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Abstract

Background: Readmission shortly after discharge is indicative of an increased disease
severity for patients with ulcerative colitis (UC) and ineffectiveness to medical therapy, which
may contribute to a dismal prognosis.

Objectives: This study aimed to explore prognostic variables with a nomogram to predict
unplanned UC-related readmission within 1year after discharge.

Design: A retrospective cohort study.

Methods: Electronic medical records of all UC patients treated at our center between

1 January 2014 and 31 June 2021 were reviewed. A comprehensive analysis of various
characteristics, such as demographics, comorbidities, medical history, follow-up
appointments, admission endoscopy, histopathologic features, etc., was used to determine the
primary end point, which was unplanned UC-related calendar year readmission.

Results: We found that the unplanned UC-related readmission rate within 1year was 20.8%.
In multivariable cox analysis, the predictors of the Elixhauser comorbidity index [Hazard
ratio (HR): 3.50, 95% confidence interval (Cl): 1.93-6.37], regular follow-up (HR: 0.29, 95%

Cl: 0.16-0.53), any history of corticosteroid use (HR: 3.38, 95% Cl: 1.83-6.27), seral level of
C-reactive protein (HR: 1.01, 95% Cl: 1.00-1.02), and the UC endoscopic index of severity (HR:
1.29, 95% Cl: 1.05-1.57) independently predicted calendar year readmission after discharge.
The established nomogram had a consistently high accuracy in predicting calendar year
readmission in the training cohort, with a concordance index of 0.784, 0.825, and 0.837 at 13,
26, and 52weeks, respectively, which was validated in both the internal and external validation
cohorts. Therefore, UC patients were divided into clinically low-, high-, and extremely high-
risk groups for readmission, based on the calculated score of 272.5 and 378.

Conclusion: The established nomogram showed good discrimination and calibration powers
in predicting calendar year readmission in high-risk UC patients, who may need intensive
treatment and regular outpatient visits.
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protein, and the ulcerative colitis endo-
scopic index of severity independently pre-
dicted calendar year readmission after
discharge.

3. Based on the five key risk factors, we estab-
lished a novel nomogram for the prediction
of calendar year readmission in UC patients,
who are at high risk for readmission and
may need intensive therapy and regular
outpatient visits.

Introduction

Inflammatory bowel disease (IBD), a complex
disorder, is characterized by vulnerable patients
with susceptibility genes, environmental factors,
bacterial translocation, and dysregulated immu-
nity.1:2 Two major forms of idiopathic IBD are
ulcerative colitis (UC) and Crohn’s disease (CD).
The incidence and prevalence of these diseases
have wundergone significant shifts in North
America and European countries.? In China, the
reported prevalence rates are 4.59-57.3per
100,000 and the incidence rates are 0.42-4.6 for
UC (annual percentage change: +4.8%).3* The
majority of mid-term complications of IBD
include IBD-related surgery, hospitalization, and
bowel damage, contributing to the considerable
direct and indirect healthcare burden.>” The
cumulative admission rate in UC ranged from 9%
to 33% at 1year and from 18% to 54% at 5years
after diagnosis, which accounted for 10-36% of
costs for UC (annual mean cost per patient-year
€2088).8 The rehospitalization rates were 23.7 %,
55.8%, and 74.6% during the follow-up period of
1, 5, and 10years, respectively.® Readmission
shortly after discharge reflected disease severity
and a lack of response to medical therapy, which
was often associated with colectomy and mortal-
ity with a dismal prognosis.® A significant propor-
tion of patients were readmitted for UC-related
causes such as gastrointestinal symptoms and
extraintestinal manifestations. Main UC-related
causes for hospitalization were diagnostic proce-
dures (8-26.7%), disease relapse (43%), disease
activity (22.4-49.6%), UC-related surgery (2.5—
4.8%), medical therapy adjustment (22.4%), or
infection/sepsis (27.8%).9°12 Readmission was
significantly associated with hospital perfor-
mance, increasing costs, irregular outpatient vis-
its, and prolonged disease course.!2:13

Previous studies have identified various potential
risk factors associated with 30-day, 90-day, or

1-year readmission, such as steroid use for chronic
condition, Charlson comorbidity index, extensive
colitis, and use of benzodiazepines in UC.12:1415
The Agency for Healthcare Research and Quality
of the Elixhauser Comorbidity (AHRQ-
Elixhauser index) =31¢ and nonattendance to
gastroenterologist outpatient follow-up!” have
been linked to 30-day readmission and calendar
year mortality. In addition, mechanical ventila-
tion for more than 24h, human immunodefi-
ciency virus, alcohol abuse disorder, and previous
history of Clostridium difficile infection have been
found to be independent predictors of 90-day
readmission in UC patients.!8 Nghia H reported
that pain interference, prior surgery, the need for
biological agents, and any history of corticoster-
oid use were also predictive of high risk of rehos-
pitalization  within  1lyear.!® Furthermore,
intensive care unit stay, male gender, black race,
and outside hospital transfers have been shown to
predict the risk for 1-year readmission.20

To reduce the healthcare cost and improve UC
patient prognosis, it is imperative to identify risk
factors associated with calendar year readmission
in UC patients. Unfortunately, there is a scarcity
in recent literature on clinical risk factors associ-
ated with 1l-year readmission in UC patients.
Therefore, we conducted a systematic cohort
study on risk factors for calendar year readmis-
sion in UC patients treated at our center.

