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Mid-regional proadrenomedullin, C-terminal proendothelin-1
values, and disease course are not different in critically ill SARS-
CoV-2 pneumonia patients with obesity
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BACKGROUND/OBJECTIVES: Patients affected by obesity and Coronavirus disease 2019, the disease caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), appear to have a higher risk for intensive care (ICU) admission. A state of low-
grade chronic inflammation in obesity has been suggested as one of the underlying mechanisms. We investigated whether obesity
is associated with differences in new inflammatory biomarkers mid-regional proadrenomedullin (MR-proADM), C-terminal
proendothelin-1 (CT-proET-1), and clinical outcomes in critically ill patients with SARS-CoV-2 pneumonia.
SUBJECTS/METHODS: A total of 105 critically ill patients with SARS-CoV-2 pneumonia were divided in patients with obesity (body
mass index (BMI) ≥ 30 kg/m2, n= 42) and patients without obesity (BMI < 30 kg/m2, n= 63) and studied in a retrospective
observational cohort study. MR-proADM, CT-proET-1 concentrations, and conventional markers of white blood count (WBC),
C-reactive protein (CRP), and procalcitonin (PCT) were collected during the first 7 days.
RESULTS: BMI was 33.5 (32–36.1) and 26.2 (24.7–27.8) kg/m2 in the group with and without obesity. There were no significant
differences in concentrations MR-proADM, CT-proET-1, WBC, CRP, and PCT at baseline and the next 6 days between patients with
and without obesity. Only MR-proADM changed significantly over time (p= 0.039). Also, BMI did not correlate with inflammatory
biomarkers (MR-proADM rho= 0.150, p= 0.125, CT-proET-1 rho= 0.179, p= 0.067, WBC rho=−0.044, p= 0.654, CRP rho= 0.057,
p= 0.564, PCT rho= 0.022, p= 0.842). Finally, no significant differences in time on a ventilator, ICU length of stay, and 28-day
mortality between patients with or without obesity were observed.
CONCLUSIONS: In critically ill patients with confirmed SARS-CoV-2 pneumonia, obesity was not associated with differences in MR-
proADM, and CT-proET-1, or impaired outcome.

TRIAL REGISTRATION: Netherlands Trial Register, NL8460.
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INTRODUCTION
Coronavirus disease 2019 (COVID-19), the disease caused by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) [1, 2], has
turned out to be an enormous challenge to intensive care units (ICU)
worldwide [3–5]. A substantial part of the patients deteriorated quickly
and needed to be admitted to the ICU with signs and symptoms
consistent with acute respiratory failure and/or acute respiratory
distress syndrome (ARDS). Age, male sex, hypertension, type 2
diabetes, and coronary artery disease were reported as risk factors for
ICU admission in COVID-19 patients [1–5]. Also, the prevalence of
obesity was high among COVID-19 patients admitted to the ICU [5, 6].

Moreover, the need for invasive mechanical ventilation was higher in
COVID-19 patients with obesity admitted to the ICU [7, 8].
The potential pathophysiological mechanisms between SARS-

