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Abstract 

Dexamethasone improves clinical outcomes in COVID-19 patients requiring supplementary oxygen. We investigated 
possible mechanisms of action by comparing sixteen plasma host response biomarkers in general ward patients 
before and after implementation of dexamethasone as standard of care. 48 patients without and 126 patients with 
dexamethasone treatment were sampled within 48 h of admission. Endothelial cell and coagulation activation 
biomarkers were comparable. Dexamethasone treatment was associated with lower plasma interleukin (IL)-6 and IL-1 
receptor antagonist levels, whilst other inflammation parameters were not affected. These data argue against modifi-
cation of vascular-procoagulant responses as an early mechanism of action of dexamethasone in COVID-19.

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Introduction
Dexamethasone decreases the risk of progression to inva-
sive mechanical ventilation and mortality in hospital-
ized patients with coronavirus disease 2019 (COVID-19) 
requiring supplementary oxygen [1, 2]. For this reason, 
dexamethasone became standard of care in the Nether-
lands for hospitalized COVID-19 patients requiring oxy-
gen in August 2020. Data on the mechanism of action 
underlying the beneficial effect of dexamethasone in 
COVID-19 is limited.

COVID-19 is associated with endothelial dysfunction 
and coagulation activation, accompanied by hyperinflam-
mation [3]. In sepsis, corticosteroids inhibit inflamma-
tion and endothelial cell activation [4]. However, systemic 

use of glucocorticoids has been linked to venous throm-
boembolism, particularly pulmonary embolism [5]. Here, 
we sought to evaluate the early effect of dexamethasone 
on endothelial, coagulation and inflammatory responses 
after hospitalization for COVID-19 by comparing bio-
marker levels in patients admitted in the era before and 
after implementation of dexamethasone as standard 
therapy.

Methods
Patient enrolment was done in one secondary and two 
tertiary hospitals from March 2020 to May 2020 (first 
wave of the Dutch COVID-19 outbreak, no dexametha-
sone) and from October 2020 to March 2021 (second 
wave, dexamethasone 6  mg daily for up to 10  days). 
Samples were included from the ELDER-BIOME study 
(NCT02928367) and the Amsterdam UMC COVID-19 
biobank. Patients were eligible if they were admitted to 
a general ward with COVID-19 (confirmed by SARS-
CoV-2 PCR), required oxygen support and had pro-
vided written informed consent. Exclusion criteria were 
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Table 1 Patient characteristics

