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Abstract

Background COVID-19 has been associated with a high prevalence of myocardial injury and increased cardiovascular
morbidity. Copeptin, a marker of vasopressin release, has been previously established as a risk marker in both infectious
and cardiovascular disease.

Methods This prospective, observational study of patients with laboratory-confirmed COVID-19 infection was conducted
from June 6th to November 26th, 2020 in a tertiary care hospital. Copeptin and high-sensitive cardiac troponin I (hs-cTnlI)
levels on admission were collected and tested for their association with the primary composite endpoint of ICU admission
or 28-day mortality.

Results A total of 213 eligible patients with COVID-19 were included of whom 55 (25.8%) reached the primary endpoint.
Median levels of copeptin and hs-cTnl at admission were significantly higher in patients with an adverse outcome (Copep-
tin 29.6 pmol/L, [IQR, 16.2-77.8] vs 17.2 pmol/L [IQR, 7.4-41.0] and hs-cTnl 22.8 ng/L [IQR, 11.5-97.5] vs 10.2 ng/L
[5.5-23.1], P <0.001 respectively). ROC analysis demonstrated an optimal cut-off of 19.3 pmol/L for copeptin and 16.8 ng/L.
for hs-cTnl and an increase of either biomarker was significantly associated with the primary endpoint. The combination of
raised hs-cTnl and copeptin yielded a superior prognostic value to individual measurement of biomarkers and was a strong
prognostic marker upon multivariable logistic regression analysis (OR 4.274 [95% CI, 1.995-9.154], P <0.001). Addition
of copeptin and hs-cTnlI to established risk models improved C-statistics and net reclassification indices.

Conclusion The combination of raised copeptin and hs-cTnl upon admission is an independent predictor of ICU admission
or 28-day mortality in hospitalized patients with COVID-19.
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SARS-CoV-2

A 28-DAY MORTALITY OR ICU ADMISSION

In-hospital

Sample size

213 hospitalized patients with COVID-19
55 (25.8%) adverse outcome

hs-cTnl 2 16.8 ng/L
85 patients
38 (44.7%) adverse outcomes

Copeptin 2 19.3 pmol/L
59 patients
33 (55.9%) adverse outcomes

High risk
59 patients (27.7%)
33 (55.9%) adverse outcomes

28-DAY MORTALITY

hs-cTnl < 16.8 ng/L
128 patients
17 (13.3%) adverse outcomes

Copeptin < 19.3 pmol/L
26 patients
5 (19.2%) adverse outcomes

Low risk
154 patients (72.3%)
22 (14.3%) adverse outcomes

213 hospitalized patients with COVID-19
28 (13.1%) dead at 28 days

hs-cTnl 2 16.8 ng/L
85 patients
25 (29.4%) dead at 28 days

Copeptin 2 19.3 pmol/L
59 patients
24 (40.7%) dead at 28 days

High risk
59 patients (27.7%)
24 (40.7%) dead at 28 days

hs-cTnl < 16.8 ng/L
128 patients
3 (2.3%) dead at 28 days

Copeptin < 19.3 pmol/L
26 patients
1(3.8%) dead at 28 days

Low risk
154 patients (72.3%)
4 (2.6%) dead at 28 days
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Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) has been identified as the causative agent for Corona
virus diasease-19 (COVID-19), which was first described
late December 2019, in Wuhan, China and has since spread
rapidly across the globe causing an international pandemic
[1]. Identification of patients at risk is essential as high mor-
bidity and mortality rates have been reported in patients with
COVID-19, especially in those with a history of cardiovas-
cular disease. A recent meta-analysis found a fivefold higher
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risk of mortality in patients with a history of cardiovascular
disease [2]. Laboratory evidence of myocardial injury is a
frequent finding among hospitalized patients with COVID-
19 and has also been established as an independent prognos-
tic marker of adverse outcome in numerous studies [2—4].
Among patients with myocardial injury two thirds showed
evidence of actual structural cardiac disease [5].

The antidiuretic hormone vasopressin plays a key role in
the regulation of fluid balance and cardiovascular homeo-
stasis and is primarily released secondary to hyperosmo-
larity, hypotension and stress [6]. Due to the instability of
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vasopressin in human plasma and serum, copeptin, the C-ter-
minal fragment of the vasopressin precursor, has emerged
as a surrogate marker of vasopressin as it is released in
equimolar amounts [7]. Copeptin has been reported to be of
prognostic value in a variety of clinical conditions, including
infectious and cardiovascular disease [8—12]. Since SARS-
CoV-2 infection has been associated with myocardial injury,
endothelial dysfunction and coagulopathy, we hypothesized
that copeptin may add prognostic information in COVID-
19 as an additional marker of cardiovascular disease [13].
There is currently no research data available evaluating the
prognostic performance of copeptin in COVID-19. Evidence
from one small, retrospective study, however, suggested that
raised values of copeptin facilitated differential diagnosis of
patients with COVID-19 pneumonia from those with non-
COVID-19 pneumonia [14].