CoV-2 infection and obesity are not yet fully understood. SARS-
CoV-2 virus infection of the host, using the angiotensin-converting
enzyme 2 (ACE2) receptor, is one of the proposed mechanisms in
COVID-19 [9]. The ACE2 receptors are highly expressed by
adipocytes of patients affected by obesity and type 2 diabetes
[10]. The adipose tissue may serve as a reservoir for the virus and
excrete the virus over a long period, resulting in a continuous
augmented inflammatory response [10].
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Cytokines were measured to observe the inflammatory
response in a prospective observational cohort study with 67
COVID-19 ICU patients [11]. There were no differences in cytokine
response between ICU patients with and without obesity. But, as
cytokines have a short half-life and can therefore only be
measured during a short period, there may be a role for more
stable biomarkers as a measure of inflammation. There were no
differences in conventional inflammatory biomarkers white blood
count (WBC), C-reactive protein (CRP), and procalcitonin (PCT) in
this observational study [11]. As virus-induced endothelial
dysfunction and damage, endotheliitis, has been proposed as
one of the potential mechanisms of COVID-19 [12, 13], there may
be a role for endothelium-related inflammatory biomarkers mid-
regional proadrenomedullin (MR-proADM) and C-terminal proen-
dothelin-1 (CT-proET-1). MR-proADM and CT-proET-1 are the
precursor fragments of the prohormones of adrenomedullin
(ADM) and endothelin-1 (ET-1) [14, 15]. The precursor fragments
are more stable and therefore measuring the fragments is more
feasible for clinical purposes. ADM is a peptide generated by
endothelial and vascular smooth muscle cells, with anti-
inflammatory effects on vascular endothelial cells, protecting the
microcirculation against endothelial permeability in sepsis [16, 17].
ADM is also an adipokine, a pro-inflammatory cytokine released by
adipose tissue [18]. ET-1 is a strong vasoconstrictor peptide and
pro-inflammatory cytokine that is released from activated
endothelial cells [19]. Patients with obesity showed increased
vascular expression of ET-1 and vasoconstriction activity [20, 21].
The primary aim of the present study was to investigate

whether obesity was associated with differences in endothelium
and obesity-related inflammatory biomarkers MR-proADM and CT-
proET-1 in critically ill patients with SARS-CoV-2 pneumonia. The
secondary aim was the association between obesity and clinical
outcome (time on a ventilator, ICU length of stay (LOS), and 28-
day mortality).

MATERIALS/SUBJECTS AND METHODS
Study design and selection criteria
This single-center observational cohort study is a secondary
analysis of a prospective observational biomarker study [22], in
which patients were enrolled with confirmed SARS-CoV-2
pneumonia, and admitted to the ICU of the Elisabeth Tweesteden
Hospital (Tilburg Netherlands) from March 11 until May 27, 2020.
All clinical data, microbiological and laboratory results, including
MR-proADM and CT-proET-1, were prospectively collected during
this period. The study protocol was approved by the METC
Brabant (Medisch Ethische Toetsingscommissie Brabant) (Tilburg,
Netherlands) (NW 2020–86). Informed consent was received from
all participating patients. Inclusion criteria were adults ≥18 years of
age, admitted to the ICU with pneumonia and SARS-CoV-2
infection confirmed by real-time reverse transcriptase-polymerase
chain reaction (RT-PCR) assay of nasopharyngeal or bronchial
swabs. Patients who did not meet the inclusion criteria or without
informed consent were excluded. Both severe and critical type
diseases defined by the World Health Organization (WHO) interim
guidance were included. Severe disease; severe pneumonia was
designated when the patients had clinical signs of pneumonia
(fever, cough, dyspnea, fast breathing) plus one of the following
symptoms or physiological signs: respiratory rate >30 breaths/min,
severe respiratory distress, or SpO2 < 90% on room air. Chest
imaging (radiograph, CT scan, or lung ultrasound) may assist in
diagnosis and identifying or excluding pulmonary complications
[23]. Critical disease: ARDS was designated when the symptoms of
pneumonia lasted less than 1 week or when there were new or
worsening symptoms, chest imaging showed bilateral ground-
glass lobar opacities, lobar or lung collapse, or nodules, and
respiratory failure could not be solely explained by cardiac failure
or fluid overload. In addition, signs of oxygenation impairment

(PaO2/FiO2 ≤ 300mmHg with positive end expiratory pressure ≥5
cmH2O or continuous positive airway pressure ≥5 cmH2O) needed
to be present [23]. The included patients were divided into two
categories: (1) patients with obesity (body mass index (BMI)
≥30 kg/m2) and (2) without obesity (BMI < 30 kg/m2) according to
the classification by the WHO [24]. All patients received selective
decontamination of the digestive tract, as described in previous
publications [25]. Prophylactic antibiotics were given during the
first 4 days to all patients as part of this decontamination strategy.
STROBE (Strengthening the Reporting of Observational Studies in
Epidemiology Statement) guidelines for reporting observational
studies were followed [26].

