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Abstract
Introduction Obesity worsens clinical outcomes of coronavirus disease 2019 (COVID-19). The aim of this study was to measure
the association between history of bariatric surgery and the severity of COVID-19.
Methods Data source included PubMed/MEDLINE, Scopus, Google Scholar, and pre-print servers between January and
November 1, 2020. Literature was screened and selected to extract the relevant data. The two outcomes of this meta-analysis
were the difference in mortality and hospitalization rates in patients with SARS-CoV-2 infection with and without history of
bariatric surgery. Random-effect models were used to estimate the pooled effects.
Results The systematic review yielded 3 retrospective studies on 9022 patients. The risk ofmortality without previous bariatric surgery
was 133 per 1000 cases and its risk with previous bariatric surgery was 33 per 1000 (summary OR 0.22, 95% CI 0.19–0.26). No
heterogeneity was observed between the included studies (I2 = 0%, P= 0.98 for heterogeneity). In the pooled analysis, the hospital-
ization rate in patients without previous bariatric surgery was 412 per 1000 cases and its rate in patients with previous bariatric surgery
was 164 per 1000 (summaryOR 0.28, 95%CI 0.12–0.65). No heterogeneity was observed between the included studies (I2 = 0%,P =
0.71 for heterogeneity). There was a substantial risk of bias across the studies for confounding and selection bias.
Conclusion Findings of this meta-analysis of observational studies suggest that prior bariatric surgery is associated with a lower
rate of mortality and hospital admission in patients with obesity who become infected with SARS-CoV-2. Confirmation of these
findings will require larger studies with better quality data.
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Introduction

There is a large body of evidence indicating obesity, diabetes,
hypertension, and related cardiovascular conditions worsen
the clinical outcomes of coronavirus disease 2019 (COVID-
19) including a higher rate of hospitalization, need for me-
chanical ventilation, and mortality [1–3]. There are several
physiological explanations for poor clinical outcomes of

severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection in patients with severe obesity. Obesity is
a pro-coagulant and pro-inflammatory state which may in-
crease the risk of thrombosis and exaggerated cytokines and
oxidative stress response in the appropriate setting.
Furthermore, obesity and diabetes can impair the innate and
adaptive immune response to infections. Many patients with
obesity and metabolic disease suffer from different cardiovas-
cular, pulmonary, renal, and liver diseases that can worsen the
clinical outcomes of COVID-19. In addition, mechanical ef-
fects of excess fat on the function of the chest wall, diaphragm,
and lung may contribute to the severity of clinical status of
patients with obesity after developing COVID-19 pneumonia
[1–8].

Bariatric and metabolic surgery, by providing substantial
and sustained weight loss in most patients, has been shown to
reverse the negative mechanical and physiological impacts of
obesity on almost all body systems and is associated with
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improved survival and quality of life in patients with severe
obesity [9–13].

Studies are emerging in the medical literature suggesting
that a history of previous bariatric surgery may be protective
against severe form of SARS-CoV-2 infection since patients’
health status significantly improves following bariatric sur-
gery [3, 14]. The aim of this systematic review and meta-
analysis is to present available evidence on the effects of bar-
iatric surgery on the severity of SARS-CoV-2 infection in
patients with severe obesity and to estimate the association
between history of bariatric surgery and the severity of
COVID-19.

Methods

This systematic review was conducted in accordance with the
Cochrane Handbook for Systematic Review of Interventions
and The Preferred Reporting Items for Systematic Reviews
and Meta-Analyses [15, 16].

