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ABSTRACT
Objective Soluble ST2 (sST2) reflects inflammation, 
endothelial dysfunction and myocardial fibrosis, is 
produced in the lungs and is an established biomarker in 
heart failure. We sought to determine the role of sST2 in 
COVID- 19 by assessing pathophysiological correlates and 
its association to in- hospital outcomes.
Methods We enrolled 123 consecutive, hospitalised 
patients with COVID- 19 in the prospective, observational 
COVID- 19 MECH study. Biobank samples were collected 
at baseline, day 3 and day 9. The key exposure variable 
was sST2, and the outcome was ICU treatment with 
mechanical ventilation or in- hospital death.
Results Concentrations of sST2 at baseline was 
median 48 (IQR 37–67) ng/mL, and 74% had elevated 
concentrations (>37.9 ng/mL). Higher baseline sST2 
concentrations were associated with older age, male 
sex, white race, smoking, diabetes, hypertension and 
chronic kidney disease. Baseline sST2 also associated 
with the presence of SARS- CoV- 2 viraemia, lower 
oxygen saturation, higher respiratory rate and increasing 
concentrations of biomarkers reflecting inflammation, 
thrombosis and cardiovascular disease. During the 
hospitalisation, 8 (7%) patients died and 27 (22%) 
survivors received intensive care unit (ICU) treatment. 
Baseline sST2 concentrations demonstrated a graded 
association with disease severity (median, IQR): medical 
ward 43 (36–59) ng/mL; ICU 67 (39–104) ng/mL and 
non- survivors 107 (72–116) ng/mL (p<0.001 for all 
comparisons). These associations persisted at day 3 and 
day 9 .
Conclusions sST2 concentrations associate with 
SARS- CoV- 2 viraemia, hypoxaemia and concentrations 
of inflammatory and cardiovascular biomarkers. There 
was a robust association between baseline sST2 and 
disease severity that was independent of, and superior to, 
established risk factors. sST2 reflects key pathophysiology 
and may be a promising biomarker in COVID- 19.
Trial registration number NCT04314232.

INTRODUCTION
Patients hospitalised with COVID- 19 are at 
risk of poor outcome. A recent meta- analysis 
of the first wave of the COVID- 19 pandemic 

estimated that one- third of patients require 
intensive care unit (ICU) treatment, and 
among these, ~40% die during the hospital-
isation.1 Cardiovascular disease (CVD) and 
accompanying comorbidities, such as obesity, 
diabetes and hypertension, are among the 
most important risk factors for severe trajec-
tories from COVID- 19.2

Soluble ST 2 (sST2) is part of the inter-
leukin- 1 receptor family and a major player 
in immune and inflammatory responses 
through mechanical stress, inflammatory 
cytokines or necrosis.3 sST2 has become an 
established biomarker in heart failure (HF), 
reflecting myocardial inflammation, remod-
elling and fibrosis.4 The lungs are a relevant 
source of sST2 in HF and seems to play an 
active role in the pathological ST2 response.5 
Elevated sST2 is associated with increased risk 
of poor outcome in acute6 and chronic7 HF 

Key questions

What is already known about this subject?
 ► Soluble ST2 (sST2) is part of the interleukin family 
and is known to reflect inflammation, endothelial 
dysfunction and myocardial fibrosis. sST2 therefore 
holds promise as a relevant biomarker in COVID- 19.

What does this study add?
 ► We measured sST2 at baseline, day 3 and day 9 
in patients hospitalised for COVID- 19 and found a 
robust association between higher concentrations 
and disease severity at each time points, which was 
independent of, and superior to, established risk 
factors. Higher sST2 correlated with SARS- CoV- 2 
viraemia, hypoxaemia and concentrations of bio-
markers reflecting inflammation, thrombosis and 
cardiovascular disease.