Procedures
For clinical purposes, serial values of conventional biomarkers
WBC, CRP, and PCT were collected on a daily basis in patients
enrolled in the study. Additional blood samples were collected
into EDTA tubes on a daily basis for 7 days, or until discharge or
death. Plasma was separated by centrifugation and stored in
aliquots at −80 °C. MR-proADM and CT-pro-ET-1 concentrations
were measured using an automated immunofluorescent sandwich
assay on a B.R.A.H.M.S. Kryptor Compact Plus analyzer (Thermo
Fisher Scientific, Hennigsdorf, Germany) at the central diagnostic
laboratory in Maastricht, the Netherlands. The Kryptor measures
the signal that is emitted from an immunocomplex by time-
resolved amplified cryptate emission. MR-proADM and CT-proET-1
assays have a limit of detection of 0.05 nmol/L and 2.94 pmol/L.
The functional sensitivity (lowest value with an interassay
coefficient of variation (CV) <20% as described by the manufac-
turer) of 0.25 nmol/L (MR-proADM) and 9.78 pmol/L (CT-proET-1),
respectively. Imprecision of the assays was verified according to
the Clinical & Laboratory Standards Institute Evaluation Protocol
17-A (CLSI EP17-A), using a low and high sample, measured for
5 days in triplicate. Intra and Inter CV values were all ≤10% for MR-
proADM and CT-proET-1.

Statistical analysis
All non-normally distributed data (Kolmogorov–Smirnov test
p < 0.05) will be expressed as median (with interquartile range,
IQR) or as a number of patients (percentage) where appropriate.
Patient characteristics and outcomes will be compared using a
Mann–Whitney U test for continuous variables and chi-square test
for categorical variables. To analyze the time course of biomarker
profiles a linear mixed model for repeated measures with time and
obesity as independent factors was used. Testing for interaction
was performed. Individual BMI values were correlated with
biomarker concentrations. The time on a ventilator, LOS intensive
care, and cumulative survival will be analyzed by applying the
Kaplan–Meier curves and differences will be compared with the
log-rank test. Patients who died in the hospital or those who were
still in the ICU and/or receiving mechanical ventilation on day 28
were censored on day 29 for the analysis of time on mechanical
ventilation and ICU LOS. Patients who were discharged alive from
the hospital or were still in the ICU or hospital on day 28 were
censored on day 29 for the mortality analysis. We assessed the
proportional hazards assumption in time on the ventilator, LOS
ICU, and 28-day survival analysis using Schoenfeld residuals. The
proportional hazards assumption was not violated (all p values
>0.30). All tests are two-sided and a p value <0.05 was considered
statistically significant. All data are analyzed using a statistical
software package (SPSS Inc., version 24, Chicago, IL, USA).

RESULTS
Characteristics of the patients
We selected a cohort of 133 critically ill patients with suspected
SARS-CoV-2 pneumonia during the study period. In 105 patients,
SARS-CoV-2 was confirmed by RT-PCR, informed consent was
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achieved and MR-proADM, CT-proET-1, WBC, CRP, and PCT
concentrations were measured on day 1 and subsequent days.
The patient flow diagram shows the flow of patients with and
without obesity along with the endpoint of 28-day survival
(Supplementary Fig. 1). Fifty-five (52.4%) patients were transferred
to another ICU to distribute COVID-19 patients equally over the
country. Median ICU time before transfer to another ICU was
3 days (IQR 2–5).
Demographics and clinical characteristics of the 105 selected

