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Abstract

Purpose Through sustained weight loss and improvement in metabolic co-morbidities, bariatric surgery is hypothesized to
reduce the risk of severe COVID-19. Small studies have suggested favorable outcomes; however, large population-based
studies are lacking.

Materials and Methods We conducted a retrospective cohort study utilizing the multi-institutional research network TriNeTx
platform. Participants diagnosed with COVID-19 were identified and divided into cohorts based on prior bariatric surgery
(BS). Primary study outcome was a composite event of death or requirement for mechanical ventilation up to 30-day fol-
lowing the diagnosis of COVID-19. Other outcomes included death, hospitalization, critical care need, and acute kidney
injury in the 30-day follow-up period. Outcomes were compared in BS and non-BS cohorts after propensity score matching.
Results There were significant differences in patient demographics and co-morbidities between the BS and non-BS groups.
In the propensity score-matched analysis, there was a lower risk of reaching the primary endpoint of mechanical ventilation
or mortality at 30 days after COVID-19 diagnosis in the BS cohort compared to the non-BS cohort (risk ratio (RR) 0.40,
95% CI 0.25-0.65). Mortality rate was lower in the BS cohort (RR 0.42, 95% CI 0.22-0.80), and patients in the BS group
were less likely to require critical care (RR 0.54, 95% CI 0.38-0.77), mechanical ventilation (RR 0.43, 95% CI 0.24-0.78)
or develop acute kidney injury (RR 0.57, 95% CI 0.43-0.76) after COVID-19 diagnosis.

Conclusion Prior bariatric surgery is associated with a reduced risk of poor outcomes of COVID-19. Furthermore, large
prospective studies are needed.
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Introduction

SARS-CoV-2-related COVID-19 pandemic has emerged
as a major global health crisis. Co-morbid illnesses includ-
ing heart disease, chronic lung disease, diabetes mellitus,
hypertension, and increasing age have been identified as
main risk factors for severe clinical course of this illness
[1]. Previous data has also pointed towards an increased risk
of worse outcomes with COVID-19 in patients with obe-

Key Points:

e Lower mechanical ventilation rate and mortality were seen
after COVID-19 diagnosis in patients with prior bariatric surgery
compared to patients without a history of bariatric surgery.

e Overall, good outcomes of COVID-19 disease in patients with a
history of bariatric surgery were observed.

e No differences in outcomes of COVID-19 were noted between
patients with prior RYGB and sleeve gastrectomy.
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sity. The Lille Intensive Care COVID-19 and obesity study
group reported an increased risk of mechanical ventilation in
patients with high BMI [2]. More than three-fold higher risk
of critical care need was noted in young patients with body
mass index > 35 kg/m? admitted with COVID 19 in a report
from New York City [3]. Several studies have established
obesity as an independent risk factor for severe COVID-19
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disease course [4, 5]. Obesity may increase the risk of severe
disease both by its associated metabolic and cardiovascular
diseases, and by alterations in respiratory mechanics, and
increase in risk of thrombotic phenomenon. Furthermore,
increased secretion of cytokines in excess adipose tissue
and persistent low-grade inflammation associated with obe-
sity may contribute to immune dysfunction in the setting of
COVID-19 disease [6].

Bariatric surgery is commonly performed for treatment of
obesity, with Roux-en-Y gastric bypass (RYGB) and sleeve
gastrectomy (SG) being the most frequently performed bari-
atric procedures in the Western world [7]. Through sustained
weight loss and improvement in metabolic co-morbidities, a
history of bariatric surgery may be hypothesized to reduce the
risk of severe COVID-19 disease. Furthermore, the ACE-2
enzyme to which SARS-CoV-2 binds is expressed substan-
tially in the gastric mucosa [8], and thus bypass or exclusion of
stomach can be speculated to alter the course of COVID-19 in
a mechanism independent of obesity. A substantial number of
individuals have a history of these bariatric procedures; how-
ever, the outcomes of COVID-19 disease in this population
have not been sufficiently explored. Some preliminary data
point towards favorable outcomes of COVID-19 in patients
with bariatric surgeries, however, due to small sample size
and lack of robust control, definitive conclusions cannot be
drawn [9, 10]. Therefore, we conducted a propensity-matched
analysis of a large multi-institutional research network to study
the outcomes of COVID-19 disease in patients with a history
of bariatric surgery.

