
Severity of Prior COVID-19 is Associated with Postoperative 
Outcomes Following Major Inpatient Surgery

Nathaniel B. Verhagen1, Gopika SenthilKumar1,2, Taylor Jaraczewski1, Nicolas K. Koerber1, 
Jennifer R. Merrill1, Madelyn A. Flitcroft1, Aniko Szabo3, Anjishnu Banerjee3, Xin Yang4, 
Bradley W. Taylor4, Carlos E. Figueroa Castro5, Tina W.F. Yen1, Callisia N. Clarke1, Kathryn 
Lauer6, Kurt J. Pfeifer7, Jon C. Gould8, Anai N. Kothari1,4 on behalf of the N3C Consortium
1Department of Surgery, Division of Surgical Oncology, Medical College of Wisconsin, Milwaukee, 
WI

2Department of Physiology and Anesthesiology, Medical College of Wisconsin, Milwaukee, WI

3Department of Biostatistics, Medical College of Wisconsin, Milwaukee, WI

4Clinical and Translational Science Institute of Southeastern Wisconsin, Medical College of 
Wisconsin, Milwaukee, WI

5Department of Medicine, Division of Infectious Diseases, Medical College of Wisconsin, 
Milwaukee, WI

6Department of Anesthesiology, Medical College of Wisconsin, Milwaukee, WI

7Department of Medicine, Section of Perioperative & Consultative Medicine, Medical College of 
Wisconsin, Milwaukee, WI

8Department of Surgery, Division of Minimally Invasive and GI Surgery, Medical College of 
Wisconsin, Milwaukee, WI

Abstract

Objective: To determine how severity of prior history of SARS-CoV-2 infection influences 

postoperative outcomes following major elective inpatient surgery.

Summary Background Data: Surgical guidelines instituted early in the COVID-19 pandemic 

recommended delay in surgery up to 8 weeks following an acute SARS-CoV-2 infection. This was 

based on the observation of elevated surgical risk following recovery from COVID-19 early in the 

pandemic. As the pandemic shifts to an endemic phase, it is unclear if this association remains, 

especially for those recovering from asymptomatic or mildly symptomatic COVID-19.
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Methods: Utilizing the National Covid Cohort Collaborative (N3C), we assessed postoperative 

outcomes for adults with and without a history of COVID-19 who underwent major elective 

inpatient surgery between January 2020 and February 2023. COVID-19 severity and time from 

infection to surgery were each used as independent variables in multivariable logistic regression 

models.

Results: This study included 387,030 patients, of whom 37,354 (9.7%) were diagnosed with 

preoperative COVID-19. History of COVID-19 was found to be an independent risk factor for 

adverse postoperative outcomes even after a 12-week delay for patients with moderate and severe 

SARS-CoV-2 infection. Patients with mild COVID-19 did not have an increased risk of adverse 

postoperative outcomes at any time point. Vaccination decreased the odds of respiratory failure.

Conclusions: Impact of COVID-19 on postoperative outcomes is dependent on severity of 

illness, with only moderate and severe disease leading to higher risk of adverse outcomes. Existing 

perioperative policies should be updated to include consideration of COVID-19 disease severity 

and vaccination status.

MINI-ABSTRACT

Postoperative outcomes were assessed for adults with and without a history of COVID-19 who 

underwent elective inpatient surgery. The impact of COVID-19 on postoperative outcomes was 

found to be associated with severity, timing, and vaccination status.
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INTRODUCTION

As of February 2023, over 100 million cases of COVID-19 have been reported in 

the US1. Among those with prior infection, 15–20% will require elective surgery2. A 

prior history of COVID-19 infection is associated with adverse postoperative outcomes 

and complications3–7, and this risk can persist for up to eight weeks after infection5. 

Accordingly, early in the pandemic, several groups recommended a delay in surgery for 

7–8 weeks following COVID-19 infection5,8.

While these guidelines have attempted to mitigate the risk of COVID-19 by delaying 

surgery, as the pandemic transitions to an endemic phase, there is a paucity of data to guide 

the de-implementation of these policies. This is especially important when delayed care can 

worsen both short- and long-term health outcomes9,10. In addition, delayed surgical care can 

lead to prolonged poor quality of life, including chronic pain, impaired mobility11–13, and an 

inability to work14.

