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Abstract

Background Data regarding hospitalization outcomes in patients with inflammatory bowel disease (IBD) with respect to
hospital teaching status are largely unknown.

Aims We aimed to investigate the impact of hospital teaching status on IBD hospitalization outcomes.

Methods In this retrospective analysis, we queried the 2016 and 2017 National Inpatient Sample (NIS) databases using the
International Classification of Diseases 10th revision (ICD-10) coding system. All adult patients with a principal diagnosis
of IBD were included. We stratified the IBD group into ulcerative colitis (UC), Crohn’s disease (CD), and complicated IBD.
Our primary outcome was mortality. Statistical analysis was performed using STATA, version 16.0.

Results Of the 189,950 adult patients with IBD, the majority were admitted to teaching hospitals (70.9%). There was no
significant difference in mortality based upon hospital teaching status (aOR 1.18, p=0.48); however, these patients had
an increased mean length of stay (adjusted coefficient: 0.82, p <0.01), charges (adjusted coefficient: $8732, p <0.01), and
costs ($2871, p<0.01). On subgroup analysis, patients with UC admitted to teaching hospitals had a significantly increased
in-hospital mortality (aOR 2.11, p <0.05), while those admitted with CD did not (aOR 0.80, p=0.4). Among patients with
complicated IBD, 73.17% were admitted to teaching hospitals, and no significant difference in in-hospital mortality was
seen (aOR 1.06, p=0.8).

Conclusion While outcome differences are likely related to multiple unaccounted factors, greater efforts should be placed to
cost-effectively manage patients with IBD at teaching institutions. Future studies are warranted to fully comprehend these
variations.
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Introduction

The US health care system revolves around two major
hospital systems: teaching hospitals—generally large
academic medical centers and non-teaching hospitals—
generally smaller community hospitals [1]. Traditionally,
teaching hospitals have served an instrumental role in pro-
viding quality medical education, promoting new research,
leading innovations, and delivering quality care for under-
privileged individuals. On the other spectrum, community
hospitals fill in the void and serve a vast majority (roughly
80%) of all hospitalizations and patient care [2]. Teach-
ing hospitals are excluded from some insurance networks
as they are considered to be more expensive compared to
non-teaching hospitals, with the rationale that comparable
quality of care is delivered at both [3]. This presumption,
however, may not be entirely accurate as a recent study
showed some evidence that the overall mortality for com-
mon conditions was indeed lower in teaching hospitals
compared to non-teaching hospitals [1].

Inflammatory bowel disease (IBD) poses a significant
health care burden, which from an economic perspective
is particularly true for hospitalized patients with IBD.
Indeed, a nationwide analysis using the National Inpa-
tient Sample (NIS) database from 2003 to 2014 estimated
a mean charge of $11,345 and $13,412 for hospitalized
patients with Crohn’s disease (CD) and ulcerative colitis
(UC), respectively [4]. The rising cost of hospitalization
in patients with IBD is dictated by the severity, associ-
ated complications, and type of intervention used [5]. As
such, the current priority to deliver health care is not only
focused toward improving disease outcomes but also effi-
cient and cost-effective care.

Data regarding the hospitalization outcomes of patients
with IBD with respect to hospital teaching status (teaching
versus non-teaching) are largely unknown. In this setting,
we attempted to investigate the impact of hospital teaching
status on IBD hospitalization outcomes. We hypothesized
that while the length of stay and/or costs may be greater
for patients with IBD admitted to teaching hospitals, no
significant mortality or clinical outcome difference will be
detected in these patients, despite the increased complexity
of IBD cases seen at teaching hospitals.

Methods
Data Source

In this retrospective cohort study, we queried the 2016 and
2017 National Inpatient Sample (NIS) databases. The NIS

is a database of inpatient hospital stays, excluding reha-
bilitation and long-term acute care hospitals, derived from
billing data submitted by hospitals to statewide organiza-
tions, based off discharge abstracts. The NIS 2016 data-
base contains data from 7.1 million hospital stays in 4575
hospitals in 47 US states, while the NIS 2017 database
contains data from 7.1 million hospital stays in 4584 hos-
pitals in 48 US states. They contain de-identified clini-
cal and non-clinical elements at both the patient level and
hospital level all using the International Classification
of Diseases 10th revision, Clinical Modification (ICD-
10-CM) coding system. As we used the combination of
the NIS 2016 and NIS 2017 databases (the two newest
databases), we obtained updated and more specific ICD-
10-CM codes and were able to analyze an increased total
number of cases/patients.