patients are shown in Table 1. Twenty-three (22%) patients had
severe disease and 82 (78%) had a critical disease, i.e., ARDS, 12
(11%) had mild ARDS, 51 (49%) moderate ARDS, and 19 (18%)
severe ARDS according to the Berlin definition [27]. There was a
low number of bacterial and fungal coinfections. Gram-positive
bacterial microorganisms were found in nine patients (Enterococ-
cus spp n= 5, Streptococcus pneumonia n= 3, Staphylococcus
aureus n= 1). Gram-negative bacterial microorganisms were
found in six patients (Pseudomonas aeruginosa n= 2, Legionella
spp. n= 1, Enterobacter spp. n= 1, Bacteroides fragilis n= 1,
Stenotrophomonas maltophilia n= 1). Aspergillus fumigatus was
found in deep respiratory tract secretions in seven patients.
Patients were divided in two categories: patients with obesity,

n= 42, of which 26.6% with class I obesity (BMI 30–34.99), 8.6%
with class II (BMI 35–39.99), and 4.8% with class III obesity
(BMI ≥ 40) [24] and patients without obesity, n= 63, 19% with
normal weight (BMI 18.50–24.99), and 41% overweight (BMI
25–29.99) [24] (Supplementary Fig. 2). Both groups were compar-
able except for age and BMI.

Association biomarkers and obesity
There were no significant differences in plasma concentrations
inflammatory biomarkers at ICU admission between patients with
and without obesity (p < 0.05 for all biomarkers) (Table 1). Despite
lower values of WBC and CRP in patients with obesity at all the
timepoints, there were no significant differences in concentrations
MR-proADM, CT-proET-1, WBC, CRP, and PCT at baseline and the
next 6 days between patients with and without obesity (Fig. 1a–e).
Only MR-proADM changed significantly over time (p= 0.039).
Furthermore, BMI did not correlate with concentrations MR-
proADM, CT-proET-1, WBC, CRP, and PCT, at ICU admission
(rho= 0.150 (p= 0.125), rho= 0.179 (p= 0.067), rho=−0.044
(p= 0.654), rho= 0.057 (p= 0.564), rho= 0.022 (p= 0.842),
respectively) (Supplementary Fig. 3a–e).

Clinical outcomes
On day 28 of ICU admission, 9 (23%) of the patients with obesity
were still mechanically ventilated and 13 (31%) were still in the
ICU, while 11 (19%) of the patients without obesity were still
mechanically ventilated and 20 (32%) were still in the ICU
(p= 0.594, p= 0.932, respectively). Time on the ventilator was
14 days (IQR 9–27) in patients with obesity and 18 days (IQR 9–26)
in patients without obesity (log-rank p= 0.992). ICU LOS was
14 days (IQR 10–33) in patients with obesity and 20 days (10–32)
in patients without obesity (log-rank p= 0.671). There was no
significant difference in 28-day mortality between both groups,
31% versus 27%, log-rank p= 0.570. The Kaplan–Meier curves for
time on mechanical ventilation, ICU LOS, and 28-day mortality are
presented in Supplementary Fig. 4a–c.

DISCUSSION
The primary aim of the study was to investigate whether obesity
was associated with differences in endothelium and obesity-
related inflammatory biomarkers MR-proADM and CT-proET-1 in a
well-described cohort of critically ill patients with SARS-CoV-2
pneumonia. Secondary outcomes were the association between
obesity and time on a ventilator, ICU LOS, and 28-day mortality.
We reported two main findings. First, obesity was not related to

different responses in MR-proADM and CT-proET-1. Secondly, we
found no relationship between obesity and clinical outcome. What
our study adds pertaining to the role of obesity in critically ill
patients with SARS-CoV-2 pneumonia are data of inflammatory
biomarkers MR-proADM and CT-proET-1 during the first 7 days of
ICU admission.
Worldwide changes in lifestyle, consumer markets, and

