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Abstract
Purpose  Bariatric surgery has been reported to produce durable weight loss in the management of obesity; sleeve gastrectomy 
(SG) is the most common bariatric procedure. Obesity is a common comorbidity of inflammatory bowel disease (IBD), and 
the impact of IBD on short-term SG outcomes has not been widely reported. This study assessed whether IBD was associ-
ated with adverse post-SG outcomes.
Materials and Methods  Hospitalizations of patients undergoing SG in the United States were identified using the 2010–2020 
Nationwide Readmissions Database (NRD) and stratified by IBD diagnosis. The SG cohort was propensity-matched based 
on age, biological sex, body mass index (BMI), comorbid diabetes, hypertension, depression, chronic obstructive pulmonary 
disease, and discharge in quarter four. Primary aims were to compare in-hospital mortality, post-operative complications, 
and all-cause 90-day readmission between patients with and without IBD. Secondary outcomes were length of stay (LOS) 
and total hospital cost.
Results  A total of 2030 hospitalizations were matched. The odds of complication were 48% higher for hospitalizations of 
patients with IBD (11.1% vs. 7.8%; aOR 1.48, aOR 95% CI 1.10–2.00, p = .009). The most common complication was nau-
sea (4.9% vs. 3.7%, p = .187). No statistically significant difference was observed for all-cause 90-day readmissions, LOS, 
or hospital cost.
Conclusion  Hospitalizations of patients with IBD who underwent SG experienced significantly higher post-operative com-
plication rates. However, the similar lengths of stay and readmission rates compared to propensity-matched SG hospitaliza-
tions without IBD suggest many complications were minor. SG remains a safe weight loss procedure for patients suffering 
from IBD and obesity.

Keywords  Inflammatory bowel disease · Crohn’s disease · Ulcerative colitis · Bariatric surgery · Sleeve gastrectomy

Introduction

In the United States (US), the prevalence of obesity is at 
an all-time high; more than 40% of American adults suffer 
from obesity based on a BMI ≥ 30.0 kg/m2, an increase from 
30.5% in 1999 [1]. Obesity has been linked to adverse health 
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outcomes such as hypertension, coronary artery disease, 
sleep disorders, and cancer [2]. There is also a significant 
economic burden associated with obesity, which accounted 
for $172.74 billion of annual healthcare-related expenditures 
among adults from 2011 to 2016 [3].

In parallel with obesity, cases of inflammatory bowel dis-
ease (IBD)—which includes Crohn’s disease (CD) and ulcera-
tive colitis (UC)—have also shown increasing prevalence [4, 
5]. Patients suffering from obesity also frequently suffer from 
IBD; approximately 1 in 3 patients with a diagnosis of IBD 
suffer from obesity [6]. This observation, combined with the 
parallel increases in cases of obesity and IBD, has led to specu-
lation that there may be a link between the two epidemics. 
Specifically, it has been hypothesized that IBD and obesity 
may share a similar disease process mediated by a common set 
of proinflammatory molecules [7, 8]. Thus, treating a patient’s 
obesity may positively impact the course of IBD [9].

Bariatric surgery has been considered the main therapeu-
tic option for managing obesity, especially in patients for 
which other nonsurgical interventions have proven ineffec-
tive. Bariatric procedures have been repeatedly shown to 
produce greater weight loss than nonsurgical management of 
obesity [10], with sleeve gastrectomy (SG) among the most 
popular bariatric surgeries worldwide [11]. In a small retro-
spective series concerning the management of patients with 
IBD, SG was reported to have fewer complications com-
pared to Roux-en-Y gastric bypass (RNY) [12]. Yet, there is 
still a paucity of data on in-hospital post-operative outcomes 
and risk of rehospitalization for patients with IBD undergo-
ing SG. The current study addresses this gap by evaluating 
the post-operative safety of SG in patients carrying an IBD 
diagnosis. The Nationwide Readmissions Database (NRD) 
was used to compare differences in in-hospital mortality, in-
hospital post-operative complications, and all-cause 90-day 
readmission rates between patients undergoing SG with and 
without comorbid IBD in the US.

