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BACKGROUND: Growth differentiation factor 15 (GDF-15) is a strong 
prognostic marker in sepsis and cardiovascular disease (CVD). The prognostic 
value of GDF-15 in coronavirus disease 2019 (COVID-19) is unknown.

METHODS: Consecutive, hospitalized patients with laboratory-confirmed 
infection with severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) and symptoms of COVID-19 were enrolled in the prospective, 
observational COVID Mechanisms Study. Biobank samples were collected 
at baseline, day 3 and day 9. The primary end point was admission to the 
intensive care unit or death during hospitalization, and the prognostic 
performance of baseline and serial GDF-15 concentrations were compared 
with that of established infectious disease and cardiovascular biomarkers.

RESULTS: Of the 123 patients enrolled, 35 (28%) reached the primary end 
point; these patients were older, more often had diabetes, and had lower 
oxygen saturations and higher National Early Warning Scores on baseline. 
Baseline GDF-15 concentrations were elevated (>95th percentile in age-
stratified healthy individuals) in 97 (79%), and higher concentrations were 
associated with detectable SARS-CoV-2 viremia and hypoxemia (both 
P<0.001). Patients reaching the primary end point had higher concentrations 
of GDF-15 (median, 4225 [IQR, 3197–5972] pg/mL versus median, 2187 
[IQR, 1344–3620] pg/mL, P<0.001). The area under the receiver operating 
curve was 0.78 (95% CI, 0.70–0.86). The association between GDF-15 
and the primary end point persisted after adjusting for age, sex, race, 
body mass index, estimated glomerular filtration rate, previous myocardial 
infarction, heart failure, and atrial fibrillation (P<0.001) and was superior 
and incremental to interleukin-6, C-reactive protein, procalcitonin, ferritin, 
D-dimer, cardiac troponin T, and N-terminal pro-B-type natriuretic peptide. 
Increase in GDF-15 from baseline to day 3 was also greater in patients 
reaching the primary end point (median, 1208 [IQR, 0–4305] pg/mL versus 
median, –86 [IQR, –322 to 491] pg/mL, P<0.001).

CONCLUSIONS: GDF-15 is elevated in the majority of patients hospitalized 
with COVID-19, and higher concentrations are associated with SARS-CoV-2 
viremia, hypoxemia, and worse outcome. The prognostic value of GDF-15 
was additional and superior to established cardiovascular and inflammatory 
biomarkers.
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Coronavirus disease 2019 (COVID-19) is caused 
by severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2). The morbidity and mortal-

ity associated with the disease is high, and individuals 
with underlying cardiovascular disease (CVD) are dis-
proportionately affected.1,2 Several studies have also 
noted higher incidences of cardiac arrhythmias, acute 
coronary syndromes and heart failure–related events 
among patients hospitalized with COVID-19, and car-
diac injury has been reported to contribute to cause 
of death in 40% of nonsurvivors.1–5 Also, among sur-
vivors a substantial proportion (20% to 30%) of hos-
pitalized patients show evidence of myocardial injury 
during infection.1,3,4 The mechanisms linking SARS-
CoV-2 to cardiac disease are yet unknown, though 
proposed hypotheses include cytokine storm, arte-
rial hypoxia, hypoperfusion, coagulopathy, adrenergic 
stimulation, and angiotensin-converting enzyme 2–
mediated injury.6,7

Growth differentiation factor 15 (GDF-15) is a 
member of the transforming growth factor β super-
family and is widely distributed in low concentrations 
in most organs.8 Physiological GDF-15 concentrations 
increase with age, while the expression in pathologi-
cal states is highly regulated through several pathways 
including inflammation, oxidative stress, and hypoxia.9 
Elevated concentrations of circulating GDF-15 have 

been identified in multiple disease entities (ie, CVD,10 
sepsis,11 cancer12 and diabetes13), and circulating GDF-
15 seems to be a robust predictor of disease progres-
sion. The pathophyslogical correlates and prognostic 
value of GDF-15 in COVID-19 is unknown.

Retrospective studies published from China early in 
the pandemic identified high interleukin-6 (IL-6), fer-
ritin, cardiac troponin, and D-dimer to be associated 
with worse outcome in patients with COVID-19.2–5 We 
aimed to investigate the associations between GDF-15, 
established cardiovascular and inflammatory biomark-
ers and outcome in a prospective study of unselected, 
consecutive patients hospitalized for COVID-19.

METHODS
Patient Population
The Coronavirus Disease 2019 Mechanisms Study (COVID 
MECH) is a prospective, observational study with a dedicated 
biobank enrolling consecutive patients hospitalized with 
COVID-19. All patients ≥18 years of age who were hospi-
talized with laboratory-confirmed COVID-19 at Akershus 
University Hospital (Lørenskog, Norway) were invited to par-
ticipate in the study. Our institution is the academic hospital 
in Norway with the largest primary hospital catchment area, 
encompassing ≈560,000 individuals in the metropolitan Oslo 
area (ie, 11% of the population of the country). COVID-19 was 
defined by a positive SARS-CoV-2 real-time polymerase chain 
reaction nasopharyngeal swab and COVID-19 symptoms (ie, 
cough, fever, dyspnea or flu-like symptoms) as the main rea-
son for admission. The enrolment period was between March 
18, 2020, and May 4, 2020, covering the majority of the first 
wave of the pandemic in Norway.14 The study was registered 
(ClinicalTrials.gov. Unique identifier: NCT04314232) before 
inclusion of patients. Study-specific consent forms were 
signed by all participants, or by the next-of-kin if the patient 
was unable to consent (ie, on invasive mechanical ventilation). 
The study was approved by the Regional Ethics Committee of 
Norway (REK South-East C, reference no. 117589) and by the 
institutional data protection officer (reference no. 20/02873). 
Data from the COVID MECH study cannot be publicly shared 
because of the risk of violating privacy, as regulated by the 
institutional data protection officer.