Study Population

Adult patients (above the age of 18) with a principal diagno-
sis of IBD were included in the study. We stratified the IBD
group into UC, CD, and complicated IBD. Complicated IBD
as defined by the ICD-10-CM diagnostic code corresponds
to IBD complicated by either a fistula, bleed, obstruction,
or abscess. The ICD-10-CM diagnostic and procedural
codes used in this study are presented in the Supplementary
Appendix (Supplementary Tables 1, 2). Inclusion and exclu-
sion criteria are shown below in a flow diagram (Fig. 1).
Institutional Review Board approval was not required for this
study as it was performed using de-identified and nationally
available data.

Study Variables

Patient demographics were age, sex, race (Caucasian, Black,
Hispanic, Asian, Pacific Islander, Native American, and
other), median household income (based on patient’s zip
code), primary expected payer (Medicare, Medicaid, pri-
vate insurance, and uninsured), hospital bed size (small,
medium, and large), teaching status, hospital region (North-
east, Midwest, South, and West), and urban location. Burden
of comorbidities was assessed using Charlson comorbidity
index.

Study Outcomes

The primary outcome was in-hospital all-cause mortality.
Secondary outcomes were: (a) mean LOS, (b) mean hospi-
talization charges (the amount billed by the hospital for the
rendered services) and (actual) costs, (c¢) incidence of shock,
(d) incidence of sepsis, (e) incidence of acute kidney injury
(AKI), (f) incidence of Intensive Care Unit (ICU) admission,
(g) likelihood of discharge to home (as opposed to an acute

@ Springer



2218

Digestive Diseases and Sciences (2021) 66:2216-2226

Fig. 1 Patient inclusion and
exclusion flow diagram

Total number of discharges in the year:

71,473,874

Excluded:

71,268,799

All patients who were admitted with primary diagnosis
of IBD: 205,075

Excluded Age younger than 18

+ years: 15,125

Total patients included in the study:

189,950

Teaching Hospital:
134,810

or sub-acute rehabilitation facility), (h) incidence of total
parenteral nutrition (TPN), and (i) incidence of gastroin-
testinal (small and large bowel) surgery. All outcomes were
defined using standard ICD-10 diagnostic and procedural
codes as shown in the Supplementary Appendix (Supple-
mentary Table 1).

Statistical Analysis

Statistical analysis was performed using STATA, ver-
sion 16.0 (StataCorp., College Station, Texas, USA).
This software facilitates analysis to produce nationally
representative unbiased results, variance estimates, and
p values. Weighting of patient-level observations was
implemented. Multivariate regression analysis was used to
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v
Non-Teaching Hospital:

55,140

adjust for potential confounders. Univariate analysis was
initially performed to calculate unadjusted odds ratio and
determine confounders significantly associated with the
outcomes. Significant association was determined with a
cutoff p value of 0.2. Multivariate regression model was
then built by including all confounders that were found to
be significant by univariate analysis, to calculate adjusted
odds ratio. Logistic regression was used for binary out-
comes and linear regression was used for continuous out-
comes. Proportions were compared using the Fisher exact
test, and continuous variables were compared using the
Student ¢ test. All p values were two-sided, with 0.05 as
threshold for statistical significance. Non-teaching hos-
pitals outcomes were taken as reference when looking at
differences in outcomes.
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Results
Patient and Hospital Characteristics

A total of 189,950 adult patients with a diagnosis of
IBD were included in the final analysis. Mean age was
45.14 years, and majority of patients were female (53.21%).
Private insurance was the primary payer of the patients
(48.33%). Majority of patients were white (73.23%). They
were predominantly admitted to teaching hospitals (70.9%).
94,680 (49.84%) patients had complicated IBD, and 95,270
(50.16%) patients had uncomplicated IBD. 73.17% of all
patients with complicated IBD were admitted to teaching
hospitals, while 68.77% of all patients with uncomplicated
IBD were admitted to non-teaching hospitals. The com-
plete patient and hospital characteristics are presented in
the accompanying Tables 1 and 2.

