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Background: Patients with inflammatory bowel disease (IBD) are at higher risk for severe COVID-19 infection. However, most studies are single-
center, and nationwide data in the United States are lacking. This study aimed to investigate hospital-related outcomes and predictors of these 
outcomes in patients with IBD and COVID-19 infection.
Methods: The National Inpatient Sample and National Readmission database were queried for all the patient hospitalizations with IBD with con-
current COVID-19 in the study group and non-COVID-19 related hospitalizations in the control group. For patients under 18 years, elective and 
trauma-related hospitalizations were excluded. Primary outcomes included mortality, septic shock, mechanical ventilation, and intensive care 
utilization. Secondary outcomes included length of stay and total hospitalization costs.
Results: From this query, 8865 adult patients with IBD and COVID-19 were identified. These patients were relatively older (62.8 vs 57.7 years, 
P < .01), and the majority were females (52.1% with COVID-19 vs 55.2% without COVID-19). Patients with IBD and COVID-19 had higher mor-
tality (12.24% vs 2.55%; P < .01), increased incidence of septic shock (7.9% vs 4.4%; P < .01), mechanical ventilation (11.5% vs 3.7%; P < .01), 
and intensive care utilization (12% vs 4.6%; P < .01). These patients also had higher mean length of stay (8.28 days vs 5.47 days; P < .01) and 
total hospitalization costs ($21 390 vs $16 468; P < .01) than those without COVID-19 infection.
Conclusions: Patients with IBD and COVID-19 have worse outcomes, with a higher incidence of severe COVID-19 disease, leading to higher 
mortality rates, longer lengths of stay, and increased total hospitalization costs. Encouraging preventive health measures and treating promptly 
with advanced COVID-19 therapies may improve outcomes and decrease the healthcare burden.

Lay Summary 
This study used nationwide data to examine hospital-related outcomes in patients with inflammatory bowel disease (IBD) and COVID-19 dis-
ease. Patients with IBD and COVID-19 had higher mortality, septic shock, mechanical ventilation, and intensive care utilization rates. They also 
experienced higher costs and longer hospital stays, highlighting the need for preventive measures and timely treatment to improve outcomes 
and reduce healthcare burden.
Key Words: inflammatory bowel disease, resource utilization, severity of COVID-19 infection, mortality, mean length of stay

Introduction
The coronavirus disease 2019 (COVID-19) pandemic is 
considered one of the major catastrophes of this century that 
has placed an unparalleled burden on the healthcare systems. 
As of December 2022, the World Health Organization (WHO) 
has reported greater than 640 million confirmed cases and 6 
million deaths due to the pandemic.1 Although the implemen-
tation of strict preventive health measures including infection 
control, social distancing, movement restrictions, and vacci-
nation campaigns, have partially mitigated the risk of con-
traction, the infection risk has lingered due to the emergence 

of newer mutant strains of the virus. Patients who are elderly 
or with certain comorbid conditions such as diabetes, obe-
sity, chronic lung disease or asthma, sickle cell disease, or are 
immunocompromised are considered vulnerable to the se-
vere outcomes of COVID-19 infection.2 Inflammatory bowel 
disease (IBD) is an immune-mediated disease with a chronic 
relapsing-remitting pattern that exhibits immunological 
dysregulation. The advanced therapeutic modalities for IBD 
include immunomodulators, biologics, and small molecules, 
which may trigger a transient or persistent immunocompro-
mised state, making patients susceptible to opportunistic and 
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nosocomial infections. Theoretically, individuals with IBD are 
more susceptible to contracting COVID-19 and having poor 
outcomes due to immune dysregulation, especially in patients 
with active disease and on advanced therapies.3 In the early 
stages of the pandemic, initial studies reported an overall 
incidence rate of COVID-19 infection between 3.9 to 6.2 
cases per 1000 patients, and a recent meta-analysis reported 
a prevalence of 1.01% of COVID-19 infection in patients 
with IBD.4 The Surveillance Epidemiology of Coronavirus 
Under Research Exclusion for Inflammatory Bowel Disease 
(SECURE-IBD) is a global database created to investigate the 
effects of COVID-19 infection on individuals with IBD re-
ported a hospitalization rate of 31% and a mortality rate of 
3.4%.5 Another multicenter study focusing on IBD patients 
on biological therapy reported a hospitalization rate of 57%, 
with a case fatality rate of 29%.6 The published meta-analyses 
reported results that had a high degree of variability due 
to the differences in the pandemic stage, availability of the 
data, sample sizes, study designs, and healthcare settings.7-9 
Given a lot of variation in the reported outcomes in the hos-
pitalization rate and mortality existing in the literature, we 
intended to explore and objectively report on the hospital-
related outcomes of COVID-19 infection and its predictors 
in IBD patients utilizing the 2 largest national-level inpatient 
US databases.