The severity of SARS-CoV-2 infection can vary widely, from mild flu-like symptoms or no 

symptoms to systemic disease requiring hospitalization and even critical care. Most current 

guidelines for managing COVID-19 in the perioperative setting are not stratified by disease 

severity; however, there appears to be a relationship between severity of infection and 

postoperative outcomes15. Prior studies also show that compared to those with asymptomatic 
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or mild disease, postoperative intensive care unit stay is longer among those with severe 

COVID-19 who require hospitalization16. This suggests that including the severity of SARS-

CoV-2 infection in surgical wait time guidelines may facilitate more personalized patient 

recommendations and prevent unnecessary delays to surgery for those with less severe 

infections. In addition, since disease severity can be lowered through vaccination2,17, and 

as of February 2023, over 269 million people in the US received at least one dose of the 

COVID-19 vaccine1, the impact of preoperative vaccination among patients who present 

with COVID-19 prior to requiring surgery must be taken into consideration.

The primary objective of this study was to measure the association between the severity of 

SARS-CoV-2 infection prior to major elective surgery and postoperative adverse outcomes. 

Secondary objectives included investigating how severity should be considered in surgical 

wait time guidelines and the influence of vaccination on postoperative outcomes.

METHODS

Electronic health record data from the National COVID Cohort Collaborative (N3C), the 

largest multi-site centralized data source of COVID-19 patients in the United States, 

were retrospectively analyzed using the N3C Data Enclave. PCORnet, TriNetX, OMOP, 

and ACT are the primary data sources that contribute to N3C. A detailed description 

of N3C’s rationale, design, infrastructure, and deployment has been previously reported. 

Patients aged 18 years and older who underwent major inpatient surgery between January 

2020 and February 2023 were included, and the surgical procedures were selected 

based on prior literature assessing the role of COVID-19 in surgical outcomes5. The 

following procedures were included: hip arthroplasty, knee arthroplasty, laminectomy, spinal 

arthrodesis, craniectomy, aortic aneurysm repair, lung excision, coronary artery bypass 

graft, esophagectomy, mastectomy, prostatectomy, colectomy, gastrectomy, hepatectomy, 

and pancreatectomy (Supplemental Table 1).

Patient characteristics (sex, age, race, ethnicity, and Charlson Comorbidity Index)11 were 

identified using the N3C’s Shared Knowledge Store patient fact table. To account for the 

changes in surgical care throughout the pandemic, we included an additional variable, 

‘pandemic era’, which was independent of a patient’s COVID-19 status. This variable 

divided the pandemic into three specific eras, each characterized by the predominant 

SARS-CoV-2 variant: ‘Alpha’ from 01/01/2020 to 06/30/2021, ‘Delta’ from 07/01/2021 

to 12/31/2021, and ‘Omicron’ from 01/01/2022 to 02/01/202318.

Standard SNOMED codes from the Observational Health Data Science and Informatics’ 

(OHDSI) ATLAS tool were used to identify elective inpatient procedures and patient 

comorbidities (Supplemental Table 1,2). The exclusion criteria included undergoing 

natural orifice, percutaneous, endoscopic, diagnostic (unless open surgery), or transplant 

procedures. In patients who underwent multiple surgeries, the first surgery after SARS-

CoV-2 infection was used.

COVID-19 positivity was defined as having a positive laboratory measurement (PCR or 

antigen) or a positive COVID-19 diagnosis (ICD10-CM code U07.1) at any time before 
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surgery. Patients with COVID-19 within 24 hours of surgery were excluded. The severity 

of a patient’s COVID-19 was determined using the World Health Organization’s (WHO) 

Clinical Progression Scale (CPS)19. Patient-specific severity was obtained from the N3C 

Knowledge Store and derived from critical visits associated with COVID positivity. Mild 

severity was defined as having an outpatient visit only (WHO Severity 1–3). Moderate 

severity was defined as requiring hospitalization without pulmonary support (WHO Severity 

4–6). Severe disease was defined as requiring hospitalization with extracorporeal membrane 

oxygenation (ECMO or invasive ventilation, WHO Severity 7–9)20. The N3C Knowledge 

Store was used to determine the vaccination status of patients. Fully vaccinated patients 

were defined as having received either a single dose of the viral vector vaccine or two doses 

of mRNA vaccine at least 14 days before their first SARS-CoV-2 infection. Patients who 

received only one dose of the mRNA vaccine or were vaccinated after COVID-19 diagnosis 

were not fully vaccinated.

