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Background: Ulcerative colitis (UC) flares often result in prolonged hospitalization and considerable mortality. Nevertheless, large-scale analyses
evaluating the frequency and characteristics of hospital readmissions for UC remain limited. We aimed to examine these clinical outcomes in a
nationwide cohort of patients hospitalized with UC.

Methods: We queried the 2017 Nationwide Readmission Database using ICD-10-CM codes to identify all adult patients admitted for UC.
Outcomes including mortality, readmission rates, predictors of readmission and mortality, and healthcare usage were assessed. Multivariate
analysis was used to adjust for potential confounders.

Results: From the 31,063 patients hospitalized for UC, 17.38% were readmitted within 30 days and 28.51% in 90 days. UC accounted for
28.17% and 29.82% of readmissions at 30 and 90 days, respectively. Compared to index admission, 30- and 90-day readmissions were
characterized by significantly higher mortality (0.42% vs 1.99% and 1.65%, respectively), longer hospital stays (5.05 vs 6.62 and 6.04 days,
respectively), and increased hospital cost ($49,999 vs $62,288 and $59,698, respectively) (all P < 0.01). Numerous factors, including
chronic steroid use [hazard ratio (HR) 1.35] and opioid use (HR 1.6, were independently associated with increased 30-day readmission
(P < 0.01). Numerous factors, including anxiety (HR 1.21) and venous thromboembolism (HR 5.39), were independently associated with
increased 30-day mortality (P < 0.01).

Conclusions: In a large cohort of patients hospitalized for UC, we found that readmission is associated with higher mortality and more lengthy/
costly admissions. Additionally, we found independent associations for readmission and mortality that may help identify patients who can
benefit from close postdischarge follow-up.

Lay Summary

By examining over 30,000 patients admitted for ulcerative colitis in the United States, rehospitalization was found to be associated with higher
death rates and more lengthy/costly stays. Additionally, we found predictors of rehospitalization and death—to help identify high-risk patients.

Key Words: ulcerative colitis, inflammatory bowel disease, readmission, predictors, mortality

Introduction Despite improved and newer therapeutic modalities for
the management of patients with IBD, acute UC flares often
result in prolonged hospitilization and subsequently pose a
risk of mortality.” While the mortality rate in patients with
IBD is generally thought to be low, large population-based
studies evaluating inpatient mortality—particularly in re-
gards to patients who are readmitted—is lacking.>* One
could postulate that the risk of mortality may be higher
in the subset of patients requiring hospital readmission.
Indeed, most prior data on UC readmissions have been

Inflammatory bowel disease (IBD) is a chronic inflammatory
disorder mainly comprised of Crohn disease and ulcerative
colitis (UC). During flares, symptoms can be severe enough
to require hospitalization. In fact, it is estimated that 18%-—
25% of patients with UC require at least 1 hospitalization for
UC during their lifespan.' This, in tandem with an increasing
worldwide incidence and prevalence of IBD, poses a substan-
tial burden on healthcare resources.*™
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from small study samples, case series, and single-center ex-
periences.” !

Herein, we aimed to perform a large, population-based
study to identify rates of mortality and healthcare usage, as
well as their predictors, in patients admitted for UC.

Methods

Data Source

In this retrospective cohort study, we queried the National
Readmission Database (NRD) from January 2017 to
November 2017. The NRD is the largest database of hospital
readmissions in the United States and is derived from billing
data submitted to statewide organizations based upon dis-
charge abstracts. The NRD 2017 is nationally representa-
tive as it contains data from almost 18 million hospital stays
(unweighted) in 2454 hospitals in 28 states, accounting for
almost 60% of the US population. It contains deidentified
clinical and nonclinical elements at both the patient- and
hospital level using the International Classification of
Diseases-10th revision (ICD-10) coding system.

Study Population

Patients with a primary diagnosis of UC during hospitaliza-
tion (based on ICD-10 diagnostic codes K51.90 and K51.91)
were included in the study. Patients were excluded if: (1) they
were less than 18 years of age, (2) they were admitted elect-
ively, or (3) they were admitted within 30 days of the end
of the fiscal year (as all patients were followed for at least
30 days upon discharge) (Fig. 1). All-cause mortality, length
of stay (LOS), and cost during the index hospital admission
were identified. Thereafter, these patients (who were dis-
charged) in January of 2017 were followed until November
2017 to determine the percentage readmitted within 30 and
90 days. All-cause hospitalization mortality, LOS, and cost
were again identified, now upon readmission. Patient demo-
graphic, hospital demographic, and other risk factors (based
on ICD-10 codes) for readmission and mortality, along with

Total number of discharges in the year 2017.