Clinical Data Collection
Information on clinical characteristics, medical history, 
detailed COVID-19 presentation, treatments, complications, 
and outcomes were extracted from electronic medical records 
by the investigators. The primary end point in the COVID 
MECH study was the composite of admission to the inten-
sive care unit (ICU), in-hospital mortality, or both. Participants 
were classified as ICU patients if they were admitted to the 
ICU ward at any point during their admission and received 
intensive care treatment for >24 hours. Thus, patients briefly 
evaluated in the ICU (<24 hours) were not counted as achiev-
ing the primary end point. Complete follow-up of the index 
hospital admission, including in-hospital mortality, was avail-
able in all patients.

Clinical Perspective

What Is New?
• Growth differentiation factor 15 (GDF-15) is 

elevated in patients hospitalized for coronavirus 
disease 2019 (COVID-19) and higher concentra-
tions are associated with severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) viremia and 
hypoxemia.

• Higher concentrations of GDF-15, and increasing 
concentrations during the hospital stay, are associ-
ated with poor outcome.

• The prognostic importance of GDF-15 is superior 
to, and independent of, established cardiovascular 
and inflammatory biomarkers.

What Are the Clinical Implications?
• Serial measurement of GDF-15 concentrations may 

provide valuable prognostic information in patients 
hospitalized for COVID-19.

• GDF-15 may reflect underlying pathophysiology 
related to COVID-19, such as SARS-CoV-2 viremia 
and hypoxemia.

• GDF-15 measurements may potentially improve 
resource allocation in hospitals through early dis-
charge of low-risk patients and intensified care to 
high-risk patients.
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History of CVD (ie, previous myocardial infarction, heart 
failure, or atrial fibrillation), arterial hypertension, and dia-
betes were defined and recorded in the electronic medical 
records at the discretion of the treating physicians after inter-
viewing the patients and accessing previous medical history. 
Obesity was defined as body mass index (BMI) ≥30 kg/m2. 
Estimated glomerular filtration rate (eGFR) was calculated 
from creatinine concentrations by the Modification of Diet 
in Renal Disease formula. Acute kidney injury was defined 
at discretion of the treating physician or if the patient had 
an eGFR <60 mL/min/1.73 m2 and no known chronic kidney 
disease. National Early Warning Scores (NEWS) is a validated 
tool used for detection and response to clinical deteriora-
tion in adult patients. It is calculated from 6 vital signs, with 
low-risk measurements yielding 0 points, and abnormal 
values giving up to 3 points per item.15 The range of vital 
signs assigned 0 points is as follows: respiratory rate 9 to 20 
breaths/min, oxygen saturation >92% and no supplemental 
oxygen, systolic blood pressure 100 to 199 mm Hg, pulse rate 
50 to 99 beats per min, temperature 36 to 37.9°C, and level 
of consciousness alert.

Blood Sampling Procedures and 
Laboratory Analysis
Blood samples were drawn by venipuncture at 3 prespeci-
fied time points: at baseline (in the emergency department 
or early in the ICU stay for 9 patients admitted directly to the 
ICU), day 2 to 5 (target day 3) and day 6 to 12 (target day 9). 
Collection of blood samples was performed by trained nurses 
at the individual clinical departments. Samples obtained in 
clinical routine were analyzed immediately at the central labo-
ratory. Biobank samples were temporarily stored a 4°C, cen-
trifuged at 2000 G for 10 minutes and then transferred into 
aliquots that were frozen and stored at –80°C at Akershus 
University Hospital.

The following biomarkers were systematically measured by 
the central laboratory at Akershus University Hospital in blood 
samples from all patients admitted with COVID-19: hemoglo-
bin, white blood cell count, lymphocyte count, thrombocyte 
count, D-dimer, C-reactive protein (CRP), sodium, potassium, 
creatinine, alanine transaminase, bilirubin, lactate dehydroge-
nase, and lactate.

Serum samples from the biobank that had not previously 
been thawed were used to measure IL-6, procalcitonin, fer-
ritin, cardiac troponin T (cTnT), N-terminal pro-B-type natri-
uretic peptide (NT-proBNP), and GDF-15. These biomarkers 
were analyzed by the electrochemiluminescence immunoas-
say Elecsys on the Cobas e 801 platform (Roche Diagnostics, 
Rotkreuz, Switzerland). For GDF-15, the coefficients of varia-
tion reported by the manufacturer were 1.3% at 472 pg/mL 
and 1.1% at 19368 pg/mL. For IL-6 the coefficients of varia-
tion reported by the manufacturer were 4.9% at 6.4 pg/mL 
and 1.4% at 189 pg/mL. For procalcitonin, the reported val-
ues by the manufacturer were 6.9% at 0.12 ng/mL and 1.8% 
at 43.3 ng/mL. For ferritin, the values reported by the manu-
facturer were 1.5% at 414 ng/mL and 2.8% at 1406 ng/mL. 
For cTnT, the values reported by the manufacturer were 3.5% 
at 9.7 ng/L and 2.1% at 19.8 ng/L. For NT-proBNP, the values 
reported by the manufacturer were 2.5% at 127 ng/L and 
1.3% at 1706 ng/L.