All-Cause In-Hospital Mortality

The total all-cause in-hospital mortality was 0.28% (545
out of 189,950 admissions) in patients admitted with IBD.
The mortality rate in patients admitted to teaching hospi-
tals was 0.28%, compared to 0.29% in patients admitted to
non-teaching hospitals. There was no significant difference
in mortality for patients admitted to non-teaching hospitals
compared to patients admitted to teaching hospitals (aOR
1.18, p=0.48) (Fig. 2).

Length of Stay

The overall mean length of stay (LOS) was 4.97 (4.90-5.03)
days for all patients admitted with IBD. In patients admitted
to teaching hospitals, the mean LOS was 5.23 days, com-
pared to 4.34 days in patients admitted to non-teaching hos-
pitals. After multivariate analysis, patients admitted to teach-
ing hospitals had a significantly longer mean LOS compared
to patients admitted to non-teaching hospitals (adjusted coef-
ficient: 0.82, p <0.05) (Table 3).

Mean Hospitalization Charges and Costs

The mean hospitalization charges and cost for patients
admitted with IBD were $47,237 and $11,844, respectively.
In patients admitted to teaching hospitals, the mean charges
and costs were $50,667 and $12,711 compared to $38,919
and $9740 in patients admitted to non-teaching hospitals,
respectively. After multivariate analysis, patients admitted
to teaching hospitals had significantly higher hospitaliza-
tion charges and costs compared to patients admitted to non-
teaching hospitals (adjusted coefficient: $8732, p <0.05 and
$2871, p <0.05, respectively) (Table 3).

Table 1 Hospital and patient characteristics of the total inflammatory
bowel disease (IBD) population

Variable n (%)

Total study population 189,950

Female 101,072 (53.21%)
Mean age in years 45.14

Insurance provider

Medicare 49,767 (26.2%)
Medicaid 37,629 (19.81%)
Private 91,802 (48.33%)
Uninsured 10,752 (5.67%)

Charlson comorbidity index

0 128,311 (67.55%)
1 35,653 (18.77%)
2 13,296 (7.0%)

3 or more 12,690 (6.68%)

Median income in patient zip code
$1-$38,999

$39,000-$47,999
$48,000-$62,999

49,615 (26.12%)
47,734 (25.13%)
47,962 (25.25%)

$63,000 44,639 (23.51%)
Hospital region

Northwest 40,896 (21.53%)
Midwest 46,215 (24.33%)
South 72,409 (38.12%)
West 30,430 (16.02%)
Hospital location

Rural 13,391 (7.05%)
Urban 176, 559 (92.95%)
Hospital size

Small 34,970 (18.41%)
Medium 53, 642 (28.24%)
Large 101, 338 (53.35%)
Teaching 134, 810(70.9%)
Race

White 139, 100 (73.23%)
Black 27,087 (14.26%)
Hispanic 15,120 (7.96%)

Asian or Pacific Islander 2583 (1.36%)
798 (0.42%)

5262 (2.77%)

Native American
Other

Shock

The overall incidence of shock was 0.76% (1460 out of
189,950) in all patients admitted with IBD. Patients admit-
ted to teaching hospitals with IBD had a 0.79% incidence of
shock compared to 0.71% in patients with IBD admitted to
non-teaching hospitals. There was no significant difference
in the likelihood of shock in patients admitted to teaching
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Table 2 Characteristics of
patients with inflammatory
bowel disease (IBD) admitted to
teaching hospitals compared to
non-teaching hospitals

