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Abstract

Purpose To determine the risk of invasive mechanical ventilation and death in obese individuals with a history of bariatric
surgery (BS) admitted for COVID-19.

Methods All obese inpatients recorded during a hospital stay by the French National Health Insurance were included, and their
electronic health data were reviewed retrospectively. Patients who had undergone bariatric surgery comprised the BS group and
patients with obesity but no history of BS served as controls. The primary outcome was COVID-19-related death and the
secondary outcome was the need for invasive mechanical ventilation.

Results 4,248,253 obese individuals aged 15-75 years were included and followed for a mean observation time of 5.43 +
2.93 years. 8286 individuals with a previous diagnosis of obesity were admitted for COVID-19 between January 1 and
May 15, 2020. Of these patients, 541 had a history of BS and 7745 did not. The need for invasive mechanical ventilation and
death occurred in 7% and 3.5% of the BS group versus 15% and 14.2% of the control group, respectively. In logistic regression,
the risk of invasive mechanical ventilation was independently associated with increasing age, male sex, and hypertension, and
mortality was independently associated with increasing age, male sex, history of heart failure, cancer, and diabetes, whereas BS
had an independent protective effect. Two random exact matching tests confirmed the protective effect of BS.

Conclusion This nationwide study showed that BS is independently associated with a reduced risk of death and invasive
mechanical ventilation in obese individuals with COVID-19.
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Introduction reported to be associated with a severe clinical course or even
mortality in COVID-19. Before the pandemic, these cardio-
Obesity, hypertension, cardiovascular disease, diabetes, = metabolic diseases already represented a substantial burden

chronic respiratory disease, and malignancy have all been = worldwide but now they are even more of a challenge.
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Diabetes is known to increase the susceptibility to acute re-
spiratory infections and, with obesity, they represent inde-
pendent risk factors for severe pneumonia [1,2]. Although
obesity has been reported to offer protection in the setting
of acute respiratory distress syndrome [3], several studies
have associated it with adverse outcomes among individuals
with SARS-CoV-2 infection. The Lille Intensive Care
COVID-19 and Obesity study group reported a sevenfold
increase in the risk of mechanical ventilation in individuals
with a body mass index (BMI)>35 kg/m2 admitted with
COVID-19 compared with those with a BMI<25 [4]. In
New York City, among individuals with COVID-19 under
60 years of age, having a BMI between 30 and 34.9 and > 35
was associated with a 1.8- and 3.6-fold higher risk of being
admitted to critical care, respectively [5]. Furthermore, the
increased prevalence of obesity in older individuals in Italy
compared with China has been pointed out as a potential
explanation for the differences in mortality that have been
reported between the two countries [6]. Several hypotheses
have been made to explain the association between obesity
and adverse outcomes in individuals with COVID-19. From
a mechanical standpoint, obese individuals have a decreased
expiratory reserve volume, a decreased functional capacity,
and a lower total respiratory system compliance.
Additionally, in these patients, the respiratory function is
diminished in the supine position [7]. Moreover, the in-
creased secretion of cytokines in excess adipose tissue has
also been claimed to participate in the higher morbidity,
through the impairment of immune responses [8] and their
effects on lung parenchyma and bronchi [9, 10]. Lastly, obe-
sity drives an increased risk of chronic diseases that are as-
sociated with a severe outcome in COVID-19 [11-13].

The prevalence of obesity has increased exponentially in
the last decades with over half of the European population
now classified as overweight or obese [14]. In France, the
prevalence of obesity in 2016 was estimated to be 21.6%
(17.4-25.9) by the World Health Organization [15].

Bariatric surgery (BS) has been shown to be the only ef-
fective mean leading to sustained weight loss [16] and remis-
sion or improvement of obesity-related comorbidities [17, 18].
Several reports have proposed that BS has a protective effect
against the onset of chronic diseases such as type 2 diabetes
[19] as well as against some cancers [20, 21]. For these rea-
sons, BS has obtained deep dissemination worldwide. For
instance, in France, more than 500,000 individuals had BS
before 2018 [22].