Search Strategy

An electronic search was conducted in PubMed/MEDLINE,
Scopus,GoogleScholar,andpre-printservers includingAAS
Open Res, arXiv, bioRxiv, medRxiv, OSF Preprints,
ChemRxiv, F1000Res, Gates Open Res, HRB Open Res,
MNI Open Res, PeerJ Preprints, Preprints.org, Research
Square, andWellcomeOpen Res on November 1, 2020. The
following search terms were used: (“COVID” OR “SARS-
CoV-2” OR “coronavirus”) AND (“bariatric” OR “RYGB”
OR “gastric bypass”OR “sleeve”). Titles and abstracts of the
yielded studies were screened for relevancy. The full texts of
therelevantpaperswereaccessedforeligibility.Furthermore,
the reference lists of the eligible papers were reviewed
manually for additional citations.

Data Extraction and Risk of Bias Assessment

Data on the variables of interest were extracted from all
primary and secondary sources into the customized study
spreadsheet for future analysis. Corresponding authors of
included studies were contacted to obtain additional data
and clarify any questions about their study’s methods if
needed.

For each study, the risk of bias (critical, serious, moderate,
or low risk of bias) was assessed on 7 domains using the
ROBINS-I tool (Risk Of Bias In Non-randomized Studies—
of interventions) [17, 18].Within each domain, the risk of bias
was independently assessed by the 2 authors.

Outcome Measures

The primary outcome of this meta-analysis was the difference
in mortality rate in patients with SARS-CoV-2 infection with
and without prior history of bariatric surgery. The secondary
outcome was the difference in hospitalization rate in patients
with SARS-CoV-2 infection with and without prior history of
bariatric surgery.

Statistical Analysis

The pooled effect for mortality outcome was calculated based
on raw numbers and the pooled effect for hospital admission
was calculated based on the effect size from multivariate re-
gressions. Forrest plots were generated and presented as the
pooled effect results. Random-effect models were used to es-
timate the pooled effect with the Mantel-Haenszel method.
The association between history of bariatric surgery and the
study outcomes was quantified using the odds ratio (OR) and
95% confidence intervals (CIs). Statistical significance for the
meta-analysis was set at P < 0.05.

Heterogeneity among study results was assessed using the
I2 statistic, which is the percentage of variability in the effect
sizes which is not caused by sampling error; small I2 statistics
means low heterogeneity. Tau square statistics was also cal-
culated, which is the inter-study variance in the meta-analysis,
estimated from the random-effect model by using the Sidik-
Jonkman method.

The summary of evidence table was created by using
GRADEPro to assess the certainty of the evidence that bariat-
ric surgery would be associated with a lower risk of mortality
and hospitalization in patients with COVID-19 [19].

Results

Our literature review yielded 3 retrospective studies [3, 20, 21]
on 9022 unique patients including 590 patients who had a
history of prior bariatric surgery (Fig. 1, Table 1).

Cleveland Clinic Study

Among 4365 patients who tested positive for SARS-CoV-2
between March 8, 2020, and July 22, 2020, in the Cleveland
Clinic Health System, 33 patients were identified who had a
prior history of bariatric surgery. The surgical patients were
propensity matched 1:10 to nonsurgical patients to assemble a
cohort of control patients (n = 330) with a body mass index
(BMI) ≥ 40 kg/m2 at the time of SARS-CoV-2 testing. The
primary endpoint was the rate of hospital admission. In the
univariate analysis, 6 (18.2%) patients in the bariatric surgery
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group and 139 (42.1%) patients in the control group were
admitted to the hospital (P = 0.013). In the multivariate anal-
ysis, prior history of bariatric surgery was associated with a
lower hospital admission rate compared with control patients
with obesity (OR 0.31 [95% CI 0.11–0.88], P = 0.028). While
none of the 4 exploratory outcomes occurred in the bariatric
surgery group, 43 (13.0%) patients in the control group re-
quired ICU admission (P = 0.021), 22 (6.7%) required me-
chanical ventilation, 5 (1.5%) required dialysis, and 8 (2.4%)
patients died [3].

