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Abstract
Background: The steroids are currently used as standard treatment for severe COVID-19. However, the evidence is weak. Our aim is to determine if the use of
corticosteroids was associated with Intensive Care Unit (ICU) mortality among whole population and pre-speci�ed clinical phenotypes.

Methods: A secondary analysis derived from multicenter, observational study of adult critically ill patients with con�rmed COVID-19 disease admitted to 63
ICUs in Spain. Three phenotypes were derived by non-supervised clustering analysis from whole population and classi�ed as (A: severe, B: critical and C: life-
threatening). The primary outcome was ICU mortality. We performed a Multivariate analysis after propensity score full matching (PS), Cox proportional
hazards (CPH), Cox covariate time interaction (TIR), Weighted Cox Regression (WCR) and Fine-Gray analysis(sHR) to assess the impact of corticosteroids on
ICU mortality according to the whole population and distinctive patient clinical phenotypes.

Results:  A total of 2,017 patients were analyzed, 1171(58%) with corticosteroids. After PS, corticosteroids were shown not to be associated with ICU mortality
(OR:1.0,95%CI:0.98-1.15). Corticosteroids were administered in 298/537(55.5%) patients of “A” phenotype and their use was not associated with ICU mortality
(HR=0.85[0.55-1.33]). A total of 338/623(54.2%) patients in “B” phenotype received corticosteroids. The CPH (HR =0.65 [0.46-0.91]) and TIR regression (1- 25
day tHR=0.56[0.39-0.82] and >25 days tHR=1.53[1.03-7.12]) showed a biphasic effect of corticosteroids due to proportional assumption violation. No effect of
corticosteroids on ICU mortality was observed when WCR was performed (wHR=0.72[0.49-1.05]). Finally, 535/857(62.4%) patients in “C” phenotype received
corticosteroids. The CPH (HR=0.73[0.63-0.98]) and TIR regression (1- 25 day tHR=0.69[ 0.53-0.89] and >25 days tHR=1.30[ 1.14-3.25]) showed a biphasic
effect of corticosteroids and proportional assumption violation. However, wHR (0.75[0.58-0.98]) and sHR (0.79[0.63-0.98]) suggest a protective effect of
corticosteroids on ICU mortality.     

Conclusion: Our �nding warns against the widespread use of corticosteroids in all critically ill patients with COVID-19 at moderate-high dose. Only patients
with the highest severity could bene�t from steroid treatment although this effect on clinical outcome was minimized during ICU stay. 

Introduction
Patients with COVID-19 are known to develop a major in�ammatory response that can lead to acute respiratory distress syndrome (ARDS). ARDS is a life-
threatening condition observed in many clinical situations, but particularly in sepsis, with mortality rates of about 40–60%1,2. As in�ammation is thought to
contribute to the pathogenesis of ARDS1–3 it warrants further investigation as to the pharmacokinetic effects of immunomodulatory agents. Further study of
the interaction of these drugs with virus/host dynamics is necessary to provide insight into optimal timing of administration, dosing, and association with
other interventions.

Corticosteroids are potent anti-in�ammatory agents with immunomodulatory properties, which exert inhibitory effects in several stages of the in�ammatory
cascade, and consequently have been proposed for the treatment of ARDS4–6. In patients with HIV and ARDS due to Pneumocystis jirovecii pneumonia,
prednisone represents the standard of care as it has been shown to reduce the risk of death7. However, in recent epidemics due to coronavirus infections such
as that Middle East respiratory syndrome-related coronavirus (MERS-CoV) and Severe Acute Respiratory Syndrome associated coronavirus (SARS-CoV), the
use of corticosteroids was associated with delayed virus clearance8,9. Moreover, in severe pneumonia caused by in�uenza viruses, the use of corticosteroids is
not recommended because its use is associated to a higher mortality and more complications10,11.

Last year, several randomized control trials12–14 found a bene�t to the use of corticosteroids in patients with COVID-19, and several clinical guidelines15,16

recommended its use to all patients with severe COVID-19 during the second wave. However, there is limited data in relation to ICU admission beyond 28 days
that assesses the side effects of medium- and long-term glucocorticoid treatment and consequently limit these �ndings. Furthermore, short-term steroid use
has been associated with opportunistic infections, even in immunocompetent hosts17–20. For example, there are still unanswered questions as to why the ICU
mortality rate remains high with signi�cant absence of clinical evidence on which subgroup or rather “phenotype’ of patients could have higher response rate
to the steroid therapy in question21.

This study holds that the bene�cial effect of corticosteroids is seen in only some subgroups of patients with a pro-in�ammatory state. Therefore, our primary
objective is to identify the association of corticosteroids treatment in a whole cohort population and according to three new classi�ed clinical phenotypes
identi�ed from 2,017 COVID-19 critically ill patients in Spain22. Our secondary objective is to stratify the competing risk factors associated with use of
corticosteroids in each phenotype and clinical outcome.

Material And Methods
Study design

This study is a pre-planned secondary analysis derived from multicenter, observational study, consisting of a large-scale data source of ICU admissions and
patient-level clinical data to determine differential clinical response to corticosteroid use in whole populations and in each phenotype group.

Clinical phenotypes

The characteristics of the study have been published on behalf of COVID-19 SEMICYUC working group22. In summary, to determine presence of distinct
clinical phenotypes in our population of COVID-19 patients, an unsupervised clustering analysis was applied and three different clinical phenotypes were
derived
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1. Cluster A phenotype (severe COVID-19 disease) included 537 patients with age < 65 years, a lower levels of severity according an APACHE II < 15 and
SOFA < 5, with moderate status of in�ammation (LDH < 500 U/L, D Dimer < 1000ng/mL and ferritin < 1500ng/mL), low invasive mechanical ventilation
requirements (only 0.6%) and few development of organic dysfunction. The crude ICU mortality was 20.3%.