Variable Total patients with /BD: 189, 950

Teaching hospital: 134,810 Non-teaching hospi-  p value

tal: 55,140

Female 70,748 (52.48%) 30,332 (55.01%) <0.01
Mean age in years 442 47.44 <0.01
Insurance provider <0.01
Medicare 32,610 (24.19%) 17,176 (31.15%)
Medicaid 27,110 (20.11%) 10,510 (19.06%)
Private 68,025 (50.46%) 23,754 (43.08%)
Uninsured 7065 (5.24%) 3700 (6.71%)
Charlson comorbidity index <0.01
0 92,048 (68.28%) 36,249 (65.74%)
1 24,859 (18.44%) 10,796 (19.58%)
2 9140 (6.78%) 4157 (7.54%)
3 or more 8763 (6.49%) 4086 (7.41%)
Median income in patient zip code <0.01
$1-$38,999 33,244 (24.66%) 16,382 (29.71%)
$39,000-$47,999 31,586 (23.43%) 16,140 (29.27%)
$48,000-$62,999 35,550 (26.37%) 12,406 (22.5%)
$63,000 34,430 (25.54%) 10,212 (18.52%)
Hospital region <0.01
Northwest 33,069 (24.53%) 7824 (14.19%)
Midwest 34,147 (25.33%) 12,075 (21.9%)
South 47,561 (35.28%) 24,840 (45.05%)
West 20,033 (14.86%) 10,400 (18.86%)
Hospital location <0.01
Rural 0%) 13,390 (24.3%)
Urban 134,810 (100%) 41,750 (75.7%)
Hospital size <0.001
Small 26,301 (19.51%) 8668 (15.72%)
Medium 36,695 (27.22%) 16,933 (30.71%)
Large 71,814 (53.26%) 29,533 (53.56%)
Race <0.01
White 95,796 (71.06%) 43,285 (78.5%)
Black 21,273 (15.78%) 5817 (10.55%)
Hispanic 11,324 (8.4%) 3800 (6.89%)

Asian or Pacific Islander
Native American
Other

2009 (1.49%)
432 (0.32%)
3976 (2.93%)

579 (1.05%)
353 (0.64%)
1301 (2.36%)

The p values highlighted in bold are significant values with p <0.05

hospitals compared to those admitted to non-teaching hos-
pitals (aOR 1.15, p=0.35) (Fig. 2).

Sepsis

The overall incidence of sepsis was 2.01% (3825 out
of 189,950 patients) in all patients admitted with IBD.
Patients admitted to teaching hospitals had a 2.06% inci-
dence of sepsis compared to 1.87% in patients admitted to
non-teaching hospitals. There was no significant difference

@ Springer

in the likelihood of developing sepsis for patients admitted
to teaching hospitals compared to those admitted to non-
teaching hospitals (aOR 1.10, p=0.35) (Fig. 2).

Acute Kidney Injury

The overall incidence of AKI in patients admitted with IBD
was 7.39% (14,045 out of 189,950 patients). Patients admit-
ted to teaching hospitals had a 7.21% incidence of AKI, com-
pared to 7.8% in patients admitted to non-teaching hospitals.
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In-hospital Outcomes in patients with IBD
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Fig. 2 In-hospital outcomes in patients with inflammatory bowel disease (IBD)

Table 3 Outcomes in patients

o Outcomes All IBD Complicated /BD
W.lth inflammatory bowel. n=189.950 n=94.680
disease (IBD) and complicated
IBD NTH TH p value NTH TH p value
1. Mean LOS (days) 4.34 5.23 4.84 5.76
Adjusted coefficient Ref +0.82 <0.01 Ref 0.97 <0.05
2. Mean total charge $38,918 $50,667 $43,575 $55,103
Adjusted coefficient Ref $8732 <0.01 Ref $12,126 <0.05
3. Mean total cost $9740 $12,711 $11,144 $14,160
Adjusted coefficient Ref $2871 <0.01 Ref $2928 <0.05
4. Home discharge 84.31% 82.14% 83.75% 81.12%
uOR Ref 0.85 <0.01 Ref 0.83 <0.01
aOR Ref 0.76 <0.01 Ref 0.74 <0.01

The p values highlighted in bold are significant values with p <0.05

LOS length of stay; IBD inflammatory bowel disease; NTH non-teaching hospital; TH teaching hospital;
uOR unadjusted odds ratio; aOR adjusted odds ratio

On multivariate analysis, there was no significant difference  ICU Admission

in likelihood of AKI for patients admitted to teaching hos-

pitals compared to those admitted to non-teaching hospitals ~ The total incidence of ICU admission in patients admit-
(aOR 0.98, p=0.81) (Fig. 2). ted with IBD was 0.52% (995 out of 189,950). Patients
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admitted to teaching hospitals with IBD had a 0.55% inci-
dence of ICU admission compared to 0.45% in patients
with IBD admitted to non-teaching hospitals. There was
no significant difference in the likelihood of ICU admis-
sion in patients with IBD admitted to teaching hospitals
compared to patients with IBD admitted to non-teaching
hospitals (aOR 1.16, p =0.40) (Fig. 2).