Based on these data, we made the hypothesis that a history
of BS could have a protective effect against the occurrence of
the severe form of COVID-19 and its related death. We used
the French National Health Insurance Information System
[23] to compare the need for invasive mechanical ventilation
and death in obese individuals hospitalized for COVID-19
with or without a history of BS.
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Materials and Methods
Design and Study Population

This study is based on exhaustive data from the “Programme de
Meédicalisation des Systémes d’Information” database (Program
for Medicalization of Information Systems, PMSI) of the nation-
al health care system. This database collects data on all hospital
stays, regardless of their duration, in French public and private
hospitals. In addition to its administrative purpose (monitoring of
hospital activity based on the Diagnostic-Related Groups
(DRGs) model, informing pricing and strategic decisions by
payers and policy-makers), the database is also used for epide-
miological purposes in several areas [21, 24].

Data in PMSI are collected on a real-time basis and include
the ciphered identification of each patient, the main diagnosis
leading to the hospital stay, the associated comorbidities, and
the potential complications during their stay, as well as addi-
tional administrative and medical information, including treat-
ment modalities. Data are abstracted by medical doctors and
certified reviewers. The recording of the diagnosis relies on
the last version of the International Classification of Diseases
(ICD, World Health Organization). The recording of medical
and surgical procedures is based on the French “Classification
Commune des Actes Médicaux” (Common Classification of
Medical Procedures, CCAM). Institutions are audited annual-
ly by the national health insurance services to verify the accu-
racy of their data, in a random selection process. Since the
financial funds of all institutions rely on their declared data,
the exhaustive coding can generate higher fees.

A two-step procedure was performed. First, we constituted
a retrospective working cohort study including all the patients
hospitalized for morbid obesity (ICD codes E66.-00 to E66.-
09, E66.-20 to E66.-29, E66.-80 to E66.-89, and E66.-90 to
E66.-99) and discharged between January 1, 2010, and
December 31, 2019. In this retrospective cohort study, BS
stays were defined as those containing at least one of the most
commonly performed bariatric procedures in France including
open (HFMA009, HFMA006) and laparoscopic (HFMC007,
HFMCO005) adjustable gastric banding, open (HFCA001) and
laparoscopic (HFCCO003) gastric bypass, and open
(HFFAO11) and laparoscopic (HFFCO018) sleeve gastrectomy.

Second, we identified among these patients, those aged 15—
75 years admitted fora COVID-19 (ICD-10 code U07.1* [* in
0, 1, 2, 4, 5]) and discharged between January 1, 2020, and
May 15, 2020. The final cohort study is composed of two
groups: operated (BS) and non-operated (non-BS). Queries
were carried out on June 2, 2020.

Data were anonymously collected and analyzed. Because
of the retrospective analysis on an anonymous database, no
informed consent was possible, and Institutional Review
Board (IRB) approval was unnecessary according to French
laws on biomedical research.
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We determined a priori the following baseline data to be
extracted for each COVID-19 patient: age, sex, hypertension
(ICD-10 code 110), diabetes (ICD-10 codes E10.-, E11.-,
E12.-, E13.-, E14.-), chronic obstructive pulmonary disease
(COPD; ICD-10 codes J44.-), cardiac failure (ICD-10 codes
150.-), and active cancer (ICD-10 codes C-), as well as the two
main outcome variables: death and invasive mechanical ven-
tilation (CCAM codes: GLLD004, GLLD006, GLLDO008,
GLLDO013, GLLDO015). Additional comorbidities needed to
calculate the Charlson Comorbidity Index (CCI) were also
extracted (Appendix) [25]. BMI classes (30-39.9; 40-50; >
50) were retrieved when available.