Methods
Data Source
We utilized the National Inpatient Sample (NIS) and the 
National Readmission Database (NRD) for the year 2020, 
included within the Healthcare Cost and Utilization Project 
(HCUP), administered by the Agency for Healthcare Research 
and Quality (AHRQ).10 The AHRQ is a federal institution 
founded with the purpose of providing essential knowledge, 
tools, and data aimed at enhancing the safety and quality of 
healthcare services within the United States. These publicly 
available and de-identified databases contain a 20% stratified 
subset of hospitalizations from community hospitals across 
the United States. Notably, these databases exclude rehabilita-
tion and long-term acute care hospitals. The NIS database for 
the year 2020 covers more than 97%, and the NRD of 2020 
database represents 62.2% of the total US resident population 

respectively.11,12 The variables included in the databases rep-
resent patient characteristics, including patient demographics 
(except for race which is not available in the NRD), prin-
cipal and secondary diagnoses at discharge, length of stay, 
procedures performed, and hospitalization charges. Similarly, 
the hospital-related variables include ownership, number of 
beds, teaching status, rural/urban location, and geographical 
location. However, the NRD differs from NIS in that each 
patient is assigned a verified linkage number that identifies 
discharges belonging to the same patient, which allows the 
determination of the readmission rate in one calendar year. 
The diagnoses and procedures conducted throughout the hos-
pital stay are determined using the International Classification 
of Diseases, Tenth Revision, and Clinical Modification (ICD-
10-CM). The details regarding the NRD data are available at 
https://www.hcup-us.ahrq.gov/nrdoverview.jsp.11,12

Study Population
The study population comprised hospitalized patients aged 
18 or older admitted with COVID-19 infection who also had 
a concurrent diagnosis of IBD in the study group. The con-
trol group included non-COVID-19 related hospitalizations 
in the IBD group (Figure 1). The IBD was further classified 
into Crohn’s disease (CD) and ulcerative colitis (UC) in the 
subgroup analysis. We excluded all the elective or trauma-
related admissions and hospitalizations with overlapping di-
agnosis codes of both UC and CD to correctly identify and 
perform subgroup analysis. The diagnosis codes to identify 
these patients are provided in the Supplementary Material.

Measures of Outcome
The primary outcome of the study was to examine all-cause 
inpatient mortality and the severity of COVID-19, as deter-
mined by the need for mechanical ventilation, septic shock, 
and ICU utilization. Secondary outcomes of interest were 

Key Messages

What is already known?

Patients with inflammatory bowel disease (IBD) are at higher 
risk for severe COVID-19 infection.

What is new here?

This study found that patients with IBD and COVID-19 had worse 
outcomes, including higher mortality rates, longer lengths of 
stay, and increased total hospitalization costs.

How can this study help patient care?

The study highlights that encouraging preventive health meas-
ures and treating promptly with advanced COVID-19 therapies 
may improve outcomes and decrease the healthcare burden for 
patients with IBD and COVID-19.

Figure 1. Patient selection flow diagram.

https://www.hcup-us.ahrq.gov/nrdoverview.jsp
http://academic.oup.com/ibdjournal/article-lookup/doi/10.1093/ibd/izad200#supplementary-data
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all-cause 30-day readmission and resource utilization, in-
cluding the mean length of stay (LOS) and total hospitaliza-
tion cost. We also performed both univariate and multivariate 
regression analyses to find the independent predictors of mor-
tality, LOS, and hospitalization cost.

Study Variables
Most of the study variables are readily available in the 
databases themselves, such as age, gender, race (not avail-
able in the NRD), median income based on the zip code, pri-
mary insurance payer for the hospitalization, hospital bed 
size, urban/rural location, teaching status, and geographical 
location (not available in the NRD). We used Deyo’s modifi-
cation of the Charlson comorbidity index (CCI) to identify in-
dividual comorbidities and calculate the overall comorbidity 
burden.13 The CCI serves as a validated tool for evaluating the 
comorbidity burden and estimating the 1-year risk of death 
due to comorbid conditions in studies using administrative 
databases. In the NRD, the LOS and total hospitalization 
charges were documented as reported, where total hospital-
ization charges represent the billed amount by hospitals and 
may not necessarily reflect the actual cost of care. The actual 
cost per hospital visit was calculated by combining the Cost-
to-Charge Ratio files provided by HCUP with the hospitaliza-
tion charges for each hospitalization from both databases.14

Statistical Analysis
We conducted our analysis using STATA version 16.0, a sta-
tistical analysis software developed by StataCorp in College 
Station, Texas. We employed the χ2 test to compare the 
proportions of patient demographics and hospital character-
istics, whereas the Student t test was utilized to compare con-
tinuous variables. We considered a P value less than 0.05 to be 
statistically significant. We conducted a univariate regression 
analysis to compute unadjusted odds ratios or coefficients for 
both the primary and secondary outcomes. We utilized a P 
value cutoff of 0.2 in the univariate analyses as a threshold 
to construct multivariate regression models, enabling us to 
account for potential confounding factors. To determine 
the 30-day readmission rate, we defined readmission as a 
nonelective return hospitalization for a principal diagnosis 
(excluding trauma) within 30 days of the initial admission. We 
counted only the initial readmission if a patient experienced 
multiple readmissions within 30 days of being discharged 
from the index hospitalization. Patients who died during the 
initial admission were not included in the denominator.

Results
Baseline Characteristics
A total of 192 470 IBD-related hospitalizations were identified 
after excluding nonelective and pediatric patients for the year 
2020. Of these, 8865 (4.6%) had a concurrent diagnosis of 
COVID-19, with 4630 (2.4%) patients with CD and 4235 
(2.2%) patients with UC. The mean age of IBD patients in 
the COVID-19 group was significantly higher compared with 
those without COVID-19 (62.8 years vs 57.7 years; P < .01), 
and the majority in both groups were female (52.1% and 
55.2% for the COVID-19 and non-COVID-19 groups, re-
spectively). The mean age in the COVID-19 group was higher 
for both CD (61. 5 years vs 55.9 years; P < .01) and UC (64.2 
years vs 60.6 years; P < .01) than the non-COVID group. The 

most common ethnicity among IBD patients in both groups 
was Caucasian (74.7% and 79.8%; P < .01), respectively. On 
subgroup analysis, Caucasians were also the most common 
race among CD patients (73.3%) in the COVID-19 group 
and (80.4%) in the non-COVID group (P < .01), as well as 
among UC patients (76.2%) in the COVID-19 group and 
(78.8%) in the non-COVID group (P < .01).