Methods
Study Design and Description of Data Source

We conducted a retrospective cohort study utilizing the
multi-institutional research network TriNetX (Cam-
bridge, MA, USA) platform. TriNetX is a federated
multi-institutional research network including more
than 45 Health Care Organizations (HCOs) in the USA
that provides real-time access to healthcare records of
more than 40 million patients from the included HCOs.
The included data is directly retrieved and aggregated
from the electronic health record systems (EHRs) of par-
ticipating organizations in real-time. The organizations
included in the TriNetX network are mostly large aca-
demic centers operating both tertiary care and satellite
outpatient office locations.

Clinical variables (referred to as “facts” on the net-
work) are derived directly through EHRs. Robust qual-
ity assurance on the network is achieved at the time of
extraction before inclusion. The platform only provides
aggregate patient counts and statistical summaries to
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ensure de-identification at all levels of retrieval and dis-
semination of patient data. TriNetX has received a waiver
from Western IRB as a federated research network as the
platform only provides de-identified information. Details
of TriNetX network can be found at https://trinetx.com/#
covid and are described in previous studies [11, 12].

Study Participants

Patients over 16 years of age diagnosed with COVID-19
were identified using search methodology based on CDC
and TriNetX COVID-19 coding guidance. International
Classification of Diseases, Ninth Revision and tenth Revi-
sion, Clinical Modification (ICD-10-CM) codes and Logi-
cal Observation Identifiers Names and Codes (LOINC)
codes for positive laboratory tests were used. This search
strategy was previously used in published data from the
TriNetX [11, 12]. These codes are detailed in Supplemen-
tary Table 1. Patients diagnosed with COVID-19 were
stratified into two cohorts.

a. Participants with a history of bariatric surgery at least
two weeks before the diagnosis of COVID-19 were iden-
tified and included in the bariatric surgery (BS) group.
Bariatric procedures included gastric bypass, sleeve gas-
trectomy, and laparoscopic gastric band placement.

b. Patients with no history of bariatric procedures who
were diagnosed with COVID-19 were identified and
included in non-bariatric surgery control (non-BS)

group.

Selection methodology is detailed in the supplementary file.

Study Duration

A real-time search and retrospective analysis was conducted
on the TriNetX platform. Diagnosis of COVID-19 between
January 20, 2020 and April 30, 2021 was required for inclu-
sion in the study cohort. January 20, 2020 was chosen as it
was the date of diagnosis of the first case of SARS-CoV-2
infection in the USA. April 30, 2021 was selected to ensure
at least 90 days of follow-up for all included patients.

Study Definitions and Outcomes

Index event was defined as date of first positive SARS-
CoV-2 test or COVID-19 diagnosis. Study outcomes were
assessed at 30 days from index event and included the day of
index event. Baseline characteristics for patients were con-
sidered until the day of COVID-19 diagnosis or first positive
SARS-CoV-2 test result.
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Primary study outcome was a composite of death or
requirement for mechanical ventilation at 30-day from the
index event. Other outcomes included mortality, hospitaliza-
tion, critical care need, and acute kidney injury in the 30-day
follow-up period. Composite outcome and mortality were
also estimated at a 90-day follow-up period.