Statistics

Continuous variables were presented as the means and standard
deviation (SD), and categorical variables were summarized as
numbers and percentages. Differences between groups were
analyzed using the Student’s ¢ test and Pearson’s Y test for
continuous and categorical variables, respectively. Univariate
analysis was used to assess the characteristics associated with
mortality and need for invasive mechanical ventilation in the
whole population and in subgroups. Different logistic regres-
sion models implying backward elimination of non-significant
variables were then built by entering factors associated with the
need for invasive mechanical ventilation or mortality at univar-
iate analysis, to assess the factors independently associated with
these outcome parameters in the whole population. As baseline
BMI was not available in all the patients (differently from all the
other variables), we built models including or not including this
variable. Because of the expected significant interaction, we did
not enter CCI in the multivariable methods but preferred enter-
ing relevant clinical variables. For these variables, collinearity
was checked in both models with the variance inflation factor
(VIF). The predefinition of a limited number of clinically rele-
vant variables to be retrieved from the national database
prevented overfitting.

Furthermore, exact matching (by sex; age classes 15-30,
31-45, 4660, 61-75 years; BMI>40 or not; and CCI<3 or
not) was generated randomly to match subjects in the BS and
non-BS group. Two random generation of pairs were
performed.

For each test, a p value < 0.05 was considered statistically
significant. R version 4.0.2 was used for statistical analysis.

Results

This retrospective, population-based, multi-institutional, co-
hort study based on the French electronic health database in-
cluded 4,248,253 obese individuals, aged 15 to 75 years
(Fig. 1). All inpatients, with a diagnosis of obesity recorded
during a hospital stay between 2010 and 2019, were followed

up for a mean (SD) of 5.22 years (+2.93) for the non-BS
group and 5.43 years (+£2.45) for the BS group. Among
4,248,253 obese individuals, 8286 (0.2%) were hospitalized
between January 1 and May 15, 2020, with the diagnosis of
COVID-19. A mean of 1.22 stay per patient was recorded for
a total of 10,069 COVID-19 stays. These 8226 individuals
met the selection criteria to constitute the study cohort (Fig.
1). Of note, during the same period of time, 78,995 additional
individuals (0.12% of the French population), with no history
of previous hospitalization for obesity, were hospitalized in
France with a diagnosis of COVID-19.

Fifty-four percent of individuals were aged 61 to 75, 23%
were men, 7% had COPD, 6.9% had heart failure, 7.3% had a
history of cancer, 35.2% were diabetic, and 40.2% had hyper-
tension. Information on BMI was available in 7208 individ-
uals (87.3%). BMI was between 30 and 39.9 in 78.6%, be-
tween 40 and 50 in 18.3% and above 50 in 3.1% of individ-
uals, and the mean CCI score was 3.15. A total of 541 patients
(6.6%) had a history of BS between 2010 and 2019 (BS
group), and the remaining patients (n = 7685; 93.4%) consti-
tute the non-BS group (Table 1). As expected, individuals in
the non-BS group were significantly older and more frequent-
ly male and had a higher mean CCI score, COPD more fre-
quently, heart failure, history of cancer, diabetes, and hyper-
tension. There were more individuals with BMI class 40-50
among the BS group while the BMI of the individuals of non-
BS group was predominantly under 40 (Table 1).

Invasive mechanical ventilation was necessary in 1196
(14.54%) patients and death occurred in 1117 (13.58%) sub-
jects in the whole population (Table 1).

Univariate analysis indicated that age, male sex, higher
CCI score, COPD, cardiac failure, history of cancer, type 2
diabetes, and hypertension were significantly associated with
an increased risk of death; all but COPD were associated with
an increased risk of invasive mechanical ventilation in the
whole study population (Table 2). BS had a protective effect
because 7% of individuals in the BS group versus 15% of
those in the non-BS group required invasive mechanical ven-
tilation (p < 0.0001) and 3.5% in the BS subpopulation versus
14.2% of those in the non-BS subpopulation died
(p<0.0001). Among patients with a baseline BMI between
30 and 39.9, the need for mechanical ventilation occurred in
15/226 (6.6%) and in 827/5443 (15.2%) of those who had or
had not undergone BS (p = 0.00039), respectively, in the time
frame between initial management of obesity and hospitaliza-
tion for COVID-19. These figures were 21/274 (7.7%) and
165/1049 (15.7%) (p =0.00063) when baseline BMI was be-
tween 40 and 50, and 2/41 (2.4%) and 19/175 (16%) (p =N/
A) when baseline BMI was more than 50 in BS or non-BS
patients, respectively.