Wave 1 (no dexamethasone) Wave 2 (dexamethasone) p-value
n = 48 n = 126

Demographics

 Age (years) 60 [51–69] 63 [51–72] 0.59

 Body mass index 28.7 [26.8–32.5] 28.6 [25.8–31.6] 0.52

 Female gender 25 (52.1) 42 (33.3) 0.04

 Symptoms prior to admission (days) 9 [7–12] 8 [7–10] 0.38

 Days between admission and sampling 1 [1–2] 1 [1–2] 0.26

Comorbidities

 Cardiovascular 21 (43.8) 55 (43.7) > 0.99

 Pulmonary 9 (18.8) 29 (23.0) 0.69

 Diabetes mellitus 7 (14.6) 26 (20.6) 0.49

 Malignancy 2 (4.2) 7 (5.6) > 0.99

 Chronic kidney disease 1 (2.1) 7 (5.6) 0.57

 Immune  suppressiona 0 (0.0) 3 (2.4) 0.67

Vital signs on admission

 Heart rate (beats/min) 92 [84–105] 91 [80–100] 0.16

 Systolic blood pressure (mmHg) 128 [120–140] 134 [123–148] 0.09

 Diastolic blood pressure (mmHg) 80 [76–88] 80 [72–88] 0.98

 Respiratory rate (/min) 24 [21–30] 24 [20–28] 0.44

 Temperature (°C) 37.5 [36.7–38.1] 38.0 [37.3–38.6] 0.01

Laboratory values on admission

 C-reactive protein (mg/L) 96 [48–147] 90 [61–141] 0.66

 White blood cells (×  109/L) 6.1 [5.3–8.4] 6.1 [4.8–7.8] 0.39

 Neutrophils (×  109/L) 4.86 [3.74–6.59] 4.80 [3.30–6.26] 0.46

 Lymphocytes (×  109/L) 0.92 [0.74–1.31] 0.90 [0.60–1.15] 0.38

 Neutrophil-to-lymphocyte ratio 5.43 [3.52–8.32] 5.18 [3.21–8.00] 0.70

 Platelets (×  109/L) 244 [190–322] 212 [154–248]  < 0.01

 LDH (U/L) 359 [277–432] 336 [286–420] 0.92

 Blood urea nitrogen (mmol/L) 4.65 [3.70–6.28] 5.40 [4.35–7.20] 0.12

Disease severity on admission

 4C Mortality  Scoreb 9 [7–11] 10 [7–12] 0.15

 CURB-65  scorec 1 [0–1] 1 [0–2] 0.45

 MEWS 3 [2–4] 3 [2–4] 0.25

 qSOFA score 1 [0–1] 1 [0–1] 0.47

 CT severity  scored 11 [9–15] 11 [10–15] 0.73

Treatment prior to sampling

 Dexamethasone 0 (0.0) 126 (100) < 0.01

 Prophylactic  anticoagulatione 32 (66.7) 88 (71.0) 0.72

 Therapeutic  anticoagulationf 7 (14.6) 10 (7.9) 0.30

 Remdesivir 1 (2.1) 3 (2.4) > 0.99
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readmission, transfer from another hospital, participation 
in an intervention trial and chronic steroid use. EDTA 
blood was obtained within 48 h of admission, and if pos-
sible 3–4 days after admission. Sixteen biomarkers were 
measured by Luminex multiplex assay (R&D Systems 
Inc., Minneapolis, United States) and stratified accord-
ing to three pathophysiological domains: “endothelial 
cell activation and function”, “coagulation activation” and 
“systemic inflammation”. Analyses were performed using 
R statistical software (version 4.0.2). Biomarker data 
were log-transformed. Normally distributed data were 
analysed by Student’s  t-test, nonparametric continuous 
data by Mann–Whitney U test, and categorical data by 
Fisher exact test. To correct for possible confounding fac-
tors, a multiple linear regression analysis was conducted 
using age, gender, length of symptoms, the time between 
admission and sampling, comorbidities (cardiovascular, 
pulmonary, diabetes, malignancy, chronic kidney disease, 
immune suppression), and disease severity scores (4C 
Mortality, CURB and MEWS score) as covariates. All sig-
nificance testing of biomarkers was multiple testing cor-
rected using the Benjamini-Hochberg (BH) method.

Results
Of the 174 patients, 48 patients were enrolled during the 
first wave (not treated with dexamethasone) and 126 dur-
ing the second wave (treated with dexamethasone before 
sampling; Table  1). The median time between the first 
dose of dexamethasone and sampling was 19  h [inter-
quartile range (IQR): 15–35]. The time between hospi-
tal admission and study sampling did not differ between 
groups (median [IQR] of 1 [1, 2] day). Age, body mass 
index and chronic comorbidities were similar between 

groups, whilst the proportion of females was higher in 
the first wave. Baseline vital signs, clinical and radiology 
severity scores did not differ between groups. None of 
the patients was vaccinated, and none received anti-IL-6 
antibody treatment. Routine laboratory measurements at 
baseline showed no differences, except for higher platelet 
counts in wave 2. Outcome parameters in terms of pul-
monary embolism, intensive care unit admission, hospi-
tal length of stay and mortality were comparable between 
groups.

Our primary objective was to compare host response 
biomarker levels in plasma obtained within 48  h of 
admission, i.e., after initiation of dexamethasone treat-
ment in wave 2. Biomarker levels reflecting endothelial 
cell activation and function or activation of the coagula-
tion system did not differ between patients with or with-
out dexamethasone treatment (Fig. 1). However, patients 
treated with dexamethasone had lower plasma inter-
leukin (IL)-6 concentrations (median [IQR] 7.92 [4.63–
13.89] vs 13.81 [8.06–25.01] pg/mL in untreated patients, 
p = 0.01) and lower plasma IL-1 receptor antagonist 
concentrations (1.08 [0.80–1.97] vs 2.04 [1.11–3.26] ng/
mL, p < 0.01). After correction for possible confounding, 
dexamethasone treatment was a significant predictor of 
not only plasma IL-6 and IL-1 receptor antagonist con-
centrations, but also of IL-8. Other markers of systemic 
inflammation or cytokines were not significantly dif-
ferent between waves. In a secondary analysis, we ana-
lyzed biomarkers in a subset of patients [13 (27%) from 
wave 1 and 40 (32%) from wave 2] from whom follow-
up samples were obtained 3–4  days after admission. At 
day 3–4, plasma IL-6 and IL-1 receptor antagonist con-
centrations were not different between groups, whilst 

Data are shown as n (%) or median [interquartile range]

