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A B S T R A C T

Obesity is a risk factor for SARS-CoV-2 infected patients to develop respiratory failure. Leptin produced in visceral
fat might play a role in the deterioration to mechanical ventilation. A cross sectional study was performed. The
mean BMI was 31 kg/m2 (range 24.8–48.4) for the 31 SARS-CoV-2 ventilated patients and 26 kg/m2 (range
22.4–33.5) for 8 critically ill non-infected control patients. SARS-CoV-2 infected patients with a similar BMI as
control patients appear to have significantly higher levels of serum leptin. The mean leptin level was 21.2
(6.0–85.2) vs 5.6 (2.4–8.2) ug/L for SARS-CoV-2 and controls respectively (p ¼ 0.0007). With these findings we
describe a clinical and biological framework that may explain these clinical observations. The ACE2 utilization by
the virus leads to local pulmonary inflammation due to ACE2-ATII disbalance. This might be enhanced by an
increase in leptin production induced by SARS-CoV-2 infection of visceral fat. Leptin receptors in the lungs are
now more activated to enhance local pulmonary inflammation. This adds to the pre-existent chronic inflammation
in obese patients. Visceral fat, lung tissue and leptin production play an interconnecting role. This insight can lead
the way to further research and treatment.
1. Introduction

The spread of 2019 novel coronavirus SARS-CoV-2 throughout the
world is a massive provocation of Critical Care facilities worldwide. The
clinical course of SARS-CoV-2 infected individuals with fever, fatigue,
cough, and dyspnea typically shows a deterioration in health 7–9 days
after disease onset [1, 2]. In most infected individuals, symptoms of fever
and dyspnea resolve around day 10–12 post onset, yet some patients go
on to develop respiratory failure and become ventilator dependent [1, 2,
3].

It has been shown that 70–90% of the SARS-CoV-2 infected patients
that are admitted to the intensive care with respiratory failure are
overweight [4]. Although the waist to hip ratio was not measured, most
patients, male and female, had central obesity with extensive visceral fat.
In fact, in our ICU 90% of all SARS-CoV-2 positive patients with respi-
ratory failure had a Body Mass Index (BMI) of 25 kg/m2 or higher (mean
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30 kg/m2). The other 10% had a mean BMI of 24 kg/m2. In general, the
mean BMI of critically ill patients admitted to our ICU is around 24 kg/m2

at admission. It is unknown whether a causal relation exists between ICU
admission and BMI in COVID-19 disease. In line with our observations,
patients that required mechanical ventilation in the Seattle cohort had a
mean BMI of 33 kg/m [2, 3]. The Chinese studies reporting the clinical
characteristics of SARS-CoV-2 infected individuals do not report BMI
values. The observation that COVID-19 patients in the ICU are usually
overweight suggests that excess adipose tissue might play a role in the
progression towards respiratory insufficiency in SARS-CoV-2 positive
patients.

We hypothesize that an excessive fat mass contributes to the hyper-
inflammatory state, pulmonary inflammation and consecutive respira-
tory failure. Both influenza virus and Middle Eastern Respiratory
Syndrome Coronavirus (MERS-CoV) have been linked to pulmonary
inflammation and Acute Respiratory Distress Syndrome (ARDS)-like
2020
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syndromes especially in obese individuals [5, 6, 7, 8]. Visceral fat tissue is
known for its proinflammatory effects, which is caused by the Angio-
tensin II (ATII) system [9] but also by adipokines [5, 10]. SARS-CoV and
SARS-CoV-2 bind to host cell angiotensin converting enzyme 2 (ACE2)
receptors facilitating virus entry and replication [11]. ACE2 is expressed
by a number of cell types in several organs such as the lungs and in-
testines, but also abundantly on adipocytes in adipose tissue [12, 13].
Infected cells undergo apoptosis or necrosis triggering a cascade of in-
flammatory responses driving the secretion of high amounts of proin-
flammatory cytokines and a disbalance of anti-inflammatory cytokines
[14]. This cytokine storm disrupts multiple cellular processes within
organs leading to multiple organ failure in patients with SARS-CoV-2.
Adipose tissue produce the proinflammatory adipokine leptin. A reduc-
tion in ACE2 is associated with more ATII and also with higher leptin
levels [15]. Leptin regulates the normal development of hematopoiesis,
angiogenesis, and innate and adaptive immunity [5]. Leptin receptors are
amongst others located in pulmonary alveoli and bronchi [16]. High
leptin levels are associated with reduced alveolar fluid clearance, and an
increased inflammatory response to hyperoxia and ARDS [16]. Notably,
leptin could also be involved in the etiology of several local and systemic
effects that are observed in critically ill SARS-CoV-2 positive patients. We
found a disproportional number of SARS-CoV-2 patients in the ICU with
gastric retention requiring duodenal tubing, and leptin is known to
decrease gastric motility [17]. The reported anosmia in SARS-CoV-2
disease [18] may also be partly explained by leptin since elevated
levels of leptin are thought to alter the olifactory epithelium [19].
SARS-CoV-2 patients relatively frequent present with arterial and venous
thrombosis and a hypercoagulable state [1, 2, 3], complications that are
also linked to leptin [20]. Many patients experience disproportional
weight loss during their disease course [1]. Leptin is also known to
induce an anorectic response, increased energy expenditure and meta-
bolic responses [21]. The relatively high C-reactive protein (CRP) levels
in SARS-CoV-2 critically ill patients [22] might also be related to leptin,
since serum CRP levels are known to associated with leptin levels [23]. In
addition, SARS-CoV-2 patients in the ICU, despite being overweight,
need a relatively low dose of insulin to regulate their blood glucose which
could be attributed to the insulin-like effect of leptin [24]. Infected pa-
tients in the ICU are hemodynamically stable and show little signs of
vasodilation as seen in other infectious states which might be due to the
altered ACE2-ATII balance. Last but not least, altered leptin sensitivity in
obese patients may, in combination with a viral infection, contribute to
an excessive pro-inflammatory cytokine response and to a less effective
response to infection [5].