35,790,513
Excluded Other diagnosis:
35,753,574
All patients who were admitted with acute ulcerative
colitis flare: 35,939
Age younger than 18
Excluded years: 1,705
Discharged in
December. 3,029
Elective admission:
1,142

Total patients included in the study:
31,063

Figure 1. Flow diagram illustrating study inclusion and exclusion criteria.
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the most common diagnoses/causes of readmission, were also
recorded. We reviewed prior studies to help select and cat-
egorize diagnostic codes that would accurately identify pa-
tients with UC.'>"'* Supplementary Table 1 for the ICD-10
codes used in the study.

Ethical Considerations

Institutional Review Board approval was not required for this
study as it was performed using deidentified and nationally
available data.

Study Variables

Patient demographics included age, sex, median household in-
come, primary expected payer, and burden of comorbidities,
assessed by the Charlson Comorbidity Index (CCI). Hospital
demographics included hospital size (based on the number of
beds), teaching status, region, and location.

Primary and Secondary Outcomes

The primary outcome was mortality rate during (1) index
admission, (2) 30-, and (3) 90-day readmission. Secondary
outcomes were: (1) rates of readmission, (2) causes for re-
admission, (3) risk factors associated with readmission and
mortality, as well as (4) mean hospitalization LOS and costs.

Statistical Analysis

Statistical analyses were performed using STATA, version 16.1
(StataCorp, College Station, TX). Weighting of patient-level
observations was implemented. Univariate analysis was ini-
tially performed to calculate unadjusted odds ratio and deter-
mine confounders significantly associated with the outcomes.
Multivariate regression analysis was used to adjust for poten-
tial confounders. A multivariate regression model was then
built by including all confounders that were found to be signifi-
cant by univariate analysis, to calculate an adjusted odds ratio.
Logistic regression was used for binary outcomes and linear re-
gression was used for continuous outcomes. Proportions were
compared using Fisher exact test, and continuous variables
were compared using Student ¢ test. All P values were 2-sided,
with 0.05 as the threshold for statistical significance.

Results

Baseline Patient and Hospital Characteristics

A total of 31,063 adult patients with a principal diagnosis of
UC (upon discharge) were included in the study. The mean
age was 48.8 years, the majority of patients were female
(53.79%), and Medicare (48.1%) was the primary payer
insurance. Patients were predominantly admitted to large
(56.5%) teaching hospitals (71.04%) in large metropolitan
areas (61.3%) (Table 1).

Mortality Rates Upon Index Admission and
Readmission

Upon multivariate analysis, when compared to mortality on
index admission, mortality upon 30- and 90-day readmis-
sion was significantly higher (0.42% vs 1.99% and 1.65%,
respectively, P < 0.01) (Fig. 2). Upon sensitivity analysis, to
exclude the possibility of higher acuity on readmission (in
general) as driving the mortality rates, we found that the
1708 patients readmitted for UC had a higher overall mor-
tality (2.29% vs 1.87%, P < 0.05) as compared to the other
(3663) readmitted patients.
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Table 1. Baseline Hospital- and Patient-Level Characteristics of Those
Admitted for a UC Flare

Variable N (%)
Total population 31,063
Female 16,709 (53.79%)
Mean age in years 48.8

Insurance provider

Medicare 9269 (29.84%)
Medicaid 5156 (16.6%)

Private 14,957 (48.15%)
Uninsured 1681 (5.38%)

CCI

0 19,197 (61.80%)
1 6293 (20.26%)
2 2494 (8.03%)
3 or more 3079 (9.91%)

Median income in patient zip code

0Oth to 25th percentile 7887 (25.39%)
26th to 50th percentile 8101 (26.08%)
51st to 75th percentile 7887 (25.39%)

( )

76th to 100th percentile 7188 (23.14%
Hospital location
Large metropolitan with at least 1 million residents 19,048 (61.32%
9940 (32.00%
1541 (4.96%

534 (1.72%

Small metropolitan with less than 1 million residents

Micropolitan areas

Nonmetropolitan or micropolitan

Hospital size

Small 5184 (16.69%)
Medium 8325 (26.80%)
Large 17,554 (56.51%)
Teaching hospital 22,067 (71.04%)
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Figure 2. Graph depicting the trend of mortality upon readmission after
hospitalization for a UC flare.