2. Cluster B phenotype (critical COVID-19 disease) included 623 (30.8%) with similar characteristics to group A in terms of severity and level of
in�ammation, but a high frequency of use of mechanical ventilation (> 70%) and increased shock development. The crude ICU mortality was of 25%

3. Cluster C phenotype (life-threatening COVID-19 disease) included 857 patients (42.5%) with a high level of severity of illness (APACHE II > 15 and SOFA > 
5), more likely to have elevated measures of in�ammation (D dimer > 2000ng/mL, LDH > 500 U/L, and ferritin > 1800ng/mL), high frequency of invasive
mechanical ventilation (> 80%), shock, AKI and myocardial dysfunction, with a crude ICU mortality of 45.4%.

Corticosteroids treatment

Corticosteroid treatment was de�ned as administration of prednisolone or dexamethasone; within 24–48 hours prior or �rst 24 hours of ICU admission.
Patients receiving corticosteroids outside the established timeframe (i.e., 24–48 hours) or when hydrocortisone was administered as rescue therapy due to
shock or to treat COPD/asthma exacerbation were excluded from the analysis. Methylprednisolone (40mg/day) or dexamethasone (6mg/day) were
administered at the discretion of the attending physician for 7 to 10 days. Other de�nitions used in the study are shown in supplemental online content.

In�ammatory status was assessed through various in�ammation biomarkers such as CRP, PCT, Leukocytes, Ferritin and D dimer.

Acute Kidney injury (AKI) was de�ned according to the Consensus Conference of the Acute Dialysis Quality Initiative23.

Cardiac dysfunction was de�ned by the assistant physician with the use of two-dimensional echocardiography and was reported in the CRF as present or
absent. No speci�c echocardiography data had been requested at the time of analysis.

Cluster Homogeneity
The homogeneity between the components in each cluster24 allows us to study the impact of a treatment (corticosteroids) within each cluster and relate that
impact to the particular characteristics of the cluster. Automatic classi�cation techniques such as "unsupervised clustering" replace the need of impulses to
draw groupings arbitrarily for generating homogeneous clusters. A cluster is intrinsically homogeneous in the basis of the features used to generate the
cluster. The objective of clustering analysis is to assign observations to groups (clusters), in a manner that observations in each group are similar enough
between them to stand apart from other groups24. The homogeneity in each cluster allows us to study the impact of a target treatment within clusters and
relate that impact among each clusters’ distinctive features. This analysis was possible considering the target treatment under study was not used for cluster
derivation and that treatment administered was a variable not associated with the outcome according to information value (e-Table 2 in supplementary online
content). Therefore, any further impact can be seen as unbiased and independent from former analyses.

Objective: Primary: To determine whether the use of corticosteroids was associated with crude ICU mortality across the whole population and among pre-
speci�ed clinical phenotypes.

Secondary

To determine which are the competing risk factors associated with corticosteroid use among pre-speci�ed clinical phenotypes and resulting clinical outcome.

Statistical analysis
Discrete variables were expressed as counts (percentage) and continuous variables as means with standard deviation (SD) or medians and interquartile range
25–75% (IQR). For patient demographics and clinical characteristics, differences between groups were assessed using the chi-squared test and Fisher’s exact
test for categorical variables, and the Student t test or the Mann–Whitney U test for continuous variables.

To determine if a signi�cant inter-hospital variation in corticosteroids treatment was present, multilevel conditional logistic modelling with patients nested in
hospital was employed and that further characterized hospital-level variation of ICU mortality. We built a model that recognized corticosteroids (treatment) and
the speci�c hospital as a random variable, to assess the variation of the log-odds from one hospital to another and calculate the intraclass correlation
coe�cient (ICC) for one-way random-effects model.

The ICC quanti�es the degree of homogeneity of the outcome within clusters and represents the proportion of the between-hospital variation in the total
variation. When the ICC is not different from zero or negligible, indicates perfect independence of residuals and traditional one level regression analysis can be
done (more information in electronic supplemental material)

In the �rst step we assess the impact of corticosteroid treatment among the general population and we performed a full-matching propensity score (PS)
analysis26 in order to minimize the effect of a corticosteroid treatment selection bias and to control for potential confounding factors (additional information
about the PS full-matching analysis can be found in the electronic supplementary material). This allowed us to study two comparable (almost identical)
cohorts: (1) the corticosteroid-treated group and (2) the control group, comprising patients who did not receive corticosteroid treatment. PS matching analysis
was used to compare outcomes between patients who have a similar distribution of all the covariates measured. An attractive feature of this approach is that
it uses the entire sample. Using the PS methodology, meant all patients were assigned a weight between 0 and 1; this propensity-matched cohort was
generated by choosing the best weight balance. This method optimizes the post-weighting balance of covariates between groups and, in this way,
approximates the conditions of random site-of-treatment assignment. To assess our PS adjustment, we checked for adequate overlap in propensity scores
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between groups with a cross validation model. To do so, we divided the patients in the database into two subsets: (a) a “training set” with 1613 patients (80%),
and (b) a “validation set” with 404 patients (20%). Subsequently, a logistic regression analysis for ICU mortality was carried out with the matched population
to assess factors independently associated with mortality in the whole population. The results are presented as Odds ratios (OR) and 95% CI and forest plots.