Among patients with baseline BMI between 30 and 39.9,
mortality was 7/226 (3.1%) and 773/5443 (14.2%) in those
who had or had not undergone BS (p =0.0000021). These
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Fig. 1 Flowchart of the study Hospital stays with a diagnosis of obesity
population ten-year period [2010-2019]
4 248 253 individuals

Bariatric Surgery No Bariatric Surgery
389 671 individuals 3 858 582 individuals
COVID-19 hospitalization COVID-19 hospitalization
January I*' = May 15", 2020) January 1" = May 15", 2020
541 individuals 7 745 individuals

figures were 11/274 (4.0%) and 169/1049 (16.1%) (p= and 1/41 (2.4%) and 28/175 (16%) (p = N/A) when baseline
0.00000020) when baseline BMI was between 40 and 50 ~ BMI was more than 50 in BS or non-BS patients, respectively.

Table 1 Univariate analysis of baseline risk factors distribution in COVID-19 obese patients in BS and NBS cohorts

No. (%) of patients

Characteristic Study population Bariatric surgery No bariatric surgery p value
n=_8286 n=>541 n="7745
Age, mean (SD), year 59.1 (12.6) 49.8 (12.0) 59.8 (12.4) <0.0001
34-45 251 (3) 33 (6.1) 218 (2.8) <0.0001
15-30 1057 (12.8) 158 (29.2) 899 (11.6) <0.0001
46-60 2470 (29.8) 239 (44.2) 2231 (28.8) <0.0001
60-75 4508 (54.4) 111 (20.5) 4397 (56.8) <0.0001
Sex, M 4296 (51.8) 127 (23.5) 4169 (53.8) <0.0001
Sex, F 3990 (48.2) 414 (76.5) 3576 (46.2)
BMI (n=7208) <0.0001
30-39.9 5669 (78.6) 226 (41.8) 5443 (81.6)
40-50 1323 (18.3) 274 (50.6) 1049 (15.7)
>50 216 (3.1) 41 (7.6) 175 (2.7)
CCI 3.15(2.58) 1.451 (1.83) 3.26 (2.58) <0.0001
COPD, yes 583 (7) 16 (3) 567 (7.3) <0.0001
COPD, no 7703 (93) 525 (97) 7178 (92.7)
Cardiac failure, yes 569 (6.9) 18 (3.3) 551 (7.1) 0.0008
Cardiac failure, no 7717 (93.1) 523 (96.7) 7194 (92.9)
Cancer, yes 608 (7.3) 11(2) 597 (7.7) <0.0001
Cancer, no 7678 (92.7) 530 (98) 7148 (92.3)
Diabetes, yes 2917 (35.2) 66 (12.2) 2851 (36.8) <0.0001
Diabetes, no 5369 (64.8) 475 (87.8) 4894 (63.2)
Hypertension, yes 3331 (40.2) 109 (20.2) 3222 (41.6) <0.0001
Hypertension, no 4955 (59.8) 432 (78.9) 4523 (58.4)
Invasive mechanical ventilation, yes 1196 (14.4) 38 (7) 1158 (15) <0.0001
Invasive mechanical ventilation, no 7090 (85.6) 503 (93) 6587 (85)
Death, yes 1117 (13.5) 19 (3.5) 1098 (14.2) <0.0001
Death, no 7169 (86.5) 522 (96.5) 6647 (85.8)