Statistical Analysis

TriNetX platform was used to conduct all analyses. For the
primary analysis, study outcomes were compared between
the BS and Non-BS cohorts. Chi-square tests and 7-tests
were used for univariate analysis. A 1:1 matching was per-
formed based on the propensity scores generated by using
greedy nearest neighbor algorithms utilizing a caliper width
of 0.1 pooled standard deviations (SD). TriNetX randomizes
the order of rows in order to eliminate bias resulting from
nearest neighbor algorithms. Propensity score matching
was performed with age, gender, race, body mass index
(BMI), diabetes, hypertension, chronic lung diseases, nico-
tine dependence, heart failure, and ischemic heart disease as
covariates. Balance on covariates was assessed using stand-
ardized mean difference, and absolute values > 0.1 were con-
sidered positive for residual imbalance. A two-sided alpha of
less than 0.05 was defined a priori for statistical significance.
Risk ratios with 95% confidence intervals were calculated
for all analyses. TriNetX obfuscates patient counts when
aggregate count < 10 to safeguard protected health informa-
tion. Survival analysis was performed by plotting Kaplan-
Maier curves with log rank tests to compare survival in the
BS and non-BS cohorts.

Matched and unmatched subgroup analysis was per-
formed to compare outcomes between RYGB and SG
groups. Matching was performed for the same covariates
mentioned above (age, race, gender, BMI, diabetes, hyper-
tension, chronic lung diseases, nicotine dependence, heart
failure, and ischemic heart disease).

Sensitivity Analysis

Sensitivity analysis was performed by comparing
outcomes between the BS cohort and the ‘bariatric
procedure qualifying’ cohort. Patients with no history
of bariatric surgery but with clinical attributes that
would qualify for these procedures were identified and
included in the ‘bariatric procedure qualifying’ group
(BMI > 40 or if they had BMI > 35 with the presence
of a co-morbid condition including hypertension, dia-
betes mellites type 2, hyperlipidemia, ischemic heart
disease or heart failure, or obstructive sleep apnea).
After unmatched crude analysis, two propensity score-
matched analyses were performed. Propensity score-
matched analysis was first performed by matching

propensity scores incorporating demographic vari-
ables and lower respiratory disease only, with no
matching performed for metabolic diseases and BMI,
to prevent bias resulting from inadvertent control of
effects of bariatric surgery. Subsequently, a matched
analysis was performed between these cohorts with
all the abovementioned covariates (age, race, gender,
BMI, diabetes, hypertension, chronic lung diseases,
nicotine dependence, heart failure, and ischemic heart
disease).

Results
Study Population

Of the patients who were identified to have COVID-19 by
inclusion criteria, 1940 patients had a history of bariatric
surgery and were included in the BS cohort. The 979,981
participants did not have a history of bariatric surgery and
were included in the control (non-BS) group. Of the bari-
atric surgery cohort, 887 and 952 patients were included
in the RYGB and SG groups, respectively, while the rest
of the patients had a history of gastric banding. A cohort
of 72,521 patients was identified with no history of bariat-
ric procedures who fulfilled criteria for “Bariatric surgery
qualifying” group.

Baseline Characteristics of Study Cohorts

At the time of COVID-19 diagnosis, mean age in the bariat-
ric surgery group was 48.13 years (SD 11.89 years). Among
the bariatric surgery cohort, a majority of participants were
female (82.32%). White race was most common (63.25%).
Geographically, in the BS cohort, 37% of patients were from
southern USA, 25% from the Northeast, while Midwest and
Western US contributed 30% and 7% patients, respectively.

There were significant differences in demographics and
co-morbidities between the BS and non-BS groups. Female
gender was more common in BS cohort compared to non-BS
cohort (p <0.01). BS patients had higher mean age, Cauca-
sian race, obesity, hypertension, diabetes, chronic kidney
disease, nicotine dependence, heart failure, chronic liver dis-
ease, and ischemic heart disease compared to non-BS cohort
at baseline (all p values <0.05) (Table 1).

After COVID-19 diagnosis, 22.27% of patients received
steroids in the BS group compared to 23.6% in the non-
BS group (RR 0.94, 95% CI 0.84-1.06). Two thousand and
two-hundred thirty patients (0.23%) in non-BS group had
received vaccination before COVID-19 diagnosis, while <10
(£0.51%) participants in the BS group were vaccinated
against COVID-19 at the time of COVID-19 diagnosis.
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Outcomes
COVID-19 Disease Outcomes in Bariatric Surgery Cohort

In the BS group, 193 (10.25%) patients required hospitaliza-
tion, and 15 patients (0.77%) required mechanical ventila-
tion in the 30-day follow-up period after COVID diagnosis.
Critical care services were required by 45 patients (2.32%)
in the 30-day follow-up period. Twenty-three (1.19%) and
26 (1.34%) patients in the BS group reached the primary
composite endpoint of death or mechanical ventilation in
the 30-day and 90-day follow-up, respectively.