Based these clinical observations we hypothesized that leptin may
play a pivotal role in patients with severe SARS-CoV-2 symptoms. In
order to investigate the levels of leptin in SARS-CoV-2 critically ill pa-
tients, we performed a cross-sectional study measuring serum leptin
levels in infected patients with respiratory failure.

2. Methods

A cross-sectional study on all ICU patients in our university medical
center on April 1st, 2020 was performed. On this day we included a
cohort of SARS-CoV-2 infected patients requiring mechanical ventilation
(n ¼ 31) and all other critically ill patients with etiologies not related to
SARS-CoV-2 infection (n¼ 8, control group). Clinicians obtained the BMI
values from the patient medical records. Serum was collected from re-
sidual blood that was routinely taken from all ICU patients between 6 and
8am. Residual serum samples were stored at -80 �C until analysis. Serum
leptin levels were quantitatively determined in one batch using a Leptin
ELISA kit (MD53001 IBL International, Hamburg, Germany) performed
according to the manufacturer's instructions.
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2.1. Ethical approval

Ethical approval was obtained from the institutional review board of
our hospital (METc University Medical Center Groningen, Medical
Ethical Committee, chairman Prof. dr. W.A. Kamps, reference number
M20.250623). Infromed consent was waived by the committee because
residual blood samples were used and patient anonymity was
guaranteed.
2.2. Statistical analyses

Statistical analyses were performed using GraphPad Prism Software
v8. Data are presented as mean � Standard Deviation (SD). Mann-
Whitney U tests were used to compare the data from SARS-CoV-2 and
control patients. Correlations between Leptin and BMI were assessed
using scatter-plots and calculating the Spearman's rank correlation co-
efficient. Differences were considered significant when p < 0.05.

3. Results

Thirty-one COVID-19 positive and eight COVID-19 negative patients
were included in this study. The COVID-19 negative patients had sepsis
(n ¼ 3), intracerebral hemorrhage with respiratory failure (n ¼ 2),
cardiogenic shock (n ¼ 1), polytrauma (n ¼ 1) and one postoperative
patient due to aortic valve replacement (n ¼ 1). The mean BMI was 31
kg/m2 (range 24.8–48.4) for the SARS-CoV-2 patients and 26 kg/m2

(range 22.4–33.5) for the control patients (Figure 1a) verifying our
clinical observations that nearly all of the SARS-CoV-2 patients admitted
to the ICU with respiratory failure were overweight. The mean leptin
level was 21.2 (6.0–85.2) vs 5.6 (2.4–8.2) ug/L for SARS-CoV-2 and
controls respectively (p ¼ 0.0007) (Figure 1b). Leptin levels were found
to correlate with BMI (r ¼ 0.555, p ¼ 0.0012) (Figure 1c). Moreover,
SARS-CoV-2 patients with a similar BMI to control patients had higher
levels of serum leptin (Figure 1c).

