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Background and aims: Few studies distinguished the independent role of overweight/obesity or their associated-
comorbidities in the evolution towards severe forms of COVID-19. Obesity as a unifying risk factor for severe
COVID-19 is an emerging hypothesis. The aim of this study was to evaluate whether excessive body weight per
se, was a risk factor for developing a severe form of COVID-19.
Patients and methods: We included 131 patients hospitalized for COVID-19 pneumonia in a single center of the
internal medicine department in Marseille, France. We recorded anthropometric and metabolic parameters
such as fasting glycaemia, insulinemia, HOMA-IR, lipids, and all clinical criteria linked to SARS-CoV-2 infection
at the admission. Excess body weight was defined by a BMI ≥ 25 kg/m2. The occurrence of a serious event was
defined as a high-debit oxygen requirement over 6 L/min, admission into the intensive care unit, or death.
Results: Among 113 patients, two thirds (n= 76, 67%) had an excess bodyweight. The number of serious events
was significantly higher in excess bodyweight patients compared to normalweight patients (respectively 25% vs
8%, p=0.03) although excess bodyweight patients were younger (respectively 63.6 vs 70.3 years old, p=0.01).
In multivariate analyses, the excess body weight status was the only predictor for developing a serious event
linked to SARS-CoV-2 infection, with an odds ratio at 5.6 (95% CI: 1.30–23.96; p = 0.02), independently of pre-
vious obesity associated comorbidities. There was a trend towards a positive association between the BMI (nor-
mal weight, overweight and obesity) and the risk of serious events linked to COVID-19, with a marked increase
from 8.1% to 20% and 30.6% respectively (p = 0.05).
Conclusion:Excess bodyweightwas significantly associatedwith severe forms of the disease, independently of its
classical associated comorbidities. Physicians and specialists in Public Health must be sensitized to better protect
people with an excess body weight against SARS-CoV-2 infection.

© 2021 Elsevier Inc. All rights reserved.
1. Introduction

The coronavirus disease 2019 (COVID-19) caused by Severe Acute
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) and discovered in
China in December 2019 has been declared as a pandemic by the
World Health Organization (WHO) on March 11th, 2020. At the time
of writing, more than 36 million people over the world have been in-
fected with an overall mortality rate of 2.9% [1]. Although the majority
of COVID-19 patients presented no or mild symptoms, about 14% of pa-
tients developed severe pneumonia with acute respiratory distress syn-
utrition, Metabolic Diseases,
versity, INSERM, INRAE, C2VN,
drome requiring hospitalization, including 5% who need admission into
the intensive care unit (ICU) [2].

This difference of COVID-19 clinical presentations led the scientists
to identify populations at risk of developing serious forms of the disease.
Initial publications showed that some pre-existing conditions could be
considered as risk factors for developing severe forms of COVID-19 in-
cluding age, male gender, diabetes mellitus, cardiovascular disease, ar-
terial hypertension, respiratory disease, renal or hepatic failure [3].
Later, the large New York city study showed that obese people defined
by a bodymass index (BMI) ≥ 30 kg/m2 accounted for a large proportion
of hospitalized patients with SARS-CoV-2 infection [4]. Subsequently,
two French studies linked obesity to severe forms of COVID-19 disease.
First, a retrospective study in ICU showed that obesity was a risk factor
for invasivemechanical ventilation [5]. Then, Caussy et al. showed a sig-
nificant association between the prevalence of obesity and severe forms
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of COVID-19 (OR 1.35; 95% CI: 1.08–1.66) and suggested that obesity
might be a risk factor of pejorative evolution, increasing the risk of ICU
admission [6]. It is well known that obese patients have alterations in
respiratory mechanisms [7,8] and an increased risk of comorbidities
such as diabetes mellitus, arterial hypertension or cardiovascular dis-
eases. All these conditions predispose obese patients to pneumonia-
associated organ failures [9] as previously reported during the 2009
H1N1 pandemic influenza in Mexico, Canada and USA. Sattar et al. re-
cently hypothesized that obesity is a unifying risk factor for severe
COVID-19 [10]. Thus, it appears important to decipher the link between
excess bodyweight and its associated comorbidities in the risk to evolve
towards severe forms of COVID-19, in order to identify patients at high
risk of severe forms of COVID-19 and to better protect them.

Therefore, we studied whether excess body weight per sewas an in-
dependent risk factor for developing a severe form of COVID-19.