Materials and methods

Study design and participants

This study was conducted at the Affiliated Drum
Tower Hospital of Nanjing University Medical
School, a tertiary teaching hospital with a large,
established Digestive Endoscopy Center. All
medical records diagnosed with colitis between 1
January 2014 and 31 June 2021 were reviewed.
Inpatient admission and readmission for UC
patients were evaluated and determined by
attending gastroenterologists in the outpatient
clinical setting. All UC patients admitted to the
hospital underwent a comprehensive assessment,
including general physical examinations, vital
signs, blood tests, colonoscopy with mucosal
biopsy, histopathology, and other relevant inves-
tigations. Upon discharge, every patient was given
a detailed discharge summary, containing the
detailed information on hospital course, outpa-
tient clinical schedules, investigation results,
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medication changes, and follow-up management
plan. Data collected over the study period were
randomly divided into the training set and the
internal validation set. The external validation set
was carried out at the Wuxi People’s Hospital
between 1 June 2017 and 1 June 2020.

Careful consideration was given to ensuring the
maximum coverage of UC patients at outpatient
clinic visits. The study exclusion criteria included
(1) only with outpatient clinical visit records
(without hospitalization); (2) incomplete infor-
mation; (3) lost to follow-up within a year; (4) age
<16 or >80years; (5) initial admission for non-
UC diseases or elective purposes; (6) maternal
admissions, (7) benign or malignant tumor diag-
nosis; (8) UC-related surgery less than 3 months
prior to initial admission; (9) severe systemic dis-
eases; (10) patients who died at admission; and
(11) missing readmission time information. In
accordance with the Transparent Reporting of a
Multivariable Prediction Model for Individual
Prognosis or Diagnosis guidelines,?! we meticu-
lously designed the study with the training, inter-
nal, and external validation cohorts, satisfying the
same inclusion and exclusion criteria.

Definitions and predictors

Non-IBD colitides included ischemic colitis,
microscopic colitis, eosinophilic colitis, segmental
colitis associated with diverticula, radiation coli-
tis, Behcet’s colitis, diversion colitis, etc.22 Severe
systemic diseases included congestive heart fail-
ure, chronic obstructive pulmonary disease, acute
respiratory distress syndrome, end-stage chronic
kidney disease (stage 5), acute renal failure, and
acute or chronic liver failure.??> The diagnoses
were confirmed and validated based on the
International Classification of Diseases, Tenth
Revision, Clinical Modification. The research team
captured various characteristics of each initial
admission, including demographics, disease
course, comorbidities, medical history, admission
reasons, follow-up schedule, clinical findings at
admission, medication history, laboratory test
results, admission colonoscopy, biopsy histopa-
thology, etc. Patients who were smoking or drink-
ing at the time of initial admission were identified
as active smokers or active drinkers. IBD-related
surgery was referred to as colostomy, ileostomy,
colorectal resection, ileocolic resection, ileal
pouch-anal anastomosis, etc. AHRQ-Elixhauser
index?* is defined as a sum of individual

composite scores based on the 38 comorbidities,
such as iron-deficiency anemia, diabetes mellitus,
hypertension, etc., which are related to readmis-
sion. The two major reasons for UC-related
admission were gastrointestinal symptoms (diar-
rhea, purulent or bloody stool, abdominal pain,
nausea, vomiting, loose stool, tenesmus, abdomi-
nal distension) and extraintestinal manifestations
(erythema nodosum, pyoderma gangrenosum,
arthritis, arthralgia, oral ulcers, fever, perianal
disease). Regular follow-up was defined as
monthly outpatient visits with attending gastro-
enterologists before admission. The Montreal
disease extent and the UC endoscopic index of
severity (UCEIS) were evaluated by two experi-
enced gastrointestinal endoscopists according to
the European Crohn’s and Colitis Organisation
and the European Society of Gastrointestinal and
Abdominal Radiology Guidelines?> and histo-
pathologic features determined by two experi-
enced gastrointestinal pathologists according to
the simplified Geboes score.2¢

End point

The primary end point was the unplanned
UC-related calendar year readmission where
readmission was triggered by an IBD flare charac-
terized by a deterioration of symptoms such as
diarrhea, abdominal pain, bloody stool, or fever
as defined before,!” after an initial UC-related
admission. ‘Calendar year readmission’ was con-
sidered as a time-to-readmission within a calen-
dar year.

Statistical analysis

All statistical analyses were performed with SPSS
version 26.0 (SPSS, Inc., Chicago, IL, USA) and
R version 4.0.5 (R Foundation for Statistical
Computing, Vienna, Austria). To analyze the
baseline characteristics, continuous variables are
reported as mean * standard deviation (SD) (for
parametrically distributed data) or median (inter-
quartile range, IQR) (for nonparametrically dis-
tributed data). Any selective predictors that had
missing data exceeding 15% were excluded.
Missing categorical data were input based on an
assumption that being missing was equal to the
presence, while for continuous variables, missing
data were replaced with either the mean (for nor-
mally distributed data) or median (for nonnor-
mally distributed data). Univariable cox analysis
was utilized to calculate the unadjusted hazard
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Colitis (N=3475)
(January 1,2014-June 31, 2021)
Nanjing Drum Tower Hospital