Comparison with Non-bariatric Surgery Cohort

Crude unmatched analysis revealed a lower risk of reach-
ing primary composite endpoint of mechanical ventila-
tion or mortality at 30 days and 90 days after COVID-
19 diagnosis in the BS cohort compared to the non-BS
cohort. Lower risk of need for mechanical ventilation and
lower mortality was noted in the bariatric surgery cohort
(Table 2).

After propensity score matching, baseline clinical char-
acteristics in the two groups were similar, and no residual
imbalance was found (standard difference <0.1 for all

covariates). Baseline characteristics of the matched and
unmatched groups are shown in Table 1.

In the propensity score-matched analysis, there was lower
risk of reaching the primary endpoint of mechanical ventila-
tion or mortality at 30 days after COVID-19 diagnosis in the
BS cohort compared to the non-BS cohort (1.19% vs. 2.94%,
risk ratio 0.40, 95% CI 0.25-0.65). Lower risk of reaching
the primary composite endpoint of mechanical ventilation
or mortality at 90 days after COVID-19 diagnosis was also
noted in the BS cohort (1.34% vs 3.04%, risk ratio 0.44, 95%
CI 0.28- 0.70). Mortality rate was lower in the BS cohort,
and patients in the BS group were less likely to require criti-
cal care, mechanical ventilation, or develop acute kidney
injury after COVID-19 diagnosis (Table 2).

No difference was noted in laboratory values of C-reac-
tive protein, bilirubin, ALT, AST, ferritin, bilirubin, and
lactate dehydrogenase after COVID-19 diagnosis between
the study cohorts on both matched and unmatched analysis;
however, mean ferritin level was higher in the non-BS cohort
(Table 3).

Survival Analysis

Kaplan-Maier survival curves were plotted for mortality and
composite outcome (death or mechanical ventilation) for

Table 2 Outcomes in the two cohorts of COVID-19 patients with history of bariatric surgery and without bariatric surgery before and after pro-

pensity score matching

Before propensity score matching

Outcome Bariatric Percentage Non-bariatric Percentage Risk ratio 95% Cllower  95% CI upper

surgery group surgery group

(n=1940) (n=979,981)
Mortality within 30 days 13 0.67 17,388 1.77 0.38 0.22 0.65
Mortality within 90 days 17 0.88 21,684 221 0.39 0.25 0.64
Inpatient services 199 10.25 69,565 7.10 1.44 1.27 1.65
Critical care 45 2.32 24,307 2.48 0.94 0.7 1.25
Mechanical ventilation 15 0.77 14,080 1.44 0.54 0.33 0.89
30-day composite outcome 23 1.19 25,434 2.60 0.46 0.30 0.69
90-day composite outcome 26 1.34 28,986 2.96 0.45 0.31 0.66
Acute kidney injury 64 3.30 37,403 3.82 0.86 0.68 1.1
After propensity score matching
Outcome Bariatric sur-  Percentage Non-bariatric Percentage Risk ratio 95% Cllower  95% CI upper

gery group surgery group
(n=1940) (n=1940)

Mortality within 30 days 13 0.67 31 1.60 0.42 0.22 0.80
Mortality within 90 days 17 0.87 41 2.11 0.41 0.24 0.73
Inpatient services 199 10.26 210 10.83 0.95 0.79 1.16
Critical care 45 232 84 4.33 0.54 0.38 0.77
Mechanical ventilation 15 0.77 35 1.80 0.43 0.24 0.78
30-day composite outcome 23 1.19 57 2.94 0.40 0.25 0.65
90-day composite outcome 26 1.34 59 3.04 0.44 0.28 0.70
Acute kidney injury 64 3.30 123 6.34 0.57 0.43 0.76
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Table 3 Laboratory values after COVID 19 episodes in the two matched and unmatched groups
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After propensity matching