2. Methods

Weconducted a retrospective observationalmonocentric study in La
Conception-Hospital in Marseille, France among 131 patients hospital-
ized for COVID-19. The data included in this study were anonymized,
approved and registered at the Health Data Portal of Assistance
Publique-Hôpitaux de Marseille under the references RGPD/APHM
2020-65. All raw data are available upon request.

2.1. Patients

From March 19th to April 27th 2020, we included patients with
SARS-CoV-2 infection confirmed by a positive nasopharyngeal real-
time reverse-transcriptase polymerase-chain-reaction (RT-PCR) and
hospitalized in the COVID-19 units of the internal medicine department
in La Conception University Hospital. All the clinical parameters pre-
sented in this studywere collected at baseline in the emergency depart-
ment. Patients were secondarily hospitalized according to the severity
of the following symptoms: respiratory rate ≥ 25/min; oxygen
saturation ≤ 95% measured by fingertip pulse oximeter at rest; blood
pressure ≤ 100 mm Hg; impaired consciousness. Inclusion criteria
were age greater than 18 years and to be able to get information on
weight and height. Weight and height were self-reported. Indeed it
was difficult to weigh and measure the height of the patients due to
the clinical condition of the patients and to prevent any risk of SARS-
131 pa�ents with SARS-Cov-2 ho
COVID-19 units

March, 19th – April, 27

Total of 115 pa�ents revie

Total of 113 pa�ents
reviewed with an 

available BMI

Serious Events (n = 22)

Fig. 1. Flowchart. Among the 131 patients, 16 were excluded because missed data onweight or
below 18.5 kg/m2.
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CoV-2 transmission. Normal weight was defined as a BMI between
18.5 and 25 kg/m2, excess bodyweight as a BMI ≥ 25 kg/m2, overweight
as a BMI between 25 and 29 kg/m2, and obesity was defined as a BMI ≥
30 kg/m2. We excluded patients with undernutrition (BMI < 18.5 kg/
m2) and hemodialysis patients to avoid confounding factors of serious
events. The flow chart of the study is in Fig. 1. In accordance with
the hospital protocol, all patients received the combination of
hydroxychloroquine (HCQ) and azithromycin (AZT) except those with
a cardiac contraindication. The treatment was started after an electro-
cardiogram was performed and a cardiologist's opinion was obtained.
Thus most patients at the admission (91%) were treated with the com-
bination of HCQ and AZT after a written informed consent, for respec-
tively 10 and 5 days. When it was necessary, a broad spectrum
antibiotherapy was administrated to patients.

2.2. Data collection

2.2.1. Initial clinical data
The baseline characteristics such as age, gender, tobacco use and BMI

were collected in an electronic medical record. Comorbidities and sig-
nificant treatments such as inhibitors of the renin-angiotensin-
aldosterone system (RAAS) (angiotensin-converting enzyme inhibitors
and angiotensin receptor blockers), statins and diabetes treatments
(oral drugs or insulin) were also recorded: diabetes was defined as a
known history of diabetes and hypoglycaemic drugs; arterial hyperten-
sion was defined as a known history of hypertension and antihyperten-
sive drugs; chronic respiratory disease was defined as a history of
asthma, obstructive sleep apnea or chronic obstructive pulmonary dis-
ease and cardiovascular disease was defined as a history of coronary
event or peripheral arterial disease. Initial vital constants and initial ox-
ygen requirement on the first day of hospitalization were collected.

2.2.2. Laboratory procedures

2.2.2.1. Confirmation of SARS-CoV-2 infection by RT-PCR methods. Blood
samples were collected the first morning of hospitalization in the
COVID-19 units after an overnight fast. We measured metabolic
parameters (lipids, glycaemia and insulin to calculate the homeostasis
model assessment-insulin resistance (HOMA-IR) index and glycated
hemoglobin) and inflammatory parameters (C-reactive protein (CRP),
ferritin, fibrinogen, procalcitonin and albuminemia).
spitalized in 

th

16 pa�ents (12%) ruled out 
because no available BMI

wed

2 pa�ent ruled out because
BMI < 18,5 kg/m²

 

No Serious Events (n = 91)
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2.2.3. Pulmonary computed tomography (CT) scans
97 patients out of 113 (26 out of 37 in the normal weight group and

71 out of 76 in the excess body weight group) were evaluated by a CT
chest to evaluate signs of SARS-CoV-2 pneumopathy and the severity
of lung involvement. The radiologists interpreted the CT chest scans
based on the Fleischner Society Nomenclature recommendations on
the following criteria: ground glass opacity, consolidation, nodule, retic-
ulation, interlobular septal thickening, crazy-paving pattern, linear
opacities, subpleural curvilinear line, bronchial wall thickening, lymph
node enlargement, pleural effusion, and pericardial effusion [11].