We used the 95th percentile concentration of GDF-15 
in healthy volunteers (reported from the manufacturer) to 
define the age-specific upper reference limit: 831 pg/mL for 
<30 years, 852 pg/mL for 30 to 40 years, 1229 pg/mL for 40 
to 50 years, 1466 pg/mL for 50 to 60 years, 1476 pg/mL for 
60 to 70 years and 2199 pg/mL for ≥70 years.

For SARS-CoV-2 viremia analyses, total nucleic acids 
were extracted from 200 µL plasma on the MagNA Pure 96 
system (Roche, Penzberg, Germany), with an elution vol-
ume of 50 µL. SARS-CoV-2 RNA was detected by real-time 
polymerase chain reaction on a QuantStudio 7 polymerase 
chain reaction system (Thermo Fisher Scientific, Waltham, 
MA), according to the protocol of Corman et al targeting 
the viral E-gene.16 Patients were classified with viremia if 
SARS-CoV-2 RNA was detected.

Statistical Analysis
Values are reported as n (%) and median (quartiles 1 through 
3) for skewed and mean±SD for normally distributed vari-
ables, if not stated otherwise. Categorical and continuous 
variables were compared using the χ2 test for binary variables, 
analysis of variance for parametric continuous variables, and 
the Kruskal-Wallis test for nonparametric continuous vari-
ables. All the biomarkers investigated (IL-6, CRP, procalcito-
nin, ferritin, D-dimer, cTnT, and NT-proBNP) had a non-normal 
distribution according to the Shapiro-Wilk normality test, and 
log-transformed values were therefore used in all regression 
analyses. Clinical factors associated with log-transformed 
baseline GDF-15 levels were determined using linear regres-
sion analysis. Covariates included age, sex, race, CVD, BMI, 
systolic blood pressure, heart rate, body temperature, respira-
tory rate, eGFR, and log-transformed IL-6, CRP, procalcitonin, 
ferritin, D-dimer, cTnT, and NT-proBNP.

Correlations between biomarkers were assessed using 
Spearman rank correlation. Linear regression models were 
used to determine the association between SARS-CoV-2 
viremia and log-transformed levels of GDF-15 and other 
biomarkers on baseline. The association between log-trans-
formed baseline biomarker concentrations and the primary 
end point was examined in unadjusted and 3 adjusted logis-
tic regression models: model 1 was adjusted for age, sex, 
race, CVD, BMI, and eGFR, which were selected a priori as 
potential confounder variables on the basis of the existing 
literature. Model 2 was adjusted for all variables in model 1 
in addition to log-transformed values of all the other bio-
markers investigated. Model 3 was adjusted for all variables 
in model 2 in addition to diabetes, hypertension, and NEWS.

The area under the receiver operating curves was calcu-
lated to assess the performance of each biomarker to discrim-
inate between patients reaching and patients not-reaching 
the end point. To assess the incremental value of GDF-15 
added to established biomarkers (IL-6, CRP, procalcitonin, 
ferritin, D-dimer, cTnT, and NT-proBNP), we used continuous 
net reclassification index  with log transformed biomarker 
concentrations. The statistically optimal cutoff of GDF-15 for 
discrimination of the primary end point was determined by 
the Youden index. Changes in biomarkers from baseline to 
day 3 were assessed by the Wilcoxon matched-pairs signed-
rank test. Association between changes in biomarkers from 
baseline to day 3 and the primary end point was assessed 
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using the same models as for baseline values, described ear-
lier, with additional adjustment for baseline values to account 
for potential regression to the mean. All delta values used 
in regression models were calculated from log-transformed 
baseline and day 3 concentrations.

All statistical analyses were performed using Stata Software 
(version 16, Stata Corp., College Station, TX). A 2-sided P 
value of <0.05 was considered statistically significant.

RESULTS
Baseline Characteristics
In total, 123 of 136 consecutive patients hospitalized 
with COVID-19 in the study period had blood samples 
collected in the COVID MECH biobank (Figure I in the 
Data Supplement). The mean age was 59.6±15.2 (range, 
25–87) years, 71 (58%) were men and 68 (55%) were 
white (the non-White group comprised 78% Asian, 
19% Black, and 3% Latin American). Overall, 74 (60%) 
had 1 or more comorbidity, including 39 (32%) with 
arterial hypertension, 32 (27%) with obesity, 18 (15%) 
with CVD, 21 (17%) with diabetes, 9 (7%) with chronic 
kidney disease, and 6 (5%) with chronic obstructive 
pulmonary disease. Time from symptom start to hos-
pitalization was 9.3±4.6 days; 100 (81%) had fever, 
98 (80%) had cough, and 86 (70%) had dyspnea. On 
admission, mean body temperature was 38.1±0.9°C, 
respiratory rate 27±9 per min, systolic blood pressure 
132±19 mm Hg, oxygen saturation 93±6%, and NEWS 
5±3 points.