The aim of our study was to evaluate the performance of
copeptin in combination with high-sensitive cardiac troponin
I (hs-cTnl) on clinical prognosis in a well-defined cohort of
hospitalized patients with COVID-19.

Material and methods
Study design and patient population

A total of 213 hospitalized patients with laboratory-con-
firmed SARS-CoV-2 infection and available blood samples
for biomarker analysis were included in this prospective,
observational, single-center study in different wards of a
tertiary hospital in Vienna, Austria. All patients presented
to the emergency department between June 6th to Novem-
ber 26th, 2020 and were admitted for in-hospital care.
Patients under 18 were excluded from study participation.
Prior to biomarker measurement, we excluded 10 patients
with missing baseline laboratory values (e.g. hs-cTnl,
N-terminal pro-B-type natriuretic peptide [NT-proBNP]
or lactate dehydrogenase [LDH]) (Supp. Figure 1). Poten-
tial SARS-CoV-2 patients were usually managed as fol-
lowed at our institution: Examination was performed in
a separate are of the emergency department followed by
laboratory work-up, SARS-CoV-2 rapid antigen testing
in the majority of patients and SARS-CoV-2 PCR in all
patients. According to results of SARS-CoV-2 rapid anti-
gen testing (available within 15 min) / SARS-CoV-2 PCR
patients were then admitted to a specialized SARS-CoV-2
ward. While results of SARS-CoV-2 work-up were pend-
ing, patients were continued to be cared for in the special-
ized area of the emergency department. The diagnosis of
COVID-19 was made according to the WHO interim guid-
ance and a polymerase chain reaction proven ribonucleic
acid detection of SARS-CoV-2 on nasal and/or pharyngeal
swabs was required. The study was approved by the local

ethics committee of the city of Vienna (EK 20-100-VK)
and complies with the Declaration of Helsinki and the
International Conference on Harmonization Guidelines
for Good Clinical Practice.

Demographic data, clinical features, laboratory results
and medical history were obtained from patient records on
admission. Preexisting cardiovascular disease was defined
by a history of coronary artery disease or heart failure.
Chronic pulmonary disease was defined by a history of
chronic obstructive pulmonary disease, asthma bronchi-
ale or obstructive sleep apnea. All comorbidities were
defined at the discretion of the treating physician. We also
analyzed electrocardiograms (ECG) upon admission and
assessed the prevalence of ECG findings among patients
with increased hs-cTnl and copeptin. An abnormal admis-
sion ECG was defined by the presence of atrial tachyar-
rhythmia (including atrial fibrillation, atrial flutter and
atrial tachycardia), high degree AV block, bundle branch
block, signs of left ventricular hypertrophy (Sokolow
index > 3.5 mV), ST-segment deviation, q waves, low volt-
age or poor R-wave progression. The decision for admis-
sion for in-hospital care was also done at the discretion of
the treating physician based on physical examination and
diagnostic work-up. Follow-up data was collected through
the electronic patient record system of our institution until
December 19, 2020. The primary endpoint of our study
was a composite of admission to the intensive care unit
(ICU) or all-cause mortality within 28 days. A key second-
ary endpoint was 28-day all-cause mortality.

The ISARIC 4C Clinical Deterioration model was
calculated for all patients as it has been shown to pre-
dict clinical deterioration (defined as any requirement of
ventilatory support or critical care, or death) in patients
with COVID-19 [15]. It includes age, sex, nosocomial
infection, Glasgow coma scale score, peripheral oxygen
saturation, breathing room air or oxygen therapy, respira-
tory rate, urea concentration, C-reactive protein concen-
tration, lymphocyte count, and presence of radiographic
chest infiltrates. When respiratory rate upon admission
was not quantified numerically, extrapolation was made
from the description of breathing patterns. Ultimately a
total of 5 values for respiratory rate, 2 for radiographic
chest infiltrates, 1 for peripheral oxygen saturation and 1
for blood pressure were missing, which were substituted
by the median of respective values — multiple imputation
and omission of missing values were performed in a sec-
ond step.

We have previously published data from the same study
population and reported on the prognostic impact of Mid-
regional pro-atrial natriuretic peptide among other bio-
markers (creatinine, blood urea nitrogen, LDH, hs-cTnlI,
NT-proBNP) on 28-day mortality [16].
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Biomarker analysis

Serum blood samples were drawn by trained nurses or
doctors upon presentation of the patient to the emergency
department. After centrifugation, serum blood samples for
biomarker analysis were divided into 0.5 ml aliquots and
immediately stored at -80° C until measurement. Copep-
tin was evaluated by TRACE (Time Resolved Amplified
Cryptate Emission) on the ultra-sensitive KRYPTOR
compact PLUS (B.R.A.H.M.S. GmbH, Thermo Scientific,
Henningsdorf, Germany). Biomarker levels were measured
using commercially available kits (B.R.A.H.M.S. GmbH,
Thermo Scientific, Henningsdorf, Germany) according to
the manufacturer’s guidelines. According to the manufac-
ture’s specification, the detection limit of copeptin was
set at 0.70 pmol/L and the upper limit at 2000 pmol/L. In
patients with suspected acute coronary syndrome, a copep-
tin value < 95th percentile upper limit of normal (ULN),
i.e. <10 pmol/L together with a ¢Tn or hs-cTn < 99th per-
centile ULN was used for instant rule out of MI. High-sen-
sitive cardiac troponin I was measured using the Dimen-
sion Vista High-sensitivity Troponin I Assay (Siemens
Healthcare Diagnostics), which is based on a luminescent
oxygen channeling immunoassay. According to the manu-
facture’s specification, the detection limit of hs-cTnl was
set at 3.0 ng/L and the upper limit at 125 000 ng/L [17].