Colitis (N=1034)
(June 1, 2017-June 1, 2020)
‘Wuxi People’s Hospital

2337 patients was excluded
Diagnosed with CD (N=1748)
Only reported inflammatory bowel disease(did not separate
into Crohn' disease and ulceratve colitis) (N=88)
Indeterminate colitis or non-IBD colitides (N=501)

1138 Ulcerative colitis (confirmed by
documented histopathologic and
endoscopic data)

798 patiens was exclued

Only with outpatient records (N=375)

Incomplete information (N=67)

Loss to follow-up within a year (N=34)

Age<<16 or >80 years old (N=86)

Initial admission for non-UC diseases or elective purposes
(N=87)

Maternal admissions (N=11)

Benign or malignant tumor diagnosis (N=40)

UC-related surgery less than 3 months prior to initial admission
™=22)

Severe systemic diseases (N=15)

Patients who died at admission (N=11)

Missing readmission time information (N=50)

637 patients was excluded
Diagnosed with CD (N=508)
Only reported inflammatory bowel disease(did not separate
into Crohn' disease and ulceratve colitis) (N=48)
Indeterminate colitis or non-IBD colitides (N=81)

397 Uleerative colitis (confirmed by
documented histopathologic and
endoscopic data)

305 patiens was exclued

Only with outpatient records (N=145)

Incomplete information (N=46)

Loss to follow-up within a year (N=13)

Age<<16 or >80 years old (N=30)

Initial admission for non-UC diseases or elective purposes (N=24)

Maternal admissions (N=5)

Benign or malignant tumor diagnosis (N=11)

UC-related surgery less than 3 months prior to initial admission
(N=10)

Severe systemic diseases (N=9)

Patients who died at admission (N=7)

Missing readmission time information (N=5)

Hospitalization with ulcerative colitis
(N=340)

‘ l Hospitalization with ulcerative colitis ‘

73
random

Training set
(N=237)

(N=103)

Internal validation set

‘ External validation set ‘

(N=92)

Figure 1. Flow diagram representing the study design with the inclusion and exclusion criteria.

ratios (HRs) for the calendar year readmission.
Multivariable cox analysis was performed with
the selective predictors that were significant in the
univariable cox analysis with a p value of <0.05 or
seemed relevant to calendar year readmission
with p>0.05. Cumulative hazard of calendar
year readmission among different subgroups in
UC patients was estimated by Kaplan—Meier
curves. Sex, age, and significant predictors were
selected to establish a novel nomogram. To meas-
ure the predictive power of the nomogram, we
evaluated the discrimination and calibration with
a time-dependent receiver operating characteris-
tic (ROC) curve and a calibration plot. The con-
cordance index (c-index) was used to evaluate the
predictive accuracy of the nomogram. The cali-
bration function was evaluated by plotting the
observed probability versus the predicted proba-
bility of readmission at different time points based
on the nomogram. Two-sided p values <0.05
were considered significant.

Results
Baseline and clinical characteristics

We identified 3475 consecutive patients diag-
nosed with colitis at the Nanjing Drum Tower

Hospital between 1 January 2014 and 31 June
2021 and 1034 consecutive patients at the Wuxi
People’s Hospital between 1 June 2017 and 1
June 2020. The study inclusion and exclusion cri-
teria for two hospitals were depicted in Figure 1,
resulting in 432 eligible patients for analysis. The
data from the Nanjing Drum Tower Hospital
were randomly divided with a 7:3 ratio for the
training set (N=237) and the internal validation
set (N=103). The external validation set (N=92)
was collected from the Wuxi People’s Hospital.
The calendar year readmission rates were 20.3%
(48/237), 20.4% (21/103), and 22.8% (21/92) in
the training set, internal, and external validation
sets, respectively. The comparation of the reasons
for the initial admission among three cohorts is
shown in Supplemental Table 1.

The baseline and clinical characteristics of all
enrolled patients are summarized in Table 1. The
median age of the selective cohorts was 43.0years
(IQR: 30.0-55.0), and the median disease dura-
tion was 2.0years (IQR: 0.0-5.0). An AHRQ-
Elixhauser index =3 was seen in 22.5% (97/432)
of UC patients. Prior to admission, the majority
of patients (71.1%) had received 1-2 types of
medication, including 39.8% for a history of cor-
ticosteroid use, 8.1% for biological agents, and
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Table 1. The baseline and clinical characteristics of
patients with UC between 2014 and 2021.

Table 1. (continued)

Characteristics

All (N=432)

Characteristics

AllL (N=432)

Age, year
Sex
Male
Female
Smoker
Never smoker
Ex-smoker
Active smoker
Drinker
Never drinker
Ex-drinker
Active drinker
Duration of disease, year
AHRQ-Elixhauser index
<3
=3
IBD-related surgery
Length of stay2
Regular follow-up
Clinical findings at admission
Stool frequency (per day)
0-5
=6

Heart rate on admission

43.0(30.0-55.0]

236 (54.6%)
196 (45.4%)

397 (91.9%)
23 (5.3%)
12 (2.8%)

416 (96.3%)
11 (2.5%)

5 (1.2%)
2.0(0.0-5.0)

335 (77.5%)
97 (22.5%)

27 (6.3%)

10.0 (6.0-15.0)
273 (63.2%)

255 (59.0%)
177 (41.0%)

90.0 (82.0-100.0)

Any history of biologic use

Any history of
immunomodulators use

Current 5-ASA use
Current biologic monotherapy

Current immunomodulators
monotherapy

Laboratory examinations?
Hemoglobin
ESR
Albumin
CRP
Admission endoscopy?
Montreal disease extent
0=Remission
1=Proctitis (E1)
2=Distal (E2)
3=Extensive (E3)
UCEIS
Stricture
Histologic feature?