Regarding comorbidity burden, the non-COVID-19 group 
had a higher CCI >3 than the COVID-19 group in IBD 
patients. However, no significant difference was observed in 
both groups regarding individual comorbid conditions except 
for COPD, which was higher in the COVID-19 group (28.2% 
vs 25.1%; P < .01) than in the non-COVID group. Medicare 
was the highest payer, and most patients were admitted to 
large teaching hospitals in all groups. The remaining demo-
graphics were comparable among the groups (see Tables 1 
and 2).

Primary Outcomes
Patients with both IBD and concomitant COVID-19 di-
agnosis had a significantly higher inpatient mortality rate 
(12.2% vs 2.6%; P < .01), mechanical ventilation (MV) re-
quirement (11.5% vs 3.7%; P < .01), and ICU utilization 
(12% vs 4.6%; P < .01) than those without COVID-19. The 
COVID-19 group also had a greater incidence of septic shock 
(7.9% vs 4.4%; P < .01; Table 3).

Furthermore, the subgroup analysis showed that the 
COVID-19 group had higher inpatient mortality rates in both 
CD (12.41% vs 2.15%; P < .01) and UC (12.04% vs 3.20%; 
P < .01) compared with the non-COVID group. The COVID-
19 group also had higher utilization of ICU (CD, 11% vs 
4.1%, P < .01; UC, 13% vs 5.4%, P < .01) and MV require-
ment (CD, 10.7% vs 3.4%, P < .01; UC, 12.4% vs 4.3%, 
P < .01) than the non-COVID group (Table 4).

Secondary Outcomes and Resource Utilization
Inflammatory bowel disease patients with COVID-19 had 
higher mean LOS (8.28 days vs 5.74 days, P ≤ .01) and total 
hospitalization cost ($21 390 vs $16 468, P < .01) in compar-
ison to patients without COVID-19 infection (Table 3). In ad-
dition, on subgroup analysis, the COVID-19 group had higher 
LOS (CD, 7.56 days vs 5.54 days, P < .01; UC, 9.07 days vs 
6 days, P < .01) and hospitalization costs (CD, $19 317 vs 
$15 467, P < .01; UC, $23 657 vs $18 089, P < .01) compared 
with the non-COVID groups. Patients with COVID-19 were 
found to have an all-cause 30-day readmission rate of 5.1% 
vs 12.2% in the non-COVID group. In the COVID group, 
the most common causes for readmissions included sepsis and 
acute kidney injury, followed by pneumonia.

Predictors of Outcomes
Multivariate logistic regression analyses showed that COVID-
19 infection (adjusted odds ratio [adj OR] = 3.52; 95% con-
fidence interval [CI], 2.82-4.37; P < .01), age (adj OR, 1.04; 
95% CI, 1.03-1.06; P < .01), CCI >3 (adj OR, 3.52; 95% CI, 
2.63-4.71; P < .01), ICU admission (adj OR, 3.84; 95% CI, 
2.52-5.87; P < .01), MV (adj OR, 2.89; 95% CI, 1.88-4.44; 
P < .01) and septic shock (adj OR, 4.30; 95% CI, 3.46-5.35; 
P < .01) were the independent predictors for mortality (Table 
5). Additionally, ICU admission, MV, and septic shock were 
also independent predictors of increased LOS and hospitali-
zation costs in IBD patients with COVID-19 (Tables 6 and 7).
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Table 1. Baseline patient and hospital characteristics for hospitalized cases of IBD with and without COVID-19 infection.

Patient Characteristics IBD with COVID-19 IBD without COVID-19 P

No. of patients 8865 183 604

Female N (%) 4618 (52.1%) 101 716.6 (55.4%) <.01

Mean age (years)  62.78 yrs. 57.68 yrs.

Race N (%) <.01

  White 6621(74.7%) 146 516 (79.8%)

  African American 1081 (12.2%) 20 013 (10.9%)

  Hispanic 833 (9.4%) 10 282 (5.6%)

  Other 328 (3.7%) 6793 (3.7%)

Charlson Comorbidity Index N (%) <.01

  0 2606 (29.4%) 58 202 (31.7%)

  1 2038 (23%) 37 455 (20.4%)

  2 1533 (17.3%) 28 458 (15.5%)

  3 or more 2686(30.3%) 59 488 (32.4%)

Chronic Comorbid Conditions N (%)

Hypertension 178 (0.2%) 551 (0.3%) .63

Diabetes mellitus 62 (0.7%) 1469 (0.8%) .55

Chronic kidney disease <.01

  Stage 2 80 (0.9%) 1836 (1%)

  Stage 3 328 (3.7%) 12 485 (6.8%)

  Stage 4 257 (2.9%) 4590 (2.5%)

  Stage 5 267 (0.3%) 551 (0.3%)

  Unspecified 346 (3.9%) 6059 (3.3%)

End-stage renal disease 239(2.7%) 5875 (3.2%) .19

Chronic pulmonary disease 2500 (28.2%) 46 085 (25.1%) <.01

Congestive heart failure 1516 (17.1%) 31 580 (17.2%) .98

Median Income Based on Zip Codes .15

  $1-$38 999 2429 (27.4%) 45 717 (24.9%)

  $39 000-$47 999 2367 (26.7%) 49 573(27%)

  $48 000-$62 999 2065 (23.3%) 44 799 (24.4%)

  >$63 000 2003 (22.6%) 43 330 (23.6%)