In the second phase of the model, we assessed the impact of corticosteroid treatment in each predetermined phenotype. We de�ned cohort entry hierarchically
on the basis of exposure, such as the �rst prescription for the drug under study. Thus, �rst, subjects who receive the treatment under study were considered
‘‘exposed’’ and entered the cohort at the time they started exposure. Following with all other subjects that are then considered unexposed, and their cohort entry
is de�ned arbitrarily (ICU admission) by a comparison treatment. When considering patients who received corticosteroids upon admission or 48 hours prior to
admission to ICU, we ensure that all patients have received the drug under study at the start of zero follow-up time (de�ned as ICU admission) and the
immortal time bias is reduced. In addition, because Cox hazard survival analysis cannot be satisfactory for describing ICU patient mortality over time27, we
performed a competing risks analysis28 to solve immortal tile bias and con�rm our results (more information in electronic supplemental material)

A Kaplan–Meier survival plot was generated to track ICU mortality over time for corticosteroid-treated and untreated patients in each clinical phenotype. The
information provided by each variable regarding ICU mortality was de�ned using the Information Value (IV). A IV greater than 0.03 was considered clinically
important and this variable was included in the multivariate logistic regression analysis. In addition, Cox proportional hazards regression models were �tted to
assess the impact of corticosteroids on ICU mortality in each clinical phenotype. The results are presented as hazard ratios (HR) and 95% CI and adjusted
survival plots. The proportional hazards assumption was con�rmed by the Schoenfeld residuals test and inspection of log (―log [survival]) curve analysis. If
Schoenfeld’ test showed evidence of proportional hazard violation27, we carried out two robust variations of Cox regression analysis for to solve this violation:
�rst, a time-dependent Cox regression29 using a step function to divide the study time frame in two intervals (according to HR variation) where the proportional
hazards assumption held. Secondly, a weighted Cox regression was performed which yields unbiased estimates of average hazard ratios (HR) in case of non-
proportional hazards. In this way we model the effect of corticosteroids on mortality in two ranges: the short and long-term30

Finally, to investigate the association between baseline (ICU admission) variables and corticosteroid use; a multivariate analysis (binary logistic regression)
was performed. The multivariate model comprised factors of clinical interest and all signi�cant covariates in the univariate analysis. The results are presented
as odds ratios (OR) and 95% con�dence intervals (CI). Data analysis was performed using R software (cran.r-project.org).

Results

Corticosteroids treatment response in whole population: a propensity matching analysis
A total of 2,017 critically ill patients were included in the pre-planned secondary analysis. The median (IRQ) age was 64 (55–71) years, and 1,419 (70.3%) were
men. The severity of illness was moderate according to the APACHE II (13; IQR 10–17) and SOFA (5; IQR 3–7) scores. Complete characteristics of whole and
phenotype (A, B and C) population are shown in e-Table 3 in supplemental online content. An inter-hospital variation in the corticosteroids treatment was not
observed, with a ICC of 0.04. This ICC determined that the hospital-level variation was very poor (4%).

Among 1171 patients with corticosteroid therapy, 825 (70.5%) received methylprednisolone and 346 (29.5%) dexamethasone and 50 (4.2%) patients received
hydrocortisone in combination treatment with the other steroids. No patient received hydrocortisone as the only treatment.

Patients received a median (interquartile range [IQR]) daily dose equivalent to 40 (30–60) mg of methylprednisolone and 6 (5–10) mg of dexamethasone, and
the median duration of corticosteroid treatment was 7 (5–10) days. Clinical characteristics of whole population and their distribution in the two groups are
shown in Table 1.
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Table 1
Characteristics of whole population and different phenotypes according corticosteroid treatment

  Whole Population

(n = 2017)

A Phenotype

(n = 537)

B Phenotype

(n = 623)

C Phenotyp

(n = 857)

Variable a Corticosteroid=

NO

n = 846

Corticosteroid=

YES

n = 1171

Corticosteroid 
= NO

n = 239

Corticosteroid 
= YES

n = 298

p-
value

Corticosteroid 
= NO

n = 285

Corticosteroid 
= YES

n = 338

p-
value

Corticostero
= NO

n = 322

  General characteristics and severity of illness

Age, median
(IQR), year

65(55–72) 64(56–88) 63(53–69) 63(54–71) 0.61 64(50–73) 63(55–71) 0.71 66(58–73)

Male, n(%) 582(68.8) 837(71.5) 163 (68.2) 214(71.8) 0.41 189(66.3) 227(67.2) 0.89 230(71.4)

APACHE II b,
median (IQR)

14(11–18) 14(11–18) 12(9–16) 11.5(9–15) 0.39 13(10–17) 12(10–16) 0.36 17(14–22)

SOFA c,
median(IQR)

5.0(3–7) 5.7(4–8) 4(3–5) 4(3–5) 0.61 5(3–7) 5(3–6) 0.88 7(5–9)

GAP
diagnosisd,
median(IQR),
days

6(4–9) 7(4–9) 7 (5–9) 6.6(4–8) 0.35 6(4–8) 6(3–8) 0.89 6(4–8)

  Laboratory �ndings

D-lactate
dehydrogenase,
median (IQR)
U/L

509(405–640) 570(434–
765)***

478(381–
547)

463(359–
576)

0.49 451(358–
543)

492(400–
587)

0.001 605(504–
800)

White blood
cell, median
(IQR), x109

8.3(6.0-11.6) 9.2(6.4–
12.8)***

7.2(5.6–10.2) 8.3(6.0-10.2) 0.04 8.2(5.8–10.8) 9.2(6.2–12.4) 0.005 9.6(6.7–12

Serum
creatinine,
median (IQR),
mg/dL

0.88(0.70–
1.16)

0.85(0.70–
1.12)

0.80(0.66–
1.03)

0.80(0.66–
1.01)

0.98 0.82(0.65–
1.02)

0.79(0.66–
0.97)

0.36 1.0(0.78–
1.36)

C-Reactive
Protein, median
(IQR), mg/dL

15.7(9.8–24) 15.3(8.9–25.0) 15(9–21) 14(7–22) 0.36 14.5(8.7–
21.4)