Neutrophils in the lamina
propria

Chronic inflammatory cell
infiltrate

Basal plasmacytosis
Eosinophilia

Crypt abscess

35 (8.1%)
36 (8.3%)

307 (71.1%)
16 (3.7%)
16 (3.7%)

113.0 (91.0-129.0)
28.0 (13.0-51.0)
35.4 (31.9-39.3)
10.6 (3.2-45.9)

13 (3.0%)
36 (8.4%)
90 (20.9%)
291 (67.7%)
5.0 (4.0-6.0)
60 (14.0%)

387 (92.4%)

285 (68.0%)

172 (41.1%)
33 (7.9%)
171 (40.8%)

Body temperature on 37.2 (36.8-37.8])
admission
EN required 232 (53.7%)
Probiotic required 280 (64.8%)
Antibiotic required 156 (36.1%)
Intravenous corticosteroids 111 (25.7%)
required

Any history of corticosteroid use 172 (39.8%]

(Continued]

aData not available for all subjects. The missing number
(n, %) of patients for each indicator: length of stay,

n (%) =15 (3.5%]); hemoglobin, n (%) =1 (0.2%); ESR (%),
n=46(10.6%); albumin (%), n=9 (2.1%); CRP (%), n=8
(1.9%); admission endoscopy (%), n=2 (0.5%); and

histologic feature (%), n=13 (3.0%).

AHRQ, Agency for Healthcare Research and Quality of

the Elixhauser Comorbidity; 5-ASA, 5-aminosalicylic

acid; CRP, C-reactive protein; EN, enteral nutrition; ESR,
erythrocyte sedimentation rate; IBD, inflammatory bowel
disease; UC, ulcerative colitis; UCEIS, the ulcerative colitis

endoscopic index of severity.

journals.sagepub.com/home/tag


https://journals.sagepub.com/home/tag

THERAPEUTIC ADVANCES in

Gastroenterology

Volume 16

8.3% with immunomodulators. Current use of
biological agents (3.7%) and immunomodulators
(3.7%) was reduced, compared to the historical
use. The admission endoscopy was performed in
99.5% (N=431) of patients with a median
UCEIS score of 5 (IQR: 4-6). All comparations
of baseline and clinical characteristics, except for
the AHRQ-Elixhauser index (p=0.038), were not
statistically significant between the training and
internal validation sets (Table 2). The differences
in outpatient visits, use of medication, laboratory
examinations, and UCEIS scores were significant
between the two hospitals (p < 0.05). The compa-
ration between the internal and external valida-
tion sets is shown in Supplemental Table 2.

Univariate cox analysis for readmission

In wunivariate analysis, basic demographics,
comorbidities, medication use, laboratory exami-
nations, and endoscopic and histopathologic fea-
tures in the training set were analyzed for the
calendar year readmission (Table 3). For general
physical conditions recorded by the physician, the
patients who were active drinkers (p=0.001),
with longer disease duration (p=0.028) and
higher AHRQ-Elixhauser index (p<0.001), were
more likely to be readmitted within a calendar
year. As for medication use, the patients with any
history of use of corticosteroids (p=0.001) and
immunomodulators (p=0.022) had a higher like-
lihood of readmission, whereas those using 5-ami-
nosalicylic acid (5-ASA) currently (p<0.001)
had a lower likelihood of readmission. Moreover,
a lower seral level of hemoglobin (»p<<0.001) and
albumin (p<0.001) and a higher seral level
of C-reactive protein (CRP) (»p=0.004) and
UCEIS (p<<0.001) indicated a higher risk of
readmission.

Multivariate cox analysis for readmission

With multivariate analysis, the AHRQ-Elixhauser
index [HR: 3.50, 95% confidence interval (CI):
1.93-6.37], any history of corticosteroid use (HR:
3.38, 95% CI: 1.83-6.27), and higher seral levels
of CRP (HR: 1.01, 95% CI: 1.00-1.02) and
UCEIS (HR: 1.29, 95% CI: 1.05-1.57) were
found to be independently associated with an
increased risk of calendar year readmission
(Table 4). The regular follow-up (HR: 0.29, 95%
CI: 0.16-0.53) was associated with a reduced risk
of calendar year readmission (Table 4).