4. Discussion

The clinical syndrome of critically ill patients with SARS-CoV-2 and
respiratory failure is characterized by ARDS-like pulmonary infiltrates in
almost always overweight individuals. All other extraordinary findings
within this syndrome such as gastric retention, arterial and venous
thrombosis, loss of smell, disproportional weight loss, relatively high
CRP, hemodynamic stability and the limited need for insulin might be
explained by hyperleptinemia. We found significantly higher levels of
leptin in our SARS-CoV-2 ventilated patients compared to control
patients.

This report is the first to implicate a role of excessive adipose tissue
and leptin production as a factor that may drive the development of
respiratory failure and ARDS in SARS-CoV-2 infected patients. An asso-
ciation between obesity and an increased risk of severe pneumonia has
already been identified for influenza pneumonia, for SARS-1 and for
MERS as well [5, 6, 7, 8]. It is unknown what causes this relation but,
amongst other factors, it is hypothesized to be driven by hyperleptinemia
[5, 25]. A high BMI, in particular visceral fat, is associated with high
leptin levels and leptin leads to chronic inflammation which might be a
facilitator for acute pulmonary inflammation.

The clinical characteristics associated with SARS-CoV-2 patients
admitted to the ICU match with hyperleptinemia and implicate a central
role of adipose tissue on the pathophysiology of respiratory failure. We
found higher leptin levels in SARS-CoV-2 ventilated patients compared to
a control group. In the cross sectional design we are hampered by the low



Figure 1. The relationship between BMI and Leptin levels in critically ill patients with SARS-CoV-2 infection (n ¼ 31) and non-infected patients (Control, n ¼ 8). (a)
The mean BMI, defined as weight in kilograms divided by height in meters (kg/m2) (b) The mean serum leptin levels (μg/L). Comparisons were made using Mann-
Whitney U tests (c) Leptin levels correlate with BMI as determined by Spearman correlation testing. p < 0.05 were considered significant. Red dots ( ) denote control
patients and black dots, SARS-CoV-2 patients ( ).

Figure 2. Clinical and biological framework on the role of visceral fat tissue and leptin in SARS-CoV-2 infection related respiratory failure. In the left panel a non-
obese infected person develops limited lung injury caused by a disbalance of ACE2-ATII. The right panel shows the baseline proinflammatory state in patients with
central adiposity, in particular metabolic syndrome (syndrome X) which is enhanced by ACE2-ATII disbalance and an increase in leptin production induced by
ACE2 deficiency.
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number of non-COVID patients, resulting in a small control group which
might increase the chance for bias.

Being a framework for further research we propose the following
model (Figure 2). SARS-CoV2 binds to ACE2 receptors located in the
respiratory tract, lungs and visceral fat which results in shedding of the
receptor. In particular the individuals with syndrome X have extensive
visceral fat, insulin resistance, hypertension (high ATII levels), high
leptin levels and can also be leptin resistant. As a result, a chronic low-
grade inflammation is present, which excellerates due to SARS-CoV-2
infection induced disbalance of ACE2-ATII. In addition, since ACE2
suppresses leptin levels through alamandine production and activation of
the MrgD-receptor/c/Src/p38MAPK pathway we propose that compro-
mising ACE2 function results in a further increase in leptin levels [26].
This results in a hyperinflammatory local pulmonary response involving
local leptin receptors and local ACE2-ATII disbalance. Consequently, this
framework can explain respiratory failure as well as the other clinical
observations. In addition, other known effects of obesity like tachypnoea,
decreased lung and chest wall compliance, and aberrant respiratory
muscle adaptations, can lead to respiratory failure so severe that me-
chanical ventilation is required.

The findings of this studymay assist in the urgent need to find ways to
treat SARS-CoV-2 infected overweight patients to prevent them from
being admitted to the ICU as a result of respiratory failure. In COVID-19
disease, the onset of respiratory failure usually takes around 8–12 days
from the initial signs of infection. This provides a window of opportunity
to intervene in the pathophysiological processes driving respiratory
failure. If leptin indeed plays a crucial role, medication that reduces
leptin production might attenuate pulmonary edema, respiratory failure
and the need to be admitted to the intensive care. Several compounds
might be able to reduce leptin production, amongst them, resveratrol
seems the most promising [27]. Resveratrol is a food supplement and
antioxidant. Oxidative stress is induced by leptin and might well play a
role in the pulmonary inflammation [28]. Besides reducing leptin pro-
duction as well as ATII, resveratrol has recently shown to attenuate
hypoxia-induced lung injury [29]. As such, resveratrol may have triple
functions. Studies investigating the effects of resveratrol are urgently
needed to determine whether beneficial effects are present.
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