Intra-abdominal Surgery

Among all patients with IBD, the overall incidence of some
form of intra-abdominal/gastrointestinal surgery during
admission was 9.84% (18,710 out of 189,950). 12.11% of
all patients with IBD admitted to teaching hospitals had sur-
gery, while only 4.3% of patients admitted to non-teaching
hospitals had surgery. Upon multivariate analysis, patients
with IBD admitted to teaching hospitals had a significantly
higher likelihood of undergoing intra-abdominal/gastroin-
testinal surgery than patients admitted to non-teaching hos-
pitals. (aOR 2.97, p <0.05) (Fig. 2).

Total Parenteral Nutrition

Among patients with IBD, the total incidence of TPN use
during hospitalization was 3.32% (6320 out of 189,950
patients). 3.93% of patients admitted to teaching hospitals
with IBD required TPN, while only 1.84% of patients admit-
ted to non-teaching hospitals with IBD required TPN. Upon
multivariate analysis, patients with IBD admitted to teaching
hospitals had a significantly higher likelihood of requiring
TPN than patients admitted to non-teaching hospitals (aOR
2.04, p<0.05) (Fig. 2).

Home Discharge

Among patients with IBD, the total incidence of discharge
to home (as opposed to a rehabilitation facility) after hos-
pitalization was 82.77% (157,225 out of 189,950 patients).
110,735 (82.14%) of patients admitted to teaching hospitals
with IBD were discharged home, while 46,490 (84.31%) of
patients admitted to non-teaching hospitals with IBD were
discharged home. Upon multivariate analysis, patients with
IBD admitted to teaching hospitals had a significantly lower
likelihood of being discharged home than patients admitted
to non-teaching hospitals. (aOR 0.76, p <0.01) (Table 3).

Subgroup Analysis (UC Alone, CD Alone,
and Complicated IBD)

UC Alone

In patients with UC, there was a significantly increased in-
hospital mortality for patients admitted to teaching hospitals
(aOR 2.11, p<0.05). Additionally, there was a significantly
higher mean charge (adjusted coeff: $13,711, p <0.05),
mean cost (adjusted coeff: $3300, p <0.05), and mean LOS
(1.02 days, p<0.05) for these patients. They also had an
increased likelihood of surgery (aOR 5.13, p <0.05), TPN
use (aOR 1.94, p <0.05), and ICU admission (aOR 1.81
p <0.05), compared to those admitted to non-teaching hos-
pitals. There was no significant difference in likelihood of
shock (aOR 1.38, p=0.12), sepsis (aOR 1.17, p=0.24), or
AKI (aOR 1.02, p=0.73) (Table 4 and Fig. 3).

Table 4 Outcomes in patients

. . . Outcomes ucC CD
with ulcer'atlve colitis and n=71,090 n=118.860
Crohn’s disease
NTH TH p value NTH TH p value
1. Mean LOS (days) 4.54 5.52 4.22 5.05
Adjusted coefficient Ref 1.02 <0.05 Ref 0.89 <0.01
2. Mean total charge $40,670 $54,743 $37,825 $48,279
Adjusted coefficient Ref $13,711 <0.05 Ref $11,305 <0.01
3. Mean total cost $9992 $13,598 $9583 $12,192
Adjusted coefficient Ref $3300 <0.05 Ref $2546 <0.01
4. Home discharge 83.3% 79.4% 85.40% 84.18%
uOR Ref 0.77 <0.01 Ref 0.91 <0.05
aOR Ref 0.66 <0.01 Ref 0.85 <0.01