urbanization are important causes of a high prevalence of obesity,
especially in western countries [28]. Patients affected by obesity
have an increased risk of developing type 2 diabetes mellitus,
hypertension, and dyslipidemia [28, 29]. It is no surprise that
obesity has a high impact on health care providers [28]. Obesity
was found to be an independent risk factor for ICU admission and
mortality during the H1N1 pandemic 10 years ago [30]. Two
single-center studies showed a high prevalence of patients
affected by obesity and severe obesity in patients with SARS-
CoV-2 in need of invasive mechanical ventilation [7, 8]. Mortality
doubled among different classes of obesity in patients hospita-
lized with SARS-CoV-2 infection in a multicenter prospective
cohort study with 5795 hospitalized patients [31]. The present
study is a secondary analysis of a prospective observational
biomarker study, in which 105 critically ill patients with confirmed
SARS-CoV-2 pneumonia were enrolled [22]. Baseline MR-
proADM ≥ 1.57 nmol/L and CT-proET-1 ≥ 111 pmol/L were signifi-
cant predictors of 28-day mortality for all 105 patients in
multivariable Cox regression models adjusted for age and SOFA
score (HR 6.80, 95% CI 3.12–14.84, p < 0.001 and HR 3.72, 95% CI
1.71–8.08, p= 0.01). The value of MR-proADM as a prognostic
marker in adult patients hospitalized with SARS-CoV-2 infection
was studied in several other observational studies [32–37].
Increased levels of MR-proADM were independently associated
with mortality [32–37]. However, none of these studies investi-
gated whether obesity was associated with differences in MR-
proADM. Obesity was associated with lower 6-year mortality and
higher MR-proADM levels in non-COVID-19 community-acquired
pneumonia patients in a secondary analysis of the ProHosp Trial
[38]. The baseline median MR-proADM level was 1.21 nmol/L (IQR
0.81–1.88), but no details of the number of patients admitted to
the ICU were reported. MR-proADM levels were measured in a
cohort of 153 critically ill patients with presumed bacterial
pneumonia [39]. Median baseline MR-proADM levels were
significantly higher compared with the SARS-CoV-2 cohort,
1.32 nmol/L (IQR 0.91–2.45) vs 1.16 nmol/L (0.86–1.71), p= 0.015.
However, median APACHE IV scores of the bacterial pneumonia
cohort were also significantly higher compared with the SARS-
CoV-2 cohort, 73 (IQR 53–86) vs 47 (40–59), p < 0.001. Increased
levels of CT-pro-ET-1 were independently associated with
mortality in critically ill patients with SARS-CoV-2 pneumonia in
one observational cohort study [22], but without differences in
BMI classes. Epidemiologic studies in non-COVID-19 critically ill
patients have shown beneficial effects of higher BMI on mortality
in hospitalized patients with specific disease conditions. It has
been observed in chronic diseases such as heart failure, coronary
artery disease, sepsis, ARDS, or critical illness in general [40–42]. A
phenomenon called the “obesity paradox” [40–43]. The existence
of the obesity paradox has been challenged [40, 43]. The J-shaped
relationship between BMI and outcome may result from increased
mortality at the extremes on both sides (underweight and severe
obesity). Moderate obesity may reflect relatively good health. The
paradoxical association may be mediated by confounding
variables. Patients with obesity might be admitted to the ICU at
a lower level of severity or because of different admission criteria,
due to difficulties in providing adequate care in the ward setting
or to avoid possible complications [40]. High-risk patients with
obesity and comorbidities may have already died before hospital
admission, a phenomenon called “selective survivor” effect [44].
On the other hand, the obesity paradox is increasingly adopted
[40, 41]. Several mechanisms have been proposed. Patients with
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Table 1. Characteristics of patients with SARS-CoV-2 pneumonia at ICU admissiona.