Insurance Provider N (%) <.01

  Medicare 5061(57.1%) 94 556 (51.5%)

  Medicaid 833 (9.4%) 27 173 (14.8%)

  Private 2810 (31.7%) 55 632(30.3%)

  Self-Pay 159 (1.8%) 6242(3.4%)

Hospital Characteristics

Hospital Teaching Status N (%) .03

  Nonteaching 2366 (26.7%) 44 616 (24.3%)

  Teaching 6497 (73.3%) 138 988 (75.7%)

Hospital Bed Size N (%) .33

  Small 2154 (22.9%) 40 576 (22.1%)

  Medium 2455(26.1%) 50 491 (27.5%)

  Large 4798(51%) 92 720 (50.5%)

Hospital Region N (%) <.01

  Large metropolitan 18 256(20.6%) 39 842 (21.7%)

  Small metropolitan 2464 (27.8%) 43 514 (23.7%)

  Micropolitan areas 3253 (36.7%) 69 035 (37.6%)

  Others 13 112 (14.8%) 31 396 (17.1%)
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Table 2. Baseline patient and hospital characteristics for hospitalized cases of CD and UC with and without COVID-19 infection.

Patient Characteristics CD with COVID-19 CD without COVID-19 P UC with COVID-19  UC without COVID-19 P

No. patients 4630 113 505 4235 70 100

Female N (%) 2537 (54.8%)  64 925 (57.2%) .13  2215 (49.1%) 36 662 (52.3%) .06

Mean age (years) 61.45 yrs. 55.89 yrs. <.01 64.24 yrs. 60.58 yrs. <.01

Race N (%) <.01 .06

  White 3394 (73.3%)  91 258 (80.4%)  3337 (76.2%) 55 239 (78.8%)

  African American 676 (14.6%)  13 734 (12.1%)  385 (9.5%) 6379 (9.1%)

  Hispanic 407 (8.8%)  4994 (4.4%)  322 (10%) 5328 (7.6%)

  Other 153 (3.3%)  3519 (3.1%)  191 (4.2%) 3155 (4.5%)

Charlson Comorbidity Index N (%) <.01 <.01

  0 1301 (28.1%)  38 138 (33.6%)  1207 (30.8%) 19 979 (28.5%)

  1 1046 (22.6%)  22 814 (20.1%)  885 (23.5%) 14 651 (20.9%)

  2 852 (18.4%)  17 480 (15.4%)  656 (16.1%) 10 866 (15.5%)

  3 or more 1435 (31%)  34 959 (30.8%)  1486 (29.6%) 24 605 (35.1%)

Chronic Comorbid Conditions N (%)

Hypertension 9 (0.2%)  340 (0.3%) .83  13 (0.2%) 210 (0.3%) .59

Diabetes Mellitus 37 (0.8%)  908 (0.8%) .93  34 (0.6%) 561 (0.8%) .43

Chronic Kidney Disease <.01 .02

  Stage 2 42 (0.9%)  1135 (1%)  38 (0.9%) 631 (0.9%)

  Stage 3 167 (3.6%)  7718 (6.8%)  284 (3.8%) 4697 (6.7%)

  Stage 4 153 (3.3%)  3178 (2.8%)  93 (2.5%) 1542 (2.2%)

  Stage 5 9 (0.2%)  340 (0.3%)  8 (0.4%) 140 (0.2%)

  Unspecified 208 (4.5%)  3859 (3.4%)  136 (3.2%) 2243 (3.2%)

End-Stage Renal Disease 134 (2.9%)  3859 (3.4%) .39  119 (2.4%) 1963 (2.8%) .44

Chronic Pulmonary Disease 1403 (30.3%)  29 284 (25.8%) <.01  1016 (25.9%) 16 824 (24%) .2

Congestive Heart Failure 838 (18.1%)  18 955 (16.7%) .24  762 (16.1%) 12 618 (18%) .16

Median Income Based on Zip Codes .2 .06

  $1-$38 999 1361 (29.4%)  30 192 (26.6%)  936 (25.2%) 15 492 (22.1%)

  $39 000-$47 999 1227 (26.5%)  31 214 (27.5%)  1118 (27%) 18 506 (26.4%)

  $48 000-$62 999 1000 (21.6%)  27 241 (24%)  1063 (25.2%) 17 595 (25.1%)

  >$63 000 1042 (22.5%)  24 857 (21.9%)  1118 (22.7%) 18 506 (26.4%)

Insurance Provider N (%) <.01

  Medicare 2658 (57.4%)  56 639 (49.9%)  2283 (56.7%) 37 784 (53.9%)

  Medicaid 468 (10.1%)  18 387 (16.2%)  534 (8.6%) 8833 (12.6%)

  Private 1421 (30.7%)  34 278 (30.2%)  1292 (32.8%) 21 381 (30.5%)

  Self-Pay 83 (1.8%)  4200 (3.7%)  127 (1.8%) 2103 (3%)

Hospital Characteristics

Hospital teaching Status N (%) .08 .1

  Nonteaching 1278 (27.6%)  28 376 (25%)  983 (25.6%) 16 263 (23.2%)

  Teaching 3352 (72.4%)  85 129 (75%)  3252 (74.4%) 53 837 (76.8%)

Hospital Bed Size N (%) .53 .11

  Small 1102 (23.8%)  25 312 (22.3%)  919 (22.8%) 15212 (21.7%)

  Medium 1278 (27.6%)  31 100 (27.4%)  1169 (24.2%) 19 348 (27.6%)

  Large 2250 (48.6%)  57 093 (50.3%)  2147 (53%) 35 541 (50.7%)