Copeptin was measured as part of the research proto-
col months after admission of the patients and the treat-
ing physicians were therefore blinded to the results, while
hs-cTnl was measured during clinical routine—hence
being available to the treating physician. Further routine
assessment of laboratory values was performed at the cer-
tified central laboratory of the Wilhelminenhospital and
included: white blood cells, neutrophil granulocytes, lym-
phocytes, c-reactive protein (CRP), platelets, hemoglobin,
creatinine, sodium, potassium, and LDH, respectively.
Neutrophil-to-lymphocyte ratio (NLR) was calculated by
dividing the absolute neutrophil count by the absolute lym-
phocyte count.

We also assessed turn-around times for biomarkers and
admission protocols to give further insight into the timing
of events of our study:

- Turn-around times for hs-cTnl: 151 min (IQR, 90-360).

- Turn-around times for SARS-CoV-2 PCR: 193 min
(IQR, 128-352).

- Time from ED registration to hs-cTnlI blood drawing:
56 min (IQR, 38-93).

- Time from ED registration to copeptin blood drawing:
54 min (IQR, 38-88).

- Time from ED registration to SARS-CoV-2 nasopharyn-
geal swab: 69 min (IQR, 44—120).

- Time from ED registration to registration on COVID-19
ward: 244 min (IQR, 195-306).
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Statistical analysis

Continuous data are reported as median and interquartile
range (IQR), and categorical data are expressed as frequency
and percentage. Normality was checked using the Shap-
iro—Wilk normality test. Mann—Whitney U-test and Pear-
son's chi-squared test were used to compare continuous and
categorical data between patients with an adverse outcome
and those without an adverse outcome.

Youden-index quantification was used to identify the
optimal cut-off values of biomarkers for prediction of the
primary endpoint. We calculated specificity, sensitivity,
negative and positive predictive values and the negative and
positive likelihood ratios for all biomarkers. Comparison
of event rates across different risk classes was performed
using Pearson's chi-squared test. Univariable binary logistic
regression analysis was performed to determine the prognos-
tic impact of baseline characteristics, comorbidities, clini-
cal symptoms and laboratory markers. The independence of
the prognostic value of copeptin and hs-cTnl was tested by
adjusting for age and gender (model 1), model 1+ comor-
bidities and clinical symptoms (model 2 [baseline model]).
Variables found to be significant upon univariable regression
analysis were included in a final multivariable model using
the backward stepwise selection method. We also calculated
the C-statistics, integrated discrimination improvement
index (IDI), and category-free net reclassification improve-
ment index (NRI) to evaluate the discriminatory properties
of copeptin and hs-cTnl in addition to established risk mod-
els (baseline model and ISARIC 4C deterioration model).

All statistical analyses were performed using SPSS 26.0
(SPSS Inc., Chicago, IL, USA) and RStudio (v 1.0.143).
Graphics were generated using GraphPad Prism 9.0
(GraphPad Software, Inc., San Diego, CA). A two-sided
p-value < 0.05 was required for statistical significance.

Results

Clinical characteristics and biomarkers stratified
by the primary endpoint

A total of 213 hospitalized patients with COVID-19
were included in the study. Mean age was 65.6 years
(SD +16.8 years) and 119 (55.9%) were male. Within
28 days of admission, 55 patients (25.8%) reached the pri-
mary endpoint of ICU admission or 28-day mortality and 28
patients (13.2%) reached the secondary endpoint of 28-day
mortality. Patients with an unfavorable outcome were sig-
nificantly older, more frequently male, and more often had
a history of hypertension, cardiovascular disease and/or
chronic kidney disease. While dyspnea was more common
in patients reaching the primary endpoint, no difference was
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observed with regards to diabetes mellitus, chronic pulmo-
nary disease or fever and coughing (Table 1).

Median levels of both copeptin and hs-cTnl at admis-
sion were significantly higher in patients with the primary
endpoint as compared to those with a favorable disease
course (Copeptin: 29.6 pmol/L IQR, [IQR, 16.2-77.8] vs
17.2 pmol/L [IQR, 7.4-41.0], P <0.001; hs-cTnl: 22.8 ng/ml
[IQR, 11.5-97.5] vs 10.2 ng/ml [IQR, 5.5-23.1], P<0.001).
Of other laboratory markers, white blood cells, neutrophil
granulocytes, CRP, creatinine, NLR and LDH were signifi-
cantly higher in those with subsequent ICU admission or
death, while lymphocytes were lower. A second hs-cTnl
measurement within 36 h was available in 53 of 213 patients
with concentrations of hs-cTnl being higher upon admission
(1st hs-cTnl: 16.7 [IQR, 7.0-66.1], 2nd hs-cTnl: 13.3 [IQR,
6.2-50.5]; P=0.016). (Table 1 and Fig. 1).