2.3. Statistical analysis

All results are presented as mean with standard deviation for contin-
uous variables or as frequency with percentage for categorical variables.
All the continuous variables were compared between groups with the
non-parametric Mann-Whitney U test, or Kruskal-Wallis test depending
of the number of BMI groups, and the categorical variables were com-
pared with the Chi-squared or Fisher's exact-test, when appropriate. Sev-
eral analyses were performed to examine if there was an association
between the risk of severe forms of COVID-19 and excess body weight,
its comorbidities, pre-admission and admission treatments known to po-
tentially influence the evolution of the disease. We first performed uni-
variate logistic analyses to investigate the association between serious
events and the distribution of BMI 1) in 2 groups (BMI between 18.5
and 25 kg/m2 (normal weight group, reference), BMI ≥ 25 kg/m2 (excess
body weight group)); and 2) in 3 groups (BMI between 18.5 and 25 kg/
m2 (normal weight group, reference), BMI between 25 and 30 kg/m2

(overweight group), BMI ≥ 30 kg/m2 (obese group)). Then,we performed
2 multivariate logistic regression analyses: Model 1 to look for an
Table 1
Demographic, clinical and biological characteristics of patients hospitalized with COVID-19 acc

All patients Norm

n = 113 n = 3

General characteristics
Sex ratio, F/M 55/58 17/20
Age, years 65.4 ± 15.0 70.3 ±
BMI, kg/m2 27.9 ± 6.1 22.5 ±
Current smokers 10 (9) 2 (5)

Comorbidities
Overweight, 25 ≤ BMI < 30 kg/m2 76 (67) 0
Obesity, BMI ≥ 30 kg/m2 36 (32) 0
Type 2 diabetes 27 (19) 8 (21)
Arterial hypertension 58 (51) 16 (43
Cardiovascular diseasea 19 (17) 10 (27
Chronic respiratory diseaseb 8 (7) 1 (3)

Metabolic parameters
Fasting plasma glucose, mmol/L 7.03 ± 6.4 8.16 ±
Fasting insulin, mUI/L 12.9 ± 11.9 10.6 ±
HOMA-IR index 3.63 ± 3.3 3.12 ±
Glycated hemoglobin, % 6.36 ± 1.0 5.99 ±
Total cholesterol, mmol/L 3.62 ± 0.8 3.89 ±
Triglycerides, mmol/L 1.51 ± 0.5 1.34 ±
LDL-c, mmol/L 2.04 ± 0.7 2.23 ±
HDL-c, mmol/L 0.89 ± 0.4 1.06 ±
Albumin, g/L 37.6 ± 5.6 36.1 ±

Treatments
Hypoglycaemic oral drugs 22 (19) 6 (16)
Insulin 12 (10) 2 (5)
Statins 14 (13) 0
RAAS inhibitors 36 (32) 6 (16)

Normalweight groupdefined by an 18.5 ≤ BMI< 25 kg/m2 and excess bodyweight group define
normal weight group and excess body weight group.
Abbreviations: BMI = body mass index. F = female. HDL-c= high-density lipoprotein-cholest
lipoprotein-cholesterol. M = male. RAAS = renin-angiotensin-aldosterone system.
Bold value is statistically significant to p-value < 0.05.

a Cardiovascular disease: coronary or peripheral arterial disease.
b Chronic respiratory disease: asthma, obstructive sleep apnea, chronic obstructive pulmona
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association between serious events and BMI in 2 groups, age, sex, type 2
diabetes, arterial hypertension, chronic respiratory disease, RAAS inhibi-
tors, statins and hydroxychloroquine and azithromycin combination,
and Model 2 with the same parameters but with a distribution of BMI
in 3 categories. The variable “cardiovascular disease” was not included
in our multivariate analyses because no patient with a history of cardio-
vascular disease developed a severe form of COVID-19. Results of logistic
regression are given as the odds ratio (OR)with the 95% confidence inter-
val (CI). All statistical tests were two-sided and a p-value< 0.05was con-
sidered significant. All statistical analyseswere performedusing statistical
software R version 3.1.0.