How might this impact on clinical practice?
 ► These findings suggest that measuring sST2 may 
improve risk stratification and identification of key 
pathophysiological mechanisms in COVID- 19.
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and after myocardial infarction.8 The prognostic infor-
mation seems to be independent of established cardiac 
biomarkers such as N- terminal pro- B- type natriuretic 
peptide (NT- proBNP), cardiac troponin T and emerging 
biomarkers like growth differentiation factor- 15 (GDF- 
15) and galectin- 3.9 Accordingly, sST2 is recommended 
for additive risk stratification for HF in the 2017 US 
guidelines.10 sST2 also seems to have a prognostic value 
in critically ill patients, including sepsis,11 unselected ICU 
patients12 and acute respiratory distress syndrome.13 14 
However, the prognostic importance in COVID- 19 is not 
clear.

The COVID- 19 pandemic has caused considerable 
strain on ICUs and overwhelmed the capacity of hospital 
systems worldwide. Thus, efficient patient triage and early 
identification of high- risk patients is important. Our aim 
was to assess the pathophysiological correlates of sST2 
and the association between serial measurements and 
outcome, in patients hospitalised for COVID- 19.

METHODS
The COVID- 19 Mechanisms (COVID MECH) Study 
prospectively enrolled unselected adult patients hospi-
talised for COVID- 19 from 18 March to 4 May 2020 at a 
teaching hospital affiliated with the University of Oslo, 
Akershus University Hospital, with a primary catchment 
area of 560 000, corresponding to 11% of the population 
of Norway. Details about the study design and inclusion 
process has previously been published.15 Inclusion criteria 
were a positive SARS- CoV- 2 real- time PCR nasopharyn-
geal swab and COVID- 19 symptoms as the main reason 
for admission. Study- specific consent forms were signed 
by all participants or by the next of kin if the patient was 
unable to consent. It was not possible to involve patients 
or the public in the design, conduct, reporting or dissem-
ination plans of our research due to the nature of the 
sudden COVID- 19 pandemic. Data may be obtained on 
request and are not publicly available.

Clinical information was obtained from medical 
records by the investigators, and details about study 
conduction and classification of comorbidities have 
previously been published.15 The primary endpoint in 
the COVID- 19 MECH study was the composite of death 
and/or admission to the ICU for >24 hours at any point 
during their hospitalisation. For capacity reasons during 
the pandemic, only patients requiring mechanical ventila-
tion were treated in the ICU, while patients not requiring 
mechanical ventilation were returned to a medical ward 
after evaluation by an intensive care physician. Data for 
30- day all- cause mortality was available for all patients.

Laboratory methods
Blood samples were collected by trained nurses at base-
line (immediately after admission in the emergency 
department or early in the ICU stay for nine patients 
admitted directly to the ICU), day 2–5 (target day 3) and 
day 6–12 (target day 9). Routine clinical biomarkers, that 

is, white cell count, lymphocyte count, D- dimer, C reac-
tive protein (CRP), lactate dehydrogenase and creatinine 
were immediately analysed and estimated glomerular 
filtration rate (eGFR) calculated at the central labora-
tory. Biobank samples of plasma and serum were tempo-
rarily stored at 4°C, centrifuged at 2000 g for 10 min 
and then transferred into aliquots that were frozen and 
stored at −80°C. Serum samples from the biobank were 
used to measure interleukin- 6, procalcitonin, ferritin, 
cardiac troponin T (cTnT), NT- proBNP and GDF- 15 by 
the Elecsys assay on a Cobas e801 platform (Roche Diag-
nostics, Rotkreuz, Switzerland).15 SARS- CoV- 2 RNA was 
detected in plasma by reverse transcription and quantita-
tive PCR on a QuantStudio 7 PCR system (Thermo Fisher 
Scientific, Waltham, Massachusetts, USA) targeting the 
viral E- gene as previously described.16 sST2 was measured 
in serum samples using the Presage ST2 assay (Critical 
Diagnostics, San Diego, California, USA) with a quanti-
fication range from 2.35 to 200 ng/mL and a coefficient 
of variation of 4.3% and 4.5% (high and low concentra-
tion). Concentrations >200 ng/mL (n=3) were entered 
as 200 ng/mL. According to the manufacturer, concen-
trations in a healthy reference cohort were median 18.8 
ng/mL and 95th percentile 37.9 ng/mL.17