Correlation of copeptin with other markers, relation
to time to symptom onset and ECG changes

A weak to moderate correlation of copeptin levels was
observed with markers of inflammation (CRP: r=0.160;
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Fig. 1 Box plots of hs-cTnl and Copeptin levels stratified by the pri-
mary endpoint

P=0.020 and NLR: r=0.392, P <0.001) renal failure (Cre-
atinine: r=0.420; P <0.001), myocardial injury (hs-cTnl:
r=0.440; P <0.001) and age (r=0.513, P <0.001). Patients
with a history of hypertension, cardiovascular disease or

Table 1 Baseline characteristics

N ) ; Characteristics Non-ICU survivor (n=158) ICU or death (n=55) P-value
of the study population stratified
by primary study end point Baseline characteristics

Age, years 63.5+16.46 72.0+16.25 0.001
Male sex 82 (51.9%) 37 (67.3%) 0.048
Arterial hypertension 84 (53.2%) 38 (69.1%) 0.040
Diabetes mellitus 46 (29.1%) 21 (38.2%) 0.213
Cardiovascular disease 23 (14.6%) 21 (38.2%) <0.001
Chronic pulmonary disease 20 (12.7%) 8 (14.5%) 0.722
Chronic kidney disease 21 (13.3%) 15 (27.3%) 0.017
History of malignancy 14 (8.9%) 9 (16.4%) 0.123
Signs and symptoms

Fever 127 (80.4%) 38 (69.1%) 0.084
Coughing 89 (56.3%) 25 (45.5%) 0.164
Dyspnea 87 (55.1%) 42 (76.4%) 0.005
Laboratory values at admission

White blood cells, G/1 6.5 (5.2-8.5) 7.8 (5.8-10.3) 0.039
Neutrophil granulocytes, G/1 4.9 (3.6-6.5) 6.2 (4.1-8.8) 0.003
Lymphocytes, G/1 1.08 (0.77-1.60) 0.77 (0.57-1.03) <0.001
Neutrophil to lymphocyte ratio 4.1 (2.5-7.6) 8.1 (5.9-11.9) <0.001
C-reactive protein, mg/L 58 (25-110) 90 (53-172) <0.001
Hemoglobin, g/dL 13.6 (12.3-14.6) 13.3 (12.0-14.6) 0.417
Platelets, G/L 199 (160-241) 206 (169-253) 0.492
Creatinine, mg/dL 1.0 (0.8-1.2) 1.2 (0.9-1.6) <0.001
Sodium, mmol/L 137 (135-139) 137 (134-138) 0.833
Potassium, mmol/L 4.0 (3.8-4.2) 4.0 (3.74.2) 0.317
Lactate dehydrogenase, U/L 276 (222-354) 326 (239-500) 0.007
Copeptin, pmol/L 17.2 (7.4-41.0) 29.6 (16.2-77.8) <0.001
Hs-cTnl, ng/L 10.2 (5.5-23.1) 22.8 (11.5-97.5) <0.001
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Fig.2 Copeptin levels stratified by quartiles of symptom onset

chronic kidney disease had significantly higher levels of
copeptin upon admission (p <0.001, respectively).

We also found significantly increased values of copep-
tin among those presenting early in the course of disease,
which was assessed by time to onset of symptoms (0—1 days:
Copeptin 39.1 pmol/L [IQR, 14.9-63.6] vs.>7 days: Copep-
tin 13.7 pmol/L [IQR, 6.3-33.9]; P=0.014) (Fig. 2).

Patients with increased hs-cTnl and copeptin had a sig-
nificantly higher prevalence of an abnormal admission ECG
compared to those without increased hs-cTnl and copeptin
(78% vs 45%; P — Value <0.001). With regards to specific
ECG changes, we observed a significantly higher rate of
atrial tachyarrhythmia, bundle branch block, low voltage
and poor R-wave progression among those with increased
hs-cTnl and copeptin (Fig. 3).

Prognostic value of copeptin and hs-cTnl
for prediction of 28-day adverse outcomes

A copeptin level of 19.3 pmol/L and a hs-cTnl level of
16.8 ng/L were identified as the optimal cut-off levels for the
prediction of the primary endpoint according to Youden’s
index. While the prognostic specificity of hs-cTnl was
higher compared to copeptin (70.3% vs 56.3%), sensitivity
was comparable (70.9% with copeptin vs 69.1% with hs-
cTnl) with the combination of copeptin / hs-cTnl yielding
the highest specificity of 83.5% (Table 2).