Outcome During Hospital Stay
During hospitalization, 31 patients were admitted to 
the ICU. Among these, 27 patients were treated with 
invasive mechanical ventilation and 4 patients died. 
The remaining 92 patients were treated in medical 
wards, and among these 4 patients with treatment re-
strictions (ie, do not resuscitate orders) died. Patients 
who were admitted to the ICU or died (primary study 
end point, n=35) were older, more often had diabetes 
mellitus, and presented with higher baseline tempera-
ture, respiratory rate, NEWS score and lower oxygen 
saturations compared with non-ICU survivors (n=88; 
Table  1). Patients who were admitted to the ICU or 
died also had higher white blood cell count, lactate de-
hydrogenase and lactate on admission. The presence 
of acute kidney injury on admission (n=20) was com-
parable in patients reaching the primary end point and 
not (27% versus 14%, P=0.10), but eGFR was lower 
in of patients reaching the primary end point (median, 
80 [IQR, 64–95] versus median, 90 [IQR, 72–107] ml/
min/1.73 m,2 P=0.027). There was no difference in 
sex, race, BMI, hypertension, CVD, chronic obstructive 
pulmonary disease, smoking, duration of symptoms, 

Table 1.  Baseline Characteristics of COVID MECH Study Participants, 
by Primary Study End Point (N=123)

Variable

Non-ICU 
survivor ICU or death

P valuen=88 n=35

Age, y 57.8±16.3 64.3±10.7 0.031

Male sex 46 (52.3%) 25 (71.4%) 0.05

White race 47 (53.4%) 21 (60.0%) 0.51

Body mass index, kg/m2 28.2±5.2 28.7±6.2 0.79

Obesity 24 (27.3%) 11 (31.4%) 0.64

Diabetes 11 (12.5%) 10 (28.6%) 0.033

Hypertension 25 (29.1%) 14 (40.0%) 0.24

Cardiovascular disease 11 (12.5%) 7 (20.0%) 0.29

Chronic kidney disease 6 (6.8%) 3 (8.6%) 0.74

Chronic pulmonary 
disease

5 (5.7%) 1 (2.9%) 0.51

Smoking 4 (4.5%) 2 (5.7%) 0.79

Renin-angiotensin-system 
inhibitors

23 (26.1%) 12 (34.3%) 0.37

Length of hospital stay 
(days)

5 [4, 9] 17 [10, 22] <0.001

Symptoms

    Days of symptoms 9±5 10±4 0.79

    Fever 70 (79.5%) 30 (85.7%) 0.43

    Cough 71 (80.7%) 27 (77.1%) 0.66

    Dyspnea 58 (65.9%) 28 (80.0%) 0.12

Baseline parameters

    Temperature, °C 38.0±0.9 38.4±0.9 0.025

    Heart rate, beats/min 90±17 90±15 0.98

    Respiratory rate, 
breaths/min

25±7 30±10 0.003

    Systolic blood pressure, 
mm Hg

133±17 128±21 0.16

    Oxygen saturation, % 94±3 89±8 <0.001

    National Early Warning 
Score 

4.0 [2.5, 6.0] 8.0 [6.0, 10.0] <0.001

Routine blood samples at baseline

    Hemoglobin, g/dL 14.0 [12.9, 
14.8]

13.2 [12.2, 15.0] 0.33

    White blood cell count, 
×109 /L

5.8 [4.4, 7.8] 7.5 [5.7, 9.9] 0.016

    Lymphocyte count, 
×109 /L

1.0 [0.7, 1.4] 0.9 [0.7, 1.1] 0.52

    Thrombocyte count, 
×109 /L

185 [147, 247] 201.0 [150, 275] 0.35

    Sodium, mmol/L 136 [135, 138] 136.0 [135, 138] 0.99

    Potassium, mmol/L 4.1 [3.7, 4.3] 4.2 [3.8, 4.5] 0.19

       Estimated glomerular 
filtration rate, mL/min 
per 1.73 m2

90 [72, 107] 80 [64, 95] 0.027

    Alanine transaminase, 
IU/L

30 [23, 42] 37 [25, 58] 0.11

    Bilirubin, umol/L 11 [9, 15] 13 [10, 17] 0.17

    Lactate dehydrogenase, 
U/L

280 [220, 350] 390 [290, 520] <0.001

    Lactate, mmol/L 0.9 [0.7, 1.1] 1.1 [0.8, 1.3] 0.024

COVID MECH indicates Coronavirus Disease 2019 Mechanisms Study; and 
ICU, intensive care unit.
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symptoms, or use of renin-angiotensin-system inhibi-
tors with regard to the primary end point.

GDF-15 and Clinical Characteristics and 
Oxygen Saturation
The median (IQR) baseline concentration of GDF-15 
was 2798 (1667–4528) pg/mL, and 97 (79%) had 
GDF-15 concentrations above the age-specific upper 
reference limit. Patients with higher baseline GDF-15 
concentrations were older; were more frequently men; 
more often had diabetes, hypertension, CVD, and 
chronic kidney disease; had higher levels of IL-6, CRP, 
procalcitonin, ferritin, D-dimer, cTnT, NT-proBNP, lactate 
dehydrogenase, and white blood cell count; and had 
lower levels of hemoglobin, lymphocyte count, and 
eGFR (Table I in the Data Supplement).