Statistical methods
Baseline characteristics are presented as mean±SD and n 
(%) and compared by linear regression for trend across 
quartiles of sST2. Biomarker concentrations are reported 
as median (quartiles (Q) 1–3) and compared using the 
non- parametric Kruskal- Wallis test and the Cuzick’s trend 
test.18 Correlations between sST2 and other biomarkers 
were assessed using Spearman rank correlation. Unad-
justed and adjusted logistic regression analyses of the 
association between baseline sST2 and outcome (medical 
ward vs ICU vs in- hospital mortality) were performed. 
Covariates were a priori selected, that is, age, sex, race, 
CVD, body mass index (BMI) and eGFR. Due to the risk 
of collinearity and overfitting the regression models, 
other biomarkers were not included in the main adjusted 
analysis. However, in an exploratory logistic regression 
model, we also added the following biomarkers to the 
multivariable model: interleukin- 6, CRP, procalcitonin, 
ferritin, D- dimer, cTnT and NT- proBNP. Non- parametric 
receiver operating curve (ROC) was analysed to assess the 
discriminatory performance of sST2 for combined ICU 
admission or mortality and for mortality only. Changes 
in biomarkers from baseline to day 3 and from base-
line to day 9 were assessed by multilevel mixed- effects 
linear regression adjusted for age, sex, race, CVD, BMI 
and eGFR. To assess differences in biomarker changes 
according to outcome, an interaction term was included 
in the model. Concentrations of sST2 at day 3 and day 9 
were associated with outcome using multivariable logistic 
regression with the same covariates as in for the baseline 
analysis. All biomarkers were log- transformed before 
included in regression analysis. All statistical analyses 
were performed using Stata Software (V.16, Stata Corp). 
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A two- sided p value of <0.05 was considered statistically 
significant.

RESULTS
In total, 201 patients were hospitalised with COVID- 19 
in the study period, and among these, 78 patients were 
not included in the COVID- 19 MECH study due to direct 
discharge from the emergency department or unwilling-
ness to participate in the study. Biobank blood samples 
were available from 123 of the 135 hospitalised patients 
with COVID- 19 enrolled in the study. These were aged 
59.6±15.2 years, 71 (58%) men and 68 (55%) Cauca-
sians. Overall, 74 (60%) had ≥1 comorbidity, comprising 
hypertension (32%), obesity (27%), CVD (15%) diabetes 
(17%), chronic kidney disease (7%) and chronic obstruc-
tive pulmonary disease (5%). Symptom duration was 9±5 
days; 81% had fever, 80% had cough and 70% had dysp-
noea.

Baseline sST2, clinical characteristics and other biomarkers
Baseline sST2 concentrations were median 48 (IQR 
37–67) ng/mL and 91 (74%) had concentrations 
above the 95th percentile of healthy controls. Strati-
fied by quartiles (Q), increasing concentrations of sST2 
were associated with higher age, male sex, white race, 
smoking, diabetes mellitus, hypertension and chronic 
kidney disease (table 1). Oxygen saturation was lower 

and respiratory rate higher at admission with increasing 
sST2: mean 94% and 22/min in Q1 versus 89% and 30/
min in Q4, respectively (p<0.001 for both). Increasing 
levels of sST2 by quartiles were significantly associated 
with biomarkers reflecting inflammation, coagulation, 
renal function, cardiac biomarkers and with SARS- CoV- 2 
viraemia (table 2). SARS- CoV- 2 viraemia was most preva-
lent in patients with sST2 concentrations in the highest 
quartile: 63% in Q4 vs 31% for Q1–3. The strongest 
correlations with the established biomarkers were seen 
for procalcitonin (rho=0.62, p<0.001), IL- 6 (rho=0.43, 
p<0.001), cTnT (rho=0.43, p<0.001) and ferritin 
(rho=0.40, p<0.001) (table 2). sST2 also correlated with 
GDF- 15: rho=0.53, p<0.001.