Total Non-obese BMI <30 kg/m2 Obese BMI ≥30 kg/m2 p value

(N= 105) (N= 63) (N= 42)

Age (years) (median, IQR) 68 (59–74) 71 (62–75) 64 (55–70) 0.002

Male (N, %) 80 (76.2) 50 (79.4) 30 (71.4) 0.562

BMI (kg/m2) (median, IQR) 28.4 (25.8–32.7) 26.2 (24.7–27.8) 33.5 (32–36.1) <0.001

Pre-existing comorbidities (N, %)

Hypertension 29 (27.9) 17 (27.4) 12 (28.6) 0.898

Congestive heart failure 17 (16.2) 8 (12.7) 9 (21.4) 0.234

COPD 16 (15.2) 9 (14.3) 7 (16.7) 0.739

Diabetes mellitus 24 (22.9) 13 (20.6) 11 (26.2) 0.507

Cerebrovascular disease 7 (6.7) 5 (7.9) 2 (4.8) 0.523

Malignancy 15 (14.3) 11 (17.5) 4 (9.5) 0.255

Chronic renal disease 5 (4.8) 1 (1.6) 4 (9.5) 0.061

Initial symptoms (N, %)

Fever (temp >38.0oC) 79 (75.2) 49 (77.8) 30 (71.4) 0.460

Cough 98 (93.3) 59 (93.7) 39 (92.9) 0.873

Sputum production 24 (22.9) 15 (23.8) 9 (21.4) 0.776

Dyspnea 86 (81.9) 53 (84.1) 33 (78.6) 0.469

Nausea or vomiting 15 (14.3) 8 (12.7) 7 (16.7) 0.569

Diarrhea 19 (18.1) 11 (17.5) 8 (19) 0.836

Myalgia 15 (14.3) 6 (9.5) 9 (21.4) 0.088

Severity of illness at baseline

Sepsis-3, sepsis (N, %) 102 (97.1) 62 (98.4) 40 (95.2) 0.399

Sepsis-3, septic shock (N, %) 11 (10.5) 6 (9.5) 5 (11.9) 0.696

SOFA (points) (median, IQR) 6 (3–7) 6 (4–7) 5 (3–7) 0.411

APACHE IV (points) (median, IQR) 47 (40–59) 50 (40–61) 44 (40–52) 0.301

Therapy during ICU (N, %)

HFNO (only) 7 (6.7) 4 (6.3) 3 (7.1) 0.873

IMV 98 (93.3) 59 (93.7) 39 (92.9) 0.873

Vasopressor 87 (82.9) 60 (80) 27 (90) 0.219

CRRT 9 (8.6) 3 (4.8) 6 (14.3) 0.088

Anti-COVID-19 treatment

Chloroquine only 79 (75.2) 49 (77.8) 30 (71.4) 0.460

Chloroquine+ 26 (24.8) 14 (22.2) 12 (28.6) 0.460

Lopinavir/ritonavir

Methylprednisolone 6 (5.7) 1 (1.6) 5 (11.9) 0.026

IL-1RA 2 (1.9) 0 2 (4.8) 0.080

Outcome (median, IQR)

Duration IMVb 15 (9–26) 18 (9–26) 14 (9–27) 0.992

ICU LOS (days)b 17 (10–32) 20 (10–32) 14 (10–33) 0.671

28-day mortality (N, %)b 30 (28.6) 17 (27) 13 (31) 0.570

Biomarkers at baseline (median, IQR)