Before propensity matching

p-value

Non-bariatric surgery group

(n

p-value Bariatric surgery group

Non-bariatric surgery group

(n

Bariatric surgery group

(n

Outcome

1940)

(n=1,040)

979,960)

1940)

Mean (+) Patients Mean (+)

Patients

Mean (+) Patients Mean (%)

Patients

with out-
come

with out-
come

with out-
come

with out-
come

49.96971.162 0.26
368.86215.467 0.56

42.25265.677 235

178
1

0.06

51.94669.202
418.327608.145
46.91932.332
51.135225.243
58.943477.769

84,720
70,295
25,252
168,595

42.25265.677
349.596398.45

178
151

C-Reactive protein (mg/L)
Lactate dehydrogenase (U/L)

349.596398.45 200
40.91726.06

51

0.16

49.46234.517 0.09

78

72
453
452

0.11

40.91726.06
0.08

Erythrocyte sedimentation rate (mm/hr) 72

39.961122.365 0.28

32.91672.492 493

32.91672.492

453
452
433
210

Alanine aminotransferase (U/L)

44.136164.989 0.62

4970.574

39.451123.454 485

0.39

39.451123.454 164,634

0.5350.707
499.203741.06

Aspartate aminotransferase (U/L)

Bilirubin (mg/dL)
Ferritin (ng/ml)

0.78

497

0.5350.707
499.203741.06 217

433
210

0.80

0.6441.18
905.7793403.832  0.095

167,407

703.016980.883 0.02

78,125

the study cohorts. Log rank tests revealed worse survival in
both matched and unmatched analysis in the non-BS cohort
compared to the BS group (log rank p values <0.01 for all
analyses). Kaplan-Maier survival curves are depicted in Sup-
plementary Fig. 2a-d.

Outcomes in RYGB and Sleeve Gastrectomy Subgroups

Subgroup analysis showed no difference in outcomes in both
unmatched and matched analyses. Characteristics of the sub-
groups are detailed in Supplementary Table 2 and clinical
outcomes in both subgroups are compared in Table 4.

Sensitivity Analysis

On sensitivity analysis comparing BS group with BS quali-
fying cohort, lower risk of death and composite outcome was
noted in the bariatric surgery cohort in unmatched analysis
as shown in Supplementary Table 3. Furthermore, match-
ing for demographic variables only, as well as a second-
matched analysis incorporating all covariates mentioned in
the methods section also revealed a lower rate of mortality,
mechanical ventilation, need for critical care, and composite
outcome in the bariatric surgery cohort when compared to
patients who qualified for bariatric surgery, as detailed in
Supplementary Table 4.

Discussion

Bariatric surgery is associated with multiple health benefits
in patients with obesity. It has previously been shown to
improve diabetes, cardiovascular health, as well as general
wellbeing among patients with obesity [13, 14]. Patients
with severe obesity have been found to be at increased risk
of hospitalization and mortality from COVID-19 disease
[11]. Our large research network analysis found better out-
comes of COVID-19 disease in patients with a history of
bariatric surgery. These patients were at lower risk of mor-
tality and need for mechanical ventilation after COVID-19
diagnosis. Even with the presence of a significant burden of
co-morbid diseases, patients with prior bariatric surgery had
a lower risk of severe COVID-19.

Previously, a study from Cleveland Clinic Ohio compared
COVID-19 illness of 33 patients with prior history of bari-
atric surgery with obese patients with a BMI greater than
40 kg/m? and noted a lower rate of hospitalization in the bar-
iatric surgery group [9]. Subsequently, an inpatient adminis-
trative data retrospective study from France has indicated a
lower risk of mechanical ventilation or mortality in patients
with a history of bariatric surgery when compared to hos-
pitalized patients with obesity [15]. However, these studies
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Table 4 Outcomes in RYGB and SG cohorts before and after propensity score matching