Except for oxygen saturation, there were no differ-
ences in duration of symptoms or clinical variables by 
baseline GDF-15 concentrations. There was a signifi-
cant association between lower oxygen saturation and 
higher GDF-15 concentrations (P<0.001, Figure II in the 
Data Supplement), and this association persisted also 
after adjusting for demographics, BMI, CVD, eGFR and 
oxygen therapy (P=0.004). Concentrations of GDF-15 
were higher in patients with hypoxemia (SpO2≤90%; 
n=29 [24%]) versus without hypoxemia: median (IQR) 
4049 pg/mL versus 2331 (1471–4166) pg/mL, P<0.001 
(P=0.003 after adjusting for oxygen therapy at baseline), 
with a corresponding C-statistics value of 0.72 (95% CI, 
0.63–0.81). Thirty-seven (30%) of patients did not report 
dyspnea, and among these patients GDF-15 was higher 
in patients with hypoxemia (n=9) compared with those 
without hypoxemia (n=28): median (IQR) 3781 (2547–
7562) pg/mL versus 1902 (1165–3438) pg/mL, P=0.007 
(P=0.002 after adjusting for oxygen therapy at baseline). 
In hypoxemic patients, GDF-15 concentrations were el-
evated irrespective of self-reported dyspnea: median 
(IQR) 4058 (IQR, 3315–4649) pg/mL in dyspneic versus 
3781 (IQR, 2547–7562) pg/mL in nondyspneic patients, 
P=0.92.

GDF-15 and Other Cardiovascular and 
Inflammatory Biomarkers
GDF-15 correlated with all the other inflammatory and 
cardiovascular biomarkers; with correlation coefficients 
ranging from 0.45 (ferritin) to 0.64 (procalcitonin; Table 
II in the Data Supplement). In multivariable regression 
models with biomarkers and baseline characteristics 
as independent variables, older age, non-White race, 
lower eGFR and higher CRP, procalcitonin, and D-dimer 
concentrations were associated with higher GDF-15 
concentrations (Table III in the Data Supplement).

GDF-15 and SARS-CoV-2 Viremia
SARS-CoV-2 viremia was present in 48 (39%) of pa-
tients at baseline. Viremia was associated with higher 
concentrations of GDF-15 (P<0.001 for GDF-15 as a 
continuous variable and by quartiles; Figure  1). Vire-
mia ranged from 13% in the lowest GDF-15 quartile to 
60% in the highest GDF-15 quartile. Viremia remained 
associated with GDF-15, also after adjusting for age, 
sex, race, BMI, CVD, eGFR: β 0.59 (95% CI, 0.24–0.94) 
per doubling of GDF-15, P=0.001. Only GDF-15 was 
associated with viremia at baseline in regression models 
including all inflammatory and cardiovascular biomark-
ers investigated (Table IV in the Data Supplement).

GDF-15 and Other Cardiovascular and 
Inflammatory Biomarkers at Baseline in 
Association With Outcome
Higher baseline concentrations of IL-6, CRP, procal-
citonin, ferritin, NT-proBNP, and GDF-15 were associ-
ated with the primary end point (Table  2). IL-6, CRP, 
procalcitonin, ferritin, and GDF-15 remained associated 
with the primary end point after adjusting for baseline 
characteristics (Model 1; age, sex, race, BMI, CVD, and 
eGFR). After including all the other biomarkers in the 
regression model (Model 2), only ferritin (P=0.027) and 
GDF-15 (P=0.003) remained associated with the pri-
mary end point. The associations for ferritin (P=0.035) 
and GDF-15 (P=0.021) persisted after additional adjust-
ment for NEWS, diabetes, and hypertension (Model 3). 
The area under the receiver operating curves for GDF-
15 to discriminate between patients with and without 
the primary end point was 0.78 (95% CI, 0.70–0.86; 
Table 2). Distributions of biomarker concentrations by 
the primary end point are presented in Figure III in the 
Data Supplement, showing limited overlap for GDF-15. 
GDF-15 reclassified patients to a more correct risk stra-
tum, when compared with a basic model including es-
tablished inflammatory and cardiovascular biomarkers 
(ie, IL-6, CRP, procalcitonin, ferritin, D-dimer, cTnT, and 
NT-proBNP): net reclassification index, 0.85 (SE, 0.20), 
P<0.001. The optimal cutoff for GDF-15 to discriminate 
for the primary end point was 2252 pg/mL according to 
the Youden index (Youden index, 0.52; SE, 0.05) with 
sensitivity of 1.00, specificity of 0.52, and area under 
the receiver operating curves of 0.76.

Nonsurvivors had higher IL-6, D-dimer, cTnT, NT-
proBNP, and GDF-15  concentrations  in unadjusted 
models (Table V in the Data Supplement). After ad-
justing for age, sex, race, BMI, CVD, and eGFR, only 
GDF-15 remained associated with in-hospital mortal-
ity. Median (IQR) GDF-15 concentration  was 7789 
(4716–9317) pg/mL in nonsurvivors and 2583 (1512–
4225) pg/mL in survivors. The area under the receiver 
operating curves for GDF-15 as a discriminator for 
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in-hospital mortality was 0.87 (95% CI, 0.79–0.94; 
Table V in the Data Supplement). Distributions of bio-
marker concentrations of survivors versus nonsurvi-
vors are presented in Figure IV in the Data Supple-
ment. All 8 nonsurvivors and 25 of 31 (81%) patients 
admitted to the ICU had GDF-15 concentrations 
above the median.