The p values highlighted in bold are significant values with p <0.05

LOS length of stay; IBD inflammatory bowel disease; UC ulcerative colitis; CD Crohn’s disease; NTH non-
teaching hospital; TH teaching hospital; #OR unadjusted odds ratio; aOR adjusted odds ratio
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Fig. 3 In-hospital outcomes in patients with ulcerative colitis (UC) only
B Non-teaching hospital ~ ® Teaching hospital
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In-hospital outcomes in patients with CD
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Fig.4 In-hospital outcomes in patients with Crohn’s disease (CD) only
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CD Alone

In contrast to patients with UC, patients with CD admitted
to teaching hospitals did not have a significant difference in
in-hospital mortality (aOR 0.80, p=0.4). However, patients
with CD admitted to teaching hospitals had significantly
higher mean charges (adjusted coeff: $11,305, p <0.05),
mean costs (adjusted coeff: $2546, p <0.05), and mean LOS
(0.89 days, p <0.05). They also had an increased likelihood
of surgery (aOR 2.18, p <0.05) and TPN use (aOR 2.07,
p <0.05) compared to patients with IBD admitted to non-
teaching hospitals. There was no significant difference in
likelihood of shock (aOR 1.13, p=0.51), sepsis (aOR 1.07,
p=0.5), AKI (aOR 1.06, p=0.3), or ICU admission (aOR
0.98, p=0.92) (Table 4 and Fig. 4).

Complicated IBD

Patients with complicated IBD (as defined by the ICD-10
codes) admitted to teaching hospitals did not have a sig-
nificant difference in in-hospital mortality during admis-
sion compared to those admitted to non-teaching hospitals
(aOR 1.06, p=0.8). However, those admitted to teaching
hospitals had significantly higher mean charges (adjusted
coeff: $12,126, p <0.05), mean costs (adjusted coeff: $2928,
p <0.05), and mean LOS (0.97 days, p <0.05). Moreover,
they had an increased likelihood of surgery (aOR 2.11,

B Non-teaching hospital
16.00%

14.00%
12.00%
10.00%
8.00%
6.00%
4.00%
2.00%

0.00%
In-hospital Shock

mortality

Sepsis

M Teaching hospital

ICU admission

p <0.05) and TPN use (aOR 1.86, p <0.05). There was
no significant difference in likelihood of shock (aOR 0.96,
p=0.8), sepsis (aOR 1.26, p=0.10), AKI (aOR 1.01,
p=0.87), or ICU admission (aOR 0.98, p=0.9) (Table 3
and Fig. 5).

Discussion

In this retrospective study examining a national database, we
identified nearly 200,000 patients with IBD and compared
their outcomes based upon the hospital teaching status.
Patients with IBD treated at teaching hospitals were more
likely to be male, have private insurance, and be treated at
urban centers than patients treated at non-teaching hospitals.
We identified significant differences between teaching and
non-teaching hospitals, as admission to a teaching hospital
was associated with an increased LOS as well as increased
hospitalization charges and costs relative to non-teaching
hospitals. Patients admitted to teaching hospitals were also
nearly twice as likely to receive blood transfusions or TPN
and approximately three-times more likely to undergo sur-
gery. Despite these differences, in-hospital mortality was
not significantly different between teaching and non-teach-
ing hospitals for the IBD population as a whole. However,
in-hospital mortality for UC patients was roughly twice as
much at teaching hospitals relative to non-teaching hospitals.

TPN use Surgery

In-hospital outcomes in patients with complicated IBD

*: p<0.05

Fig. 5 In-hospital outcomes in patients with complicated inflammatory bowel disease (IBD) only
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UC patients treated at teaching hospitals were also approxi-
mately twice as likely to be admitted to ICUs and five-times
as likely to undergo surgery. In addition to this, over 70% of
all patients with complicated IBD were admitted to teach-
ing hospitals, yet this did not translate into a significant dif-
ference in in-hospital mortality between teaching and non-
teaching hospitals.

