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Abstract

Background/objectives Obesity appears to be an independent risk factor for ICU admission and a severe disease course in
COVID-19 patients. An aberrant inflammatory response and impaired respiratory function have been suggested as under-
lying mechanisms. We investigated whether obesity is associated with differences in inflammatory, respiratory, and clinical
outcome parameters in critically ill COVID-19 patients.

Subjects/methods Sixty-seven COVID-19 ICU patients were divided into obese (BMI 230 kg/m?, n= 18, 72% class I
obesity, 28% class II obesity) and non-obese (BMI < 30 kg/m* n = 49) groups. Concentrations of circulating interleukin
(IL)-6, IL-8, IL-10, tumor necrosis factor alpha (TNF-a), interferon gamma (IFN-y), interferon gamma-induced protein (IP)-
10, monocyte chemoattractant protein (MCP)-1, and IL-1 receptor antagonist (RA) were determined from ICU admission
until 10 days afterward, and routine laboratory and clinical parameters were collected.

Results BMI was 32.6 [31.2-34.5] and 26.0 [24.4-27.7] kg/m? in the obese and non-obese group, respectively. Apart from
temperature, which was significantly lower in obese patients (38.1 [36.9-38.9] vs. 38.7 [38.0 —39.5] °C, p =0.02), there
were no between-group differences on ICU admission. Plasma cytokine concentrations declined over time (p < 0.05 for all),
but no differences between obese and non-obese patients were observed. Also, BMI did not correlate with the cytokine
response (IL-6 r = 0.09, p = 0.61, TNF-a » = 0.03, p = 0.99, IP-10 r = 0.28, p = 0.11). The kinetics of clinical inflammatory
parameters and respiratory mechanics were also similar in both groups. Finally, no differences in time on ventilator, ICU
length of stay or 40-day mortality between obese and non-obese patients were apparent.

Conclusions In COVID-19 patients requiring mechanical ventilation in the ICU, a higher BMI is not related to a different
immunological response, unfavorable respiratory mechanics, or impaired outcome.

Background

The Coronavirus Disease 2019 (COVID-19) pandemic
currently sweeps across the globe, leading to high morbidity
and mortality. This infection, caused by Severe Acute
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2), can
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non COVID-19-related acute pulmonary diseases, and the
need for mechanical ventilation increased with increasing
body mass index (BMI) [6, 7]. Finally, mortality was shown
to be significantly higher in overweight/obese COVID-19
patients compared to normal-weight patients [7]. Of inter-
est, obesity itself is also recognized as an independent risk
factor of severe pulmonary HINI influenza infection and
mortality [8].

The underlying mechanisms of obesity as a factor con-
tributing to COVID-19 disease severity are currently poorly
understood, but various possible explanations have been
proposed. For instance, in obese patients, pulmonary func-
tion may be restricted because of decreased functional resi-
dual capacity, resulting in lower blood oxygen levels [9]. In
addition, the angiotensin converting enzyme 2 receptor,
which is utilized by SARS-CoV-2 to enter cells, is highly
expressed by adipocytes and expression levels were shown
to be higher in adipocytes of patients with obesity and type 2
diabetes [10]. Therefore, it appears plausible that adipose
tissue may serve as a reservoir for the virus, leading to more
pronounced and sustained viral shedding, resulting in a
perpetual inflammatory response and impaired outcome.

To date, it is not known whether obesity is only a risk
factor for COVID-19 susceptibility and for the need of
intensive care, or whether it also influences the outcome of
the patients once admitted on ICUs. Previous studies in
critically ill COVID-19 patients have yielded ambiguous
results, with some reporting associations between lower
BMI and mortality [11], whereas others showed increased
mortality in (severely) obese patients [12, 13]. In the present
study, we investigated associations between obesity and the
immune response as well as the clinical course of SARS-
CoV-2 infection in critically ill patients on the ICU of a
tertiary university hospital. Elucidating these mechanisms
may pave the way for the development of new treatment
strategies for obese COVID-19 patients.

Methods
Study design and participants

In this prospective observational cohort study, all con-
secutive COVID-19 patients admitted to the ICU in the
Radboud University Medical Center (Nijmegen, The
Netherlands) between March 11 and April 27 were inclu-
ded. COVID-19 was diagnosed by a positive SARS-CoV-2
RT-PCR test in nasopharyngeal and throat swabs and/or by
typical chest CT-scan findings. Patients with a pre-existing
immunosuppressed status or other comorbidities that
strongly influence prognosis were excluded. Patients were
divided into an obese (BMI>30 kg/mz) and non-obese
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(BMI < 30 kg/m?) group, according to the classification of
obesity by the World Health Organisation [14]. Also,
individual BMI values were correlated with circulating
cytokine concentrations. The study was carried out in the
Netherlands in accordance with the applicable rules con-
cerning the review of research ethics committees and
informed consent. All patients or legal representatives were
informed about the study details and could decline to
participate.