In the surgical group, the median interval between the bar-
iatric surgery and the positive viral test was 46 months (inter-
quartile range, 29–85). Body mass index of patients decreased
from 49.1 ± 8.8 kg/m2 at the time of bariatric surgery to 37.2
± 7.1 kg/m2 at the time of SARS-CoV-2 test (paired difference
of 12.6 kg/m2, P < 0.001). Nine (27.3%) patients had type 2
diabetes at the time of bariatric surgery including 4 patients on
insulin therapy. At the time of the SARS-CoV-2-positive test,
diabetes was in remission in 7 patients. Similarly, of the 21
(63.6%) patients who had hypertension at the time of bariatric
surgery, 9 patients were not on antihypertensive medications
at the time of a positive viral test. In patients with a history of
hypertension, the median number of antihypertensive medica-
tions decreased from 2 at the time of bariatric surgery to 1 at
the time of positive viral test (P = 0.001) [3].

University of Minnesota Study

This retrospective analysis of electronicmedical record data of
patients with a positive SARS-CoV-2 test from March 1,
2020, to August 25, 2020, showed that a history of nonalco-
holic fatty liver disease (NAFLD) was associated with in-
creased odds of hospital admission after SARS-CoV-2 infec-
tion. Among 373 patients with NAFLD, a subgroup of pa-
tients who had undergone bariatric surgery (n = 16) had sig-
nificantly decreased odds of hospitalization (OR 0.22 [95%CI
0.05–0.98], P < 0.05) [20].

Study from France

This is a retrospective population-based study based on ad-
ministrative data of all inpatient cases identified by the French
National Health Insurance database. In total, 8286 patients
with a diagnosis of obesity were admitted for SARS-CoV-2
infection between January 1, 2020, and May 15, 2020. In
total, 541 had a history of bariatric surgery between 2010
and 2019. The need for an invasive mechanical ventilation
and death occurred in 7% and 3.5% in the bariatric surgery
group versus 15% and 14.2% in the non-bariatric surgery
group, respectively (both P < 0.0001). The logistic regression
analysis showed that prior bariatric surgery was associated
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with a lower risk of invasive mechanical ventilation (OR 0.67
[95% CI 0.48–0.95], P = 0.025) and mortality (OR 0.50 [95%
CI 0.31–0.80], P = 0.004) [21].

Mortality Outcome

All 3 studies reported the mortality outcome [3, 20, 21]. The
risk of mortality without previous bariatric surgery was 133
per 1000 cases and its risk with previous bariatric surgery was
33 per 1000 (summary OR 0.22, 95% CI 0.19–0.26, based on
the random-effects meta-analysis). No heterogeneity was ob-
served between the included studies (I2 = 0%, P = 0.98 for
heterogeneity) (Fig. 2, Table 2).

Hospital Admission Outcome

The Cleveland Clinic [3] and the University ofMinnesota [20]
studies independently reported a lower risk of hospitalization
in patients with prior bariatric surgery after contracting SARS-
CoV-2 infection. In the pooled analysis, the hospitalization
rate in patients without previous bariatric surgery was 412
per 1000 cases and its rate in patients with previous bariatric
surgery was 164 per 1000 (summary OR 0.28, 95% CI 0.12–
0.65, based on the random-effects meta-analysis). No hetero-
geneity was observed between the included studies (I2 = 0%,
P = 0.71 for heterogeneity) (Fig. 3, Table 2).

Quality Assessment of Included Studies

The quality of the included studies was examined using the
domain-based risk of bias assessment tool. There was a sub-
stantial risk of bias across the studies for confounding and
selection bias (Fig. 4).

Discussion

The findings of this systematic review and meta-analysis of 3
observational studies on 9022 patients (including 590 patients
who had history of prior bariatric surgery) indicate that history
of bariatric surgery is associated with lower rates of hospital-
ization and mortality in patients with obesity after contracting
SARS-CoV-2 infection.