14.4(8.0–
23.0)

0.82 18(11–27)

Procalcitonin,
median (IQR),
ng/mL

0.33-(0.15–
0.85)

0.31(0.14–
0.87)

0.29(0.14–
0.60)

0.27(0.10–
0.68)

0.36 0.21(0.12–
0.62)

0.23(0.10–
0.50)

0.67 0.61(0.24–
1.39)

Serum lactate,
median (IQR),
mmol/L

1.5(1.1-2.0) 1.6(1.2–2.2)* 1.5(1.2–1.9) 1.5(1.1-2.0) 0.94 1.3(1.0-1.8) 1.5(1.1-2.0) 0.002 1.6(1.2–2.1

D dimer,
median (IQR),
ng/mL

1590(720–
3880)

1700(723–
5990)

1160(592–
2025)

1058(571–
2370)

0.87 1340(670–
2830)

1305(615–
3980)

0.55 2200(1000
4846)

Ferritin, median
(IQR), ng/mL

1577(1300–
2150)

1668(1300–
2300)*

1509(1264–
1825)

1596(1300–
2038)

0.03 1528(1267–
1829)

1580(1276–
2016)

0.27 1780(1445
2290)

  Coexisting condition and comorbidities

* p < 0.05 ; ** p < 0.01; ***p < 0.001

Abbreviations: IQR, interquartile range; APACHE II, Acute Physiology and Chronic Health Evaluation II; SOFA, Sequential Organ Failure Assessment; BMI, body 
obstructive pulmonary disease; HIV, human immunode�ciency viruses; PaO2/FiO2, Partial pressure arterial oxygen/ fraction of inspired oxygen

a Corresponds to minimum or maximum value, as appropriate, within 12 hours of ICU admission. The variables in this Table were no transformed for your co

b APACHE II score to the severity of illness, the score is obtained by adding the following components 1) 12 clinical and laboratory variables each with a scor
The APS is determined from the worst physiologic values during the initial 24 h after ICU admission, 2) age with a range 0 to 6 points and 3) Chronic health p
history of severe organ system insu�ciency or is immunocompromised assign 5 points if the patients is no operative or emergency postoperative and 2 poin
patients with a total score range of 0 to 71.

c SOFA score corresponds to the severity of organ dysfunction, re�ecting six organ systems each with a score range of 0 to 4 points (cardiovascular, hepatic, 
neurological, renal), with a total score range of 0 to 24,

d GAP diagnosis include time between onset symptoms and diagnosis of COVID-19
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  Whole Population

(n = 2017)

A Phenotype

(n = 537)

B Phenotype

(n = 623)

C Phenotyp

(n = 857)

Arterial
hypertension,
n(%)

283(33.4) 526(44.9) 90(37.7) 121(40.6) 9.54 83(29.1) 90(26.6) 0.54 233(72.4)

Obesity (BMI > 
30), n(%)

278(32.8) 375(32.0) 80(33.5) 79(26.5) 0.09 88(30.9) 112(33.1) 0.60 110(34.2)

Diabetes, n(%) 171(20.2) 247(21.0) 44(18.4) 68(22.8) 0.25 56(19.6) 52(15.4) 0.19 71(22.0)

Coronary
arterial disease,
n(%)

52(6.1) 72(6.1) 10(4.2) 25(8.4) 0.07 22(7.7) 19(5.6) 0.37 20(6.2)

COPD, n(%) 66(7.8) 82(7.0) 16(6.7) 21(7.0) 1.00 19(6.7) 19(5.6) 0.70 31(9.6)

Chronic renal
disease, n(%)

35(4.1) 50(4.2) 12(5.0) 19(6.4) 0.62 4(1.4) 6(1.8) 0.96 19(5.9)

Hematologic
disease, n(%)

36(4.2) 36(3.0) 12(5.0) 8(2.7) 0.23 12(4.2) 10(3.0) 0.53 12(3.7)

Asthma, n(%) 43(5.0) 77(6.6) 13(5.4) 28(9.4) 0.12 21(7.4) 24(7.1) 1.00 9(2.8)

HIV, n(%) 3(0.3) 2(0.1) 1(0.4) 1(0.3) 1.00 1(0.4) 0(0.0) 0.93 1(0.3)

Pregnancy,
n(%)

3(0.3) 1(0.08) 0(0.0) 1(0.3) 1.00 3(1.1) 0(0.0) 0.19 0(0.0)

Autoimmune
disease, n(%)

29(3.4) 46(3.9) 5(2.1) 15(5.0) 0.11 11(3.9) 7(2.1) 0.27 13(4.0)

Chronic heart
disease, n(%)

36(4.2)** 21(1.8) 14(5.9) 7(2.3) 0.06 8(2.8) 2(0.6) 0.06 14(4.3)

Neuromuscular
disease, n(%)

10(1.2) 6(0.51) 2(0.8) 1(0.3) 0.84 4(1.4) 1(0.3) 0.27 4(1.2)

  Oxygenation and ventilator support

Oxygen mask,
n(%)

171(20.2)*** 154(13.1) 61(25.5) 63(21.1) 0.27 68(23.9) 37(10.9) 0.001 42(13)

High �ow nasal
cannula, n(%)

169(19.9) 206(24.3) 152(63.6) 193(64.8) 0.84 2(0.7) 1(0.3) 0.88 15(4.7)

Non-invasive
ventilation,
n(%)

47(5.5) 93(7.9) 21(8.8) 43(14.4) 0.06 8(2.8) 18(5.3) 0.17 18(5.6)

Invasive
mechanical
ventilation,
n(%)

453(53.5) 719(61.4)*** 2(0.8) 1(0.3) 0.84 200(70.2) 275(81.4) 0.002 251(78.0)