Data collection

Data were collected from the electronic patient files (EPIC,
EPIC Systems Corporation, Verona, Wisconsin, USA) and
recorded in the good clinical practice-compliant data man-
agement system Castor (Castor EDC, Amsterdam, the
Netherlands). ICU admission day was designated as day 1,
and serial data were obtained for 10 consecutive days.
Clinical outcomes (time on mechanical ventilation, ICU
length of stay (LOS), and mortality) were recorded for 40
consecutive days. Serial values of mean arterial pressure,
body temperature, and leukocyte differentiation as well as
circulating levels of C-reactive protein (CRP), procalcitonin
(PCT), D-dimer, ferritin, and cytokines (see below) were
used to assess the inflammatory response to SARS-CoV-2
infection. Patients were actively cooled when they had a
fever of >40°C. In these cases, body temperature was
imputed as 40 °C. Positive end expiratory pressure (PEEP),
tidal volume per kilograms ideal body weight (TVgw) and
Pa0O,/FiO, ratio were used to assess the level of respiratory
support required. Tidal volume was only recorded in
patients on volume-controlled mechanical ventilation.
Because the vast majority of patients were switched to
pressure support ventilation after 4 days of ICU admission,
TVigw data were analyzed until this timepoint. Ideal body
weight was calculated based on sex and height, using the
formulas provided by the ARDS Network [15].

Cytokine concentration measurements

A baseline blood sample was obtained within the first 48 h
following ICU admission and serial samples were collected
every other day. Ethylenediaminetetraacetic acid-
anticoagulated blood was centrifuged (2000 x g, 10 min,
4 °C), after which plasma was stored at —80 °C until ana-
lysis. Concentrations of interleukin (IL)-6, IL-8, IL-10,
tumor necrosis factor (TNF)-a, interferon gamma (IFN-y),
IFN-y-induced protein (IP)-10, monocyte chemoattractant
protein (MCP)-1, and IL-1 receptor antagonist (IL-1RA)
were determined in one batch using a Luminex assay
(Milliplex, Millipore, Billerica, USA). The lower detection
limit was 3.2 pg/mL for all cytokines.
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Statistical analysis

Statistical analysis was performed using SPSS 25 (IBM)
and Graphpad Prism 8 software (GraphPad Software).
Several variables were not measured daily; therefore,
depending on the frequency of measurements, data were
binned into 2 or 3 days using a custom script made in R-
studio v3.6.2 (www.r-project.org). Because of the rela-
tively small group size, normality was not assumed and all
data are displayed as median with interquartile range
[IQR] or geometric mean with 95% confidence interval.
Baseline characteristics were analyzed using chi-square
tests and Mann—Whitney U tests. Between-group differ-
ences over time were analyzed using linear mixed effects
model analysis on log-transformed data followed by post-
hoc analyses using Sidak’s multiple comparisons tests in
all serially measured variables. Relationships between
BMI and cytokines were analyzed using Spearman’s
correlation. Time on mechanical ventilation, ICU LOS,
and mortality were analyzed using log-rank and chi-
square tests. Patients who died in the hospital or those
who were still in the ICU and/or receiving mechanical
ventilation on day 40 were censored at day 41 for the
analysis of time on mechanical ventilation and ICU LOS.
For the mortality analysis, patients who were discharged
alive from the hospital or were still in the ICU or hospital
on day 40 were censored at day 41.

Results
Patient characteristics

All 77 patients with proven COVID-19 consecutively
admitted to the ICU of Radboud University Medical Center
were assessed for study inclusion. Patients with a pre-
existing immunosuppressed status were excluded (n =09,
see Supplementary Fig. 1), and one patient refused parti-
cipation. The remaining study population (n=67) was
divided in obese (n = 18, of which 72% with class I obesity
and 28% with class II obesity) and non-obese (n=49)
groups (Fig. 1a). BMI of the entire study population was
27.7 [24.9-30.8] kg/m* (Fig. 1), with BMD’s of 32.6
[31.2-34.5] and 26.0 [24.4-27.7] kg/m2 in the in the obese
and non-obese groups, respectively (p <0.0001, Table 1).
All patients were mechanically ventilated. Temperature at
ICU admission was 38.1 [36.9-38.9] °C in the obese group
and 38.7 [38.0-39.5] °C in the non-obese group (p=
0.007). No significant differences in age, sex, APACHE II
score, medical history, and other clinical or laboratory
parameters between the two groups were observed at ICU
admission (Table 1).