2.4. Outcomes

The occurrence of a serious event was defined as a high debit oxygen
requirement over 6 L/min, admission into ICU or death. The outcome de-
fined by high debit oxygen requirement was chosen for patients for
which there were criteria for ICU admission but for which a panel of phy-
sicians, in accordancewith the patient's family, decidednot to admit them
in ICU (n = 3). The characteristics of these 3 patients were: a man of 89
years old, BMI = 25.3 kg/m2 with arterial hypertension and a moderate
lung damage on pulmonary CT scan; a woman of 89 years old, BMI =
33.3 kg/m2 with a severe lung damage on pulmonary CT scan; a woman
of 73 years old, BMI = 35 kg/m2 with arterial hypertension, dementia
and a moderate lung damage on pulmonary CT scan.

3. Results

Among the 113 patients included, one thirdwere normalweight (n=
37, 33%) and two thirds had an excess bodyweight (n=76, 67%) andhalf
ording to BMI.

al weight group Excess body weight group p

7 n = 76

38/38 0.69
16.0 63.6 ± 13.9 0.01
1.8 30.9 ± 5.5 –

8 (10) 0.49

76 –
36 (47) –
19 (25) 0.69

) 42 (55) 0.23
) 9 (12) 0.04

7 (9) 0.26

10.5 6.45 ± 2.0 0.21
7.5 13.8 ± 13.1 0.04
2.9 3.84 ± 3.4 0.07
0.6 6.51 ± 1.1 0.02
0.7 3.48 ± 0.8 0.03
0.5 1.60 ± 0.6 0.03
0.5 1.95 ± 0.7 0.05
0.4 0.80 ± 0.3 0.002
6.6 38.4 ± 4.7 0.16

16 (21) 0.54
10 (13) 0.33
14 (18) 0.004
30 (39) 0.01

d by a BMI ≥ 25 kg/m2. All data aremeans± SD or (%).Mean datawere compared between

erol. HOMA-IR= homeostasis model assessment-insulin resistance. LDL-c = low-density

ry disease.



Table 2
Criteria linked to SARS-CoV-2 infection in patients hospitalized with COVID-19 according to BMI.

All patients Normal weight group Excess body weight group p

n = 113 n = 37 n = 76

Baseline clinical parameters
Oxygen therapy requirement 87 (77) 25 (67) 62 (82) 0.09
Heart, rate/min 87 ± 14 86 ± 12 88 ± 14 0.61
Respiratory, rate/min 24 ± 7 23 ± 5 25 ± 7 0.16

Hospitalization evolution
Hospitalization duration, days 13.1 ± 6.1 13.6 ± 6.9 13.0 ± 5.8 0.85
Fever duration, days 3.5 ± 4.5 3.7 ± 6.3 3.4 ± 3.4 0.25
Oxygen therapy requirement, days 7.2 ± 6.3 5.2 ± 6.2 8.2 ± 6.1 0.01
Broad spectrum antibiotherapy 86 (76) 25 (68) 61 (80) 0.14
HCQ/AZT treatment combinationa 92 (81) 25 (68) 67 (88) 0.01

Baseline laboratory results
Fibrinogen, g/L 6.0 ± 1.6 5.6 ± 1.8 6.2 ± 1.5 0.13
Ferritin, μg/L 850 ± 956 872 ± 821 836 ± 1045 0.78
C-reactive protein, mg/dL 84 ± 77 75 ± 81 89 ± 74 0.08
Procalcitonin, ng/mL 0.34 ± 0.7 0.46 ± 1.0 0.25 ± 0.3 0.83

Pulmonary CT-scan
Normal 5 (4) 2 (5) 3 (4) –
Mild 19 (17) 8 (21) 11 (14) –
Moderate 51 (45) 10 (27) 41 (54) –
Severe 22 (19) 6 (16) 16 (21) –

Serious events
All 22 (19) 3 (8) 19 (25) 0.03
ICU admission 19 (17) 3 (8) 16 (21) –
High oxygen therapy requirementb 3 (3) 0 3 (4) –
Death 0 0 0 –

Normalweight groupdefined by an 18.5 ≤ BMI< 25 kg/m2 and excess bodyweight group defined by a BMI ≥ 25 kg/m2. All data aremeans± SD or (%).Mean datawere compared between
normal weight group and excess body weight group.
Abbreviations: AZT = azithromycin. BMI = body mass index. HCQ = hydroxychloroquine. ICU = intensive care unit.
Bold value is statistically significant to p-value < 0.05.

a HCQ/AZT: combination of hydroxychloroquine for 10 days and azithromycin for 5 days.
b Oxygenotherapy flow rate > 6 L/min.