Changes in GDF-15 and Other 
Cardiovascular and Inflammatory 
Biomarkers During Hospitalization in 
Association With Outcome
Serial samples from baseline and day 3 were available 
in 96 (78%) of patients, and there was a significant 
increase in CRP, procalcitonin, NT-proBNP, GDF-15, and 
D-dimer levels from baseline to day 3 in the total popu-
lation. The primary outcome occurred in 33 (34%) of 
these patients. GDF-15 increased by median 1208 pg/
mL (IQR, 0 to 4305] in patients reaching the primary 
end point and decreased by median 85 [IQR, –322 to 
491] pg/mL in non-ICU survivors. In unadjusted models, 
greater increases in IL-6, CRP, procalcitonin, D-dimer, 
and GDF-15 from baseline to day 3 were associated with 
the primary end point (Table 3). IL-6 and GDF-15 were 
still associated with the primary end point after adjust-
ing for age, sex, race, BMI, CVD, and eGFR at baseline. 
These associations remained significant when adjusting 
for the baseline concentration of each biomarker. The 
area under the receiver operating curves for delta value 

of GDF-15 was 0.69 (95% CI, 0.57–0.81; Table 3). Dis-
tributions of delta concentrations by the primary end 
point for delta GDF-15 and delta IL-6 are presented in 
Figure V in the Data Supplement.

Data on changes in biomarker concentrations from 
baseline to day 9 were available in 49 (40%) of the pa-
tients. Twenty-three (47%) of these were ICU patients, 
and 6 (12%) died (3 ICU patients and 3 non-ICU pa-
tients; ie, the primary end point occurred in 26 [53%] 
of these participants). GDF-15 continued to increase to 
day 9: median, 8031 (IQR, 3589–16003) pg/mL in pa-
tients reaching the primary end point, while remaining 
stable in non-ICU survivors (median, 2238 [IQR, 1540–
3118] pg/mL; Figure 2).

DISCUSSION
In this prospective study of consecutive patients hos-
pitalized with COVID-19, we found elevated concen-
trations of GDF-15 in 4 out of 5 patients. Hypoxemia 
and SARS-CoV-2 viremia were associated with higher 
concentrations of GDF-15. Moreover, concentrations of 
GDF-15 were associated with death or the need for in-
tensive care during the hospitalization. The association 
between GDF-15 and outcomes was stronger than, and 
independent of, that of established cardiovascular and 
inflammatory biomarkers. Increases in GDF-15 concen-
trations from baseline to day 3 were also associated 
with worse outcome.

Figure 1. GDF-15 concentrations, ICU admission or death, and SARS-CoV-2 viremia.
Proportion of patients hospitalized for COVID-19 with SARS-CoV-2 viremia at baseline and proportion of patients reaching the primary end point by quartiles of 
GDF-15 concentrations. P values are for trend in viremia across quartiles of GDF-15. *Adjusted for age, sex, race, body mass index, cardiovascular disease, and 
eGFR. COVID-19 indicates coronavirus disease 2019; eGFR, estimated glomerular filtration rate; GDF-15, growth differentiation factor 15; ICU, intensive care unit; 
and SARS-CoV-2, severe acute respiratory syndrome coronavirus 2. 
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To our knowledge, this is the first study to investigate 
the determinants and prognostic value of GDF-15 in 
patients with COVID-19. We found GDF-15 concentra-
tions not only to be independently associated with risk 
but also to identify key pathophysiological features of 
the disease, including hypoxemia and provide prognos-
tic information superior to that provided by the estab-
lished risk markers in COVID-19. Biomarkers of impor-
tance in COVID-19 were first identified in Chinese case 
series of patients hospitalized with COVID-19 in the 
early phase of the pandemic.2–4 These studies reported 
clinical characteristics and laboratory findings from se-
lected patients (ie, results were from clinically indicated 
blood samples in a convenience sample). Numerous 
biomarkers were assessed in association with outcome, 
and a handful of inflammatory and cardiovascular bio-
markers were identified as particularly strong prognostic 

markers, including cardiac troponins, ferritin, and D-di-
mer. Our prospective biobank study of unselected, con-
secutive patients hospitalized with COVID-19 provides 
important insights to these associations, given that our 
design alleviates the risk of selection bias. Confirming 
data from previous case series, we found that IL-6, CRP, 
procalcitonin, ferritin, D-dimer, cTnT, and NT-proBNP 
were associated with worse outcome. However, after 
adjusting for demographics, BMI, CVD, and eGFR, these 
associations were attenuated for IL-6, D-dimer, cTnT, 
and NT-proBNP. Moreover, in models including GDF-15 
as well as these biomarkers, only GDF-15 and ferritin 
remained associated with the composite end point of 
ICU admission or death. This association also persisted 
when adjusting for NEWS, an aggregate scoring sys-
tem designed to determine the degree of illness of a 
patient on the basis of physiological measurements. 