The primary outcome of the study was 30-day composite major morbidity and mortality 

and included the following: mortality, acute myocardial infarction, deep vein thrombosis, 

pneumonia, pulmonary embolism, renal failure, respiratory failure, and sepsis. Each 30-day 

complication included in the composite outcome was evaluated separately. Outcomes were 

constructed using SNOMED codes, and concepts associated with chronic conditions or 

those directly caused by COVID-19 were excluded (Supplemental Table 3).

Unadjusted baseline characteristics and comparisons between patients with and without 

prior COVID-19 were analyzed using standard descriptive statistics. Adjusted analyses were 

performed using multivariable logistic regression models. Separate models were fit for each 

outcome with covariates that included age, sex, race, ethnicity, Charlson Comorbidity Index 

(CCI), relative surgical risk, and pandemic era. To account for heterogeneity in the types of 

surgery included, we classified each procedure into one of three categories: low, medium, or 

high risk. This “Relative Surgical Risk” was a feature based on the expected median length 

of stay for each procedure included in this study (Supplemental Table 1). Additional logistic 

regression models were fitted to measure the association between 30-day postoperative 

adverse outcomes and (1) time between SARS-CoV-2 infection and surgery, (2) disease 

severity, and (3) vaccination status. Within each disease severity group, the risk of 30-day 

postoperative adverse outcomes as a factor of the time between infection and surgery was 

analyzed. All analyses were conducted using the N3C Data Enclave using the tidyverse, 

ggplot2, gtsummary, splines, and broom R packages.

RESULTS

A total of 387,030 patients were included in the study, and 37,354 (9.7%) were 

preoperatively diagnosed with COVID-19. Table 1 details the baseline demographics and 

characteristics of patients with and without a history of COVID-19.

History of COVID-19 and 30-day postoperative adverse outcomes

In the unadjusted analysis, the rate of 30-day composite major morbidity or mortality 

was higher in patients with a history of COVID-19 than in those without (12% vs. 11%, 

P<0.001, Supplemental Table 4). Additionally, the rates of 30-day mortality (1.8% vs. 1.4%, 
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P<0.001), postoperative pulmonary embolism (1.4% vs. 1.2%; P=0.008), renal failure (6.9% 

vs. 6.4%; P<0.001), and sepsis (3.2% vs. 2.9%; P=0.007) were all significantly greater in 

patients with a history of COVID-19 (Supplemental Table 4). After adjusting for age, sex, 

race, ethnicity, smoking status, comorbid disease, relative risk of surgery, and pandemic 

era, patients with a history of COVID-19 had greater odds of 30-day major morbidity or 

mortality (aOR 1.08 [1.05–1.12]; Figure 1).

Association of time between SARS-CoV-2 infection and surgery and 30-day postoperative 
adverse outcomes

Patients were stratified based on the timing of surgery relative to SARS-CoV-2 infection. 

Groups included 0–4 weeks (N=7,425, 19.9%), 4–8 weeks (N=3,936, 10.5%), 8–12 weeks 

(N=2,604, 7.0%) and 12+ weeks (N=23,389, 62.6%). Patients who underwent surgery 0–4 

weeks after COVID-19 had overall higher rates of postoperative adverse events, including 

composite major morbidity or mortality (21% vs. 15%; P<0.001), when compared to 

patients without COVID-19 (Supplemental Table 5). In the adjusted analysis (Figure 2, 

Supplemental Table 6), patients who underwent surgery within 4 weeks of SARS-CoV-2 

infection had increased odds of 30-day composite major morbidity or mortality (aOR 1.44 

[1.35–1.53]), mortality (aOR 2.37 [2.07–2.70]), deep vein thrombosis (aOR 1.36 [1.14–

1.61]), pneumonia (aOR 1.65 [1.47–1.84]), pulmonary embolism (aOR 1.45 [1.21–1.72]), 

renal failure (aOR 1.29 [1.18–1.40]), respiratory failure (aOR 1.55 [1.42–1.69]), and sepsis 

(aOR 1.54 [1.37–1.72]). The odds of composite major morbidity or mortality returned to 

baseline at 12 weeks following infection (aOR 0.95 [0.91–0.99] at 12+ weeks).