Upon univariable logistic regression both elevated
copeptin and hs-cTnl (according to the threshold identified
by ROC analysis) were significant predictors of an adverse
outcome within 28 days of hospital admission (Copeptin:
crude OR 3.144 [95% CI 1.623-6.091]; P=0.001 and hs-
cTnl: crude OR 5.279 [95% CI 2.713-10.274]; P <0.001).
This association remained statistically significant for both
biomarkers after adjustment for age and gender (model 1) as
well as comorbidity burden and clinical symptoms (model

@ Springer

A High hs-cTnl & Copeptin

B8 46 Abnormal ECG B3 67 Abnormal ECG
3 13 Normal ECG 3 83 Normal ECG
78% 45%

Total=59

low hs-cTnl / Copeptin

Total=150

High hs-cTnl

B 58 Abnormal ECG Bl 55 Abnormal ECG
3 27 Normal ECG 3 69 Normal ECG
68% 44%

Total=85 Total=124

Low hs-cTnl

High Copeptin Low Copeptin

[ 73 Abnormal ECG
3 33 Normal ECG
69% 38%

Total=106

B3 40 Abnormal ECG
3 63 Normal ECG

Total=103

B ECG changes

50 Atrial fibrillation
(n =208, P<0.001)

40+ Bundle branch block

(n=209, P =0.005)
30
20+
10+
JHIARE mm

+ hs-cTnl / Copeptin

ST segment deviation
(n =189, P =0.174)

Low voltage
(n =209, P=0.035)

Percentage

Poor R wave progression
(n =189, P<0.001)

T
- hs-cTnl / Copeptin

Fig.3 A Prevalence of abnormal ECG among patients with high
hs-cTnl and copeptin, patients with high hs-cTnl only and patients
with high copeptin only B ECG changes among patients with high
hs-cTnl and copeptin compared to those without increased hs-cTnl
and copeptin. Abnormal ECG was defined by the presence of one
(or more) of the following: atrial tachyarrhythmia / high degree AV
block, bundle branch block, ST-segment deviation, Q waves, left ven-
tricular hypertrophy, low voltage and poor R-wave progression

2). Results were consistent when using biomarkers on a cat-
egorical or continuous level. (Table 3 and Supp. Table 3) A
final regression model with backwards selection of variables,
including baseline characteristics, comorbidities, clinical
symptoms as well as other established laboratory mark-
ers of risk in COVID-19, revealed that the combination of
raised hs-cTnl and copeptin was associated with a fourfold
greater risk of an unfavorable outcome (OR 4.274 [95% CI
1.995-9.154]; P <0.001). Other factors found to be signifi-
cantly associated with the primary endpoint were dyspnea,
raised creatinine and neutrophil to lymphocyte ratio. (Supp.
Table 1). We also observed a significant association of the
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Table.2 Sens?ti\./ity, specificity, Laboratory biomarker Sensitivity Specificity LR+ LR - PPV NPV
negative predictive value and
positive predictive value of Copeptin > 19.3 pmol/L 70.9% 56.3% 1.62 0.52 36.1% 84.8%
Copeptin, hs-cTnl and Copeptin  yy 115 16 8 nost, 69.1% 70.3% 233 044  447%  86.7%
/ hs-cTnl for the primary
endpoint Copeptin>19.3 pmol/L and 60.0% 83.5% 3.64 0.48 55.9% 85.7%
hs-cTnl > 16.8 ng/LL
NPV negative predictive value, PPV positive predictive value
Table3 Association of , Statistical model Copeptin>19.3 pmol/L  Hs-cTnl> 16.8 ng/L Hs-cTnl> 16.8 ng/L and
Copeptin, h§-cTnI agd Copeptin Copeptin> 19.3 pmol/L
/ hs-cTnl with the primary
endpoint OR 95% CI P-value OR 95% CI P-value OR 95% CI P-value
Crude model 3.14 1.62-6.09 0.001 528 2.71-10.27 <0.001 7.62 3.84-15.10 <0.001
Model 1* 223 1.06-4.70 0.034 384 1.79-8.24 0.001 6.66 2.93-15.12 <0.001
Model 2° 245 1.14-527 0.022 322 144-7.20 0.004 6.02 2.55-14.19 <0.001

The crude model only included the biomarker in question; Model 1 was adjusted for age and gender; Model
2 was adjusted for Model 1 and arterial hypertension, history of cardiovascular disease, chronic kidney dis-

ease and dyspnea

combination of increased copeptin and hs-cTnl with the sec-
ondary endpoint of 28-day mortality (adjusted OR 10.45
[95% CI, 2.85 — 38.38], P <0.001) (Supp. Table 2).

Risk reclassification by addition of copeptin
to hs-cTnl

Hs-cTnl upon admission was used for the first step of risk
classification. In a second step, we stratified patients with
raised hs-cTnl according to concentrations of copeptin. Of
85 patients with increased hs-cTnl, 26 (30.5%) had low lev-
els of copeptin. These patients had a significantly lower risk
of reaching the primary endpoint compared to those with
high copeptin (19.2% vs 55.9%; P=0.002). Thus, patients
with increased hs-cTnl and low levels of copeptin were
reclassified to low-risk as the primary outcome rate was
comparable to the one of patients with low hs-cTnl (19.2%
vs 13.3%; P=0.429). Finally, 59 patients were identified
as high risk with a primary outcome rate of 55.9% and 154
patients as low-risk with a primary outcome rate of 14.3%
(P<0.001). A similar observation was made with regards
to the secondary endpoint of 28-day mortality as copeptin
had a substantial impact on risk stratification of patients with
raised hs-cTnl. Those with increased hs-cTnl and copep-
tin had a significantly higher 28-day mortality compared to
those with increased hs-cTnl and low copeptin (40.7% vs
3.8%, P=0.001). (Fig. 4).