Hospital Region N (%) .03 <.01

  Northeast 857 (18.5%)  23 836 (21%)  966 (23%) 15 983 (22.8%)

  Midwest 1287 (27.8%)  27 922 (24.6%)  940 (27.9%) 15 562 (22.2%)

  South 1889 (40.8%)  44 494 (39.2%)  1478 (32.2%) 24 465 (34.9%)

  West 602 (13%)  17 253 (15.2%)  851 (16.9%) 14 090 (20.1%)
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Discussion
Our study is among the first in the United States to analyze 
the outcomes of COVID-19 among inpatient IBD patients on 
a national level. The results showed that IBD patients who 
also had COVID-19 had a 5-fold higher risk of inpatient 
death compared with those without COVID-19. Moreover, 
COVID-19-positive IBD patients were more likely to require 
mechanical ventilation and experienced a higher incidence 
of acute respiratory failure (ARF) and septic shock. After 
adjusting for multiple factors, COVID-19 was found to be an 
independent predictor of increased inpatient mortality, pro-
longed LOS, and higher hospitalization costs. The subgroup 
analysis showed no statistically significant difference in mor-
tality between CD and UC patients. However, UC patients 
had a longer LOS and a greater need for ICU care and me-
chanical ventilation, resulting in increased hospitalization 
costs compared with CD patients.

Multiple studies have investigated the impact of COVID-
19 on IBD patients and found that they do not seem to be 
at higher risk of contracting COVID-19 infection compared 
with the general population. However, previous studies 
have reported varying results regarding COVID-19-related 
outcomes in IBD patients, with mortality rates ranging 
from 0% to 20%.7-9,15,16 This variability can be attributed to 
differences in the design of the study, sample size, comparison 
groups, population characteristics, pandemic stage, and the 
healthcare system. The SECURE IBD registry, which compiled 
data from 525 patients in 33 countries, was one of the first 
few studies to be published in May 2020. The study reported 
an overall mortality rate of 3%, and 7% of patients experi-
enced a combination of ICU care, MV use, or death.17 At the 
beginning of the pandemic, limited data were available, and 
much of what was known came from small case series and 
observational studies. However, as the pandemic worsened, 

larger studies came out, and a clearer picture of the impact of 
COVID-19 on IBD patients emerged. A recent meta-analysis 
by Abdulla and colleagues, which included data from 24 
studies, reported an overall mortality rate of 1.94% (95% 
CI, 1.29%-2.59%), with a higher mortality rate for patients 
with CD (2.79%) compared with those with UC (0.14%).18 
However, these findings are limited by significant variability 
among studies and are based on single-center studies from 
different healthcare settings. Our study is a population-based 
study that analyzed the earliest pandemic phase, utilizing the 
largest national-level US database with a large sample size 
and a broad demographic representation, providing more 
generalizability in terms of findings. The results of our study 
align with those of a multicenter nationwide IBD cohort study 
from the Netherlands, which reported a similar mortality rate 
of 13.0% and 10% ICU utilization,19 Nevertheless, this study 
has limitations attributable to its small sample size, stemming 
from the initial phase of the pandemic.

There are several potential mechanisms by which IBD 
patients may be more likely to experience worse outcomes 
from COVID-19 infection. One possibility is that the immune 
dysregulation associated with IBD may make patients more 
susceptible to infections, including COVID-19.20 In addition, 
medications used to treat IBD, such as immunomodulators 
and biologics, may decrease the immune response and 
increase the risk of opportunistic infections.21-23 Furthermore, 
the presence of IBD may indicate underlying comorbidities, 
such as obesity or cardiovascular disease, which have been 
linked to worse outcomes from COVID-19 infection. Finally, 
IBD patients may be at elevated risk of severe COVID-19 in-
fection due to changes in their access to medical care or usual 
routines during the pandemic.24

There is a paucity of data reporting the resource utilizations, 
including hospital LOS and the cost incurred due to COVID-
19 infection in IBD patients. The LOS and hospitalization 

Table 3. Outcomes for hospitalized cases of IBD with and without COVID-19 infection.

Outcomes

Patient Characteristics IBD with COVID-19 IBD without COVID-19 P

Mortality, % 1085 (12.24%) 4694 (2.55%) <.01

Mechanical Ventilation 1019 (11.5%) 6793 (3.7%) <.01

Intensive Care Unit 1064 (12%) 8446 (4.6%) <.01

Septic Shock 700 (7.9%) 8078 (4.4%) <.01

Mean Length of Stay (days) 8.28 days  5.74 days <.01

Mean Hospitalization costs $21 390 $16 468 <.01

Table 4. Outcomes for hospitalized cases of CD and UC with and without COVID-19 infection.

Outcomes

Patient Characteristics CD with COVID-19 CD without COVID-19 P UC with COVID-19  UC without COVID-19 P

Mortality, % 575 (12.41%) 2449 (2.15%) <.01 510 (12.04%) 2245 (3.20%) <.01

Mechanical Ventilation 495 (10.7%)  3859 (3.4%) <.01  182 (12.4%) 3014 (4.3%) <.01

Intensive Care Unit 509 (11%)  4654 (4.1%) <.01  229 (13%) 3785 (5.4%) <.01

Septic Shock 380 (8.2%)  44 267 (3.9%) <.01  224 (7.6%) 3715 (5.3%) <.01

Mean Length of Stay (days) 7.56 days 5.54 days <.01 9.07 days 6 days <.01

Mean Hospitalization costs $19 317 $15 467 <.01 $23 657 $18 089 <.01
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Table 5. Bivariate and multivariate logistic regression showing predictors for mortality in patients with IBD hospitalized with COVID-19 infection.