A large meta-analysis of 75 studies has shown that obesity
is a major risk factor for both contracting the SARS-CoV-2
infection and having poor clinical outcomes. Specifically, in
the pooled analysis, obesity is associated with 46% greater
risk of testing positive for SARS-CoV-2, 113% greater risk
of hospitalization, 74% greater risk of being placed in the ICU,
66% greater risk of the need for invasive mechanical ventila-
tion, and more importantly 48% greater risk of mortality in
patients with COVID-19 [1]. The current meta-analysis sug-
gests that prior history of bariatric surgery may mitigate theTa
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expected severity of COVID-19 in patients with obesity. In
patients who had prior bariatric surgery, the odds of hospital-
ization was 72% lower than that in the control group (41% vs
16% favoring bariatric surgery group). Furthermore, the odds
of mortality after contracting SARS-CoV-2 infection was
78% lower compared with that in the control group (13% vs
3% favoring bariatric surgery group).

Bariatric surgery leads to substantial and sustained
weight loss and improves the metabolic profile of pa-
tients including hyperglycemia, hypertension, and dyslip-
idemia. Risk of cardiovascular disease, chronic kidney
disease, fatty liver disease, and a certain type of cancer
decreases after surgery. Eventually, bariatric surgery im-
proves the quality of life and is associated with survival
benefits in patients with severe obesity [9–13].

Furthermore, it has been shown that surgically induced
weight loss can positively affect the immune system,
level of cytokines, and inflammatory markers [22, 23].
Findings of the current study suggest that patients with
obesity and metabolic disease become healthier follow-
ing bariatric surgery and may be able to fight better with
SARS-CoV-2 infection. If these findings are confirmed
in future mechanistic and clinic studies, improved clini-
cal outcomes of COVID-19 can be added to the long list
of health benefits of bariatric surgery [3].

This study is the first meta-analysis reporting the possible
protective effects of bariatric surgery in patients with COVID-
19 infection. Since this study was conducted based on the data
originated from the early phase of the COVID-19 pandemic,
there are several limitations. Due to the small number of

Fig. 3 Meta-analysis of association between history of prior bariatric
surgery with hospitalization in patients with COVID-19. Data are
presented as the odds ratios and 95% confidence interval (error bars).

The area of the shaded squares is proportional to the study weight and
the shaded diamonds represent pooled odds ratios and 95% confidence
intervals

Fig. 2 Meta-analysis of association between history of prior bariatric
surgery with mortality in patients with COVID-19. Data are presented
as the odds ratios and 95% confidence interval (error bars). The area of

the shaded squares is proportional to the study weight and the shaded
diamonds represent pooled odds ratios and 95% confidence intervals

Fig. 4 Risk of bias in 7 domains
for 3 included studies based on
the ROBINS-I tool
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studies and lack of high-quality data, any strong conclusion on
the protective effects of bariatric surgery after contracting
SARS-CoV-2 infection in patients with obesity seems prema-
ture. At the time of conducting this meta-analysis, the study
from the University of Minnesota [20] was available in pre-
print version and its peer-review process had not been com-
pleted yet. Although the amount of heterogeneity across the 3
studies was small, there was a substantial risk of bias in quality
metrics including the risk of confounding and selection bias
across the included studies. Furthermore, there is always a risk
of selective reporting or of publication bias in these types of
studies. The definitions and reporting of other outcomes indi-
cating the severity of COVID-19 such as the need for supple-
mental oxygen or mechanical ventilation were not consistent
across the studies and therefore, a meta-analysis for these end-
points was not conducted. In the analysis of mortality out-
come, the study from France contributed to 98.9% of the
weight, although there was zero inconsistency between the
effects of prior bariatric surgery on mortality estimated by
the included studies. Considering these limitations, the find-
ings of this meta-analysis should be interpreted with caution
and considered hypothesis-generating.

In conclusion, the findings of this meta-analysis of obser-
vational studies suggest that prior bariatric surgery is associ-
ated with a lower rate of mortality and hospital admission in
patients with obesity who become infected with SARS-CoV-
2. Confirmation of these findings will require larger studies
with better quality data.
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