Association of severity of SARS-CoV-2 infection and 30-day postoperative adverse 
outcomes

Patients were next stratified based on the severity of their SARS-CoV-2 infection before 

surgery, and 31,677 (84.8%), 5,009 (13.4%), and 655 (1.8%) patients had mild, moderate, 

and severe disease, respectively. The incidence of adverse 30-day postoperative outcomes 

increased with severity across all measured outcomes (Supplemental Table 7), and patients 

with severe disease had the highest rate of composite major morbidity or mortality (59% 

vs. 15%), mortality (14% vs. 1.4%), and hospital readmission (18% vs. 11%) compared 

to patients without COVID-19 history (P<0.001). After adjusting for patient demographics, 

risk of surgery, pandemic era, and comorbidities, patients with moderate and severe disease 

had higher odds for all assessed adverse events, except for pulmonary embolism for 

moderate COVID-19 (aOR 1.20 [0.97–1.46]) and hospital readmission for severe COVID-19 

(aOR 1.20 [0.98–1.47]) (Figure 3, Supplemental Table 8).

The interplay between timing of surgery and COVID-19 disease severity in influencing risk 
for 30-day composite postoperative complications

For each COVID-19 severity group (mild, moderate, severe), the adjusted odds of having 

a composite adverse postoperative event were measured (Figure 4). Patients with mild 

COVID-19 did not demonstrate an increased risk, regardless of the time between infection 

and surgery. Patients with moderate disease were observed to have increased risk for 

composite adverse events at 0–4 weeks (aOR 2.16 [1.88–2.48]) that persisted beyond 12 

weeks between COVID-19 and surgery (aOR 1.26 [1.15–1.37]) when compared to patients 
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without prior history of COVID-19. The magnitude of the risk was greater for patients 

with severe disease, with the highest odds for an adverse event occurring if surgery was 

performed within 4 weeks of SARS-CoV-2 infection (aOR 10.3 [7.92–13.4]). This risk 

decreased with time, although it remained elevated when compared to patients who did not 

have prior COVID-19 (aOR 2.24 [1.67–3.00] at 12+ weeks).

Preoperative vaccination and 30-day postoperative adverse outcomes

In patients with COVID-19 before surgery, vaccination significantly decreased the rates of 

composite major morbidity or mortality (14% vs. 16%; P=0.005), pneumonia (2.3% vs. 

3.0%; P=0.003), respiratory failure (4.2% vs. 5.6%; P<0.001), and sepsis (2.7% vs. 3.3%; 

P<0.05) (Supplemental Table 9). After adjusting for patient demographics, comorbidities, 

relative risk of surgery, and pandemic era, vaccination was found to only be associated with 

decreased odds of respiratory failure (aOR 0.77 [0.66–0.90]) (Figure 5).

DISCUSSION

In this study, we aimed to understand how the severity of a SARS-CoV-2 infection prior 

to major elective inpatient surgery influences postoperative outcomes using the N3C Data 

Enclave, a harmonized electronic health data platform comprising over 70 institutions and 

more than 18,000,000 patients21. Our findings demonstrate that a prior history of COVID-19 

is an independent risk factor for adverse surgical outcomes, and the risk remains elevated 

for 12 weeks after SARS-CoV-2 infection; however, this is dependent on the severity 

of COVID-19. Patients with mild disease (not requiring hospitalization) did not have an 

elevated risk of adverse outcomes regardless of the timing of surgery. Those with moderate 

and severe disease had persistently elevated surgical risk that lasted 12+ weeks after an acute 

infection.

The results of this study are consistent with those of previous studies examining surgical 

outcomes in patients with a history of SARS-CoV-2 infection conducted early during 

the pandemic. The COVIDSurg Collaborative, a multinational collaborative that aimed 

to explore the impact of COVID-19 in surgical patients and services, published the first 

population-level study assessing surgical outcomes following a SARS-CoV-2 infection. 

They found an increased risk of surgical mortality that lasted for 7 weeks following an acute 

infection7. Another large-scale study by Deng et al. confirmed these findings in a United 

States population and advocated for a wait time of 8 weeks from the time of SARS-CoV-2 

infection before proceeding with elective surgery5. In response to these data (and other 

similar findings from a single institution series)22, expert guidelines suggested delaying 

elective surgery by 7 weeks while weighing the time sensitivity of the intervention23. These 

studies and guidelines were crucial given the novel situation that perioperative providers 

faced early in the COVID-19 pandemic, as an increasing number of patients with prior 

SARS-CoV-2 infection required elective surgery.