Baseline sST2 and hospital outcome
During the hospitalisation, eight patients (7%) died: 
four at the ICU and four with treatment restrictions in 
medical wards. No patients died after hospital discharge, 
within 30 days of study inclusion. Treatment in the ICU 
(all with mechanical ventilation) was given to 27 (22%) 
survivors. Baseline concentrations of sST2 increased 
in proportion to the severity of the hospital outcome 
(median, IQR): 43 (36–59) ng/mL for patients treated 
in medical wards, 67 (39–104) ng/mL for ICU- treated 
patients and 107 (72–116) ng/mL for non- survivors: 
p<0.001 for both medical ward versus ICU and medical 

Table 1 Baseline characteristics and vital parameters on admission in patients hospitalised for COVID- 19, stratified by 
quartiles of baseline sST2 concentrations (n=123)

sST2 range (ng/mL)

sST2 Q1 sST2 Q2 sST2 Q3 sST2 Q4

P value for trend

n=31 n=31 n=31 n=30

22–37 38–48 49–67 67 ->200

Age, years 54.9±14.4 57.5±15.4 59.0±16.5 67.3±11.6 0.002

Male sex, n (%) 12 (38.7) 17 (54.8) 20 (64.5) 23 (76.7) 0.002

White race, n (%) 16 (51.6) 13 (41.9) 16 (51.6) 23 (76.7) 0.037

Body mass index, kg/m2 28.6±6.3 28.0±5.2 29.5±6.5 27.1±3.1 0.49

Obesity, n (%) 7 (22.6) 9 (31.0) 9 (30.0) 7 (23.3) 0.96

Diabetes mellitus, (%) 3 (9.7) 4 (12.9) 4 (12.9) 10 (33.3) 0.021

Hypertension, (%) 6 (19.4) 7 (23.3) 10 (32.3) 16 (55.2) 0.002

Cardiovascular disease, (%) 3 (9.7) 4 (12.9) 4 (12.9) 7 (23.3) 0.16

Chronic kidney disease, n (%) 1 (3.2) 1 (3.2) 0 (0.0) 7 (23.3) 0.007

Chronic pulmonary disease, n (%) 1 (3.2) 2 (6.5) 1 (3.2) 2 (6.7) 0.69

Smoking, n (%) 1 (3.2) 0 (0.0) 1 (3.2) 4 (13.3) 0.06

Days of symptoms 10±5 9±5 9±4 9±4 0.52

Oxygen saturation, % 94±3 94±3 93±2 89±9 <0.001

Temperature, °C 38.1±1.0 37.9±0.9 38.2±0.9 38.2±1.0 0.51

Heart rate, /min 88±16 89±14 90±17 93±19 0.24

Respiratory rate, /min 22±5 27±8 28±7 30±11 <0.001

Systolic blood pressure, mm Hg 130±13 135±19 133±23 130±19 0.86

Values are reported as number (proportions) or mean±SD.
sST2, soluble ST2.

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://openheart.bm

j.com
/

O
pen H

eart: first published as 10.1136/openhrt-2021-001884 on 21 D
ecem

ber 2021. D
ow

nloaded from
 

http://openheart.bmj.com/


Open Heart

4 Omland T, et al. Open Heart 2021;8:e001884. doi:10.1136/openhrt-2021-001884

ward vs non- survivors (table 3; figure 1). This association 
persisted after adjusting for demographics, BMI, CVD 
and eGFR (table 3). Concentrations of IL- 6, CRP, procal-
citonin and ferritin were higher with increasing severity, 
while there were no significant associations for D- dimer, 
cTnT and NT- proBNP. In a regression model adding all 
measured biomarkers to demographics, BMI, CVD and 
eGFR, sST2 was the only variable associated with ICU 
admission or death (online supplemental table 1). In 
exploratory analysis also including GDF- 15, both sST2 

(p=0.05) and GDF- 15 (p=0.015) remained associated 
with outcome.

The area under the receiver operating curve (ROC 
AUC) for discriminating combined ICU admission and 
hospital mortality (n=35) was 0.69 (0.57–0.80) and for 
discriminating hospital mortality alone (n=8) 0.84 (0.72–
0.96) for baseline sST2.