Table 3
Univariate and multivariate logistic regression analyses for serious events (model 1).a

Univariate Multivariate

Odds ratio (95% CI) p Odds ratio (95% CI) p

Excess body weight,
BMI ≥ 25 kg/m2

3.78 (1.04–13.72) 0.04 5.58 (1.30–23.96) 0.02

Age, years 0.98 (0.95–1.01) 0.17 0.98 (0.94–1.02) 0.35
Sex 1.48 (0.57–3.80) 0.42 1.76 (0.61–5.09) 0.30
Type 2 diabetes 0.66 (0.20–2.14) 0.49 0.99 (0.21–4.77) 0.99
Arterial hypertension 0.75 (0.29–1.90) 0.54 0.93 (0.21–4.10) 0.92
Chronic respiratory
diseaseb

1.42 (0.27–7.55) 0.68 1.68 (0.23–12.33) 0.61

RAAS inhibitors 0.76 (0.27–2.15) 0.61 1.25 (0.24–6.34) 0.79
Statins 0.29 (0.04–2.31) 0.24 0.14 (0.01–1.74) 0.13
HCQ/AZT treatment
combinationc

0.73 (0.23–2.25) 0.58 0.33 (0.08–1.35) 0.12

Abbreviations: AZT = azithromycin. BMI = body mass index. HCQ =
hydroxychloroquine. RAAS = renin-angiotensin-aldosterone system.
Bold value is statistically significant to p-value < 0.05.

a Univariate and multivariate associations between serious events and BMI between
18.5 and 25 kg/m2 (reference), BMI ≥ 25 kg/m2, age, sex, type 2 diabetes, arterial hyperten-
sion, chronic respiratory disease, RAAS inhibitors, statins and HCQ/AZT combination.

b Chronic respiratory disease: asthma, obstructive sleep apnea, chronic obstructive
pulmonary disease.

c HCQ/AZT: combination of hydroxychloroquine for 10 days and azithromycin for 5
days.
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ofwhomwere obese (n=36, 47%). General characteristics of patients ac-
cording to the BMI are presented in Table 1. Patients with an excess body
weight were significantly younger than normal weight patients (63.6 vs
70.3 years old, p = 0.01). Comorbidities (type 2 diabetes, arterial hyper-
tension as well as chronic respiratory diseases) prior to admission were
equivalent between the two groups. The prevalence of cardiovascular dis-
eases was higher in the normal weight group (27% vs 12%, p = 0.04).
Fasting insulin and glycated hemoglobin levels were significantly higher
in the excess body weight group compared to the normal weight group
(13.8 vs 10.6 mUI/L, p = 0.04 and 6.5% vs 6%, p = 0.02 respectively).
The excess body weight group seems to be more insulinoresistant than
the normal weight group with a HOMA-IR index that tends to be higher
(respectively 3.84 vs 3.12, p = 0.07). Total cholesterol, LDL-cholesterol
(LDL-c) and HDL-cholesterol (HDL-c) levels were decreased in the excess
body weight group compared to the normal weight group (3.48 vs 3.89
mmol/L, p = 0.03, 1.95 vs 2.23 mmol/L, p = 0.05 and 0.80 vs 1.06
mmol/L, p = 0.002 respectively). Excess body weight patients were sta-
tistically more treated with statins and RAAS inhibitors than normal
weight patients (18% vs 0, p = 0.004 and 39% vs 16%, p = 0.01
respectively).

All patients were hospitalized with a positive RT-PCR of SARS-CoV-2
infection and most of them had a chest CT-scan. All the parameters be-
longing to the COVID-19, at the admission in the COVID-19 units are pre-
sented in Table 2. Excess body weight patients required oxygen therapy
more often (82 vs 67%, p = 0.09) and for a longer period (8.2 vs 5.2
days, p=0.01) than normalweight patients. Excess bodyweight patients
weremore often treated by the combination of HCQ and AZT (88% vs 68%,
p = 0.01). The CRP levels tended to be higher in the excess body weight
group without reaching the significance (89 vs 75 mg/L, p = 0.08). Lung
damage on pulmonary CT-scans were more severe in the excess body
weight group than in the normal weight group (p = 0.005) with 75% of
severe or moderate pneumonia in the excess body weight group
4

compared to 43% in the normal weight group. Finally, the number of seri-
ous eventswas significantly higher in excess bodyweight patients than in
normal weight patients (25% vs 8%, p= 0.03). There was no death in the
studied group of 113 patients.