PaO2/FiO2,
median (IQR)

130(100–170) 130(93–162)
**

116(81–136) 106(83–130) 0.13 167(148–
220)

162(135–
209)

0.05 124(88–15

  Complications and outcome

Shock, n(%) 359(42.4) 545(46.5) 24(10) 32(10.7) 0.90 95(33.3) 101(29.9) 0.40 240(74.5)

AKI, n(%) 252(29.8) 327(27.9) 54(22.6) 57(19.1) 0.38 54(18.9) 64(18.9) 1.00 144(44.7)

Myocardial
dysfunction,
n(%)

89(10.5) 80(6.8) 17(7.1) 13(4.4) 0.23 28(9.8) 15(4.4) 0.01 44(13.7)

* p < 0.05 ; ** p < 0.01; ***p < 0.001

Abbreviations: IQR, interquartile range; APACHE II, Acute Physiology and Chronic Health Evaluation II; SOFA, Sequential Organ Failure Assessment; BMI, body 
obstructive pulmonary disease; HIV, human immunode�ciency viruses; PaO2/FiO2, Partial pressure arterial oxygen/ fraction of inspired oxygen

a Corresponds to minimum or maximum value, as appropriate, within 12 hours of ICU admission. The variables in this Table were no transformed for your co

b APACHE II score to the severity of illness, the score is obtained by adding the following components 1) 12 clinical and laboratory variables each with a scor
The APS is determined from the worst physiologic values during the initial 24 h after ICU admission, 2) age with a range 0 to 6 points and 3) Chronic health p
history of severe organ system insu�ciency or is immunocompromised assign 5 points if the patients is no operative or emergency postoperative and 2 poin
patients with a total score range of 0 to 71.

c SOFA score corresponds to the severity of organ dysfunction, re�ecting six organ systems each with a score range of 0 to 4 points (cardiovascular, hepatic, 
neurological, renal), with a total score range of 0 to 24,

d GAP diagnosis include time between onset symptoms and diagnosis of COVID-19
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  Whole Population

(n = 2017)

A Phenotype

(n = 537)

B Phenotype

(n = 623)

C Phenotyp

(n = 857)

> 2 quadrant
in�ltrates in
chest x-ray,
n(%)

542(64.0) 788(67.2) 141(58.9) 203(68.1) 0.02 179(62.8) 234(69.2) 0.09 222(68.9)

Ventilator
associated
pneumonia

116(13.7) 210(17.9) 35(14.6) 38(12.8) 0.61 34(11.9) 63(18.6) 0.02 47(14.6)

ICU LOS 13(5.4–23) 15(9.0–27)*** 12(5–26) 11(6–21) 0.65 13(5–20) 14(8–25) 0.001 15(7.0–24.

ICU crude
mortality, n(%)

261(30.8) 396(33.8) 47(19.7) 62(20.8) 0.82 72(25.3) 87(25.7) 0.96 142(44.1)

* p < 0.05 ; ** p < 0.01; ***p < 0.001

Abbreviations: IQR, interquartile range; APACHE II, Acute Physiology and Chronic Health Evaluation II; SOFA, Sequential Organ Failure Assessment; BMI, body 
obstructive pulmonary disease; HIV, human immunode�ciency viruses; PaO2/FiO2, Partial pressure arterial oxygen/ fraction of inspired oxygen

a Corresponds to minimum or maximum value, as appropriate, within 12 hours of ICU admission. The variables in this Table were no transformed for your co

b APACHE II score to the severity of illness, the score is obtained by adding the following components 1) 12 clinical and laboratory variables each with a scor
The APS is determined from the worst physiologic values during the initial 24 h after ICU admission, 2) age with a range 0 to 6 points and 3) Chronic health p
history of severe organ system insu�ciency or is immunocompromised assign 5 points if the patients is no operative or emergency postoperative and 2 poin
patients with a total score range of 0 to 71.

c SOFA score corresponds to the severity of organ dysfunction, re�ecting six organ systems each with a score range of 0 to 4 points (cardiovascular, hepatic, 
neurological, renal), with a total score range of 0 to 24,

d GAP diagnosis include time between onset symptoms and diagnosis of COVID-19

Patients who received corticosteroid therapy had similar characteristics to those who did not receive them, except for the following measures: lactate
dehydrogenase, WBC, ferritin and use of mechanical ventilation. The crude ICU mortality was 32.6% and similar for patients with (33.8%) and without
corticosteroids (30.8%) (Table 1).

PS matching was applied, and 846 control and 1171treated patients were matched. The summaries of balance for unmatched and matched data are shown
in e-Figure 1 in the supplementary material. When multivariate analysis (GLM) for ICU mortality was performed, corticosteroids treatment was not associated
with mortality (OR = 1.0; 95%CI 0.98–1.15) (e-Table 4). The discriminatory power of the model (e-Figure 2) was high, with an area under the receiver operating
characteristic curve of 0.78 (95% CI 0.75–0.82, p < 0.01). The accuracy of the predictive model (training set) with respect to the validation set was 0.75.