Nevertheless, several gaps remain in the evidence base for guiding the management of this 

patient population, which are now addressed by this study. We re-demonstrate that the risk 

for adverse 30-day composite postoperative outcomes remains elevated for 8 weeks after 

SARS-CoV-2 infection; however, when stratified by severity, this risk is only present in 
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those recovered from moderate and severe infections (anyone who required hospitalization). 

Those with mild disease were not at an increased risk of adverse postoperative outcomes 

even when undergoing surgery within 4 weeks of an acute infection, which is consistent with 

a previous work15. We also provide a more detailed measurement of the association across 

a spectrum of specific postoperative complications. For example, patients with mild disease 

had no increased odds for all assessed adverse events, moderate disease showed an elevated 

risk for all assessed complications, while those with severe disease had increased odds of 

all assessed complications with a magnitude of effect multiple fold greater. This study also 

provides evidence that vaccination can reduce the risk of adverse postoperative events in 

patients with a history of COVID-19. This is in line with numerous other studies supporting 

the prioritization of preoperative vaccination24–27.

The data presented in this study included patients who underwent surgery prior to March 

2023, and thus reflect the environment as the pandemic shifts to an endemic phase. For 

comparison, the data collected for the COVIDSurg study was in October of 2020, and the 

Deng et al. study of patients in the United States included surgeries performed until June 

of 2021. Equipped with the updated data presented in this study, we propose the following 

guidance for managing patients prior to elective inpatient surgery. First, all patients who are 

planned to undergo surgery should be assessed for their history of COVID-19, including 

detailed information regarding the severity of their infection. Those with a prior history 

should be classified as having either asymptomatic/mild disease or moderate/severe disease. 

After this determination is made, patients with asymptomatic/mild disease should have 

their surgery delayed at least 5 days from the time of the positive test to ensure they 

do not develop progressive symptoms that increase the severity of illness. If they remain 

asymptomatic/mild after this wait time, our data support the safety of proceeding with 

elective surgery. However, if the patient has moderate/severe disease or develops moderate/

severe disease, consideration should be given to delaying surgery, while also weighing 

the risk/benefit ratio of potential harms related to a prolonged delay in circumstances of 

time-sensitive surgical indications. Since we did not observe a return to baseline risk even 

beyond 12 weeks in patients with moderate/severe disease, no standard time for delay can 

be recommended. Instead, we advocate for early engagement with perioperative medicine 

teams and/or dedicated long COVID clinics to identify strategies for optimal risk reduction 

and provide objective assessment of physiological recovery prior to proceeding with surgery. 

At our institution, all patients with a history of moderate/severe disease are recommended to 

be referred to a preoperative clinic for assessment prior to the procedure to assess recovery 

and help collaboratively determine the optimal timing for surgery. Developing and applying 

machine learning/artificial intelligence tools using the N3C Data Enclave is an active area 

of work in our group to help provide more specific guidance for patients with a history of 

moderate or severe SARS-CoV-2 infection.

Our study has several limitations that must be carefully considered when interpreting 

the results. The use of electronic health record data within the N3C Data Enclave may 

introduce biases that are well described in prior studies28. Methods specific to N3C can 

help manage several of these through rigorous data standardization, a highly engaged 

user community, and a centralized platform for handling all data-related tasks including 

extraction, processing, and analyses. Another source of bias is the selection of patients who 
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underwent surgery after recovery from a prior COVID-19 infection. Detailed information 

on the preoperative evaluation, indications, and rationale for proceeding with surgery prior 

to 7 weeks in patients with prior COVID-19 is not available. Additionally, we were unable 

to directly measure the association between SARS-CoV-2 variants and outcomes; however, 

this is likely to be indirectly accounted for in analyses that included severity. Despite these 

potential shortcomings, leveraging the largest COVID-19-specific national dataset provides 

a unique opportunity to help guide the management of patients with previous SARS-CoV-2 

infections undergoing elective surgery.

