assessed the indication for CS use in terms of ICU length of

stay and requirement of MV. However, as the CRP levels were comparable in both CS and

non-CS groups, it was not a criterion for CS use.

Our study showed that patients who received CS had a prolonged length of stay (LOS)

compared to those who did not receive CS. On this basis, we could have supported the

findings of Yang et al. [15] as their meta-analysis shows that patients who received CS

exhibited increased LOS. The interpretation of Yang et al. [5] was challenged by our study

because prolongation of ICU stay is not only dependent on steroid use, but the risk of

prolonged stay could be one of the indications for CS use. Our study depicted that those

patients who had received CS were put on intubation for a greater number of days than their

counterparts who did not receive CS. The result could be interpreted from two angles; (i)

steroid use deteriorated the cardio-respiratory condition of the patient and warranted a greater
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number of days on ventilatory support and (ii) CS was indicated in such critically ill patients

to alleviate the dependency on MV. The regression analysis helped to address this dilemma

because it showed that CS use reduced the number of days on MV. However, the referred

correlation between MV days and CS use was weak. If we accept the regression analysis and

odds ratio for mortality in COVID-19 patients as a function of CS administration, CS should

be used cautiously and only if indicated. This study also showed that even if the immune

status of the patient remains high, steroids should be used with caution in severely ill COVID

patients. The evidence suggests that the severity of SARS-CoV-2 as a function of GGC

(Ground Glass Opacity) could be an indication of steroid use in ICU-admitted COVID-19

patients [16].

On the contrary, it could be argued that steroid use could reduce the number of ventilation

days, and steroid use is indicated in ICU-admitted COVID-19 patients requiring MV.

Nevertheless, the study depicted that steroid use does not significantly influence the duration

of intubation/MV, so its use in ICU-admitted patients remains controversial. However,

considering that steroid use is not associated with significant negative outcomes such as

reduction in immune status, increased risk of secondary infections, or prolongation of the

duration of MV, steroid use protocol for ICU-admitted SARS-CoV-2 patients should be

revisited. Nevertheless, the study provided a roadmap that “on mechanical ventilation” could

be an indication for steroid use in ICU-admitted COVID patients. If steroids are indicated for

use in ICU-admitted COVID-19 patients, then dexamethasone should be considered the

steroid of choice unless it is contraindicated. Although we did not consider CRP levels as an

indication for steroid use, studies in the future should assess CRP and cytokine storm as an

indication for steroid use in ICU-admitted COVID-19 patients. Although our study and

previous studies showed that dexamethasone reduced mortality compared to MP or

hydrocortisone, Ranjbar et al. [18] ruled in favor of MP.

The major strength of this study was its sample size and study protocol that considered

different confounding variables for evaluating CS use. However, the major limitations of this

study were that CS outcomes were not evaluated in terms of reduction in pro-inflammatory

and anti-inflammatory cytokines, which could have justified the appropriateness of CS use in

these patients, and the long-term patient outcomes were not monitored.
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5. Conclusion

The findings of our study are aligned with the protocol of WHO REACT (2020) as they

suggested that steroids should only be used in COVID-19 patients if they exhibit

inflammation. Although we did not control for age or inflammation, our study showed that

steroid use, irrespective of the type used, is associated with higher mortality compared to

those in whom corticosteroids are not prescribed. There is some evidence to this

recommendation because our study showed that steroid therapy could marginally reduce the

number of days on mechanical ventilation in ICU COVID-19 patients. As we also found that

mechanical ventilation and the number of days on MV significantly increase the odds of

mortality in ICU COVID-19 patients, a reduction in the number of days on MV with steroid

therapy might translate into lower incidences of mortality in the target population. Although

the present study shows that steroid use increases the risk of mortality, it could be argued that

such risks might be due to the severity of SARS-CoV-2 infection than the use of steroids

despite considering that the odds of mortality is three-fold with steroid use. Until further

studies are undertaken in this segment, we recommend that old age, high CRP levels, high

PCT levels, higher risk of prolonged ICU stay, and MV should be the indications for CS use

with the choice drug being dexamethasone if ARDS is confirmed, and hydrocortisone in the

case of sepsis.

Future studies should evaluate steroid use from the perspective of severity of respiratory

distress and the titer of pro-inflammatory and anti-inflammatory cytokines. Additionally,

future studies should evaluate the impact of different steroids on hospital discharge outcomes,

and the indications for the use of steroids while conducting both univariate and multivariate

analyses. Based on the results; the present study reflects that corticosteroid should be used

with caution in ICU-admitted COVID-19 patients and such administration should be

indication-specific.
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