Bivariate logistic regression Multivariate logistic regression

Odds Ratio 95% Confidence Interval P Odds Ratio 95% Confidence Interval P

COVID-19 Infection 6.47 (5.51-7.59) < .01 3.52 (2.83-4.37) < .01

Female 0.8 (0.71-0.9) < .01 0.85 (0.73-0.99) .03

Race

  White Reference Reference

  Black 0.86 (0.71-1.05) .13 1.06 (0.8-1.4) .67

  Hispanic 0.85 (0.67-1.08) .19 0.99 (0.72-1.37) .97

  Other 0.95 (0.69-1.3) .73 0.65 (0.43-0.99) .05

Age (mean) 1.04 (1.04-1.05) < .01 1.04 (1.03-1.06) < .01

  18-34  Reference Reference

  35-44 2.36 (1.5-3.73) < .01 0.77 (0.45-1.32) .34

  45-64 6.8 (4.66-9.92) < .01 0.7 (0.41-1.21) .21

  ≥65 15.03 (10.36-21.81) < .01 0.68 (0.34-1.39) .3

Charlson comorbidity index

  1 Reference Reference

  2 5.24 (4.16-6.6) < .01 2.06 (1.55-2.75) < .01

  3 or more 9.58 (7.78-11.79) < .01 3.52 (2.63-4.71) < .01

Median income based on the zip code

  $1-$38 999 Reference Reference

  $39 000-$47 999 0.95 (0.81-1.11) .50 0.86 (0.69-1.07) .18

  $48 000-$62 999 0.85 (0.72-1) .05 0.74 (0.59-0.92) .01

  >$63 000 1.02 (0.86-1.2) .85 0.81 (0.65-1.02) .08

Insurance provider

  Medicare  Reference Reference

  Medicaid 0.33 (0.26-0.4) < .01 1.16 (0.86-1.58) .34

  Private 0.35 (0.3-0.41) < .01 1.04 (0.82-1.31) .74

  Uninsured 0.4 (0.27-0.6) < .01 2.1 (1.32-3.34) < .01

Comorbidities

Diabetes mellitus 1.3 (0.7-2.44) .41 —  — —

Hypertension 0.7 (0.18-2.76) .61 —  — —

Smoking Status 0.75 (0.65-0.87) < .01 0.83 (0.69-0.98) .03

Alcohol Disorder 1.49 (0.98-2.26) .06 2.04 (1.17-3.58) .01

ESRD 3.37 (2.71-4.2) < .01 1.33 (0.96-1.85) .09

Congestive Heart Failure 3.27 (2.89-3.7) < .01 0.89 (0.74-1.08) .24

COPD 1.37 (1.2-1.56) < .01 0.63 (0.53-0.76) < .01

Hospital teaching status

  Non-teaching  Reference Reference

  Teaching 1.21 (1.05-1.4) < .01 1.17 (0.97-1.42) .1

Hospital size

  Small Reference Reference

  Medium 1.18 (0.99-1.42) .07 1.07 (0.85-1.35) .58

  Large 1.31 (1.11-1.54) .00 1.19 (0.97-1.46) .1

Hospital region

  Northeast Reference Reference

  Midwest 0.8 (0.67-0.95) .01 0.75 (0.6-0.93) < .01

  South 0.74 (0.63-0.87) < .01 0.72 (0.59-0.89) < .01

  West 0.91 (0.76-1.09) .33 0.91 (0.72-1.15) .43

Complications

  Intensive care unit 47.24 (41.51-53.76) < .01 3.84 (2.52-5.87) < .01

  Mechanical ventilation 52.8 (46.14-60.42) < .01 2.89 (1.88-4.44) < .01

  Septic Shock 27.73 (24.39-31.53) < .01 4.3 (3.46-5.35) < .01
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Table 6. Bivariate and multivariate logistic regression showing predictors for LOS in patients with IBD hospitalized with COVID-19 infection.