CClI, Charlson Comorbidity Index
COPD, chronic obstructive pulmonary disease
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Table 2 Univariate analysis of baseline risk factors for invasive mechanical ventilation and death in COVID-19 obese patients
No. (%) of patients
Characteristic Invasive mechanical No invasive mechanical p value Deathn=1117 Alive n=7169 p value
ventilation n=1196 ventilation n=7090
Age, mean (SD), y 61.8 (9.9) 58.7 (13.0) <0.0001 66.6 (7.7) 57.9 (12.8) <0.0001
15-30 6 (0.5) 245 (3.5) <0.0001 3(0.3) 248 (3.5) <0.0001
31-45 79 (6.6) 978 (13.8) <0.0001 19 (1.7) 1038 (14.5) <0.0001
46-60 367 (30.7) 2103 (29.7) 4738 161 (14.4) 2309 (32.2) <0.0001
60-75 744 (62.2) 3764 (53.1) <0.0001 934 (83.6) 3574 (49.9) <0.0001
Sex, M 793 (66.3) 3503 (49.4) <0.0001 737 (66) 3559 (49.6) <0.0001
Sex, F 403 (33.7) 3587 (50.6) 380 (34) 3610 (50.4)
BMI (n=7208) 0.092 0.98
30-39.9 842 (80.3) 4827 (78.4) 780 (78.9) 4889 (78.6)
40-50 186 (17.7) 1137 (18.5) 180 (18.2) 1143 (18.4)
>50 21 (2.0) 195 (3.1) 29 (2.9) 187 (3.0)
CCI 3.66 (2.37) 3.06 (2.6) <0.0001 5.13 (2.92) 2.84 (2.38) <0.0001
COPD, yes 94 (7.9) 489 (6.9) 2286 112 (10) 471 (6.6) <0.0001
COPD, no 1102 (92.1) 6601 (93.1) 1005 (90) 6698 (93.4)
Cardiac failure, yes 113 (9.5) 456 (6.4) .0001 144 (12.9) 425 (5.9) <0.0001
Cardiac failure, no 1083 (90.6) 6634 (93.6) 973 (87.1) 6744 (94.1)
Cancer, yes 73 (6.1) 535 (7.6) <0.0001 197 (17.6) 411 (5.7) <0.0001
Cancer, no 1123 (93.9) 6555 (92.5) 920 (82.4) 6758 (94.3)
Diabetes, yes 545 (45.6) 2372 (33.5) <0.0001 531 (47.5) 2386 (33.3) <0.0001
Diabetes, no 651 (56.3) 4718 (66.5) 586 (52.5) 4783 (66.7)
Hypertension, yes 718 (60) 2613 (36.9) <0.0001 541 (48.4) 2790 (38.9) <0.0001
Hypertension, no 478 (40) 4477 (63.2) 576 (51.6) 4379 (61.1)
Bariatric Surgery, yes 38(3.2) 503 (7.1) <0.0001 19 (1.7) 522 (7.3) <0.0001
Bariatric Surgery, no 1158 (96.8) 6587 (92.9) 1098 (98.3) 6647 (92.7)

COPD, chronic obstructive pulmonary disease
CCl, Charlson Comorbidity Index

The analysis of preoperative factors influencing the need
for mechanical ventilation (Tables 3 and 4) and mortality
(Tables 5 and 6) was investigated in the multivariable analysis
with or without BMI and the protective effect of BS was
confirmed in both cases. The logistic regression (including
sex, hypertension, age range, diabetes, cardiac failure, and

Table 3  Multivariate analysis of baseline risk factors for invasive
mechanical ventilation. Model including the whole population

BS) showed that the risk of invasive mechanical ventilation
increased with age, being higher in the age class 61-75 years
(OR 1.59; 95% CI 1.20-2.10; p <0.0001), in male sex (OR
1.76; 95% CI 1.54-2.00; p <0.0001), and in those with hy-
pertension (OR 2.25;95% CI 1.97-2.56; p < 0.0001), whereas

Table 4 Multivariate analysis of baseline risk factors for invasive
mechanical ventilation. Model including the 7208 patients whose
baseline BMI class was available

Characteristic OR 95% CI p value Characteristic OR 95% CI p Value
Age, mean (SD), year <0.0001 Age, mean (SD), year 0.00042