Table 2 Concentrations of inflammatory, coagulation, renal and cardiac biomarkers and presence of SARS- CoV- 2 viraemia 
by quartiles (Q) of baseline sST2 concentrations

sST2 Q1 sST2 Q2 sST2 Q3 sST2 Q4 P value for 
trend Rhon=31 n=31 n=31 n=30

White cell count, × 109/L 5.0 (3.8, 7.2) 5.7 (4.4, 7.6) 6.1 (4.8, 9.5) 7.9 (6.2, 10.5) <0.001 0.36

Lymphocyte count, × 109/L 1.1 (0.8, 1.5) 1.0 (0.8, 1.4) 0.9 (0.7, 1.3) 0.8 (0.6, 1.0) 0.005 −0.28

Interleukin- 6 (pg/mL) 23 (11, 47) 33 (16, 48) 41 (22, 63) 95 (43, 159) <0.001 0.43

C reactive protein (mg/L) 34 (17, 50) 60 (25, 130) 100 (48, 150) 120 (60, 220) <0.001 0.42

Procalcitonin (µg/L) 0.06 (0.04, 0.14) 0.10 (0.06, 0.21) 0.15 (0.08, 0.21) 0.33 (0.18, 0.77) <0.001 0.62

Ferritin (µg/L) 299 (156, 543) 326 (171, 639) 540 (325, 1042) 990 (362, 1960) <0.001 0.40

Lactate dehydrogenase 260 (210, 310) 255 (220, 390) 330 (250, 450) 360 (270, 550) <0.001 0.33

D- dimer (mg/L) 0.3 (0.3, 0.5) 0.6 (0.4, 1.2) 0.6 (0.4, 0.9) 0.8 (0.5, 1.2) <0.001 0.37

eGFR (mL/min/1.73 m2) 98 (80, 109) 90 (84, 107) 89 (55, 107) 70 (37, 94) <0.001 −0.32

Cardiac troponin T (ng/L) 6 (4, 9) 7 (4, 14) 11 (6, 17) 18 (8, 29) <0.001 0.43

NT- proBNP (ng/L) 60 (36,154) 54 (20, 213) 109 (40, 265) 256 (121, 466) <0.001 0.36

SARS- CoV- 2 viraemia, n (%) 10 (32.3) 8 (25.8) 11 (35.5) 19 (63.3) 0.009

Concentrations are reported as median (Q1, Q3). Coefficient of correlations between biomarkers as continuous variables are given as 
Spearman rho. All correlations had p<0.001.
eGFR, estimated glomerular filtration rate; NT- proBNP, N- terminal pro- B- type natriuretic peptide; sST2, soluble ST2.

Table 3 Concentrations of sST2 and other cardiovascular and inflammatory biomarkers measured at baseline in association 
with outcome (medical ward, intensive care unit (ICU) or non- survivor) among patients hospitalised with COVID- 19 (n=123)

Medical ward ICU Non- survivors Medical ward versus ICU
Medical ward versus non- 
survivors

n=88 n=27 n=8 Unadjusted Adjusted* Unadjusted Adjusted*

sST2 (ng/mL) 43 (36, 59) 67 (39, 104) 107 (72, 116) <0.001 0.001 <0.001 0.03

Interleukin- 6 
(pg/mL)

30 (16, 55) 63 (38, 106) 109 (32, 186) 0.023 0.09 0.02 0.35

C reactive 
protein (mg/L)

55 (27, 110) 130 (49, 220) 115 (75, 200) 0.004 0.008 0.07 0.38

Procalcitonin 
(µg/L)

0.10 (0.06, 0.18) 0.19 (0.11, 0.60) 0.19 (0.14, 0.74) 0.002 0.002 0.03 0.66

Ferritin (µg/L) 411 (194, 751) 901 (353, 2744) 1142 (434, 1853) <0.001 <0.001 0.02 0.13

D- dimer (mg/L) 0.5 (0.3, 0.8) 0.7 (0.4, 0.9) 1.05 (0.9, 2.4) 0.83 0.97 0.04 0.71

Cardiac troponin 
T (ng/L)

8 (4, 15) 9 (7, 14) 25 (18, 30) 0.75 0.26 0.02 0.08

NT- proBNP 
(ng/L)