Table 2. Concentrations of Baseline Cardiovascular and Inflammatory Biomarkers and the Association With the Primary End Point Among Patients 
Hospitalized With COVID-19 (N=123)

Biomarkers Non-ICU survivor ICU or death
Unadjusted 
P value 

Area under the 
receiver operating 
curve (95% CI)

Adjusted P value 

n=88 n=35 Model 1 Model 2 Model 3

Interleukin-6, pg/mL 30.4 [15.9, 55.3] 63.4 [36.1, 130.0] <0.001 0.70 (0.60–0.81) 0.07 0.76 0.41

C-reactive protein, mg/L 55 [27, 110] 120 [50, 220] <0.001 0.69 (0.59–0.80) 0.007 0.36 0.88

Procalcitonin, µg/L 0.10 [0.06, 0.18] 0.19 [0.11, 0.60] <0.001 0.73 (0.63–0.82) 0.002 0.78 0.72

Ferritin, µg/L 411 [194, 751] 1079 [362, 2443] <0.001 0.73 (0.63–0.84) <0.001 0.027 0.035

D-dimer, mg/L 0.5 [0.3, 0.8] 0.7 [0.4, 1.1] 0.027 0.63 (0.52–0.73) 0.49 0.37 0.25

Cardiac troponin T, ng/L 8 [4, 15] 12 [8, 21] 0.027 0.63 (0.53–0.73) 0.49 0.44 0.90

N-terminal pro-B-type 
natriuretic peptide, ng/L

90 [29, 259] 148 [83, 328] 0.049 0.61 (0.51–0.72) 0.82 0.31 0.15

Growth differentiation 
factor 15, pg/mL

2187 [1344, 3620] 4225 [3197, 5972] <0.001 0.78 (0.70–0.86) <0.001 0.003 0.021

Model 1 was adjusted for age, sex, race, body mass index, cardiovascular disease, and estimated glomerular filtration rate at baseline; Model 2 was adjusted 
for Model 1 and all the other biomarkers in the table; and Model 3 was adjusted for Model 2 and diabetes, hypertension, and National Early Warning Score. 
Concentrations are reported as median (quartile 1, quartile 3). All biomarker values were log-transformed in the adjusted regression models. COVID-19 indicates 
coronavirus disease 2019.

Table 3. Changes in Concentrations From Baseline to Day 3 in Cardiovascular and Inflammatory Biomarkers, by Primary Study End Point Among 
Patients Hospitalized With COVID-19 (N=96)

Biomarkers Non-ICU survivor ICU or death
Unadjusted 

P value 

Area under the 
receiver operating 

curve (95% CI)

Adjusted P value

n=63 n=33 Model 1 Model 2

Delta interleukin-6, pg/mL –10.1 [–32.2, 10.6] 84.6 [19.0, 209.0] <0.001 0.79 (0.69–0.89) <0.001 <0.001

Delta C-reactive protein, mg/L 11 [–9, 40] 30 [10, 87] 0.032 0.57 (0.44–0.70) 0.22 0.001

Delta procalcitonin, µg/L 0.01 [–0.03, 0.08] 0.09 [–0.01, 3.09] 0.047 0.62 (0.50–0.74) 0.17 0.068

Delta ferritin, µg/L 5 [–33, 146] 74 [–337, 221] 0.82 0.47 (0.34–0.61) 0.70 0.37

Delta D-dimer, mg/L 0.0 [–0.1, 0.1] 0.1 [0.0, 0.4] 0.005 0.66 (0.53–0.79) 0.07 0.04

Delta cardiac troponin T, ng/L 0 [–1, 2] 1 [–1, 4] 0.25 0.56 (0.44–0.69) 0.53 0.52

Delta N-terminal pro-B-type 
natriuretic peptide, ng/L

17 [–12, 123] 82 [17, 351] 0.05 0.61 (0.49–0.73) 0.06 0.051

Delta growth differentiation factor 
15, pg/mL

–86 [–322, 491] 1208 [0, 4305] <0.001 0.69 (0.57–0.81) <0.001 0.001

Model 1 was adjusted for age, sex, race, body mass index, cardiovascular disease and estimated glomerular filtration rate at baseline; and Model 2 was adjusted 
for Model 1 and the baseline concentration of each biomarker. Concentrations are reported as median (quartile 1, quartile 3). All biomarker delta values were log-
transformed in the adjusted regression models. COVID-19 indicates coronavirus disease 2019.
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In-hospital mortality was infrequent in our study, but all 
nonsurvivors demonstrated very high levels of GDF-15, 
with nonoverlapping interquartile range with survivors 
(4716–9317 and 1512–4225, respectively) and an area 
under the receiver operating curves of 0.87. On the ba-
sis of these findings, GDF-15, which is easily available 
by commercial assays on large automated analytic plat-
forms, may represent a clinically useful risk stratifica-
tion tool that provides important pathophysiological in-
sights in patients hospitalized with COVID-19. Thus, in 
real-life situations with hospitalized COVID-19 patients, 
serial measurements of GDF-15 can be an aid in patient 
triage and follow disease progression more efficiently. 
Future studies should assess whether GDF-15 concen-
trations may potentially improve resource allocation in 
hospitals through early discharge of low-risk patients 
and intensified care to high-risk patients.