ICU intensive care unit, qSOFA quick sequential organ failure assessment, MEWS modified early warning score
a Defined as chronic immune suppression due to asplenia, HIV, bone marrow or solid organ transplant
b Validated COVID-19 severity score [11]
c Clinical score used in community-acquired pneumonia, using confusion, blood urea nitrogen, respiratory rate, blood pressure and age
d Radiological scoring system to estimate the pulmonary involvement by COVID-19, with a maximum of 25
e Nadroparin 2850 IE or 5700 IE once daily, according to body weight
f Nadroparin 9500 IE twice daily, direct oral anticoagulant, continuous heparin infusion or vitamin K antagonist
g Diagnosed by CT pulmonary angiography within 28 days of admission

Table 1 (continued)

Wave 1 (no dexamethasone) Wave 2 (dexamethasone) p-value
n = 48 n = 126

Outcomes

 Pulmonary  embolismg 5 (10.4) 7 (5.6) 0.43

 ICU admission 5 (10.6) 19 (15.3) 0.59

 Hospital length of stay (days) 5 [3–9] 6 [3–9] 0.86

 30-day mortality 7 (14.6) 13 (10.7) 0.67
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Fig. 1 Biomarkers in hospitalized COVID-19 ward patients stratified according to treatment with dexamethasone prior to sampling. Data are 
expressed as box-whisker diagrams representing the median and 1.5 IQR as whiskers, and individual data points. Dotted lines indicate median 
values obtained in 21 age-matched outpatient clinic non-infectious controls. * Indicates BH-corrected P < 0.05. IL: interleukin, IL-1RA: interleukin-1 
receptor antagonist, MMP-8: matrix metalloproteinase-8, RAGE: receptor for advanced glycation end-products, TREM-1: triggering receptor 
expressed on myeloid cells-1, VCAM-1: vascular cell adhesion molecule-1



Page 5 of 7de Brabander et al. Respiratory Research          (2022) 23:145  

thrombomodulin (endothelial injury marker) and soluble 
TREM-1 (inflammation marker) were higher in dexa-
methasone-treated patients (Additional file 1: Table).

Discussion
We here compared the plasma concentrations of 16 host 
response biomarkers providing insight into dysregula-
tion of key pathways implicated in the pathogenesis of 
COVID-19 in dexamethasone-treated and untreated 
patients. Unlike hydrocortisone in sepsis [4], dexameth-
asone treatment was not associated with attenuated 
endothelial responses in COVID-19, and dexamethasone 
did not impact coagulation activation. Dexamethasone 
treatment was associated with lower plasma IL-6 and 
IL-1 receptor antagonist levels early after initiation.

A recent observational study in 20 dexamethasone-
treated and 12 dexamethasone-untreated COVID-19 
patients reported a decrease in angiopoietin-2 and receptor 
for advanced glycation end-products after dexamethasone 
treatment [6], biomarkers that were not different between 
treatment groups in our study. However, unlike our study, 
this previous investigation involved critically ill patients, 
had a small sample size and had major baseline differences.

Remarkably, the plasma concentrations of thrombo-
modulin and TREM-1 were higher at day 3–4 in patients 
treated with dexamethasone. A clear explanation for 
this unexpected finding is not available. Dexamethasone 
did not affect the plasma levels of thrombomodulin in 
healthy subjects [7], and decreased TREM-1 expression 
and release from pro-monocytic cells [8].

Our study has strengths and limitations. Data on the 
effects of dexamethasone on the immune response to 
SARS-CoV-2 infection are scarce. Whilst patient groups 
were largely comparable, results are not from a controlled 
clinical trial. Nevertheless, selection or indication bias is 
estimated to be minimal due to dexamethasone treatment 
becoming standard of care from a specific moment in time. 
The alpha variant (B.1.1.7) became dominant once we ter-
minated enrolling patients in March 2021, minimizing the 
influence of different SARS-CoV-2 variants. Additionally, 
correction for demographics, length of symptoms, comor-
bidity, and diseases severity did not change the results. We 
compared systemic host responses; analyses of pulmonary 
responses are not feasible in patients who are not intubated. 
Our primary analysis focused on host response parameters 
shortly after hospital admission; nonetheless, measure-
ments in a subgroup 3–4 days after admission did not dis-
close a mechanism of protective action of dexamethasone 
either. Notably, in community-acquired pneumonia, dexa-
methasone influenced plasma cytokine levels early after 
treatment initiation [9] while in a controlled human inflam-
mation model a single prednisolone dose acutely inhibited 
cytokine release and endothelial cell activation [10].

Our data argue against modification of vascular-proco-
agulant responses as an early mechanism of action of dex-
amethasone in COVID-19. The results of this study could 
be a rationale for further exploration of the mechanism of 
action of dexamethasone in COVID-19 in future research.
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