90 (29, 259) 130 (83, 188) 359 (192, 1431) 0.70 0.85 0.03 0.15

Concentrations are reported as median (Q1, Q3). All biomarker values were log- transformed in the adjusted regression models.
*Adjusted for: age, sex, race, body mass index, cardiovascular disease and estimated glomerular filtration rate at baseline.
sST2, soluble ST 2.
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Changes in sST2 and hospital outcome
Repeated measures of sST2 concentrations were 
performed at day 3 (n=94; 61 medical ward, 25 ICU and 
eight non- survivors) and day 9 (23 medical ward, 20 
ICU and 6 non- survivors). The main reason for missing 
follow- up samples was discharge from the hospital. Two 
of the eight non- survivors died between day 3 and day 9 
and had therefore missing samples at day 9. The overall 
median sST2 concentration was 47 (IQR 36–69) ng/
mL at day 3 and 49 (IQR 36–83) ng/mL at day 9, which 
was not significantly different from the baseline concen-
trations (p=0.14 and p=0.29, respectively). The change 
in sST2 from baseline to day 3 and day 9 was different 
in patients with a primary outcome (ICU treatment or 
death) compared with those treated at medical ward (p for 
interaction=0.003). Patients treated in the medical ward 
had significant decline in sST2 concentrations to day 3 
(−12%, 95% CI −19% to −5%, p=0.002) and day 9 (−23%, 
95% CI −31% to −13%, p<0.001), while patients who were 
treated in the ICU or died had no significant change 
(p=0.84 to day 3 and p=0.51 to day 9). When excluding 
the two patients who died before day 9, the results were 
consistent (p for interaction=0.003). Compared with 
patients treated at the medical ward, concentrations of 
sST2 at day 3 and day 9 were higher in non- survivors or 
ICU- treated patients (p<0.001 and p=0.001, respectively) 
and ICU- treated patients only (p<0.001 and p=0.004, 
respectively) in adjusted models (figure 1).

DISCUSSION
In this prospective study of patients hospitalised for 
COVID- 19, we found higher concentrations of sST2 in 
patients treated in the ICU and the highest concentra-
tions in non- survivors. The association with poor outcome 
was independent of established risk factors, inflammatory 
and cardiovascular biomarkers. At day 3 and day 9, the 

sST2 elevation persisted in patients who were treated in 
the ICU or died.

In a recent proteomics study measuring 1420 proteins 
in patient with COVID- 19, sST2 came out among the top 
3 candidate proteins predicting mortality, which supports 
our findings of sST2 as an important prognostic marker 
in COVID- 19.19 sST2 has been proposed as a promising 
biomarker in COVID- 19, reflecting inflammatory status 
and disease severity.20 21 In our study, concentrations of 
ST2 correlated with inflammatory biomarkers, cardiovas-
cular biomarkers, SARS- CoV- 2 viraemia and hypoxaemia, 
reflecting key pathophysiological pathways in COVID- 19. 
Being part of the interleukin family, the association with 
inflammation is not surprising and in line with previous 
findings from sepsis and acute respiratory distress 
syndrome (ARDS).11 13 14 sST2 is released by endothelial 
cells and various immune cells, and function as a decoy 
receptor to IL- 33. The alveolar epithelial cells in the 
lungs are a source of ST2 in HF.5 The interplay between 
sST2 and IL- 33 plays an important role in CVD, and accu-
mulating evidence suggests that sST2 is a biomarker of 
vascular health.3 Furthermore, experimental studies have 
demonstrated that ST2/IL- 33 activate endothelial cells 
and promotes inflammation22 23 We found an associa-
tion between sST2 and D- dimer, and it is well established 
that endothelial dysfunction and thromboembolism are 
cornerstones in COVID- 19 pathogenesis.24 Overall, the 
integration of these pathways by sST2 may contribute 
to the strong, progressive association with the need 
for mechanical ventilation and in- hospital mortality. 
However, the exact mechanisms in COVID- 19 causing the 
elevation in sST2 remains largely unknown and should be 
assessed in experimental studies. Interestingly, sST2 was 
the only biomarker associated with adverse outcome in 
models adjusting biomarkers reflecting myocardial injury 
and stress, inflammation and thrombosis.