Corticosteroids Treatment Response Among The A Phenotype
Therapeutic impact among the A phenotype, was assessed among 298 (55,5%) patients that received corticosteroids as co-adjuvant therapy for viral
pneumonia (Table 1). The crude ICU mortality was 20.3%. Non-survivors’ (n = 109) were older (70 vs 60; p = 0.001), with high severity of illness assessed by
APACHE II (15 vs 11, p = 0.001) and SOFA (5 vs 3, p = 0.001), higher in�ammatory status and more incidence of acute kidney injury (AKI: 48.6% vs 13.6%, p = 
0.001) and myocardial dysfunction (15.6% vs. 3.0%, p = 0.001) than survivors. Conversely, corticosteroid treatment was not associated with mortality (e-
Table 5 in supplemental online content). Ventilator-associated pneumonia diagnosis was not signi�cantly different between patients with (12.8%) and without
(14.6%, p = 0.61) corticosteroids treatment. Table 1

The unadjusted probability of survival over the time (Kaplan-Meier plot) is shown in e-Figure 3 in supplemental online content. No signi�cant differences were
observed (p = 0.58) between patients with and without corticosteroids treatment. Only 28 of the 49 controlled variables exceeded the prede�ned cut-off point
for the information value and were included in the cox model (e-Table 6 in supplemental online content). The use of Corticosteroids had no effect on ICU
mortality (HR = 0.85 95%CI 0.55–1.33) (Fig. 1A and e-Table 7 in supplemental online content). The Schoenfeld’ test (p = 0.06) was not statistically signi�cant
and assume the proportional hazards (e-Figure 4 in the supplemental online content). When a multivariate Fine and Gray regression model was used (Fig. 1B),
corticosteroid use remained as a factor not associated with mortality (SHR = 0.85 [95% CI 0.55–1.83).

No signi�cant differences were observed in laboratory �ndings or clinical characteristics of patients that received or not corticosteroids (Table 1), except for
white blood cell counts(WBC), serum ferritin and the number of patients with more than 2 quadrant in�ltrates in chest x-ray, that were noted as signi�cantly
more frequent in patients that received corticosteroid. These variables plus variables clinically relevant as APACHE II, SOFA, age, invasive mechanical
ventilation(IMV), obesity and CRP were included in the multivariate analysis. Only presence more than 2 quadrant in�ltrates in chest x-ray (OR = 1.5 ;95%CI
1.05–2.16) was independently associated with use of corticosteroids. (e-Table 8 in the supplemental online content)

Corticosteroids Treatment Response Among The B Phenotype
Therapeutic impact among the B phenotype, was assessed among 338 (54,2%) patients that received corticosteroids as co-adjuvant therapy for viral
pneumonia (Table 1). The crude ICU mortality was 25.5%. Non-survivors’ (n = 159) patients were older (71 vs 61; p = 0.001), with high severity of illness
assessed by APACHE II (15 vs 12, p = 0.001) and SOFA (6 vs 4, p = 0.001), higher in�ammatory status and more incidence of AKI (37.7% vs 12.5%, p = 0.001)
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and myocardial dysfunction (11.9% vs. 5.2%, p = 0.001) than survivors. Only COPD was more frequent in non-survivors. Ventilator-associated pneumonia
diagnosis was more frequent in patients with (18.6%) than without corticosteroids treatment (11.9%, p = 0.02). Table 1

Conversely, corticosteroid treatment was not associated with mortality (e-Table 9 in supplemental online content).

The unadjusted probability of survival over the time (Kaplan-Meier plot) is shown in e-Figure 5 in supplemental online content. No signi�cant differences were
observed (p = 0.58). However, a cross-link between groups with or without corticosteroids is observed and a proportional hazards (PH) violation should be
suspected.

Only 20 of the 49 controlled variables exceeded the prede�ned cut-off point for the information value and were included in the cox model (e-Table 6 in
supplemental online content). Corticosteroid treatment was associated with protected effect (HR = 0.65; 95%CI 0.46–0.91) for ICU mortality (Fig. 2A and e-
Table 10 in supplemental online content). However, we observed in the Cox plot that the covariate of primary interest (corticosteroids) has different short-term
(1–35 days) and long-term effects (> 36 days) and a violation of proportional hazards (PH) assumption was con�rmed by the Schoenfeld test (p = 0.04) (e-
Figure 6) and HR obtained can sub or overestimate the corticosteroid effect.

To try to �x this limitation, a Cox time step interaction analysis was conducted. Corticosteroid treatment showed a protective effect (HR = 0.56, 95CI 0.39–
0.81) until 25 days, however, the corticosteroid: time step interaction resulted in an increment of risk of death respective of basal risk (tHR = 2.71, 95CI 1.03–
7.12) after 25 days (Fig. 2B). To con�rm these �ndings a weighted Cox Regression analysis was performed, that con�rmed no association between
corticosteroids treatment and ICU mortality (wHR = 0.72, 95%CI 0.49–1.05; p = 0.096). Finally, the multivariate Fine and Gray regression model used (Fig. 2C),
did con�rm corticosteroid use was associated with mortality (SHR = 0.65 [95% CI 0.46–0–91).

No signi�cant differences were observed in laboratory �ndings or clinical characteristics of patients that received or not corticosteroids (Table 1), except for D-
lactate dehydrogenase, WBC, serum lactate, and IMV use more frequent in patients with corticosteroid treatment. Development of ventilator-associated
pneumonia was higher in patients with corticosteroids treatment 18.6% vs 11.9%, p = 0.02 (Table 1)

These variables plus clinically relevant variables as APACHE II, SOFA, age, IMV, obesity and CRP were included in the multivariate analysis. D-lactate
dehydrogenase (LDH; OR = 1.0 [1.01–1.2]), serum lactate (OR = 1.1[1.03–1.26]), WBC count (OR = 1.04[1.01–1.08]) were independently associated with use of
corticosteroids (e-Table 11 in the supplemental online content).

Corticosteroids Treatment Response Among The C Phenotyp
Therapeutic impact among the C phenotype, was assessed among 535 (62.4%) patients that received corticosteroids as co-adjuvant therapy for viral
pneumonia (Table 1). The crude ICU mortality was 45.4%. Non-survivors’ (n = 389) patients were older (68 vs 63; p = 0.001), with high severity of illness
assessed by APACHE II (18 vs 15, p = 0.001) and SOFA (7.4 vs 7.0, p = 0.001) than survivors. Corticosteroid treatment was not associated with mortality as
shown in (e-Table 12 in supplemental online content).