15-30 Reference 15-30 Reference

31-45 1.17 1.06-1.28 31-45 1.18 1.08-1.30

46-60 1.36 1.13-1.64 46-60 1.40 1.16-1.69

60-75 1.59 1.20-2.10 60-75 1.65 1.25-2.19
Sex, M 1.76 1.54-2.00 <0.0001 Sex, M 1.77 1.55-2.02 <0.0001
Hypertension 225 1.97-2.56 <0.0001 Hypertension 225 1.97-2.56 <.0001
Bariatric surgery 0.67 0.48-0.95 0.025 Bariatric surgery 0.67 0.47-0.94 0.020
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Table 5 Multivariate analysis of baseline risk factors for death. Model
including the whole population
Death
Characteristic OR 95% C1 p value
Age, mean (SD), year <0.0001

15-30 Reference

31-45 3.10 2.69-3.58

46-60 9.63 7.25-12.79

60-75 29.87 19.52-45.73
Sex, M 1.48 1.28-1.69 <0.0001
Cardiac failure 1.53 1.24-1.89 <0.0001
Cancer 2.81 2.32-341 <0.0001
Diabetes 1.33 1.16-1.52 <0.0001
Bariatric surgery 0.50 0.31-0.80 0.0039

BS showed an independent protective effect (OR 0.67; 95%
C10.48-0.95; p<0.025).

Concerning the risk of death, logistic regression (including
sex, hypertension, classes of age, diabetes, cardiac failure,
cancer, COPD, and BS) showed that older age was strongly
associated with COVID-19-related death with an OR 0f29.87
(95% CI 19.52-45.73) in the age range 61-75 years
(p<0.0001). The risk of mortality was also independently
associated with male sex (OR 1.48; 95% CI 1.28-1.69),
known history of heart failure (OR 1.53; 95% CI 1.24-1.89;
p<0.0001), cancer (OR 2.81; 95% C12.32-3.41; p < 0.0001),
and diabetes (OR 1.33;95% CI1.16-1.52; p < 0.0001) where-
as BS showed a protective effect (OR 0.450; 95% CI 0.31-

Table 6 Multivariate analysis of baseline risk factors for death. Model
including the 7208 patients for whom the baseline BMI class was
available

Characteristic OR 95% CI p Value
Age, mean (SD), year <0.0001

15-30 Reference

31-45 3.12 2.70-3.59

46-60 9.71 7.31-12.90

60-75 30.25 19.76-46.33
Sex, M 1.52 1.32-1.75 <0.0001
Cardiac failure 1.52 1.23-1.87 <0.0001
Cancer 2.83 2.33-3.42 <0.0001
Diabetes 1.32 1.15-1.51 <0.0001
Bariatric surgery 0.44 0.27-0.71 0.00086
BMI 0.0018

30-39.9 Reference

40-50 1.26 1.09-1.46

>50 1.59 1.19-2.12

@ Springer

0.80; p =0.0039). When BMI classes were included in specif-
ic models for the 7208 individuals for whom information was
available, increasing BMI was significantly associated with
the risk of death (BMI class 40-50, OR 1.26; 95% CI 1.09—
1.46; BMI class > 50 (OR 1.59; 95% CI 1.19-2.12).

Two random exact matching tests considering 243 subjects
in the BS group indicate that BS was still associated with a
protective effect against the risk of mechanical ventilation and
death (Table 7).

Discussion

In this French medico-administrative nationwide study, the
history of BS was independently associated with a significant
reduction in the risk of mortality in obese individuals devel-
oping COVID-19 (OR 0.50; 95% CI 0.31-0.80; p < 0.0039).
BS was also independently associated with a reduced risk of
invasive mechanical ventilation (OR 0.67; 95% CI 0.48-0.95;
p=0.025). Ventilation was required by 15% of the BS group
compared with 7% of the non-BS group (p < 0.0001).