Inflammation and respiration

Plasma concentrations of all measured pro-inflammatory
cytokines were highest at ICU admission and decreased
over time both in the obese and non-obese groups (p < 0.05
for all cytokines, Fig. 1b—i). Except for slightly higher IP-10
levels in obese vs. non-obese patients at days 9-10, no
between-group differences in any of the measured cytokines
on any timepoints were observed (Fig. 1b—i). Furthermore,
BMI did not correlate with concentrations of IL-6, TNF-a,
and IP-10 at ICU admission (r = —0.09 p =0.61, r=0.03
p=0.99 and r=0.28 p =0.11, respectively, Fig. 2) or any
other cytokine measured (r values ranging from —O0.11 to
0.06, p values all >0.50, see Supplementary Fig 2). Despite
a trend toward less pronounced leucocytosis in obese
patients, no significant differences were present between
both groups at any of the timepoints (Fig. 3a). The baseline
difference in temperature (i.e., higher in non-obese patients)
persisted at later timepoints, but did not attain statistical
significance (Fig. 3b). No differences were observed in CRP
levels between the obese and non-obese groups (Fig. 3c).
Also, no significant differences in plasma concentrations of
PCT, ferritin and d-dimer were observed between both
groups (Supplementary Fig. 3). Finally, no between-group
differences in any of the ventilation parameters were
observed (Supplementary Fig. 4).

Clinical outcomes

On day 40 of ICU admission, 11% (n = 2) of the patients of
the obese group was still mechanically ventilated and 17%
(n = 3) was still in the ICU, while 16% (n = 8) of patients
of the non-obese group were still mechanically ventilated
and in the ICU (p =0.60 and p = 0.97, respectively). Time
on ventilator was 22 (16—40) days in the obese group and 27
(14-40) days in the non-obese group (p = 0.41). ICU length
of stay was 25 (17-40) and 29 (15-40) days in the obese
and non-obese group, respectively (p =0.53). Forty-day
ICU mortality was 17% (n = 3) in the obese group and 24%
(n=12) in the non-obese group (p=0.50). The
Kaplan—Meier curves for time on mechanical ventilation,
ICU LOS and mortality are presented in Fig. 4.

Discussion

In this observational study in critically ill COVID-19
patients, we observed that, while disease severity and other
baseline covariates were similar, temperature at ICU
admission was lower in obese compared to non-obese
patients. This observation may suggest that the endogenous
immune-hypothalamus axis responsible for the induction of
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Fig. 1 Body mass index
distribution and plasma
cytokine levels. a Histogram
depicting body mass index
(BMI) frequencies. Kinetics of
concentrations of circulating b
interleukin (IL)-6, ¢ IL-8, d IL-
10, e tumor necrosis factor alpha
(TNF-a), f interferon gamma
(IFN-y), g interferon gamma-
induced protein (IP)-10, h
monocyte chemoattractant
protein (MCP)-1 and i IL-1
receptor antagonist (RA). Data
are presented as geometric mean
with 95% confidence interval.
*p <0.05, calculated using
Sidak’s post-hoc multiple
comparisons tests on individual
timepoints.

fever (IL-1-IL-6-PGE2 pathway) is less pronounced in
obese compared to non-obese patients. However, no sig-
nificant differences in plasma concentrations of various
inflammatory markers and cytokines (most importantly IL-
6) were observed between both groups. To gain sensitivity
to detect a possible relationship between BMI and the
cytokine response we performed correlation analyses that
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confirmed lack of such a relationship. Also, no significant
difference in duration of mechanical ventilation, ICU length
of stay, or mortality was observed between the obese and
non-obese group. Taken together, these data indicate that
once a COVID-19 patient becomes critically ill, the immune
response and clinical course of the disease is not relevantly
influenced by the patients’ BML.
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Table 1 Patient characteristics at
the time of ICU admission.