The unadjusted probability of survival over the time (Kaplan-Meier plot) is shown in e-Figure 7 in supplemental online content. No signi�cant differences were
observed (p = 0.06). However, similar to B phenotype a cross-link between groups with or without corticosteroids is observed.

Only 20 of the 49 controlled variables exceeded the prede�ned cut-off point for the information value and were included in the cox model (e-Table 6 in
supplemental online content). Corticosteroid treatment was associated with a protected effect (HR = 0.73; 95%CI 0.63–0.98) for ICU mortality (Fig. 3A and e-
Table 13 in supplemental online content). However, we observed in the Cox plot that the covariate of primary interest (corticosteroids) has different short-term
(1–25 days) and long-term effects (> 25 days). The Schoenfeld test (p = 0.04) con�rmed PH violation (e-Figure 8). When Cox time step interaction analysis
was employed, corticosteroid treatment showed a clear protective effect (HR = 0.69, 95%CI 0.53–0.89) until 25 days, but resulted in an increment of risk of
death respective of basal risk (tHR = 1.93, 95%CI 1.14–3.25) after 25 days (Fig. 3B). However, when weighted Cox Regression analysis was performed,
corticosteroids treatment showed a protective effect on ICU mortality (wHR = 0.75, 95%CI 0.58–0.98; p = 0.03). Finally, Fine and Gray regression model used
(Fig. 3C) con�rmed corticosteroid treatment as a protective factor for ICU mortality (SHR = 0.79 [95% CI 0.63–0.98).

No signi�cant differences were observed in laboratory �ndings or clinical characteristics of patients that received or not corticosteroids (Table 1), except for
LDH higher in patients with corticosteroid treatment. Development of ventilator-associated pneumonia was higher in patients with corticosteroid treatment
(20.4% vs. 14.6%, p = 0.04) Table 1. These variables plus clinically relevant variables as APACHE II, SOFA, age, IMV, obesity and CRP were included in the
multivariate analysis. Only LDH (OR = 1.0, 95%CI 1.01–1.02) was noted to be independently associated with use of corticosteroids. (e-Table 14 in
supplemental online content)

Discussion
This represents the �rst built machine learning model used to assess the effect of corticosteroids therapy according to pre-de�ned clinical phenotypes among
a large cohort of critically ill patients with severe COVID-19 disease. The main �nding of our study is that the use of corticosteroids was not associated with
improved outcomes in all critically ill patients with COVID-19 at moderate /high dose and this effect appears to be bi-phasic, with an early reduction and a late
increase in risk of death. This late increase of mortality risk could be related to the development of infectious complications such as ventilator-associated
pneumonia as we observed in B and C phenotypes
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The challenge in developing optimal treatment strategies is the extreme heterogeneity of presentation in COVID-19 patients who are critically ill21,22. The ability
of identifying phenotypes in COVID-19 patients, using a small set of variables, is a crucial step towards clinical application and has important implications for
possible differential mechanism-driven phenotype compound screening. Consequently, our study suggests that only clinical phenotypes with some degree of
systemic in�ammation, such as the de�ned phenotype C, may have an early bene�t from steroid treatment, although this bene�t decreases as time spent in
ICU increases. Bene�ts offered by corticosteroids in attenuating immune dysregulation must be balanced with their inhibitory effect on the immune response
needed to control viral replication, as well as risk of opportunistic infections and associated side-effects15.

Evidence Summary:
Data regarding the e�cacy of corticosteroids in the treatment of SARS-CoV-2 is di�cult to interpret. By the second wave of COVID-19, literature evolved
rapidly, and the most recent �ndings position corticosteroids as strong candidates for treatment. Data from the RECOVERY Trial12 and WHO meta-analysis15,
supported the administration of 6 mg dexamethasone internationally for all patients with SARS CoV-2 infection who required oxygen supplementation or
invasive mechanical ventilation. However, the role of corticosteroids in the treatment of COVID-19 remains controversial according to recent meta-analysis
results6,31−36 and whether [corticosteroids] should be used to treat SARS-associated lung injury in any stage of illness, particularly as the drug is
immunosuppressive and may delay viral clearance in the patient. A recent study in France37 comparing �rst vs second wave reported that despite of the
systematic and early administration of glucocorticoids in the second wave, the ICU mortality (50% vs. 52%, p = 0.96) and duration of ICU stay did not differ
between the two waves. In contrast, Wu C et al.38 observed in 380 patients that, low-dose corticosteroid treatment was associated with reduced risk of in-
hospital death within 60 days in COVID-19 patients who developed ARDS. However, it should be noted that this study only included patients with ARDS, and
corticosteroids were initiated 13 days after symptom and this is not the usual clinical practice for the use of corticosteroids in COVID-19.

Chen et al21 observed presence of two phenotypes (hypo and hyper-in�ammatory) among COVID-19 patients. Interestingly, after applying a marginal structural
modeling, the association between corticosteroid therapy and 28-day mortality was only observed in patients with the hyper-in�ammatory phenotype (HR,
0.51; 95% CI, 0.34–0.78). The �ndings from this study are consistent with our results, where only the phenotypes B and C, that are characterized with a higher
in�ammatory status, seem to have an early stage of illness bene�t from corticosteroid treatment.

While the anti-in�ammatory effects of corticosteroids have potential bene�t in reducing cytokine production and edema, corticosteroids suppress a number of
critical cellular immune functions that could impair viral clearance and lead to secondary infections39. In addition, corticosteroids, have been shown to
decrease B cell production of immunoglobulins and induce T cell apoptosis, two immune cellular effects that would be counterproductive in COVID-19. We can
hypothesize that the immunosuppressive effect of corticosteroids coupled with the state of immunosuppression secondary to COVID-19 may ultimately
negatively alter host immune response resulting in increased susceptibility to infections and/or hypersensitivity states as we have seen in the most in�amed
phenotypes (B and C). Although the effect of corticosteroids can be extended up to 72 hours after the last dose40,41, the duration of the effect
immunosuppressive in COVID-19 patients has not been evaluated.