As the epidemic spreads around the world, scientists have
raced to identify risk factors for severe forms of COVID-19
and death because the outbreak has challenged the health care
systems of all countries affected by the epidemic. Individuals
atrisk have more chances not only to become infected but also
to develop severe forms of the disease including the need for
mechanical ventilation and death. Given the shortage of re-
sources, governments must warn more vulnerable individuals
to be stringent in respecting social distancing measures [26].
For these reasons, high-quality data on all potential risk factors
are needed to identify vulnerable individuals and help govern-
ments to draw reliable guidance to minimize social and eco-
nomic disruption linked to restriction measures [27].

In initial studies, older age, male sex, hypertension, diabe-
tes, cardiovascular disease, and malignancy have been report-
ed as risk factors for severe COVID-19 and death [11-13],
while no emphasis was put on increased BMI as a risk factor
[28-30].

A French study then showed that disease severity increases
with BMI and that the need for invasive mechanical ventila-
tion is associated with severe obesity (BMI > 35) regardless of
age, sex, diabetes, and hypertension [4]. These data were con-
firmed in another French study reporting that obese individ-
uals had higher odds of developing severe COVID-19 than
individuals without obesity (adjusted ORs ranged between
1.80 and 2.03) [31]. Awareness of obesity as a main risk factor
for severe COVID-19 outcome led the French Ministry of
Solidarity and Health to produce a “care sheet for those in a
situation of obesity during the COVID-19 epidemic” and gen-
eral practitioners were authorized to provide work stoppages
for obese individuals [32].
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Table 7  Univariate analysis of invasive mechanical ventilation and death for two random matched BS and NBS groups
Characteristics NBS BS P NBS BS P
N of patients N of patients
1st random matched group
Invasive mechanical ventilation, no 207 227 434 <0.05 Death, no 225 237 462 <0.05
Invasive mechanical ventilation, yes 36 16 52 Death, yes 18 6 24
N of patients 243 243 486 N of patients 243 243 486
2nd random matched group
Invasive mechanical ventilation, no 207 227 434 <0.05 Death, no 225 237 462 <0.05
Invasive mechanical ventilation, yes 36 16 52 Death, yes 18 6 24
N of patients 243 243 486 N of patients 243 243 486

NBS, no bariatric surgery; BS, bariatric surgery

BS has developed widely in the last two decades in concom-
itance with the sharp increase in the prevalence of obesity world-
wide [33]. There is a large body of evidence demonstrating that
BS is effective in achieving a sustained weight loss, maintained
in the long term [17]. BS-induced weight loss is also effective in
reversing the metabolic comorbidities linked to obesity, such as
diabetes, which stands among the most common risk factors for
a severe outcome in COVID-19, as discussed above [19, 34].
For these reasons, we made the hypothesis that a history of BS
could have a protective effect against mortality and the need for
invasive mechanical ventilation in obese individuals.
Interestingly, this study confirmed the findings of previous stud-
ies indicating that older age, male sex, malignancy, heart failure,
and diabetes are independent risk factors for increased mortality,
while hypertension was no longer significantly associated with
mortality in multivariable analysis.

Other mechanisms that may account for the protective ef-
fect of BS include the improvement of respiratory function
that occurs with the loss of weight. Finally, the reversal of
low-grade systemic inflammation linked to obesity due to
BS-induced loss of weight may also play an important role
in reducing the risk of severe COVID-19 [35]. All these fac-
tors may account for the significantly lower mortality and
need for invasive mechanical ventilation in obese individuals
with a history of BS compared to those with no history of BS.

The present study carries some weaknesses linked to the
retrospective study design, the potentially missing data on
COVID-19 code, which has been created ad hoc at the begin-
ning of the epidemic, and the lack of information on BMI for
12.7% (1048 out of 8256) of the individuals included.
Furthermore, the BS group included more women and youn-
ger individuals with a lower CCI score than the non-BS con-
trol group. However, while half of the individuals in the BS
group were in the 40—50 BMI class, less than one in six in the
non-BS group were in this class. Indeed, despite of differences
in the characteristics of the BS and non-BS groups, the inde-
pendent protective effects of BS on respiratory failure and
death are clearly shown by multivariable analysis when the

different classes of BMI were included in the analysis. These
results were confirmed by the random generated exact
matching analysis by sex, age, BMI, and CCI that was done
to neutralize any bias linked to the baseline characteristics of
patients.