We then analyzed the association of excess body weight, its comor-
bidities and pre-admission and admission treatments known to poten-
tially influence the evolution of the disease and the occurrence of a



Table 4
Univariate and multivariate logistic regression analyses for serious events (model 2).a

Univariate Multivariate

Odds ratio (95% CI) p Odds ratio (95% CI) p

Overweight,
25 ≤ BMI < 30 kg/m2

2.83 (0.69–11.63) 0.15 3.81 (0.79–18.33) 0.09

Obesity, BMI ≥ 30 kg/m2 4.99 (1.26–19.76) 0.02 9.14 (1.81–46.18) 0.007
Age, years 0.98 (0.95–1.01) 0.17 0.99 (0.95–1.03) 0.48
Sex 1.48 (0.57–3.80) 0.41 2.25 (0.71–7.08) 0.17
Type 2 diabetes 0.66 (0.20–2.14) 0.49 1.04 (0.21–5.15) 0.96
Arterial hypertension 0.75 (0.29–1.90) 0.54 0.88 (0.20–3.90) 0.86
Chronic respiratory
diseaseb

1.42 (0.27–7.55) 0.68 1.44 (0.19–10.80) 0.72

RAAS inhibitors 0.76 (0.27–2.15) 0.61 1.13 (0.21–5.91) 0.89
Statins 0.29 (0.04–2.31) 0.24 0.12 (0.01–1.57) 0.11
HCQ/AZT treatment
combinationc

0.73 (0.23–2.25) 0.59 0.40 (0.10–1.70) 0.22

Abbreviations: AZT = azithromycin. BMI = body mass index. HCQ =
hydroxychloroquine. RAAS = renin-angiotensin-aldosterone system.
Bold value is statistically significant to p-value < 0.05.

a Univariate and multivariate associations between serious events and BMI between
18.5 and 25 kg/m2 (reference), BMI between 25 and 30 kg/m2, BMI ≥ 30 kg/m2, age, sex,
type 2 diabetes, arterial hypertension, chronic respiratory disease, RAAS inhibitors, statins
and HCQ/AZT combination.

b Chronic respiratory disease: asthma, obstructive sleep apnea, chronic obstructive
pulmonary disease.

c HCQ/AZT: combination of hydroxychloroquine for 10 days and azithromycin for 5
days.
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serious event. Univariate and multivariate analyses (Model 1) are
shown in Table 3. The excess body weight appeared the only predictor
of occurrence of a serious event linked to SARS-CoV-2 infection, with
an OR at 5.58 (95% CI: 1.30–23.96; p = 0.02).

To better understand the relationship between BMI and the risk of
serious events, we have split the patients into 3 BMI groups (normal
weight, overweight and obese groups) and found a difference (p =
0.05) in the occurrence of a serious event linked to COVID-19 between
the 3 groups, with a marked increase between the groups: from 8.1%
in the normal weight group to 20% in the overweight group and 30.6%
in the obese group (Fig. 2, right panel). The distribution of patients ac-
cording to their age, the duration of oxygen therapy requirement and
the 3 classes of BMI is illustrated in Fig. 2 (left andmiddle panels).More-
over, we performed multivariate logistic regression analysis (Model
2) to study separately the association between overweight status
(BMI: 25–30 kg/m2) or obesity (BMI ≥ 30 kg/m2), and serious events
linked to COVID-19. We found that only obesity remained a statistically
independent risk factor for severe forms of COVID-19with anOR at 9.14
(p=0.007). Therewas a trend to borderline significance between over-
weight status and serious events with an OR at 3.81 (p = 0.09)
(Table 4).

4. Discussion

In the present study, we showed that excess body weight was a
strong predictor of severe forms of SARS-CoV-2 infection in patients
hospitalized for COVID-19, independently of obesity-related comorbid-
ities such as diabetes, arterial hypertension and chronic respiratory dis-
ease. Excess bodyweight patients were 5.6 timesmore likely to develop
a severe form of COVID-19 than normal weight patients, although the
latter were older. Severe forms of COVID-19 were mainly represented
by ICU admission since there were no death and few patients requiring
high oxygen therapy. Excess bodyweight patients also hadmore severe
pneumonia on CT-scans, and required a more prolonged oxygen ther-
apy than normal weight patients.