This is contrary to the current recommendation of dexamethasone treatment according to the RECOVERY trial12, a multicenter, randomized, open-label trial in
hospitalized patients with COVID-19 that showed that the mortality from COVID-19 was lower among patients who were randomized to receive
dexamethasone than among those who received the standard of care. Several limitations have been reported since its publication4,5,42,43. Possibly the most
important limitation is the lack of an adjustment according to severity of illness to minimize potential bias. Another potential limitation could be related to the
selection bias, especially in the subgroup of patients receiving IMV in which an average of only 6 patients were included per center. In addition, overall, 22.9%
of participants in the dexamethasone arm and 25.7% in the standard of care arm died within 28 days of study randomization. It represents a 2.8% of mortality
reduction which, although statistically signi�cant by the high number of patients included, its clinical signi�cance seems scarce. Finally, mortality has been
censored at 28 days, and no data have been published from the mortality at ICU or Hospital discharge. Our study warns of the loss of the early steroids
bene�cial effect with the ICU LOS and the appearance of a late increase in the risk of death, possibly in relation to further development of infectious
complications such as ventilator-associated pneumonia in patients receiving corticosteroids (speci�cally, in phenotypes B and C).

Survival bene�t detailed in the RECOVERY trial12 appeared greatest among patients who required IMV. These �ndings are consistent with our results, as
between 70–80% of patients in phenotypes B and C required ventilation and then could bene�t from steroids. Moreover, several risk factors known to
contribute to mortality in COVID-19, including severity of hypoxemia, ventilator settings and other types of organ support were not reported in RECOVERY12. As
a last point, in the RECOVERY trial12 a favorable effect on survival was evident with the use of steroids treatment among patients who only required
supplemental oxygen (rate ratio 0.82; 95% CI, 0.72–0.94). This sub-group of patients can be said to represent a similar pro�le to that of the A Phenotype from
our study, where more than 80% of patients received only supplemental oxygen at ICU admission and the crude ICU mortality was 20%. However, we do not
observe the impact of corticosteroid treatment on survival in this phenotype.

The clinical and biological heterogeneity of patients with COVID-19 is the main dead endpoint to administer the proper treatment22. No isolated clinical or
biological variable is su�cient to distinguish patients from each other. The added value of this model was attributed to the new analysis methodologies
(unsupervised clustering) which allowed us to identify three different clinical phenotypes of COVID-19 based on their clinical and laboratory characteristics22.
Against what is suggested by the RECOVERY trial, our results strongly suggest that corticosteroid treatment represents a bi-phasic action and should not be
administered to patients who do not require mechanical ventilation independently of their hypoxemia level. Differences in results could be due to our patient
adjustment modelling according to severity in illness and the absence of strati�cation and incomplete information about some factors associated with
outcome in the RECOVERY trial may have resulted in imbalance between the treated and control34.
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However, some study limitations should be noted when considering the added value of this machine learning model clinically. First, although phenotypes were
found to be generalizable in our population (after validation), risk factors and characteristics that pre-de�ned these clinical phenotypes were derived initially
from data at ICU admission of a multicenter observational study in Spain. However, at the same time these risk factors are similar to those that have been
reported by other investigators38–47 which suggests its applicability to other populations. Despite this, our phenotypes should be validated into other critical
patient populations to assess reproducibility and cross-application.

Second, only routinely available clinical data at ICU admission was used to identify risk factors and clinical phenotypes, and the inclusion of other data related
to clinical evolution of patients in the ICU could change risk factors or phenotype assignments. However, our objective was to study early risk factors and
phenotypes at ICU admission that may allow for early treatment implementation and as a result improve patient outcome.

Third, this is a sub-analysis conducted following the author’s primary observational study in order to consider only segmental measured confounders. The
authors are aware of the limitations presented by the exclusion of other residual measured confounders and unmeasured confounders that could not be
included fully.

Finally, this study did not collect data that could assess the impact of ethnicity, socioeconomic factors o long-term complications. These factors may play a
role in the prevalence of pre-existing comorbidities and mortality due to COVID-19.

Conclusion
Given the paucity of randomized controlled trials of immunomodulatory therapies in COVID-19 critically ill patients, we have provided the above guidance. Our
�ndings warn against the widespread use of corticosteroids in all critically ill patients with COVID-19 according to the moderate-high dose. Observing the
biphasic effect of steroids with a late increase in the risk of death and the development of further infectious complications in corticosteroid patients, suggests
the need to determine within each phenotype what subset of patients may really bene�t from treatment. Thus, avoiding the risk of late superinfections. Further
randomized controlled trials of immunomodulatory therapies in critically ill patients according to different phenotypes are warranted that take into account
other outcomes that were not explored in our model associated with corticosteroid therapy, such as severe acute respiratory syndrome coronavirus, RNA
clearance, superinfections, delirium, and gastrointestinal bleeding, as well as long-term time-dependent follow-up data for COVID-19 patients.
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Figure 1

Cox proportional hazard regression plot (A) and competing risk plot by Fine and Gray analysis (B) among patient’s A phenotype

Figure 2

Cox proportional hazard regression plot (A), Cox time step interaction plot (B) and competing risk plot by Fine and Gray analysis (C) among patient’s B
phenotype

Figure 3

Cox proportional hazard regression plot (A), Cox time step interaction plot (B) and competing risk plot by Fine and Gray analysis (C) among patient’s C
phenotype
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