In conclusion, prior COVID-19 infection is a risk factor for adverse postoperative outcomes 

following elective major inpatient surgery. The magnitude and duration of this risk are 

dependent on the severity of the COVID-19 infection and are reduced in vaccinated 

patients. As the pandemic transitions to an endemic phase, the results of this study 

emphasize that a one-size-fits-all approach to risk stratification in this patient population 

can lead to unnecessary surgical delays. Consensus guidelines should be updated to include 

consideration of COVID-19 disease severity and vaccination status.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Multivariable regression assessing the association between prior history of COVID-19 and 

composite 30-day major morbidity or mortality. Hx: history; CCI: Charlson Comorbidity 

Index; aOR: adjusted odds ratio (with 95% confidence interval).
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Figure 2. 
Multivariable regression assessing the association between timing of infection relative to 

surgery and 30-day postoperative adverse events. All models adjusted for age, sex, race and 

ethnicity, smoking status, comorbid disease, relative risk of surgery, and pandemic era. aOR: 

adjusted odds ratio (with 95% confidence interval).
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Figure 3. 
Multivariable regression assessing the association between COVID-19 disease severity and 

30-day postoperative adverse outcomes. All models adjusted for age, sex, race and ethnicity, 

smoking status, comorbid disease, relative risk of surgery, and pandemic era. aOR: adjusted 

odds ratio (with 95% confidence interval).
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Figure 4. 
The interplay between timing of surgery and COVID-19 disease severity in influencing odds 

of composite 30-day major morbidity or mortality. All models adjusted for age, sex, race 

and ethnicity, smoking status, Charlson Comorbidity Index, relative risk of surgery, and 

pandemic era. aOR: adjusted odds ratio (with 95% confidence interval).
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Figure 5. 
Multivariable regression assessing the association between full vaccination in patients with a 

history of COVID-19 and 30-day postoperative adverse events. All models adjusted for age, 

sex, race and ethnicity, smoking status, Charlson Comorbidity Index, relative risk of surgery, 

and pandemic era. aOR: adjusted odds ratio (with 95% confidence interval).
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Table 1.

Baseline patient characteristics and 30-day postoperative adverse outcomes in patients with and without 

preoperative COVID-19.

Characteristics No Hx of COVID-19
(N = 349,676), No. (%)

Hx of COVID-19
(N = 37,354), No. (%)

P value

Age, years 63 (52, 72) 61 (49, 70) <0.001

18–29 15166 (4.3%) 1625 (4.4%) <0.001

30–49 60828 (17%) 7734 (21%)

50–64 111160 (32%) 12838 (34%)

65+ 162522 (46%) 15157 (41%)

Sex <0.001

Female 190052 (54%) ‡20952 (≈56%)

Race and Ethnicity <0.001

Non-Hispanic White 257334 (74%) 25833 (69%)

Smoking Status <0.001

Nonsmoker 304141 (86%) 33151 (89%)

Charlson Comorbidity Index <0.001

0–2 178477 (51%) 17527 (47%)

3+ 171199 (49%) 19827 (53%)

Comorbidities

CKD 22374 (6.4%) 3862 (10%) <0.001

CHF 20816 (6.0%) 3454 (9.2%) <0.001

COPD 21089 (6.0%) 3134 (8.4%) <0.001

Coronary Artery Disease 39221 (11%) 5852 (16%) <0.001

Depression 35956 (10%) 5875 (16%) <0.001

Diabetes 41584 (12%) 7144 (19%) <0.001

GERD 58830 (17%) 9432 (25%) <0.001

Hypertension 100981 (29%) 14669 (39%) <0.001

Liver Disease 5730 (1.6%) 977 (2.6%) <0.001

Obesity 51446 (15%) 8920 (24%) <0.001

Relative Risk of Surgery 0.058

Low Risk 134385 (38%) 14364 (38%)

Medium Risk 166702 (48%) 17642 (47%)

High Risk 48589 (14%) 5348 (14%)

Vaccine Status <0.001

Fully Vaccinated 48441 (14%) 5381 (14%)

Non-Fully Vaccinated 301235 (86%) 31973 (86%)

Pandemic Era <0.001

Alpha 204624 (59%) 9661 (26%)

Delta 61838 (18%) 5942 (16%)
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Characteristics No Hx of COVID-19
(N = 349,676), No. (%)

Hx of COVID-19
(N = 37,354), No. (%)

P value

Omicron 83214 (24%) 21751 (58%)

‡
To comply with N3C policy, counts below 20 are displayed as <20 and additional values were skewed by up to 5 in order to render it impossible 

to back-calculate precise counts in the ‘Missing or Unknown’ category. Hx: history; CKD: chronic kidney disease; CHF: congestive heart failure; 
COPD: chronic obstructive pulmonary disease; GERD: gastroesophageal reflux disease.
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