The fact that obesity is a risk factor for severe forms of COVID-19 is a
new concept emerging only a fewmonths ago. Data on the distinct role
of excess bodyweightper se or its complications are scarce, probably be-
cause of the difficulties to register anthropometric and metabolic data
on patients during the acute phase of the pandemic. However, our re-
sults on the independent link between excess body weight and severe
forms of the COVID-19 are in agreement with those of 2 very recent
studies. In the multicentric CORONADO study, conducted in France on
1317 diabetic patients hospitalized for COVID-19, Cariou et al. observed
Normal weight
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that BMI was the only pre-admission factor that was independently as-
sociated with severe forms of the disease (defined by tracheal intuba-
tion and/or death within 7 days of admission) [12]. In a study realized
in the Italian Veneto region among 92 patients hospitalized for COVID-
19, Busetto et al. showed that overweight and obese patients presented
more severe forms (defined by assisted ventilation and/or access to ICU
or semi-ICU) despite a younger age of about 10 years than normal
weight patients, similarly to the present study. More interestingly,
when they included two obesity-related comorbidities in their logistic
regression analysis (type 2 diabetes and respiratory chronic disease),
the authors found that BMI ≥ 25 kg/m2 remained independently linked
to the severe forms of the SARS-CoV-2 infection [13]. In the present
study, we have studied more parameters in the logistic regression anal-
ysis such as arterial hypertension and pre-admission therapies (RAAS
inhibitors and statins), that are important factors linked to obesity.
The variable “cardiovascular disease”was not included in our multivar-
iate analysis because no patient with a history of cardiovascular disease
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developed a severe form of COVID-19, although they were older than
patients without cardiovascular disease (73 vs 66 years old, p = 0.03).

Our results are in favor of a graded relationship between theBMI and
the risk of severe forms of COVID-19. Indeed, whenwe split the patients
into 3 groups according to BMI categories, we showed a trend towards a
positive association between the occurrence of a serious event linked to
COVID-19 and the3 groups of BMIwith a progressive increase from8.1%
in the normalweight group to 20% in the overweight group and 30.6% in
the obese group. This is in accordance with the results of a recent meta-
analysis that suggested that there was a linear dose-response associa-
tion between BMI and COVID-19 severity and mortality [14]. However,
when we studied separately the association between overweight or
obesity status, and serious events linked to COVID-19, we found a
trend to borderline significance (mainly due to a lack of statistical
power) between overweight status and serious events with an OR at
3.81 (p = 0.09) and a clear statistically independent association be-
tween obesity and severe forms of COVID-19 with an OR at 9.14 (p =
0.007). These latter results are in agreement with those of a very recent
work performed by Palaiodimos et al. Indeed, the authors demonstrated
that severe obesity (BMI ≥ 35 kg/m2) was independently associated
with higher in-hospital mortality, intubation and increasing oxygena-
tion requirement in 200 patients hospitalized for COVID-19 in the
Bronx [15]. These results confirm the hypothesis that obesity by itself
and not obesity-related comorbidities is the dominant risk factor for se-
vere forms of the COVID-19. Interestingly, the authors also found that
patients with a BMI < 25 kg/m2 and patients with a BMI > 35 kg/m2

had a higher in-hospital mortality in comparison to patients with a
BMI between 25 and 35 kg/m2, in favor of a J-shape distribution be-
tween BMI and mortality. In the present study, we did not find an in-
creased risk of severe forms of the disease in normal weight patients,
but there were several differences between the two studies: i) we ex-
cluded patients with BMI < 18.5 kg/m2 i.e. with undernutrition, ii)
nearly one quarter of the patients of the Bronx study died from
COVID-19 but no patient died in the present study reflecting the greater
fragility of patients hospitalized for COVID-19 in the Bronx iii) variables
included in themultivariable analyses differed between the two studies.

All these results support the hypothesis that excess bodyweight is the
unifying factor for severe forms of the COVID-19 [10]. Metabolic syn-
drome characterized by abdominal obesity, insulin resistance, athero-
genic dyslipidemia and pro-inflammatory and prothrombotic state
should predispose to severe forms of COVID-19. However, it seems diffi-
cult to explore this potential link in cohorts of patients forwhom themet-
abolic syndrome is not clearly known prior to the disease. Indeed, to
define the abdominal obesity, it is almost impossible tomeasurewaist cir-
cumference in patients hospitalized in COVID-19 units, because of the
critical condition of the majority of the patients with impossibility to
stand up and the prohibition to bring a seamstress tape in patients'
rooms. Moreover, lipidic (triglycerides and HDL-c) and glycaemic
(blood glucose) biological parameters and blood pressure used to define
metabolic syndrome are not reliable in the context of acute viral sepsis.
For example, the low levels of HDL-c in the whole group of patients
(mean 0.89 ± 0.4 mmol/L) were probably linked to the viral SARS-CoV-
2 infection as it is well known that viral infections can cause insulin resis-
tance. And even if we found that HDL-c levels were largely decreased in
patients who had a serious event compared to those without serious
event (0.66 ± 0.2 mmol/L vs 0.94 ± 0.4 mmol/L, p = 0.003, data not
shown) as it was previously described [16], the HDL-c levels during the
acute phase of the infectious disease do not reflect the pre-admission
metabolic syndrome [17]. Similarly, the blood pressure is also uninter-
pretable in this context of acute sepsis. However, the visceral fat, another
key player in metabolic syndrome and insulin resistance, was recently
positively associated to serious events in patients hospitalized for
COVID-19. Two studies took advantage of the systematic realization of a
pulmonary computed tomography to measure visceral fat on the lower
slices. Watanabe et al. demonstrated that visceral fat was independently
associated with the need of intensive care in 150 patients hospitalized
6