Materials and Methods

Data Source

Study data were abstracted from 2010 through 2020 Nation-
wide Readmissions Database (NRD). The NRD is an inpa-
tient care database in the United States (US) and estimates 
approximately 35 million yearly hospital discharges [13]. 
The NRD is part of the Healthcare Cost and Utilization Pro-
ject (HCUP) and is sponsored by the Agency for Healthcare 
Research and Quality (AHRQ). The NRD is a representative 
sample of the US population and includes inpatient hospital 
stays irrespective of expected payer. Notably, the NRD cap-
tures in-hospital mortality and repeat hospital visits within a 
calendar year. The NRD includes patients with and without 

repeat hospital visits. The NRD only captures in-hospital 
events and does not provide outpatient outcomes (e.g., out-
patient mortality). The NRD is de-identified and HIPAA-
compliant. The Institutional Review Board at Creighton Uni-
versity (InfoEd record number: 2003782) acknowledged this 
study as Not Human Subjects Research.

Identification of Hospitalizations for Sleeve 
Gastrectomy and Irritable Bowel Disease

To identify sleeve gastrectomy (SG) hospitalizations, we first 
identified hospitalizations of patients undergoing obesity pro-
cedures using Medicare Severity Diagnosis Related Groups 
(MS-DRG: 619, 620, and 621) [14]. Next, these obesity sur-
gery hospitalizations were further identified as SG procedures 
as indicated by ICD-9 and ICD-10 procedure codes (ICD-9: 
43.82 and ICD-10: 0DB64Z3). After identifying these index 
SG hospitalizations, the hospitalizations were stratified by 
whether the patient also suffered from IBD as indicated by 
ICD-9 and ICD-10 diagnosis codes (CD: 555.0, 555.1, 555.2 
555.9, K50.-; and UC: 556.0–556.6, 556.8, 556.9, K51.-). 
Lastly, SG hospitalizations were excluded if the patient was 
younger than 18 years of age or had previous bariatric sur-
gery as indicated by ICD-9 and ICD-10 diagnosis codes (ICD-
9/10: V45.86, V45.75, Z98.84, Z90.3).

Patient-specific covariates were extracted for index hos-
pitalizations meeting inclusion criteria; patient-specific 
covariates included age, biological sex, and body mass index 
as indicated by ICD-9 and ICD-10 diagnosis codes (see 
Supplemental Table SI). Additionally, Elixhauser-refined 
comorbidities were extracted for index SG hospitalizations. 
Elixhauser comorbidities are a set of pre-existing variables 
within the NRD that are based on secondary diagnoses that 
co-exist at the time of hospitalization. Elixhauser comor-
bidities were selected because they relate to healthcare 
resource allocation (e.g., length of stay) and outcomes (e.g., 
in-hospital mortality). The NRD and other databases within 
the HCUP family demonstrate good validity to support the 
use of Elixhauser comorbidities to identify co-existing con-
ditions at the time of hospitalization [15]. The following 
Elixhauser-refined comorbidities were extracted: acquired 
immunodeficiency syndrome (AIDS), alcohol abuse, rheu-
matoid arthritis/collagen vascular disease, metastatic cancer, 
depression, diabetes with and without chronic complications, 
drug abuse, hypertension with and without chronic compli-
cations, lymphoma, chronic pulmonary disease, peripheral 
vascular disorders, and hypothyroidism [15].