Table 4 shows comparison of the predictive performance
of different risk models with the addition of copeptin, hs-
cTnl or both. Higher C-statistics were observed upon addi-
tion of copeptin and hs-cTnl to the baseline risk model and
the externally validated ISARIC 4C Clinical deterioration

model with the combination of both biomarkers provid-
ing the best prognostic information. These findings were
underlined by a statistically significant risk reclassification
for copeptin, hs-cTnl and combined copeptin / hs-cTnl upon
addition to both risk models. The combination of copeptin
with hs-cTnl was also superior to the combination of MR-
proANP with hs-cTnl in terms of predictive performance
in our study population. The category-free NRI for com-
bined copeptin/hs-cTnl was 0.653 (95% CI 0.360-0.945,
P <0.001) and 0.098 (95% CI 0.056-0.140, P <0.001)
and the IDI was 0.871 (95% CI 0.587-1.155, P <0.001)
and 0.072 (95%CI 0.030-0.114, P <0.001) when added to
the baseline risk model and the ISARIC 4C Clinical dete-
rioration model, respectively. We used different methods to
account for the small number of missing values (substitution
of missing values by the median, omission of missing values
and multiple imputation of missing values) and found a con-
sistent pattern of statistical performance for all biomarkers
(Supp. Table 4).

Discussion

This prospective, observational single-center study shows
for the first time the prognostic impact of copeptin in a well-
characterized cohort of hospitalized patients with COVID-
19. The main findings are (i) that levels of copeptin and
hs-cTnl upon hospital admission were significantly higher
among those with a subsequent adverse course of disease;
(ii) an association of increased copeptin and hs-cTnl with
the primary endpoint, both individually and in combina-
tion, which persisted after multivariable adjustment; (iii) a
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Fig.4 Risk assessment strategy
based on hs-cTnl and levels

of copeptin in patients with
COVID-19

hs-cTnl 2 16.8 ng/L

38 (44.7%) adverse outcomes

Copeptin 2 19.3 pmol/L
59 patients
33 (55.9%) adverse outcomes

High risk
59 patients (27.7%)
33 (55.9%) adverse outcomes

B 28-DAY MORTALITY

hs-cTnl 2 16.8 ng/L

25 (29.4%) dead at 28 days

Copeptin 2 19.3 pmol/L
59 patients
24 (40.7%) dead at 28 days

High risk
59 patients (27.7%)
24 (40.7%) dead at 28 days

significant risk reclassification of patients with increased hs-
cTnl by the addition of copeptin with regards to both study
endpoints; and (iv) an incremental value of the combination
of raised copeptin and hs-cTnl for outcome prediction when
added to the baseline risk model of our study or the ISARIC
4C Clinical deterioration model.

The antidiuretic hormone vasopressin plays a key role in
the regulation of fluid balance and cardiovascular homeo-
stasis. The most powerful stimulus for vasopressin release
is a change in plasma osmolality with even small changes
being of clinical significance. Vasopressin has also been
shown to increase in response to stress or acute-life threat-
ing conditions as it influences the body’s response to both
acute and chronic stressful conditions [6]. Copeptin, the
c-terminal fragment of the vasopressin precursor protein, is
characterized by excellent ex vivo stability as it is cleared
less rapidly from plasma compared to vasopressin, which
makes it a viable surrogate marker of vasopressin release,
that can be used for routine measurement in clinical practice
[7]. Our data show that copeptin levels were increased in
hospitalized patients with COVID-19, as the median levels
(19.5 pmol/L, IQR 8.9-46.7) were above the established nor-
mal values of a healthy population (median of 4.2 pmol/L,
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A 28-DAY MORTALITY OR ICU ADMISSION

213 hospitalized patients with COVID-19
55 (25.8%) adverse outcome

hs-cTnl < 16.8 ng/L
128 patients
17 (13.3%) adverse outcomes

85 patients

Copeptin < 19.3 pmol/L
26 patients
5 (19.2%) adverse outcomes

Low risk
154 patients (72.3%)
22 (14.3%) adverse outcomes

213 hospitalized patients with COVID-19
28 (13.1%) dead at 28 days

hs-cTnl < 16.8 ng/L
128 patients
3(2.3%) dead at 28 days

85 patients

Copeptin < 19.3 pmol/L
26 patients
1 (3.8%) dead at 28 days

Low risk
154 patients (72.3%)
4 (2.6%) dead at 28 days

IQR 1-13.8 pmol/L). To date, only one study has published
data on copeptin measurements in patients with COVID-19
pneumonia (n=98) and found significantly increased values
compared to patients with non-COVID-19 pneumonia [14].