Healthcare Use Upon Index Admission and
Readmission
Upon multivariate analysis, when compared to the index ad-

mission, 30-day readmissions were characterized by signifi-
cantly longer mean LOS (5.05 vs 6.62 days, P < 0.01) and

higher mean hospitalization charges ($49,999 vs $62,288,
P < 0.01). As an aggregate, 30-day readmission accounted for
an additional 35,481 inpatient days and $334 million in hos-
pitalization cost nationally.

Upon multivariate analysis, when compared to the original
index admission, 90-day readmissions were also character-
ized by significantly longer mean LOS (5.04 vs 6.04 days,
P < 0.01), and higher mean hospitalization charges ($49,036
vs $59,698, P < 0.01).

Readmission Rates and Reasons for Readmission
Of the 30,903 patients discharged from their index hospital-
ization and followed for 30 days, 17.38% (5371) were re-
admitted (within 30 days). Of the 24,553 patients discharged
from the index hospitalization and followed for 90 days,
28.51% (7001) were readmitted (within 90 days).

UC was the most common primary diagnosis at both 30-
(31.8%) and 90-day (31.25%) readmission. Table 2 contains
a list of the most common primary diagnoses at 30- and 90-
day readmission.

Risk Factors Associated With Readmission

Upon multivariate analysis, higher CCI [hazard ratio (HR)
1.08, P < 0.01], longer LOS (HR 1.01, P < 0.01), chronic
steroid use (HR 1.35, P < 0.01), admission to a teaching hos-
pital (HR 1.12, P < 0.05), opioid use (HR 1.65, P < 0.01),
venous thromboembolism (VTE) (HR 1.35, P < 0.01), and
congestive heart failure (HR 1.34, P < 0.01) were independ-
ently associated with increased 30-day readmission. In con-
trast, female sex (HR 0.90, P < 0.05) was not associated with
increased 30-day readmission.

Upon multivariate analysis, higher CCI (HR 1.09, P < 0.01),
longer LOS (HR 1.01, P < 0.01), anxiety (HR 1.21, P < 0.01),
opioid use (HR 1.52, P < 0.01), admission to a teaching hos-
pital (HR 1.18, P < 0.01), and discharge to other than home
(HR 1.27, P < 0.01) were independently associated with in-

Table 2. Most Common Primary Diagnosis During 30- and 90-Day
Readmission After Hospitalization for a UC Flare

S.No. Primary Diagnosis at 30-Day Readmission N (%)

1 “Ulcerative colitis, unspecified, without com- 720 (13.40%)
plication”

2 “Ulcerative colitis, unspecified with rectal 374 (6.97%)
bleeding”
“Sepsis, unspecified organism” 302 (5.62%)
“Ulcerative (chronic) pancolitis with rectal 213 (3.96%)
bleeding”

N “Ulcerative (chronic) pancolitis without 206 (3.84%)
complications”

S.No. Primary Diagnosis at 90-Day Readmission N (%)

1 “Ulcerative colitis, unspecified, without com- 900 (12.85%)
plication”

2 “Encounter for attention to ileostomy due 509 (7.27%)
to colitis”

3 “Ulcerative colitis, unspecified with rectal 421 (6.02%)

bleeding”
372 (5.32%)
258 (3.68%)

“Sepsis, unspecified organism”

“Ulcerative (chronic) pancolitis without
complications”




creased 90-day readmission rate. In contrast, older age (>65)
(HR 0.99, P < 0.01) was not associated with increased 90-day
readmission. Table 3 for the risk factors independently associ-
ated with readmission.

Risk Factors Associated With Mortality

Upon multivariate analysis, longer LOS (HR 1.01, P < 0.01),
higher CCI (HR 1.35, P < 0.01), anxiety (HR 1.21, P < 0.01),
VTE (HR 5.39, P < 0.01), acute kidney injury (HR 4.92,
P < 0.01), opioid use (HR 1.52, P < 0.05), admission to a
teaching hospital (HR 1.18, P < 0.05), and discharge to other
than home (HR 1.18, P < 0.05) were independently associ-
ated with increased 30-day mortality. In contrast, older age
(HR 0.99, P < 0.05), was not associated with increased 30-
day mortality.

Upon multivariate analysis, older age (HR 1.05, P < 0.01),
higher CCI (HR 1.46, P < 0.01), end-stage renal disease (HR
3.62, P < 0.05), and acute kidney injury (HR 4.92, P < 0.01)
were independently associated with increased 90-day mortal-
ity. Table 4 for the risk factors independently associated with
mortality.