Development and validation of the predictive
nomogram

By assigning a weighted score to each of the pre-
dictive variables obtained from the multivariable
cox model (Figure 2), we established a nomo-
gram to calculate the likelihood of readmission at
13, 26, and 52weeks after discharge. The estab-
lished nomogram was validated by a bootstrap
resampling procedure and the integrated
c-indexes were 0.784 (95% CI: 0.639-0.930),
0.825 (95% CI: 0.733-0.917), and 0.837 (95%
CI: 0.772-0.910) at 13, 26, and 52 weeks of read-
mission, respectively (Figure 3(a)). The c-indexes
were 0.914 (95% CI: 0.850-0.978), 0.782 (95%
CI: 0.653-0.912), 0.764 (95% CI: 0.637-0.892)
at 13, 26, and 52weeks of readmission, respec-
tively, for the internal validation cohort, and
0.798 (95% CI: 0.689-0.933), 0.795 (95% CI:
0.614-0.977), and 0.812 (95% CI: 0.689-0.934),
respectively, for the external validation cohort
(Figure 3(b) and (c)). The calibration curve
(Figure 3(d)) demonstrated a high consistency
between predicted probability and observed
probability at different time points, as well as
the internal and external validation sets (Figure
3(d)—(f)). We next divided the total score into
two subgroups based on the median score of the
training set (272.5), equal to the function result
of restricted cubic spine (Figure 4). The read-
mission risk, corresponding to the median
score of 272.5, was 3.3%, 6.4%, and 13.9% at
13, 26, and 52 weeks after discharge, respectively
(Supplemental Figure S1). Figure 5(a) to (c)
shows that the scores above the median (=272.5)
showed a significantly higher risk than those
below the median (<272.5) in all three cohorts
(»p<0.001). The calculated score =378 corre-
sponded to the risk of 30-day readmission
=24.1%, 13-week readmission =55.5%, 26-week
readmission =81.4%, and 52-week readmission
=97.7%, respectively (Supplemental Figure S1).

Discussion

In our study, the UC-related rehospitalization
rate within lyear after discharge was 20.8%,
which was consistent with that previously
reported.??-28 Different studies of temporal
trends of rehospitalization varied from 9% to
52.8% substantially in different countries after
lyear of follow-up.3® In addition, the median
length of hospital stay (10.0days, IQR: 6.0—
15.0) was a bit longer than that of previous
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Table 2. The comparations of baseline and clinical characteristics between training and validation sets.

Characteristics Training set Validation sets
(N=237)
Internal (N=103) pb External (N=92) pc
Age, years 42.0(29.0-55.0) 48.0 (32.0-55.0) 0.292 47.0 (34.8-58.0) 0.060
Sex 0.741 0.741
Male 135 (57.0%) 55 (53.4%]) 46 (50.0%)
Female 102 (43.0%) 48 (46.6%) 46 (50.0%)
Smoker 0.212 0.300
Never smoker 212 (89.5%) 97 (94.2%) 88 (95.7%)
Ex-smoker 14 (5.9%) 6 (5.8%) 3 (3.3%)
Active smoker 11 (4.6%) 0(0.0%) 1(1.1%)
Drinker 0.777 0.777
Never drinker 227 (95.8%) 100 (97.1%) 89 (96.7%)
Ex-drinker 7 (3.0%) 3 (2.9%) 1(1.1%)
Active drinker 3(1.3%) 0 (0.0%) 2 (2.2%)
Duration of disease, years 2.0(0.0-6.0) 2.0 (0.0-5.0) 0.377 2.0 (0.9-6.0) 0.377
AHRQ-Elixhauser index 0.038 0.851
<3 192 (81.0%) 70 (68.0%) 73 (79.3%)
=3 45 (19.0%) 33 (32.0%) 19 (20.7%)
IBD-related surgery 18 (7.6%) 8 (7.8%) 1.000 1(1.1%) 0.067
Length of stay2 10.0 (6.0-16.0) 12.0 (6.0-18.0) 0.442 9.0 (7.0-12.0) 0.667
Regular follow-up 165 (69.6%) 70 (68.0%) 0.860 38 (41.3%) <0.001
Clinical findings at admission
Stool frequency (per day) 0.309 0.309
0-5 140 (59.1%) 54 (52.4%) 61 (66.3%)
=6 97 (40.9%) 49 (47.6%) 31 (33.7%)
Heart rate on admission 90 (82-100) 93 (82-100) 0.592 89 (82-98) 0.162
Body temperature on admission 37.2 (36.9-38.0) 37.3(36.8-38.1) 0.888 37.1(36.8-37.4) 0.009
EN required 140 (59.1%) 60 (58.3%) 0.983 32 (34.8%) <0.001
Probiotic required 136 (57.4%) 61(59.2%) 0.844 83 (90.2%]) <0.001
Antibiotic required 82 (34.6%) 36 (35.0%) 1.000 38 (41.3%) 0.667
Intravenous corticosteroid required 64 (27.0%) 33(32.0%) 0.416 14 (15.2%) 0.052
[Continued]
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Table 2. (Continued)

Characteristics Training set Validation sets
(N=237)
Internal (N=103) p® External (N=92) pc

Any history of corticosteroid use 100 (42.2%) 43 (41.7%) 1.000 29 (31.5%] 0.276
Any history of biologic use 19 (8.0%) 8 (7.8%) 1.000 8 (8.7%) 1.000
Any history of immunomodulator use 23 (9.7%]) 7 (6.8%) 0.763 6 (6.5%) 0.763
Current 5-ASA use 151 (63.7%) 71 (68.9%) 0.421 85 (92.4%) <0.001
Current biologic monotherapy 4 (1.7%) 3(2.9%) 0.437 9 (9.8%]) 0.006
Current immunomodulator monotherapy 10 (4.2%) 2 (1.9%) 0.784 4 (4.3%) 1.000

Laboratory examinations?®

Hemoglobin 110.0 (89.0-128.0) 109.0 (86.5-125.0)  0.421 119.5(95.5-133.2)  0.056
ESR 30.0 (15.0-52.2) 35.5(16.0-54.8) 0.692 18.5 (8.8-40.2) 0.006
Albumin 35.2(31.7-39.5) 34.0(31.2-38.8) 0.377 36.5(32.7-39.3) 0.377
CRP 13.2 (4.0-55.4) 10.2 (4.5-50.3) 0.740 2.7 (0.5-26.4) <0.001

Admission endoscopy?