Before propensity score matching

Outcome RYGB group Percentage SG group Percentage Risk ratio 95% CI lower 95% CI upper
Mortality within 30 days - - - - - - -

Inpatient services 90 10.15 97 10.19 0.99 0.76 1.31

Critical care 20 2.26 24 2.52 0.89 0.50 1.61
Mechanical ventilation - - - - - - -

30-day composite outcome - - - - - - -

Acute kidney injury 24 271 36 3.78 0.72 0.43 1.19

After propensity score matching

Outcome RYGB group Percentage SG group Percentage Risk ratio 95% CI lower 95% CI upper
Mortality within 30 days - - - - - - -

Inpatient services 73 10.47 60 8.61 1.22 0.88 1.68

Critical care 14 2.01 13 1.87 1.08 0.51 227
Mechanical ventilation - - - - - - -

30-day composite outcome - - - - - - -

Acute kidney injury 19 2.73 21 3.01 0.91 0.49 1.67

(—) TriNetX obfuscates patient counts when aggregate count < 10 to safeguard protected health information

were limited by small sample size, inclusion of mostly hos-
pitalized patients and composition of control groups. Our
matched analysis of a large cohort confirms and expands
the understanding of COVID-19 disease in this population.
It can be deduced from our data that bariatric surgery does
not pose a risk at the time of COVID-19 pandemic, and thus
these procedures do not warrant a delay during this time.
Better outcomes of COVID-19 appear to be another benefit
of bariatric surgery in this population.

Perhaps the most extraordinary association, although
indirect, that can be drawn from our data is the protective
effect of prior bariatric surgery against a severe disease
course of COVID-19, and this may be independent of the
weight loss associated with these procedures and their effect
on other co-morbid diseases. We noted a decreased risk of
severe outcomes in the bariatric surgery group compared to
patients without a history of bariatric surgery in our crude
unmatched analysis with a control group of participants with
lower average BMI and much lower prevalence of diseases
including chronic kidney disease, hypertension, diabetes,
ischemic heart disease, and heart failure. Therefore, it can
be inferred that the protective effect cannot all be attributed
to a decrease in metabolic risk factors and BMI that may be
associated with a history of bariatric procedures. Further-
more, robust sensitivity analysis controlling for metabolic
parameters showed improved outcomes in the bariatric sur-
gery cohort. One possible explanation for this observation
is that ACE-2 is substantially expressed in gastric mucosa,
and therefore a bypass or exclusion of the stomach can be
hypothesized to lead to a decrease in the inoculant dose of
COVID-19. This same mechanism may explain the low inci-
dence of COVID-19 previously noted among patients with a

history of bariatric surgery [16]. However, this hypothesis is
purely speculative in nature and needs to be further studied.
Bariatric surgery patients are a motivated and mostly com-
pliant cohort as they are actively engaged in a program to
improve their health. This increased health awareness and
behavior modification may contribute to the risk of contract-
ing COVID-19; however, this should not explain improved
disease outcomes once infected. It is also possible that
bariatric surgery patients have better access to healthcare
than the general population. During the current phase of
the COVID-19 pandemic and going forward, vaccination
status will have an enormous impact on the severity and out-
comes of COVID-19. In our study, a very small proportion
of patients in both the BS and non-BS cohort were vacci-
nated because of the unavailability of vaccines to the general
population during the study period.

The main strengths of our study include the large and
diverse cohort captured by our analysis and the robust
control we were able to achieve for confounders. Multi-
ple sensitivity analysis also lends strength to our findings.
We included both inpatient and outpatient populations to
give a more “real-world” analysis of COVID-19 outcomes
after bariatric surgery. The main limitations include biases
inherent to most studies conducted on electronic health
record data. Care was taken to limit outcomes to those that
are less likely to suffer from inaccuracies in EHR docu-
mentation, and any residual “pollution” should represent
a minor challenge to our conclusions.

In conclusion, in our propensity-matched analysis of
a large cohort, we have found that a history of bariatric
surgery is associated with a reduced risk of poor outcomes
in patients with COVID-19.
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Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11695-021-05803-1.
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