Discussion

In this retrospective cohort study using a large national
database of hospital readmissions, we found that patients
with UC who were readmitted within 30 or 90 days from
their index hospitalization had a significantly higher mortal-
ity rate (over 4-fold higher) compared to that of their index
hospitalization. Additionally, patients with UC had a signifi-
cantly longer hospitalization and increased hospitalization
costs on readmission. We also identified risk factors for 30-
and 90-day readmission and mortality. Opioid use, chronic
steroid use, VTE, congestive heart failure, hospitalization at
a teaching hospital, and a higher number of comorbidities
were identified as characteristics that were independently
associated with an increased 30-day readmission, while

Table 3. The numerous risk factors that were found to be associated
with 30- and 90-day readmission in patients admitted for ulcerative colitis
(UC) flares

Risk Factors for 30-Day Readmission HR P

CClI score 1.08 <0.01
LOS 1.01 <0.01
Chronic steroid use 1.35 <0.01
Teaching hospital status 1.12 <0.05
Opioid use 1.65 <0.05
VTE 1.35 <0.05
Congestive heart failure (CHF) 1.34 <0.05
Female sex 0.90 <0.05
Risk Factors for 90-Day Readmission HR P

CClI score 1.09 <0.01
LOS 1.01 <0.01
Anxiety 1.21 <0.01
Opioid use 1.52 <0.01
Teaching hospital status 1.18 <0.01
Discharge to other than home 1.27 <0.01
Older age (>65) 0.99 <0.01
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opioid use, anxiety, hospitalization at a teaching hospital,
discharge to a facility other than home, and higher number
of comorbidities were identified as characteristics independ-
ently associated with increased 30-day mortality.

The finding that readmission in UC patients is a predictor for
mortality is a relatively novel finding. Prior studies evaluating
hospital readmissions for UC have not described in-hospital
mortality on readmission, though the risk of death in patients
who are readmitted (not restricted to only in-hospital death)
has previously been described. A recent study by Kruger et al
found that patients who were readmitted within 30 days after
an index hospitalization for UC had a 4.5% calendar year
mortality rate, compared with 0.45% in those not readmit-
ted within 30 days." This finding has also been reported in
other medical conditions; a study looking at mortality after
readmission for heart failure found that the risk of death
among readmitted patients within 30 and 90 days was almost
3- and 4-fold higher, respectively.'® A hypothesis for this as-
sociation may be that patients who are readmitted are more
likely to have severe disease or associated complications that
are associated with a higher risk of death.

With over one-fourth of patients requiring readmission
within 90 days of their index hospitalization, hospital re-
admissions for patients with a primary UC diagnosis rep-
resent a significant burden on the healthcare system. Prior
single-center studies have reported a 30-day readmission rate
between 11.7% and 14% and 90-day readmission rate be-
tween 20.5% and 24% for patients with IBD (both UC and
Crohn disease), which is similar to our findings.”'”'* However,
a study using the 2013 U.S. NRD found a 30-day readmission
rate of 10.6%." While this number is significantly lower than
the readmission rate of 17.38% in our study, we hypothesize
that some of this discrepancy may be due to differences aris-
ing from the use of the older (ICD-9) codes, rather than the
newer (ICD-10) codes used in our study.

In our study, the variable with the strongest correlation with
30-day mortality was VTE. Similar to prior studies, we found
that patients hospitalized for a UC flare with a history of VTE
were noted to have a higher risk of 30-day readmission and

Table 4. The numerous risk factors that were found to be associated
with 30- and 90-day mortality in patients admitted for ulcerative colitis
(UC) flares

Risk Factors for 30-Day Mortality HR P

CClI score 1.09 <0.01
LOS 1.01 <0.01
Anxiety 1.21 <0.01
VTE 5.39 <0.01
Acute kidney injury (AKI) 4.92 <0.01
Teaching hospital status 1.18 <0.05
Opioid use 1.52 <0.05
Discharge to other than home 1.18 <0.05
Older age 0.99 <0.05
Risk Factors for 90-Day Mortality HR P

CClI score 1.46 <0.01
End-stage renal disease (ESRD) 3.62 <0.05
AKI 4.92 <0.01
Older age 1.05 <0.01

Bold text highlights statistical significance.