for COVID-19 (OR: 2.474, p=0.046), but themeasure of BMIwas lacking
in this study [18]. Then, a “proof-of-concept” study, carried out on 30 pa-
tients with COVID-19 showed a significant association between the
amount of visceral fat and severe forms of COVID-19 (hospitalization in
ICU and invasive mechanical ventilation). However, the small number
of patients did not allow the inclusion of other risk factors of severe
forms of COVID-19 (except age and sex) in multivariate analyses [19].

We did not find any independent association between glucose
metabolism-related parameters at admission and severe forms of
COVID-19. To our knowledge, no study hasmeasured insulinemia levels
and consequently the HOMA-IR index to evaluate the insulin-resistant
state in infected patients. We did not find any independent correlation
between insulin resistance and an evolution towards a severe form of
COVID-19. However, it is not possible to distinguish the preexisting
insulin-resistant state seen in dysmetabolic patients, from the insulin
resistance linked to inflammation due to COVID-19. The glucose control
assessedwith the glycated hemoglobin was also not associatedwith se-
vere forms of COVID-19. These results are in accordance with the
CORONADO study [12].

At least two other important mechanisms than excess weight-
related comorbidities should be involved to explain the association be-
tween excess weight and severe forms of COVID-19: i) an impaired
adaptative immune response against SARS-CoV-2 infection, as it has
been reported in other viral infections such as influenza virus [20];
and which may be linked to ii) a chronic pro-inflammatory state. In-
deed, obesity is characterized by a low-grade inflammation. Although
CRP concentration was higher in excess body weight patients, it did
not reach statistical significance in our study, but has been shown to
be associated with severe forms of COVID-19 and death in several stud-
ies [21,22]. Obesity may thus predispose to the harmful inflammatory
state involved in severe forms of COVID-19, suggesting that targeting in-
flammation may possibly constitute a protective strategy in SARS-CoV-
2-infected obese patients.

The prevalence of excess body weight in the 113 patients hospital-
ized for COVID-19 was 67%. This prevalence is higher than those of the
general adult population in France which is 49% in the 2 most recent
French studies [23,24] and in the world which is 39% [25]. This result
is almost identical to those reported by Busetto et al. who found an ex-
cess body weight prevalence of 65.2% in the Italian population of pa-
tients hospitalized for COVID-19 [13]. For the obesity, defined by an
BMI ≥ 30 kg/m2, the prevalence in the present study was 32% similarly
to those in the Italian study (31.5%) but clearly higher than the preva-
lence of 17% in Marseille area [24]. However, this prevalence of obesity
in hospitalized European patients for COVID-19 was lower than that of
hospitalized patients in the USA which was 41.2% [4].

The present study has several limitations. Firstly, the sample size
was relatively small, and did not allow us to perform multiple compar-
isons tests, thus the results should be viewed with caution. Secondly,
the population of hospitalized patients for COVID-19 was not represen-
tative of the general infected population, thus results cannot be extrap-
olated to general population. Thirdly, the data are extracted from a
single center, however, it is important to note that during the very
acute phase of the SARS-CoV-2 infection, it was difficult to rapidly de-
velop collaborations between different centers in order to record an-
thropometric and metabolic data. Fourthly, weight and height were
collected from self-reported information. Fifthly, the retrospective na-
ture of the study was also a limitation. Larger and prospective studies
are needed to better understand the risk factors for a severe form of
COVID-19 and to follow the mid- and long-term prognosis of infected
patients.

5. Conclusion

Excess bodyweight, which affects a large proportion of the world's
population, appears as an independent risk factor for developing severe
forms of COVID-19. Physicians and specialists in Public Health must be
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sensitized to better protect people with an excess body weight against
SARS-CoV-2 infection.
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