Although the underlying mechanism by which copeptin
is linked to COVID-19 has not been elucidated yet, sev-
eral potential mechanisms may play a role in the observed
association. First, we should consider that raised levels of
copeptin have been reported in several clinical conditions
and are not specific to a certain situation or organ manifes-
tation. Similarly to our findings, higher levels of copeptin
have been reported in patients with arterial hypertension,
diabetes mellitus, chronic kidney disease and history of
cardiovascular disease [11, 12, 18]. Thus, the increase of
copeptin may be partially explained by a higher baseline
comorbidity burden. This is in line with our findings of a
higher rate of abnormal admission ECGs among patients
with increased hs-cTnl and copeptin, which may reflect a
history of cardiovascular disease or cardiovascular morbidity
in general. Another potential pathophysiological link may
lie in the association of copeptin with infectious diseases
and inflammation [19]. We also found a significant correla-
tion of copeptin with CRP and NLR, as surrogate markers



Clinical Research in Cardiology (2022) 111:343-354 351

Table 4 Reclassification and discrimination statistics (95% Cls) for the primary endpoint

Clinical risk model C-statistic (95% CI) NRI (95% CI) P-value IDI (95% CI) P-value

Copeptin 0.636
(0.564 - 0.708)

MR-proANP 0.667
(0.597 - 0.738)

Hs-cTnl 0.697
(0.626 — 0.768)

MR-proANP / hs-cTnl 0.695
(0.623 - 0.768)

Copeptin / hs-cTnl 0.718
(0.646 — 0.789)

Baseline model 0.802
(0.735 - 0.870)

Baseline model + Copeptin 0.816 0.545 <0.001 0.026 0.019
(0.747 - 0.886) (0.259 - 0.830) (0.004 - 0.048)

Baseline model + MR-proANP 0.808 0.377 0.014 0.027 0.015
(0.739 - 0.877) (0.076 — 0.678) (0.005 - 0.049)

Baseline model + hs-cTnl 0.815 0.634 <0.001 0.025 0.046
(0.751 -0.879) (0.3491 - 0.918) (0.001 - 0.050)

Baseline model + Copeptin / hs-cTnl 0.829 0.702 <0.001 0.072 <0.001
(0.765 — 0.893) (0.412-0.991) (0.032-0.112)

Baseline model + MR-proANP / hs-cTnl 0.810 0.499 <0.001 0.027 0.03
(0.743 - 0.877) (0.205 -0.793) (0.003 - 0.051)

4C deterioration model 0.799
(0.731-0.867)

4C deterioration model 4+ Copeptin 0.804 0.545 <0.001 0.014 0.126
(0.736 - 0.871) (0.259 - 0.830) (-0.004 — 0.031)

4C deterioration model + MR-proANP 0.806 0.670 <0.001 0.024 0.021
(0.737 - 0.876) (0.389-0.950) (0.004 — 0.045)

4C deterioration model + hs-cTnl 0.818 0.787 <0.001 0.037 0.009
(0.753 - 0.884) (0.504 - 1.070) (0.009 - 0.006)

4C deterioration model + Copeptin / hs-cTnl 0.837 0.871 <0.001 0.072 <0.001
(0.774 - 0.900) (0.587 — 1.155) (0.030-0.114)

4C deterioration model + MR-proANP / hs-cTnl 0.816 0.781 <0.001 0.039 <0.001

(0.748 — 0.883)

(0.493—1.069)

(0.011 -0.067)

The base model included age, gender, arterial hypertension, history of cardiovascular disease, chronic kidney disease, dyspnea, heart rate, res-

piratory rate, mean blood pressure and body temperature

of inflammation, which have both been reported to be of
prognostic value in COVID-19 [20, 21]. Copeptin has also
emerged as a promising biomarker of the non-specific stress
response to acute illness, which may further contribute to
risk stratification in COVID-19 as SARS-CoV-2 infection
can trigger a substantial stress response in some individuals
[22]. Furthermore, Lin et al. have previously demonstrated
that increased values of copeptin were highly specific for
diagnosing acute respiratory distress syndrome (ARDS) and
acute lung injury [23]. Since ARDS is a critical complica-
tion of COVID-19, copeptin levels upon admission may thus
facilitate identification of patients at risk for ARDS and a
subsequent fatal clinical course.

Regardless of the underlying pathophysiology, our study
findings corroborate the role of copeptin to predict adverse
outcomes in a variety of clinical conditions by extending its

use to patients with COVID-19. In our study, the optimal
cut-off point of copeptin to predict the primary endpoint
was 19.3 pmol/L, which is above the 99th percentile of
13.5 pmol/L found in a healthy population and the suggested
cut-off of 10 pmol/L for the rule-out of myocardial infarc-
tion. Interestingly, the optimal cut-off of hs-cTnl (16.8 ng/L)
to predict the primary endpoint was well below the 99th
percentile of 59 ng/L.