Montreal disease extent 0.866 <0.001
0=Remission 6 (2.6%) 3 (2.9%) 4 (4.3%)
1=Proctitis (E1) 20 (8.5%) 6 (5.8%) 10 (10.9%)
2=Distal (E2) 36 (15.3%) 16 (15.5%) 38 (41.3%)
3=Extensive (E3) 173 (73.6%) 78 (75.7%) 40 (43.5%)
UCEIS 5.0 (4.0-6.0) 5.0 (4.0-6.0) 0.618 5.0 (3.0-5.0] 0.001
Stricture 36 (15.3%) 14 (13.6%) 0.806 10 (10.9%) 0.806

Histopathologic features?

Neutrophils in the lamina propria 207 (91.2%) 95 (95.0%) 0.899 85 (92.4%) 0.899
Chronic inflammatory cell infiltrate 152 (67.0%) 60 (60.0%) 0.276 73 (79.3%]) 0.059
Basal plasmacytosis 69 (30.4%) 19 (19.0%) 0.045 84 (91.3%) <0.001
Eosinophilia 7 (3.1%) 0 (0.0%) 0.105 26 (28.3%) <0.001
Crypt abscess 112 (49.3%) 36 (36.0%) 0.052 23 (25.0%) <0.001

aData not available for all subjects. The missing number (n, %) of patients for each indicator in training set and internal validation set: length of
stay, n (%) =9 (3.8%), 6 (5.8%); hemoglobin, n (%)=0(0%), 1 (1.0%]); ESR (%), n=33 (13.9%), 13 (12.6%); albumin (%), n=5 (2.1%), 4 (3.9%); CRP (%),
n=2(0.8%), 6 (5.8%); admission endoscopy (%), n=2 (0.8%), 0 (0%); histopathologic features (%), n=10 (4.2%), 3 (2.9%). No missing number in
external validation set.

bComparation between the training and internal validation sets.

cComparation between the training and external validation sets.

AHRQ, Agency for Healthcare Research and Quality of the Elixhauser Comorbidity; 5-ASA, 5-aminosalicylic acid; CRP, C-reactive protein; EN,
enteral nutrition; ESR, erythrocyte sedimentation rate; IBD, inflammatory bowel disease; UCEIS, the ulcerative colitis endoscopic index of severity.

8 journals.sagepub.com/home/tag


https://journals.sagepub.com/home/tag

Y Xiang, Y Yuan et al.

Table 3. Univariate cox analysis of predictors of calendar year readmission in UC patients.