WBC, 109/L 8.2 (6.1–11.2) 8.4 (6.6–11.5) 7.4 (5.4–10.8) 0.204

CRP (mg/L) 141 (90–207) 138 (89–225) 149 (96–190) 0.685

PCT (ng/mL) 0.47 (0.22–1.14) 0.55 (0.21–1.07) 0.46 (0.22–1.19) 0.974

MR-proADM (nmol/L) 1.16 (0.85–1.71) 1.12 (0.85–1.45) 1.24 (0.85–2.17) 0.250

CT-proET-1 (pmol/L) 93.5 (72.1–122.9) 88.3 (69.3–116.2) 101.5 (77.0–136.4) 0.127

BMI body mass index, COPD chronic obstructive pulmonary disease, SOFA sequential organ failure assessment, APACHE IV acute physiology and chronic health
evaluation IV, HFNO high flow nasal oxygen therapy, IMV invasive mechanical ventilation, CRRT continuous renal replacement therapy, IL-1RA recombinant
interleukin-1 receptor antagonist, LOS length of stay, WBC white blood cells, CRP C-reactive protein, PCT procalcitonin, MR-proADM mid-regional
proadrenomedullin, CT-proET-1 C-terminal proendothelin-1.
aAll continuous data are presented as median (interquartile range) and categorical data as number (percentage). Differences in continuous variables were
compared by Mann–Whitney U test and differences in categorical variables by χ2 test.
bDifferences in outcome measures were assessed by log-rank test.
Bold values represent differences in age and BMI compared with Mann–Whitney U test and differences in number of patients with methylprednisolone
compared with chi-square test.
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obesity have higher metabolic reserves [40, 41]. An activated
renin-angiotensin system in obesity may have protective hemo-
dynamic effects in critically ill patients due to decreased need for
fluid or vasopressor support [41]. Obesity may constitute to a
status of low-grade chronic inflammation, which protects against
the detrimental effects of an aggressive second hit during critical
illness [40–42]. Conflicting data on the obesity paradox in critically ill
patients are reported in different studies. The relationship between
obesity and in-hospital mortality was analyzed in 222 critically ill
COVID-19 patients with respiratory failure in a French observational
cohort study [45]. Patients with moderate obesity (defined as BMI
30–39.9 kg/m2) had a lower risk of death than patients with normal
weight, overweight or severe obesity, suggesting a possible obesity
paradox. We could not detect significant differences in 28-day
mortality between patients with and without obesity in our smaller
study, as previously reported [46]. Our findings are in line with a
much larger Dutch multicenter observational cohort study with 2635
COVID-19 patients admitted to the ICU [47].
Regarding the pathophysiology, the relation between SARS-

CoV-2 and obesity might be explained by a state of low-grade
chronic inflammation, associated with obesity [40, 48, 49]. Adipose
tissue is considered to be more than a long-term energy storage
organ [49]. Pro-inflammatory adipokines, released by adipocytes,
are thought to play a crucial role in the pathogenesis of obesity
and related adverse outcome [40, 48, 49]. Studies have shown
increased plasma levels of leptin, tumor necrosis factor-alpha
(TNF-α), interleukin-1 and 6 (IL-1, IL-6), reactive oxygen species,
and ADM, leading to a dysregulated chronic immune response,
which disrupt vascular homeostasis and contribute to endothelial
dysfunction and damage in patients affected by obesity
[18, 48–51]. Evidence of diffuse endothelial inflammation was
also found in post-mortem analysis of COVID-19 patients [13].
ADM is a peptide hormone, produced by endothelial, vascular
smooth muscle cells, and adipose tissue due to pro-inflammatory
cytokines, bacterial toxins, hypoxia, or volume overload. ADM
binds to receptors in especially cardiovascular and pulmonary
tissues and has anti-inflammatory effects on vascular endothelial

cells, stabilizing the endothelial barrier function and protecting
the microcirculation against permeability in sepsis [16, 17]. Besides
its action on the endothelium ADM has important effects on the
vascular system, ADM reduces vasoconstriction through inhibition
of the renin-angiotensin-aldosterone system [16, 52]. ET-1 is
released from activated endothelial cells. It is a strong
vasoconstrictor peptide and pro-inflammatory cytokine [19].
Patients with obesity showed increased vascular expression of
ET-1 and vasoconstriction activity [20, 21]. ET-1 release is
stimulated by bacterial toxins and inflammatory cytokines such
as TNF-α or IL-6 [53]. MR-proADM and CT-proET-1 are the more
stable precursor fragments of the prohormones that correlate
with the release of the active peptides [14, 15]. In addition, there
are studies showing a positive association between obesity and
MR-proADM [50, 51, 54]. BMI correlated significantly to plasma
MR-proADM (r= 0.714, p < 0.001) in a cohort of 357 subjects in a
study reported by Vila et al. [50]. We could not detect any
correlation between BMI and MR-proADM and there were no
significant differences in MR-proADM between patients with and
without obesity at baseline and the next days. Lower MR-proADM
values, median 0.39 nmol/L (IQR 0.33–0.45) and median
0.41 nmol/L (IQR 0.23–0.64), were reported in reference popula-
tions of healthy individuals [55, 56]. We measured higher
baseline median values in our cohort of critically ill patients
with SARS-CoV-2 pneumonia. A state of hyper-inflammation in all
SARS-CoV-2 patients, as illustrated by high baseline CRP values
could be a possible explanation for higher baseline MR-proADM
values. Moreover, we found no differences in MR-proADM levels
between SARS-CoV-2 patients with and without obesity, but 68%
of the patients in the non-obese group had overweight and only
32% had normal weight. A negative association between CT-
proET-1 and obesity was observed in human participants in an
observational cohort study of 8592 participants [54] and lower
levels of endothelin-1 were found in mice with obesity in an
animal model [57]. We could not detect any significant
differences in CT-proET-1, at baseline and the next 6 days, in
patients with and without obesity. Again, due to hyper-