We also show that using a dual marker strategy by meas-
uring copeptin and hs-cTnl together upon hospital admis-
sion for acute SARS-CoV-2 infection adds significant
prognostic value to established risk prediction models for
COVID-19. An incremental discriminatory and reclassifi-
cation predictive value of copeptin, hs-cTnl and the combi-
nation of copeptin / hs-cTnl upon addition to the baseline
model of our study and the ISARIC 4C clinical deterioration
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model—which has been validated as a potent risk score in
COVID-19—was observed [15]. The highest C-statistics,
NRI and IDI values were recorded for the combination
of raised copeptin and hs-cTnl. Only patients with both
increased hs-cTnl and copeptin had a markedly higher risk
of an adverse outcome, while patients with raised hs-cTnl
and copeptin levels below the optimal cut-off point had a
similar prognosis to those with low values of hs-cTnl. A
similar risk reclassification was also observed for the sec-
ondary endpoint of 28-day mortality. Our proposed dual
biomarker strategy may help to identify patients at risk of
an adverse outcome and hence guide early management. The
combination of copeptin and hs-cTnl provides significant,
additional prognostic value over the single use of hs-cTnl, as
evidenced by the findings of our study. However, we should
also consider that the C-statistics of 0.718 for the combina-
tion of increased hs-cTnl and copeptin is rather modest and
hence has to be interpreted within the context of the indi-
vidual clinical situation. This observation in patients with
confirmed COVID-19 is very consistent with findings in
3890 patients presenting with acute symptoms to the emer-
gency department [24]. In a multivariate Cox regression
model, elevated copeptin was independently associated with
all-cause death in the acute coronary syndrome (HR=1.7
(95% CI 1.3-2.3), p=0.002) and non—acute coronary
syndrome cohort (HR=2.7 (95% CI 1.4-5.0), p=0.0018).
Among patients with elevated hs-cTnT, mortality rates were
almost three-times higher in patients with increased com-
pared to those with normal copeptin levels (29.0% vs. 10.7%,
p<0.001). Taking these results into account we propose a
simple risk stratification model based on admission levels of
hs-cTnl and copeptin with the high-risk group constituting
patients with an increase of both biomarkers and the low-risk
group constituting the rest of patients. A similar biomarker
guided model has been suggested for risk stratification in
patients with normotensive pulmonary embolism, which is
based on the measurement of cardiac troponin, Nt-proBNP
and copeptin [25]. Other authors have also underlined the
diagnostic and prognostic value of a dual marker strategy by
measuring both copeptin and high-sensitive cardiac troponin
in patients with suspected myocardial infarction [26-32].
The clinical relevance of cardiovascular biomarker testing
in patients with COVID-19 has been discussed extensively
in recent months. A recently published paper by the ESC
Study Group on Biomarkers in Cardiology of the Acute
Cardiovascular Care Association underlined the prognos-
tic information gained by cardiovascular biomarker meas-
urement—mainly cardiac troponin, natriuretic peptides and
d-dimer—which in conjunction with vital parameters may
help treating physicians to identify patients at risk of dete-
rioration. Our study proposes an improvement of outcome
prediction by the addition of copeptin to hs-cTnl, which may
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ultimately help decision making in the emergency depart-
ment [33].

This prospective single-center study has several limita-
tions that require further discussion. Since only patients
admitted for in-hospital treatment were included, no extrapo-
lation can be made to patients being discharged from the
emergency department. The decision for hospital admission
was made by the treating physician based on clinical exami-
nation and diagnostic work-up. Second, before recommend-
ing the combination of increased copeptin and hs-cTnl as a
robust predictor of worse outcome in COVID-19, it should
be validated in an independent population. Third, we used
baseline levels of copeptin and hs-cTnl and hence cannot
draw conclusions as to how temporal changes of both bio-
markers may affect the outcome. Fourth, a small number of
patients had missing values for the calculation of the ISARIC
4C clinical deterioration score (as specified above), which
were substituted by the median values of respective param-
eters alongside confirming our results by multiple imputa-
tion and by omitting patients with missing values. However,
since only a couple of data points were missing this should
not have a significant effect on our findings. Fifth, since this
is a single-center study external validation of our results
has to be done before recommendations for routine clinical
practice can be made. We also have to consider that only
hs-cTnl assays were used in our study and we cannot reli-
ably extrapolate our findings to other troponin assays (e.g.
commonly used hs-cTnT assay). Reported turn-times of hs-
cTnl and SARS-CoV-PCR should be considered with the
knowledge that preliminary results before final validation
by a laboratory physician can be accessed by the treating
physician and may have an impact on decision made in the
emergency department. Measurement of copeptin levels also
depends on the availability of appropriate laboratory equip-
ment, which may limit its use in some hospitals. Finally, we
only report short-term event rates in our study population
and therefore cannot assess the prognostic impact on long-
term outcomes.

Conclusions

In our study population of hospitalized patient with COVID-
19, copeptin refined the prognostic impact of hs-cTnl by
reclassifying patients to low or high risk. The combination
of increased copeptin and hs-cTnl independently predicted
the primary endpoint of 28-day mortality or ICU admis-
sion and was of incremental prognostic value upon addition
to established risk models for COVID-19 and the baseline
model of our study. Our study findings suggest a role of
copeptin in addition to hs-cTnl as dual marker strategy for
early risk stratification in patients with COVID-19.
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