Bold text highlights statistical significance.
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30-day mortality.?>?! This has previously been well described,
as patients with IBD have an increased risk of VTE, and pa-
tients with active disease are more likely to have VTE.?>%
Furthermore, patients with IBD are more likely to develop
postdischarge VTE than non-IBD patients.**

Pain control is an important aspect in the care of patients
with IBD, with prior studies demonstrating that chronic pain
is associated with an increased risk of readmission.!” A study
by Hazratjee et al found that patients with IBD who were dis-
charged without opioid analgesia were 2.2-fold more likely to
be readmitted within 30 days.”> However, opioid use disorder
has been associated with an increased risk of 30-day readmis-
sion.?® In our study, we found that chronic opioid use was
a significant predictor of both 30- and 90-day readmission
and 30-day mortality. Indeed, it appears that pain control is
important, but care must be taken to prevent chronic opiate
dependence.?” Reja et al found that 2.6% of patients with UC
were readmitted within 1 year for opiate use disorder; the
mean total charge for readmission for opiate use disorder was
$41,291 and associated with a mortality of 0.57%.%*

Corticosteroids, while very effective for the short-term
treatment of IBD, have also been associated with a significant
risk of complications, especially when used in the long term.?
In fact, prior studies have found that past use of steroids is as-
sociated with a higher risk of readmission (odds ratio 1.90).3°
Our study is consistent with this finding; we found the chronic
use of steroids to be a significant predictor of 30-day readmis-
sion. However, we note that the short-term use of steroids
was not evaluated in this study, and our findings cannot be
generalized to the short-term use of steroids. Furthermore, it
is unclear whether the higher rate of readmission for patients
with steroid use is due to the use of steroids (and their associ-
ated adverse effects) or that steroid use is simply a surrogate
for more aggressive and refractory disease. Regardless, ster-
oids have been demonstrated to play an important role in the
management of IBD flares and its use during index admission
can decrease the risk of 30-day readmission.'®

We also found that anxiety was associated with 90-day re-
admission and 30-day mortality. Psychiatric comorbidities
have previously been noted to increase the risk of re-
admission in many medical conditions, including IBD.!7:3!
However, the finding of increased risk of 30-day mortality
is a little more puzzling. While it is unlikely that anxiety it-
self increases the risk of death, we hypothesize that anxiety
may be associated with having other comorbidities, which
we found to be associated with a higher risk of death.
Anxiety has also been demonstrated to be associated with
disease activity,®? though disease severity may not always
correlate with mortality.®

There are several strengths to our study. First, the use of a
large national database provided the ability to draw conclu-
sions that we believe are representative of the US population.
Our study also looked at factors associated with inpatient
mortality, which we believe has greater clinical significance
than readmission rate alone. Furthermore, we looked at both
30- and 90-day readmission and mortality rate, which allows
one to determine the persistence of each predictor over time.

We also acknowledge several limitations of our study.
Although our study draws its strength from a large sample
of patients, it relies on administrative codes which have the
potential for misclassification of IBD diagnoses and misrepre-
sentation of reason for hospital admission. A prior study on

the use of ICD-9 codes found that ICD-9 codes have low ac-
curacy when it comes to identifying IBD patients.'> While the
accuracy of ICD-10 codes, which were used in this study, have
not yet been studied, we reviewed previously published manu-
scripts on the topic to confidently include the most appropri-
ate ICD codes. The NRD also does not record race or ethni-
city, variables which have been previously demonstrated to
play a role in the risk of hospital readmission; black patients
with IBD have previously been found to have an increased
risk for readmission.'$3% Also, our study is not able to measure
what happens between hospitalizations, including the risk of
death outside of the hospital and the impact of postdischarge
follow-up, both of which would provide greater context to
the results of this study. Finally, we acknowledge the fact
that mortality upon readmission in many patients was due to
other causes (other than the UC). However, this is unlikely to
effect the overall results for several reasons. First, we only in-
cluded the UC as a primary diagnosis, and yet over 30% were
readmitted for UC. Second, other readmission diagnoses, such
as sepsis, were likely to be (at least in some cases) a direct
result of the UC. Third, upon sensitivity analysis, our results
demonstrate that UC readmissions had higher mortality, as
compared to all other readmissions. Hence, we conclude that
UC upon readmission is associated with mortality and be-
lieved to be one of the major factors driving the increased
mortality and hospital LOS/cost found.

In summary, our study highlights that patients with UC
have a high rate of hospital readmission and a high rate of
mortality, particularly upon readmission. We have also iden-
tified critical risk factors that may help decrease the risk of
readmission and mortality, as well as reduce healthcare costs,
in this important patient population.
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