Characteristics All Event HR (95% Cl) p
Age, year 42.0(29.0-55.0) 47.5(31.8-58.8) 1.02 (1.00-1.04) 0.064
Sex 0.294
Male 135 (57.0%) 24 (50.0%]) Ref.
Female 102 (43.0%) 24 (50.0%) 1.35(0.77-2.38)
Smoker 0.068
Never smoker 212 (89.5%) 39 (81.2%) Ref.
Ex-smoker 14 (5.9%) 4 (8.3%) 1.59 (0.57-4.46)
Active smoker 11 (4.6%) 5(10.4%) 2.76 (1.09-7.00)
Drinker 0.001
Never drinker 227 (95.8%) 42 (87.5%) Ref.
Ex-drinker 7 (3.0%) 3(6.3%) 2.48 (0.77-8.00)
Active drinker 3(1.3%) 3 (6.3%) 5.95 (1.84-19.2)
Duration of disease, year 2.0 (0.0-6.0) 2.0(0.0-7.2) 1.04 (1.00-1.08) 0.028
AHRQ-Elixhauser index <0.001
<3 192 (81.0%) 27 (56.3%) Ref.
=3 45 (19.0%) 21 (43.8%) 4.15 (2.35-7.35)
IBD-related surgery 18 (7.6%) 4 (8.3%) 1.08 (0.39-3.01) 0.881
Length of stay 10.0 (6.0-16.0) 12.5(7.8-20.2) 1.05 (1.02-1.07) <0.001
Regular follow-up 165 (69.6%) 23 (47.9%) 0.35(0.20-0.62) <0.001
Clinical findings at admission
Stool frequency (per day) 0.006
0-5 140 (59.1%) 20 (41.7%) Ref.
=6 97 (40.9%) 28 (58.3%] 2.20 (1.24-3.91)
Heart rate on admission 90.0 (82.0-100.0) 95.5 (86.0-105.0) 1.03 (1.01-1.05) 0.005
Body temperature on admission 37.2(36.9-38.0) 37.5(37.0-38.3) 1.36 (1.04-1.77) 0.024
EN required 140 (59.1%) 39 (81.2%) 3.35(1.62-6.91) 0.001
Probiotic required 136 (57.4%) 37 (77.1%) 2.81(1.43-5.51) 0.002
Antibiotic required 82 (34.6%) 22 (45.8%) 1.78 (1.01-3.14) 0.044
Intravenous corticosteroids required 64 (27.0%) 21 (43.8%) 2.45 (1.39-4.34) 0.001
Any history of corticosteroid use 100 (42.2%) 30 (62.5%) 2.53 (1.41-4.54) 0.001
Any history of biologic use 19 (8.1%) 6 (12.5%) 1.64 (0.70-3.86) 0.255
(Continued)]
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Table 3. (Continued)
Characteristics Al Event HR (95% Cl) p
Any history of immunomodulators use 23 (9.7%) 9 (18.8%] 2.28 (1.11-4.71) 0.022
Current 5-ASA use 151 (63.7%) 20 (41.7%) 0.36 (0.20-0.63) <0.001
Current biologic monotherapy 4(1.7%) 2 (4.2%) 2.58 (0.63-10.7) 0.176
Current immunomodulators monotherapy 10 (4.2%) 4 (8.3%) 2.27(0.81-6.32) 0.108
Laboratory examination
Hemoglobin 110.0 (89.0-128.0) 97.0 (83.5-118.0) 0.98 (0.96-0.99) <0.001
ESR 30.0 (15.0-52.2) 45.0 (23.0-61.0) 1.00 (1.00-1.01) 0.297
Albumin 35.2(31.7-39.5) 32.6 (28.7-34.2) 0.87 (0.82-0.92) <0.001
CRP 13.2 (4.0-55.4) 38.9(16.3-66.8) 1.01 (1.00-1.01) 0.014
Admission endoscopy
Montreal disease extent 0.033
0=Remission 6 (2.6%) 1(2.1%) Ref.
1=Proctitis (E1) 20 (8.5%) 0(0.0%) 0.00 (0.00-0.00)
2=Distal (E2) 36 (15.3%) 4 (8.3%) 0.67 (0.08-6.01)
3=Extensive (E3] 173 (73.6%) 43 (89.6%) 1.66(0.23-12.1)
UCEIS 5.0 (4.0-6.0) 6.0 (5.0-7.0) 1.43(1.18-1.73) <0.001
Stricture 36 (15.3%) 7 (14.6%) 0.95 (0.42-2.11) 0.895
Histopathologic features
Neutrophils in the lamina propria 207 (91.2%) 46 (97.9%) 5.01(0.69-36.3) 0.076
Chronic inflammatory cell infiltrate 152 (67.0%) 41 (87.2%) 3.81(1.62-8.9¢6) 0.001
Basal plasmacytosis 69 (30.4%) 13 (27.7%) 0.92(0.48-1.73) 0.786
Eosinophilia 7 (3.1%) 1(2.1%) 0.67 (0.09-4.88) 0.694
Crypt abscess 112 (49.3%) 29 (61.7%) 1.83 (1.02-3.30) 0.041

AHRQ, Agency for Healthcare Research and Quality of the Elixhauser Comorbidity; 5-ASA, 5-aminosalicylic acid; CRP, C-reactive protein; EN,
enteral nutrition; ESR, erythrocyte sedimentation rate; HR, hazard ratio; IBD, inflammatory bowel disease; UC, ulcerative colitis; UCEIS, the
ulcerative colitis endoscopic index of severity.

studies (5.9-8.0days).?® Repeated unplanned
rehospitalization could exacerbate the disease
course and economic burden. In our study, we
established and validated a nomogram to predict
the risk of calendar year readmission in UC
patients. Our nomogram integrated various risk
predictors, many of which have already been

proven to be associated with readmission.10:17:19,29
We confirmed and expanded those risk factors,
and further identified independent risk factors
associated with the calendar year readmission,
such as AHRQ-Elixhauser index, regular follow-
up, any history of corticosteroid use, high seral
levels of CRP, and UCEIS.
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Table 4. Multivariate cox analysis of predictors of calendar year readmission in UC patients.

Characteristics

Calendar year readmission

HR (95% CI) P
AHRQ-Elixhauser index <0.001
<3 Ref.
=3 3.50 (1.93-6.37)

Regular follow-up 0.29 (0.16-0.53) <0.001
Any history of corticosteroid use 3.38 (1.83-6.27) <0.001
CRP 1.01 (1.00-1.02) 0.016
UCEIS 1.29 (1.05-1.57) 0.014

AHRQ, Agency for Healthcare Research and Quality of the Elixhauser Comorbidity; CRP, C-reactive protein; HR, hazard
ratio; UC, ulcerative colitis; UCEIS, the ulcerative colitis endoscopic index of severity.
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Sex male E—E female
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JaNEA\ /\ [\ /\ /\
UCEIS 0 1 2 3 4 5 6 7 8
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AHRQ-Elixhauser index

M

) o
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13-week 0.003 0.007 0015 003 0.6 0.15 073 05 07 09

Figure 2. Nomogram for calculating likelihood of readmission in UC patients. Points are calculated for each
indicator and summed, from which probability can be calculated from the bottom row.

UC, ulcerative colitis.