There were significant changes in inflammatory and 
cardiovascular biomarkers during hospitalization for 
COVID-19, with distinct trajectories between patients 
who were admitted to the ICU or who died and those 
who did not. From baseline to day 3 there were greater 
increases in IL-6, D-dimer and GDF-15 concentrations 
in patients with poor outcome, also after adjusting for 
possible confounders. GDF-15 increased from baseline 
to day 3 by median 1208 pg/mL in patients who were 
admitted to the ICU or died, while there was a median 
reduction of 86 pg/mL in non–ICU-admitted survivors.

GDF-15 is known to be a robust predictor of poor 
outcome in critically ill patients.11 In animal models, 
GDF-15 deficiency is known to augment the inflam-
matory response and to exacerbate renal and cardiac 
injury induced by lipopolysaccharide, while overexpres-
sion of GDF-15 protects from these endotoxin-induced 

Figure 2. Changes in cardiovascular and inflammatory biomarkers during hospitalization for COVID-19.
Changes in IL-6, PCT, CRP, ferritin, D-dimer, cTnT, NT-proBNP, and GDF-15 concentrations among patients hospitalized for COVID-19. Data shown are for 49 
patients with samples available at baseline, day 3, and day 9 (ie, those hospitalized for ≥9 day). Values are median concentrations; groups are stratified by the 
composite primary end point: ICU admission or death. COVID-19 indicates coronavirus disease 2019; CRP, C-reactive protein; cTnT, cardiac troponin T; NT-proBNP, 
N-terminal pro-B-type natriuretic peptide; GDF-15, growth differentiaion factor 15; ICU, intensive care unit; IL-6, interleukin-6; and PCT, procalcitonin.
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mechanisms.17 GDF-15 expression is induced by lung 
injury and is suggested to be a hallmark for tissue in-
jury in many organs.18 In our study, we found SARS-
CoV-2 viremia to be associated with higher levels of 
GDF-15. In models including all the cardiovascular 
and inflammatory biomarkers, only GDF-15 remained 
associated with viremia. This novel finding may sug-
gest a direct link between SARS-CoV-2 cytopathic ef-
fects and the expression of GDF-15 in multiple tissues. 
GDF-15 correlated moderately (rho, 0.45–0.64) with 
all the investigated inflammatory and cardiovascular 
biomarkers but provided prognostic information be-
yond these. In agreement with previous findings, we 
found higher GDF-15 concentrations in non-White 
patients.19 Whether this can partially explain the in-
creased risk among blacks with COVID-1920 should be 
investigated in larger studies.

We also found an independent inverse association 
between GDF-15 and oxygen saturation, and GDF-15 
was elevated in hypoxemic patients irrespective of dys-
pnea. This suggest that GDF-15 can potentially identi-
fy silent hypoxemic patients, a condition characteristic 
of COVID-19 that has been associated with consider-
ably increased risk. GDF-15 is predominantly located 
in endothelial cells and upregulated by hypoxia and 
laminar shear stress in pulmonary arterial hyperten-
sion.21 GDF-15 is a known marker of mitochondrial 
dysfunction22 and being a cytokine it is closely linked 
to inflammation. Thus GDF-15 may integrate informa-
tion on cellular oxygenation, inflammatory response, 
and cardiovascular dysfunction, all key mechanisms in 
COVID-19 pathophysiology.10,23

Limitations
The sample size of patients hospitalized with COVID-19 
in our study is modest compared with published co-
horts from clinical case series and hospital registries. We 
believe the findings from our prospective study still pro-
vides important knowledge relating to pathophysiology 
and risk stratification in COVID-19. Our findings should 
be validated in larger and more diverse populations and 
settings before being implemented in clinical practice. 
Specifically, there is a need to assess the association 
between GDF-15 and outcome in the prehospital set-
ting (eg, by the World Health Organization Clinical Pro-
gression Scale) and assess the association with organ 
damage after long-term follow-up. Patients discharged 
directly from the emergency department were not in-
cluded, but in Norway the screening for hospitalization 
is performed typically by primary care general practitio-
ners, and the percentage discharged directly from the 
emergency department is comparatively low. However, 
our findings cannot be extrapolated to COVID-19 pa-
tients who do not require hospitalization, and the prog-
nostic value of GDF-15 in the out-of-hospital setting 

should be evaluated in future studies. Mortality among 
patients hospitalized with COVID-19 was low in our 
hospital, and this may limit the generalizability to cen-
ters with higher mortality rates. However, clinical char-
acteristics, biomarker concentrations, and proportion 
of patients admitted to the ICU were comparable to 
other COVID-19 cohorts. The multivariable regression 
models may be overfitted given the limited number of 
events compared with the number of covariates. How-
ever, we believe the consistent results with the unad-
justed analysis strengthen these findings. The changes 
in biomarkers must be interpreted with caution given 
obvious caveats relating to missing follow-up samples, 
particularly day 9 samples; these were primarily because 
of patients being discharged from the hospital.

Conclusions
GDF-15 is elevated in ≈80% of patients hospitalized 
with COVID-19, and higher concentrations are associ-
ated with SARS-CoV-2 viremia, hypoxemia, and worse 
clinical outcome. Viremia and hypoxemia are associated 
with higher concentrations of GDF-15. Moreover, GDF-
15 concentrations are more closely associated with out-
comes than known risk markers in COVID-19, including 
cTnT, NT-proBNP, CRP, and D-dimer. Greater increases in 
GDF-15 during hospitalization are also independently 
associated with worse outcome.
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