Fig. 1 Dynamic changes in biomarkers. a Temporal changes in WBC. Median values with IQR. WBC was non-significant different between
patients with obesity and without obesity (p= 0.375) and non-significant over time (p= 0.302). b Temporal changes in CRP. Median values
with IQR. CRP was non-significant different between patients with obesity and without obesity (p= 0.401) and non-significant over time
(p= 0.461). c Temporal changes in PCT. Median values with IQR. PCT was non-significant different between patients with obesity and without
obesity (p= 0.945) and non-significant over time (p= 0.504). d Temporal changes in MR-proADM. Median values with IQR. MR-proADM was
non-significant different between patients with obesity and without obesity (p= 0.121) and significant over time (p= 0.039). e Temporal
changes in CT-proET-1. Median values with IQR. CT-proET-1 was non-significant different between patients with obesity and without obesity
(p= 0.074) and non-significant over time (p= 0.273).
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inflammation in critically ill patients with SARS-CoV-2 pneumo-
nia. It appears that the pathophysiological influences of obesity
and COVID-19 comprise multifactorial mechanisms, which are
still not fully understood.
Some limitations of our study need to be addressed. First, this

was a small retrospective observational single-center study in
which results are hypothesis generating, but no direct cause-and-
effect relationship can be deduced. Second, all clinical, micro-
biological, and laboratory data were prospectively collected
between March 11 and May 27, 2020, which was the first period
of the COVID-19 pandemic in the Netherlands. The treatment of
COVID-19 has changed during the last year. Treatment with
Chloroquine and Lopinavir/Ritonavir is obsolete and none of these
patients were treated with dexamethasone during the first 10 days
of hospitalization or IL-6 receptor antagonists. We must rely on
older data of clinical practice leading to potential observational
bias. Third, by only investigating ICU patients we may have
introduced selection and collider bias between SARS-CoV-2
infection and adiposity [58]. Fourth, plasma samples could not
be collected for 7 days in all patients due to early ICU discharge,
transfer to another ICU, or early death. Incomplete longitudinal
biomarker data might result in withdrawal bias. Fifth, the group of
patients with obesity consisted largely of patients with class I
obesity, and only a low number of patients had a BMI above
40 kg/m2. Again, selection bias needs to be taken into account.
Both observation, selection, collider, and withdrawal bias may
have led to potential underestimation of the association between
obesity and the biomarkers MR-proADM and CT-proET-1.

CONCLUSIONS
Obesity was not associated with differences in new endothelium
and obesity-related MR-proADM, CT-proET-1, and conventional
inflammatory biomarkers in critically ill patients with confirmed
SARS-CoV-2 pneumonia. We found no relation between obesity,
time on the ventilator, ICU LOS, and 28-day mortality.

DATA AVAILABILITY
Data collected for the study, including deidentified participant data and related
documents, including the protocol, and informed consent form, will be made
available to researchers after the publication of the manuscript upon reasonable
request via application to the corresponding author.
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