Our study combined clinical findings, medication
use, laboratory tests, and endoscopic features to
stratify the risk of calendar year readmission.
Although certain variables, such as alcohol abuse,
duration of disease, seral levels of albumin, and
use of immunomodulators, showed predictive
values individually, they were not independent

risk factors in our multivariate analysis. The
results of the ROC curve and calibration plot
showed that our established nomogram per-
formed well for the prediction of readmission at
13, 26, and 52 weeks in UC patients. In addition,
both internal and external validation cohorts for
our established nomogram also demonstrated
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Figure 3. Internal and external validation of the nomogram model. (a)-(c) Receiver operating characteristic
curve for the nomogram generated using bootstrap resampling (1000 times) at different time points. (a)
The training set, (b] the internal validation set, and (c] the external validation set. (d)-(f) Calibration plot of
observed probability versus predicted probability of readmission at different time points based on the novel
nomogram. (d) The training set, (e] the internal validation set, and (f] the external validation set.
A good discrimination and calibration with the fol-
RCS lowing features. First, strict inclusion and exclu-
sion standards were used for the patient
301 population selection. Second, both training and

N
o
1

Hazard ratio of readmission
o

Total score=272.5

250 300

Total score of the nomogram

Figure 4. HRs for the readmission based on restricted cubic spine function
for total points. The purple line represents the reference of the HRs, and the
purple area represents 95% confidence intervals.

HR, hazard ratio.

validation sets were obtained from the same
patient population in the Jiangsu Province, where
UC patients were treated similarly, according to
the disease severity. Third, the difference in the
readmission rate was not significant between the
Nanjing Drum Tower Hospital and the Wuxi
People’s Hospital. Nonetheless, the lack of ade-
quate samples could lead to an unbiased property
statistically and the strict inclusion and exclusion
criteria may limit the extensive use of the estab-
lished nomogram. The readmission risk cutoff
score from our subgroup analysis (=272.5 and
<272.5) (Figure 5) showed that the nomogram
could be used to stratify the risk of UC patients as
well.

As previously described,?? variables such as pre-
existing congestive heart failure, pulmonary
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Figure 5. Cumulative hazard of calendar year readmission between different subgroups of total points in UC
patients. (a) The training set, (b) the internal validation set, and (c) the external validation set.

UC, ulcerative colitis.

embolism, renal insufficiency, sepsis, and deep
vein thrombosis are effective in risk stratification
for 30-day readmission in UC after colectomy or
proctectomy. Other factors associated with
increased risk of readmission within 1 year include
nonalcoholic fatty liver disease [adjusted hazard
ratio (aHR): 1.65, 95% CI: 1.46-1.86; p<<0.01],
frailty (aHR: 1.21, 95% CI: 1.17-1.25), and
UCEIS (»p<0.01), which were also associated
with a prolonged length of hospital stay (p<<0.01)
and high cost of care (p<0.01).29:31,32 A weighted
logistic regression model and a discharge-read-
mission model have been used to assess the read-
mission risk score in UC patients with or without
surgery.!2:30 Another nomogram with several vari-
ables of in-hospital complications, long operating
time, or the need for a higher level of care at dis-
charge was reported to be quite predictive of risk
for the readmission in patients who underwent
general surgery.>> However, limitations of these
studies included a lack of endoscopic and histo-
pathologic features, inadequate medication his-
tory, and incomplete dataset regarding calendar
year readmission in UC patients. An accurate
individualized prediction nomogram is necessary
for healthcare providers to identify high-risk UC
patients who could benefit from intensive in-hos-
pital treatment, and also to decrease readmission
rates, healthcare costs, and improve UC patient
life quality. When the calculated risk score is
=272.5, according to our nomogram, patients
should be followed up regularly. As previously
reported,’* when we consider only the risk of

short-term mortality for the likelihood of 30-day
readmission in UC patients, the intensive treat-
ment threshold was 24.1% risk of 30-day read-
mission in our study, which corresponds to the
risk score of =378 and clinicians should be vigi-
lant in this scenario (as indicated in Supplemental
Figure S1). A combination use of 5-ASA, corti-
costeroids, biologic agents, and immunomodula-
tors may reduce the levels of UCEIS and CRP
during initial admission. Additional measures,
such as enteral nutrition, probiotics, and antibiot-
ics, could have beneficial effects on the balance of
gut microbes. Regular follow-up and rational
medical therapy could reduce the risk of readmis-
sion. The UC patients above the risk threshold
should be reevaluated 1-2weeks after the inten-
sive medical therapy to assess the therapeutic
efficacy.

There are some limitations in our nomogram pro-
posal for predicting calendar year readmission in
UC patients. First, our clinical samples are rela-
tively small to reach definitive and concrete con-
clusions on the predictive power of the nomogram.
We have made efforts to include comprehensive
clinical information on patients, which is in line
with the establishment of prediction models.
Second, the data were collected only in our hospi-
tal and Wuxi People’s Hospital, which may limit
the applicability of our established nomogram to
UC patients treated at other hospitals. It would
be valuable to test the prognostic accuracy of our
model in other institutions in future studies.
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Third, although we have included explanatory
variables as much as possible in our analysis,
there were some potential predictors that were
not covered, such as income, body mass index,
fecal calprotectin, Charlson comorbidity index,
and depression. Further studies could take these
additional factors into consideration. Lastly, it is
worth noting that the study was retrospective
without a randomized controlled trial, which
could introduce inherent biases and unknown
confounders. Therefore, we recommend that
prospective studies would be conducted to test
the generalizability of our nomogram in large
cohorts.

In conclusion, we established a nomogram on
clinical factors that allowed accurate prediction of
calendar year readmission in UC patients. The
user-friendly graphical interfaces of the nomo-
gram could be used to identify high-risk patients
who could benefit from the intensive treatment
and facilitate clinical decision-making. Moving
forward, we could further test the clinical utility
of the predictive nomogram in prospective rand-
omized controlled trials.
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