Bivariate logistic regression Multivariate logistic regression

Coefficient 95% Confidence Interval P Coefficient 95% Confidence Interval P

COVID-19 Infection 2.66 (2.27-3.04) < .01 1.13 (0.76-1.5) < .01

Female −0.19 (−0.31 to −0.07) < .01 −0.14 (−0.26 to −0.03) .02

Race

  White Reference Reference

  Black 0.31 (0.09-0.52) .01 0.17 (−0.05-0.39) .14

  Hispanic 0.06 (−0.25-0.37) .7 0.08 (−0.23-0.39) .6

  Other 0.57 (0.18-0.96) < .01 0.39 (0.04-0.73) .03

Age (mean) 0.03 (0.02-0.03) < .01 −0.01 (−0.02-0) < .01

  18-34 Reference Reference

  35-44 0.16 (−0.06-0.37) .16 0.07 (−0.18-0.32) .6

  45-64 0.97 (0.79-1.14) < .01 0.57 (0.24-0.89) < .01

  ≥65 1.32 (1.15-1.49) < .01 0.76 (0.24-1.29) .01

Charlson comorbidity index

  1 Reference Reference

  2 1.19 (0.99-1.38) < .01 0.6 (0.37-0.82) < .01

  3 or more 2.04 (1.88-2.19) < .01 1.1 (0.87-1.34) < .01

Median income based on the zip code

  $1-$38 999 Reference Reference

  $39 000-$47 999 −0.14 (−0.3-0.02) .09 −0.02 (−0.18-0.13) .77

  $48 000-$62 999 −0.16 (−0.33-0) .05 −0.09 (−0.26-0.07) .26

  >$63 000 −0.03 (−0.23-0.17) .8 0.02 (−0.18-0.22) .87

Insurance provider

  Medicare Reference Reference

  Medicaid −0.48 (−0.68 to −0.28) < .01 0.17 (−0.07-0.41) .17

  Private −0.93 (−1.06 to −0.8) < .01 −0.18 (−0.37-0.01) .07

  Uninsured −1.14 (−1.44 to −0.85) < .01 −0.23 (−0.55-0.1) .17

Comorbidities

Diabetes mellitus 1 (0.09-1.91) .03 −0.16 (−1.06-0.73) .72

Hypertension 1.38 (−0.1-2.87) .07 0.49 (−0.94-1.93) .5

Smoking Status −0.57 (−0.7 to −0.44) < .01 −0.51 (−0.64 to −0.38) < .01

Alcohol Disorder 0.36 (−0.17-0.89) .19 0.14 (−0.41-0.69) .62

ESRD 2.87 (2.27-3.46) < .01 0.72 (0.16-1.27) .01

Congestive Heart Failure 1.87 (1.66-2.08) < .01 0.51 (0.27-0.75) < .01

COPD 0.23 (0.09-0.37) < .01 −0.55 (−0.71 to −0.39) < .01

Hospital teaching status

  Non-teaching Reference Reference

  Teaching 1.06 (0.92-1.2) < .01 1.07 (0.94-1.21) < .01

Hospital size

  Small Reference Reference

  Medium 0.55 (0.39-0.71) < .01 1.13 (0.96-1.29) < .01

  Large 1.09 (0.93-1.26) < .01 1.13 (0.96-1.29) < .01

Hospital region

  Northeast Reference Reference

  Midwest −0.62 (−0.86 to −0.38) < .01 −0.7 (−0.92 to −0.48) < .01

  South −0.45 (−0.66 to −0.25) < .01 −0.42 (−0.61 to −0.23) < .01

  West −0.49 (−0.75 to −0.23) < .01 −0.59 (−0.85 to −0.34) < .01

Complications

  Intensive Care Unit 8.42 (7.73-9.1) < .01 2.25 (1.04-3.47) < .01

  Mechanical ventilation 9.03 (8.26-9.81) < .01 2.51 (1.08-3.95) < .01

  Septic Shock 7.64 (6.93-8.34) < .01 3.57 (2.83-4.31) < .01
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Table 7. Bivariate and multivariate logistic regression showing predictors for hospitalization costs in patients with IBD hospitalized with COVID-19 
infection.

Bivariate Logistic Regression Multivariate Logistic Regression

Coefficient 95% Confidence Interval P Coefficient 95% Confidence Interval P

COVID-19 infection 5703.51 (4299.56-7107.46) <.01 −283.45 (−1677.12 to 1110.22) .69

Female -1796.76 (−2242.48 to −1351.04) <.01 −1188.40 (−1581.76 to −795.05) <.01

Race

  White Reference Reference

  Black -439.27 (−1109.45-230.91) .2 463.34 (−183.4-1110.08) .16

  Hispanic 1733.88 (562.58-2905.18) <.01 1271.77 (172.54-2371) .02

  Other 5889.37 (3919.18-7859.57) <.01 3760.38 (2139.37-5381.39) <.01

Age (mean) 81.91 (70.98-92.85) <.01 −92.26 (−128.67- -55.87) <.01

  18-34 Reference Reference

  35-44 815.71 (59.78-1571.64) .03 1153.17 (299.51-2006.83) <.01

  45-64 3322.86 (2696.28-3949.45) <.01 3030.33 (1934.11-4126.56) <.01

  ≥65 4566.78 (3973.21-5160.35) <.01 4596.22 (2804.29-6388.16) <.01

Charlson comorbidity index

  1 Reference Reference

  2 4884.96 (4188.77-5581.15) <.01 2931.62 (2163.68-3699.56) <.01

  3 or more 7878.7 (7278.35-8479.05) <.01 4129.53 (3325.72-4933.35) <.01

Median income based on the zip code

  $1-$38 999 Reference Reference

  $39 000-$47 999 843.47 (334.44-1352.49) <.01 768.09 (283.1-1253.07) <.01

  $48 000-$62 999 1632.28 (1058.08-2206.49) <.01 1042.45 (517.77-1567.12) <.01

  >$63 000 4133.38 (3238.21-5028.56) <.01 2913.68 (2154.55-3672.8) <.01

Insurance provider

  Medicare Reference Reference

  Medicaid -1794.78 (−2511.79 to −1077.78) <.01 318.62 (−446.68-1083.93) .41

  Private -1887.77 (−2374.99 to −1400.54) <.01 701.57 (79.57-1323.57) .03

  Uninsured -4740.57 (−5572.84 to −3908.3) <.01 −191.54 (−1084.85-701.77) .67

Comorbidities

  Diabetes mellitus 3167.52 (235.06-6099.98) .03 −616.68 (−3454.37-2221) .67

  Hypertension 2705.67 (−1032.05-6443.38) .16 −74.60 (−3655.67-3506.47) .97

  Chronic kidney disease 263.38 (115.69-411.07) <.01 —  - -

  ESRD 11 955.96 (9443.68-14 468.23) <.01 4631.27 (2471.84-6790.71) <.01

  Congestive Heart Failure 6889.98 (6048.35-7731.62) <.01 1726.18 (811.87-2640.5) <.01