Non-obese Obese p value

(BMI<30, n=49) (BMI>30, n=18)
Characteristics
Body Mass Index, kg/m> 26.0 [24.4-27.7] 32.6 [31.2-34.5] <0.0001
Age, years 65 [59-72] 66.5 [57-72] 0.99
Male 38 (76%) 12 (24%) 0.36
Female 11 (65%) 6 (35%) 0.36
APACHE 11 14 (12-19) 17 (9-23) 0.54
SOFA 7 [5-8.5] 4 (4-9) 0.72
Time from first COVID signs to ICU admission, days 12 [8-15.75] 10 [7-13.5] 0.35
Medical history
Cardio vascular disease 11 (22%) 7 (39%) 0.18
Hypertension 23 (47%) 8 (44%) 0.53
Chronic kidney disease 0 (0%) 1 (6%) 0.10
Chronic obstructive pulmonary disease 3 (6%) 3 (17%) 0.18
Diabetes mellitus 11 (22%) 4 (22%) 0.98
Hematological malignancy 1 (2%) 0 (0%) 0.54
Metastatic neoplasm 4 (8%) 1 (6%) 0.72
Clinical and laboratory parameters
Mean arterial pressure, mmHg 90 [85-94] 84 [78-94] 0.07
Heart rate, beats/min 86 [77-98] 88 [81-94] 0.98
Temperature, °Celsius 38.7 [38.0 —39.5]  38.1 [36.9-38.9] 0.02
Respiratory rate, beats/min 22 (20-25) 22 (20-26) 0.87
PEEP, cmH,0 12 (10-14) 12 (12-14) 0.15
Tidal volumegy, ml/kg 6.4 [6.0-6.8] 6.4 [5.9-8.2] 0.78
PaO2/FiO, ratio, mmHg 144 [95-180] 144 [107-180] 0.60
Creatinine, umol/L 79 [65-101] 97 [58-229] 0.28
Bilirubin 7.0 (6-12) 6.0 (4-12) 0.71
Alanine aminotransferase, U/L 38.0 [21.0-56.0] 44.0 [23.5-94.0] 0.38
Aspartate aminotransferase, U/L 52.0 [37.0-67.0] 55.0 [31.5-63.5] 0.36
Leukocyte count, x10%/L 8.2 [6.2-10.8] 8.8 [0.7-10.0] 0.63
CRP, mg/L 218 [169-291] 245 [136-327] 0.43
Procalcitonin, pg/L 0.76 [0.39-1.99] 0.53 [0.28-1.56] 0.52
Ferritin, pg/L 1486 [720-2265] 1129 [724-2404] 0.74
D-dimer, ng/mL 3330 [1830-10370] 2560 [1545-2560] 0.48

Data are presented as n (%) or median [IQR].

Obesity has been identified as a risk factor for severe
disease and ICU admission in COVID-19 patients admitted
to non-intensive care hospital wards [16, 17]. This is not
necessarily in contrast with our findings, as obese indivi-
duals may be more susceptible to infection, might have a
different immune response prior to becoming critically ill,
and/or may require more respiratory support [6]. Although
several studies have assessed associations between BMI and
clinical outcomes/mortality in critically ill COVID-19
patients, conflicting findings have been reported [11-13].
As such, the relationship between obesity and mortality in
these critically ill patients remains unclear. What our study
adds pertaining to the role of BMI in critically ill COVID-

19 patients are data of inflammatory/immunological mar-
kers. Of interest, a paradoxical relationship between obesity
and mortality has been described in the general ICU
population, as well as in critically ill patients suffering from
different infectious diseases, such as pneumonia and bac-
terial sepsis [18, 19]. Overall, obese patients demonstrate a
better survival compared to non-obese individuals, even
when corrected for several covariates. This phenomenon
has been coined the obesity paradox [20]. Our study was
underpowered to demonstrate statistically significant dif-
ferences in mortality between obese and non-obese patients,
and therefore we are unable to confirm or reject the presence
of the obesity paradox in COVID-19 patients.

SPRINGER NATURE
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Fig. 2 Relationship between BMI and concentrations of circulating
cytokines on day of admission to the intensive care unit. a Inter-
leukin (IL)-6, b tumor necrosis factor alpha (TNF-a) and c interferon
gamma-induced protein (IP)-10. r- and p values were calculated using
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Fig. 4 Clinical outcome data. a Time on mechanical ventilation, b ICU length-of-stay, ¢ ICU mortality. p values depicted in the panels were
calculated using log-rank tests. Dotted lines indicate 95% confidence intervals.

The present study has several limitations. First, because
of the observational nature of the study, no direct link
between cause and effect can be deduced. Second, because
of the relatively small group of (especially obese) patients, a
type 2 error is possible, and our findings should be regarded
as indicative, not conclusive. Nevertheless, there were also
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no nonsignificant trends in inflammatory parameters or
correlations between BMI and any of the circulating cyto-
kines, which would be expected in case BMI would play an
crucial role in the immune response in critically ill COVID-
19 patients. Third, the present study was conducted in a
single center in the Netherlands, where (morbid) obesity
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may be less widespread compared to other countries.
Accordingly, the obese group consisted largely of mildly
obese patients and no patients with a BMI above 40 kg/m>
were present in our cohort. Fourth, because patients in our
cohort were all included after ICU admission and received
mechanical ventilation, no statements can be made about
the relationship between obesity and the risk of ICU
admission or requirement of mechanical ventilation.
Finally, we focused on innate immunity, so possible dif-
ferences between obese and non-obese COVID-19 patients
in adaptive immune response remain to be explored.

In conclusion, the results of this study indicate that, in cri-
tically ill COVID-19 patients requiring mechanical ventilation,
the patients” BMI is not related to a different innate immune
response, unfavorable respiratory mechanics, or impaired out-
come. A larger multi-center study with a more expansive BMI
distribution is warranted to confirm our findings.
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