It is unclear why teaching status was associated with
increased mortality for UC patients but not for patients
with CD or complicated IBD. Outcome differences may
be related to the increased likelihood of surgery (three-
times more likely) at teaching hospitals. Additionally,
the increased need for surgery may be hinged on the fact
that patients in need of surgery at non-teaching hospitals
are referred and/or transferred to teaching hospitals spe-
cifically for this reason. A recent database study examin-
ing outcomes at teaching and non-teaching hospitals for
patients with IBD also noted increased in-hospital mortal-
ity for UC patients at teaching hospitals; however, these
results did not persist in multivariate analysis [6]. How-
ever, these data are contrary to results from other similar
studies, many of which identified lower overall mortality
for various conditions at teaching hospitals [1, 7]. Nota-
bly, in a study looking at myocardial infarction survival
at teaching and non-teaching hospitals, patient transfers
were found to be an unmeasured source of confounding
[7]. Hence, a similar effect may be at play concerning UC
patients at teaching hospitals. Moreover, as with patients
requiring surgery, other significant interventions, such as
TPN, may be offered more readily at teaching hospitals,
thus attributing to its increased likelihood among patients
with IBD at these hospitals. It has also been noted that, in
the case of stroke, teaching hospitals may disproportion-
ately treat patients with more severe disease, potentially
confounding the associated stroke mortality metrics [8, 9].
Coding and/or disease severity differences may influence
the apparent mortality difference concerning UC noted
in this study. In addition, some residual confounding for
clinical features is not well captured by variables in the
database. However, if a true association between teaching
status and mortality among UC patients exists, physician
education programs, including targeted didactics and guest
lectures, may help improve such metrics.

Perhaps our finding that patients with IBD admitted to
teaching hospitals were less likely to be discharged home (as
opposed to a rehabilitation facility) was because more care-
ful and thoughtful planning was established. Indeed, mul-
tiple studies have established reduced post-discharge mor-
tality among teaching hospitals compared to non-teaching
hospitals for acute myocardial infarction, congestive heart
failure, and pneumonia [1, 7, 10].

Economic differences were noted between teaching and
non-teaching hospitals with teaching hospitals charging and

costing approximately $9000 and $3000 more than non-
teaching hospitals. These results are contrary to a similar
recent analysis, which found no significant differences in
price between teaching and non-teaching hospitals for IBD
[6]. This same analysis noted disease severity to be a greater
influencing measure on price than teaching status. However,
costs and charges may be driven by the increased interven-
tions (surgery, TPN use, etc.) provided at teaching hospitals.
Indeed, in a study looking at hospitalization costs in patients
with UC, increased costs were found to be due to surgery
(colectomy) and biologic (infliximab) use [11]. In addi-
tion, some studies have suggested teaching hospitals tend
to code less aggressively than non-teaching hospitals, thus
being penalized under administrative risk-adjusted quality
metrics [1]. Despite this, our study merits further evaluation
for the need to place a greater emphasis on proper budgeting/
improve allocation resources to potentially mitigate higher
hospital costs for teaching hospitals.

This study is limited by several factors. The inability to
assess patient transfers between teaching and non-teaching
hospitals may have unduly influenced outcomes in ways we
could not account for. In addition, institutions which had
dedicated IBD centers perhaps fared better than the average
teaching hospital, thus acting as a source of confounding.
Furthermore, while we utilized the Charlson comorbidity
index to describe certain patient demographics, we were
unable to delineate among specific comorbidities, which
may also disproportionately influence outcomes. To further
circumvent outcomes being skewed, we utilized univariate
and multivariate regression analysis to adjust for potential
confounders.

Despite these limitations, our study was powered by a
large sample size, the multitude of institutions included,
and the numerous outcomes analyzed, hence accurately
representing hospital outcomes from the nationwide patient
population.

In conclusion, while we did not find significant differ-
ences concerning primary outcomes between teaching and
non-teaching hospitals, we did find increased mortality
among UC patients treated at teaching hospitals. Moreo-
ver, we identified increased health care utilization required
by teaching hospitals for patients with both complicated
and non-complicated IBD. These data are consistent with
the current, albeit limited, literature on the topic. Greater
delineation concerning specific patient- and institutional-
level factors, particularly in the case of UC, may help to
understand the underlying cause of these results. In addi-
tion, large prospective studies comparing hospitalization
outcomes in teaching and non-teaching hospitals, with and
without dedicated IBD centers, should be encouraged to
fully comprehend the variation of hospitalization outcomes
in patients with IBD.
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