Study Outcomes

Primary outcomes included in-hospital mortality, post-
operative in-hospital complications, and all-cause and cause-
specific 90-day readmissions. Secondary outcomes included 
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index hospitalization length of stay (LOS) and hospital cost 
that was inflation-adjusted to mid-year 2020 US dollars [16]. 
Post-operative complications were provided as a composite 
and included bariatric-specific complications, general com-
plications, ulceration, organ complications, hemorrhage, and 
infection. Complications were identified using ICD-9 and 
ICD-10 diagnosis codes (see Supplemental Table SI). Spe-
cific to 90-day readmission analysis, the NRD only follows 
patients for a calendar year and does not allow for readmis-
sion analysis across years. As such, to allow for complete 
90-day post-discharge follow-up for all patients, patients dis-
charged within 90 days of the end of the calendar year were 
excluded. More specifically, index hospitalizations were 
excluded if the patient died or was discharged in October, 
November, or December. Cause-specific readmission rates 
were identified by the primary discharge diagnosis of the 
repeat hospital visit using MS-DRG codes [14].

Statistical Analysis

Descriptive statistics were stratified by whether the patient 
suffered from IBD. Categorical covariates were presented as 
percent and compared using Rao-Scott chi-square test which 
is a designed-adjusted chi-square test that incorporates the 
sampling design of the NRD [17]. Continuous covariates 
were presented as median and interquartile range. Logis-
tic regression models were estimated to evaluate whether 
the odds of in-hospital post-operative complication and the 
odds of all-cause 90-day readmission differed by whether 
the patient suffered from IBD. Lognormal models were 
estimated to evaluate differences in the LOS and hospital 
cost by whether the patient suffered from IBD. To assess 
whether the complication rate differed between patients suf-
fering from CD and patients suffering from UC, a logistic 
regression model was estimated.

To adjust for baseline differences and to account for 
selection bias between SG hospitalizations of patients suf-
fering from IBD and SG hospitalizations of patients not 
suffering from IBD, index hospitalizations were propensity 
score–matched based on age, biological sex, body mass 
index ranges, and comorbid conditions that included dia-
betes, hypertension, depression, and chronic obstructive 
pulmonary disorder. For the 90-day readmission analysis, 
we ensured there was the same number of patients suffering 
from IBD and patients not suffering from IBD by matching 
based on whether the patient was discharged in the fourth 
quarter of a given calendar year (aka, October, November, 
or December). As discussed in the study outcomes, the NRD 
only follows patients for a calendar year and does not allow 
for readmission analysis across years. To allow for complete 
90-day post-discharge follow-up for all patients, patients dis-
charged in October, November, or December were excluded 
from the 90-day readmission analysis. Greedy nearest 

neighbor 1:1 matching was used; biological sex, body mass 
index, discharge quarter four, and comorbidities were exact-
matched; age was matched to minimize Mahalanobis dis-
tance between hospitalizations of patients suffering from 
IBD and hospitalizations of patients not suffering from IBD. 
Mahalanobis distance is a multivariate distance metric that 
is useful for identifying outliers and reducing bias in propen-
sity score matching; briefly, the Mahalanobis distance is the 
multivariate distance of an observation from the mean of all 
variables simultaneously (aka, centroid). Match quality was 
assessed through the distribution of propensity scores and 
standardized difference scores (± 0.10 indicated imbalance 
and poor match quality). All outcome analyses were based 
on the matched cohorts and accounted for the NRD sampling 
design with two-tailed p < 0.05 used to indicate statistical 
significance. All analyses were conducted using SAS v. 9.4.

Results

In the United States, from 2010 to 2020, sleeve gastrectomy 
(SG) was the most common bariatric procedure for patients 
suffering from IBD; SG accounted for 96.9% of bariatric 
procedures. Overall, there were an estimated 914,345 hospi-
talizations of patients suffering from obesity who underwent 
SG (unweighted N = 492,438; Table SII), of which an esti-
mated 0.2% were hospitalizations in which the patient suf-
fered from IBD (unweighted N = 1015, weighted N = 1976). 
Hospitalizations of patients suffering from IBD were pri-
marily patients suffering from ulcerative colitis (UC; 69.8%, 
unweighted N 739, weighted N 1375. 95% CI 1311–1440). 
Hospitalizations of patients suffering from Crohn’s disease 
(CD) accounted for 30.2% of hospitalizations for SG of 
patients suffering from obesity and IBD (unweighted N 275, 
weighted N 596, 95% CI 544–647).