  COPD 645.08 (155.71-1134.44) .01 −1928.36 (−2455.69 to −1401.03) <.01

Hospital teaching status

  Non-teaching Reference Reference

  Teaching 3428.05 (2828.57-4027.53) <.01 2853.07 (2319.05-3387.1) <.01

Hospital size

  Small Reference Reference

  Medium 1501.38 (834.13-2168.63) <.01 1198.90 (586.2-1811.59) <.01

  Large 3976.9 (3198.99-4754.81) <.01 3512.88 (2772.71-4253.06) <.01

Hospital region

  Northeast Reference Reference

  Midwest -3046.6 (−4274.49 to −1818.71) <.01 −2580.12 (−3714.52 to −1445.72) <.01

  South -4167.56 (−5270.71 to −3064.42) <.01 −3232.69 (−4228.55 to −2236.83) <.01

  West 3477.34 (1893.37-5061.31) <.01 3165.74 (1628.67-4702.81) <.01

Complications

  Intensive Care Unit 42 604.42 (39 280.43-45 928.4) <.01 11 696.53 (6583.16-16 809.91) <.01

  Mechanical ventilation 46 279.36 (42 549.44-50 009.29) <.01 20 147.13 (13 868.29-26 425.97) <.01

  Septic Shock 34 448.96 (31 245.76-37 652.16) <.01 15 374.11 (12 323.34-18 424.88) <.01
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costs associated with COVID-19 infection in IBD patients 
can vary widely, depending on several factors, such as the 
severity of the illness, overall health status, the presence of 
underlying comorbidities, and the requirement of ICU care, 
including mechanical ventilation. A single-center study based 
on the Canadian health system suggested a median duration 
of hospitalization of 10.5 days (interquartile range [IQR], 
3.8-29.0); however, these findings were limited to only 
7.3% of the IBD patients who required hospitalization.25 In 
a separate attempt to discern variations in resource utiliza-
tion before and amid the COVID-19 pandemic, a different 
Canadian study noted an extended hospitalization period 
for the prepandemic group, with an average duration of 
10.11 ± 17.19 days compared with 7.13 ± 8.95 days for the 
pandemic group after controlling for covariates such as age, 
gender, rural setting, and disease type (adjusted P = .015).26 
A study published in the Journal of Crohn’s and Colitis in 
2020 found that COVID-19 infection in patients with IBD 
was associated with increased healthcare resource utilization, 
including higher hospitalization costs and longer lengths of 
stay in the hospital. The study found that the median length 
of hospital stay for IBD patients with COVID-19 was 14 
days, which was longer than the median length of stay for 
patients without IBD. The study also found that IBD patients 
with COVID-19 had significantly higher hospitalization costs 
compared with patients without IBD.27 It is important to 
recognize that these findings may not be generalizable to all 
populations, as the cost and length of stay estimates may vary 
based on the type of IBD, geographical location, and country. 
Our study also determined the all-cause 30-day readmission 
rate in IBD patients hospitalized with COVID-19, which is 
significantly lower than in the non-COVID group. This can be 
explained by the higher inpatient mortality in the index hos-
pitalization in the COVID group, which resulted in the lower 
30-day readmission group. As far as we know, this is the first 
study to date to report the all-cause 30-day readmission rate, 
LOS, and hospitalization costs incurred in the management of 
COVID-19 infection in IBD patients.

We acknowledge several limitations in our study. First, this 
database study relies on accurate reporting of ICD codes to 
identify the patient population, which can lead to over- or 
under-reporting. However, database studies allow for the ex-
amination of large sample sizes, increasing the results’ gener-
alizability. Second, the database does not include information 
on medications (immunomodulators, biologics, and small 
molecules), lab values, or radiographic findings, which limits 
our ability to assess the severity of COVID-19 infection or the 
overall disease status of the IBD patients. However, we used 
validated tools such as the Charlson Comorbidity Index and 
individual comorbidities as surrogates to ascertain the co-
morbidity burden. Third, the scope of this study is limited to 
inpatient data and does not include information on the out-
patient outcomes of patients with IBD who have nonsevere 
COVID-19. Similarly, we could not determine those patients 
who underwent surgical or endoscopic procedures to treat 
IBD. Finally, we could not capture out-of-state readmissions 
because NRD is derived from state-based databases and 
does not use the exact linkage identification between states. 
We assume, however, that a limited number of patients were 
readmitted out-of-state due to insurance-related concerns.

Despite some limitations, our study is the first to ana-
lyze the national data on the impact of COVID-19-related 
hospitalizations in IBD patients in the early pandemic phase. 

The large sample size with a diverse population, including 
variables from small, medium, and large hospitals, rural and 
urban locations, and teaching and nonteaching hospitals, 
makes our results more generalizable. Additionally, the in-
clusion of the variables in the database allowed us to ex-
amine factors including hospitalization cost, patient income, 
and other hospital characteristics that are not often studied 
in single-center studies. In conclusion, our study provides 
valuable insights into the existing and evolving body of evi-
dence on the impact of COVID-19 on IBD patients. We found 
that COVID-19 is an independent predictor of mortality in 
hospitalized IBD patients and results in poor outcomes, in-
cluding increased mortality and resource utilization. To mit-
igate the impact of COVID-19 on IBD patients, it is critical 
to promote preventive measures, such as vaccination and 
booster doses, and to provide timely treatment with advanced 
COVID-19 therapies. This will help improve outcomes and 
reduce healthcare costs and utilization. Although these data 
predate the availability of vaccines and advanced treatments 
for COVID-19, it would be interesting to see the results of fu-
ture studies to see if these trends persist for subsequent years 
of the pandemic.

Supplementary Data
Supplementary data is available at Inflammatory Bowel 
Diseases online.
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