The PMSI database has been largely used in the past for
epidemiological studies and stands among the largest health
databases in the world. Finally, our analysis confirmed data
reported in previous studies on risk factors for COVID-19-
related death suggesting the reliability of our findings.

Conclusion

Despite its retrospective design, this study is the first to report
the protective effect of BS against the severity of COVID-19.
This finding provides interesting information from an epide-
miologic point of view and provides insights into the patho-
physiology of COVID-19, especially in cases of severe pre-
sentations. To conclude, finding protective factors against
COVID-19 could help in narrowing the population at risk.
In doing so, preventative measures such as social distancing
or serological screening could be targeted with more
precision.
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Appendix
Table 8 ICD-10 coding algorithms for Charlson comorbidities
ICD-10 coding algorithms for Charlson CIM10 codel
comorbidities
Myocardial infarction 121.%; 122.%; 125.2 121.*
Congestive heart failure 109.9; 111.0; 113.0; 113.2; 125.5; 142.0; 142.5-142.9; 143 .*; 150.*; P29.0 109.9
Peripheral vascular disease 170.%; 171.%; 173.1; 173.8; 173.9; 177.1; 179.0; 179.2; K55.1; K55.8; K55.9; 795.8;  170.*
795.9
Cerebrovascular disease G45.%; G46.*; H34.0; 160.#-169.* G45.*
Dementia F00.*-F03.*; F05.1; G30.*; G31.1 F00.*~F03.*
Chronic pulmonary disease 127.8; 127.9; J40.%-J47 *; J60.*-J67.*; J68.4; J70.1; J70.3 127.8
Rheumatic disease MO5.%; M06.*; M31.5; M32.%-M34.%; M35.1; M35.3; M36.0 MO5.*
Peptic ulcer disease K25.#-K28.* K25.*-K28.*
Mild liver disease B18.#; K70.0-K70.3; K70.9; K71.3-K71.5; K71.7; K73.*; K74.*; K76.0; B18.*
K76.2-K76.4; K76.8; K76.9; Z94.4
Diabetes without chronic complication E10.0; E10.1; E10.6; E10.8; E10.9; E11.0; E11.1; E11.6; E11.8; E11.9; E12.0; E10.0
El12.1; E12.6; E12.8; E12.9; E13.0; E13.1; E13.6; E13.8; E13.9; E14.0; E14.1;
El4.6; E14.8; E14.9
Diabetes with chronic complication E10.2-E10.5; E10.7; E11.2-E11.5; E11.7; E12.2-E12.5; E12.7; E13.2—, E13.5; E10.2-E10.5
E13.7; E14.2-E14.5; E14.7
Hemiplegia or paraplegia G04.1; G11.4; G80.1; G80.2; G81.*; G82.*; G83.0-G83.4; G83.9 G04.1
Renal disease 112.0; 113.1; N03.2-N03.7; N05.2—; N05.7; N18.*; N19.*; N25.0; Z49.0—; Z49.2; 112.0
794.0; 299.2
Any malignancy, including lymphoma and C00.#-C26.%; C30.*—C34.%; C37.%—, C41.*; C43.*; C45.%-C58.%; C60.*—; C76.*; C00.%*—C26.*
leukemia, except malignant neoplasm of skin C81.#%~C85.%*; C88.*; C90.*~C97.*
Moderate or severe liver disease 185.0; 185.9; 186.4; 198.2; K70.4; K71.1; K72.1; K72.9; K76.5; K76.6; K76.7 185.0
Metastatic solid tumor C77.#-C80.* C77.#-C80.*
AIDS/HIV B20.#-B22.*; B24.* B20.#-B22.*
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