We recently reported that GDF- 15 was associated with 
poor outcome in COVID- 19.15 Concentrations of GDF- 15 
correlated moderately with sST2 (rho=0.53) and did 
not have the same predictors. Moreover, the association 
with outcome for sST2 and GDG- 15 was independent 
of each other and other cardiovascular and inflamma-
tory biomarkers. In contrast to sST2 concentrations that 
remained stably elevated throughout the hospitalisation, 
concentrations of GDF- 15 continued to increase to day 3 
and day 9 in patients with poor outcome.15 These differ-
ences indicate that sST2 and GDG- 15 reflect separate 
disease processes in COVID- 19 and may provide comple-
mentary pathophysiological information.

Limitations
The modest sample size and the lack of an external valida-
tion cohort are the main limitations in our study. Particu-
larly, the number of patients with available samples at day 
9 was low. This was primarily due to early discharge from 
the hospital, and we did not collect blood samples from 
patients after discharge. Still, given the coherent findings 
from proteomics analysis of COVID- 1919 combined with 

Figure 1 Concentrations of soluble ST2 at baseline, day 
3 and day 9 in hospitalised COVID- 19 patients treated at 
the medical ward, ICU and in non- survivors. Bars represent 
median concentration and whiskers quartile 1 and quartile 
3. P value is for comparison of concentrations in patients 
treated in the ICU or non- survivors to patients treated 
in the medical ward, after adjustment for age, sex, race, 
cardiovascular disease, body mass index and estimated 
glomerular filtration rate. ICU, intensive care unit.
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the robust prospective design of our study, we believe 
our findings are clinically relevant. However, the find-
ings should be validated in more diverse populations 
and settings before being implemented in clinical prac-
tice. Although clinical characteristics and ICU admis-
sions were comparable with other COVID- 19 cohorts, the 
in- hospital mortality for COVID- 19 was relatively low in 
our hospital during the first wave of the pandemic, and 
this may limit the generalisability to centres with higher 
mortality rates.

Our multivariable regression models may be over-
fitted given the limited number of events compared with 
the number of covariates, but we believe the consistent 
results with the unadjusted analysis strengthen these find-
ings. We analysed eight inflammatory and cardiovascular 
biomarkers and present their association to outcome in 
the current study. We did not use statistical methods to 
account for multiple comparisons, as our main objective 
was to investigate sST2 as a prognostic marker in COVID- 
19. Of note, the association between sST2 and outcome 
remained significant in all models when using a Bonfer-
roni corrected p value (0.05/8=0.006) as the significance 
level.

CONCLUSIONS
We found an association between increasing levels of 
sST2 and disease severity among patients hospitalised 
for COVID- 19. The association was independent of, and 
superior to, established risk factors. sST2 associated with 
SARS- CoV- 2 viraemia and biomarkers of inflammation, 
CVD and thrombosis. sST2 remained elevated in patients 
with poor outcome at day 3 and day 9 of the hospital stay. 
sST2 seems to be a clinically useful predictor in COVID- 
19, but our findings should be confirmed in larger studies 
before implementation to patient care.

Twitter Peder Langeland Myhre @pmyhre
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  OR 95% C.I. P-value 

Age, years 1.07 1.00 1.14 0.042 

Male sex 2.24 0.64 7.87 0.207 

White race 0.53 0.17 1.70 0.288 

Body mass index, kg/m2 1.10 0.98 1.22 0.093 

Cardiovascular disease 1.96 0.37 10.25 0.427 

Estimated glomerular filtration rate (ml/min/1.73m2) 1.00 0.97 1.03 0.980 

log Interleukin-6 (pg/mL) 0.92 0.52 1.62 0.87 

log C-reactive protein (mg/L) 1.39 0.67 2.87 0.56 

log Procalcitonin (µg/L) 0.96 0.44 2.08 0.51 

log Ferritin (µg/L) 2.23 1.12 4.44 0.10 

log D-dimer (mg/L) 1.02 0.54 1.93 0.78 

log Cardiac troponin T (ng/L) 0.46 0.16 1.30 0.10 

log N-terminal pro-B-type natriuretic peptide (ng/L) 0.88 0.50 1.56 0.68 

log ST2 (ng/mL) 6.11 1.45 25.73 0.014 
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