Baseline Demographics

Prior to matching, the median age was higher for hospitaliza-
tions of patients suffering from IBD (46 years vs. 43 years, 
p < 0.001). Biological sex was similar across IBD status 
(81.8% female vs 79.5% female, p = 0.086). A BMI range of 
40–45 kg/m2 was the most frequent BMI category, although 
it was higher in the presence of IBD (36.9% vs. 32%, 
p = 0.004). Hypertension was the most common comorbidity 
(57.3% vs. 51.8%, p = 0.001) followed by diabetes (28.9% vs. 
25.2%, p = 0.016), depression (28.4% vs. 19.1%, p < 0.001), 
and chronic pulmonary disease (23.7% vs. 18.2%, p < 0.001).

Propensity Matching

A total of 2030 unweighted SG hospitalizations were suc-
cessfully matched (1015 IBD; 1015 non-IBD). Following 
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propensity score matching, all covariates had a standardized 
difference score of less than ± 0.10 (Table 1; Supplemental 
Figure SI–SII). The median age was 46 (standard differ-
ence = 0.01). Females comprised over 80% of hospitaliza-
tions (standard difference =  − 0.05). The most frequent BMI 
range was 40–45 kg/m2 (standard difference = 0.06).

Outcomes

The odds of composite post-operative complication were 
48% higher for hospitalizations in which the patient suf-
fered from IBD (11.1 vs. 7.8%; aOR 1.48, 95% CI 1.10 
to 2.00, p = 0.009; Table 2). For patients suffering from 
IBD, the odds of post-operative complication were sta-
tistically similar between patients suffering from CD and 
patients suffering from UC (CD 10.0% vs. UC 11.6%, 
OR 1.19, 95% CI 0.79–1.77, p = 0.404). There were no 
in-hospital deaths noted in either group; moreover, dur-
ing index SG hospitalization, there were no inpatient 
deaths for patients carrying an IBD diagnosis and for 
those not carrying an IBD diagnosis. The most common 
complication was nausea (4.9% vs. 3.7%, p = 0.187; Table 
SIII). Nausea was the only reportable complication; all 
other individual complications occurred in 10 or fewer 
hospitalizations within the IBD or non-IBD cohorts and 
could not be presented per the NRD Data Use Agreement 

(Table SIII). No statistically significant difference was 
observed for all-cause 90-day readmissions (aOR = 1.14; 
95% CI 0.72 to 1.81; p = 0.570; Table  2). The most 
common reason for 90-day readmission was esophagi-
tis (16.5%; 95% CI 11.7 to 21.3%). For secondary out-
comes, LOS was 2% lower for hospitalizations in which 
the patient had IBD (95% CI 9% lower to 6% higher; 
p = 0.644; Table 2). Hospital cost was 3% higher for hos-
pitalizations in which the patient had IBD (95% CI 0% 
higher to 7% higher; p = 0.078; Table 2).

Table 1   Pre- and post-match 
descriptives

An * indicates that the result could not be presented per the NRD Data Use Agreement. Data presented as 
median [interquartile range] or percent. Propensity scores presented as mean ± standard deviation
Standardized differences beyond ± 0.10 were considered to indicate imbalance

Descriptives Pre-match Post-match

IBD: yes IBD: no Std. diff IBD: yes IBD: no Std. diff

Age, years 46 [38, 55] 43 [35, 52] 0.22 46 [38, 55] 46 [38, 55] 0.01
Biological sex, %

  Male 18.2 20.5  − 0.08 18.2 19.7  − 0.05
  Female 81.8 79.5 81.8 80.3

BMI, %
  30–34 kg/m2 2.1 1.9 0.02 2.1 2.4  − 0.03
  35–39 kg/m2 21.4 19.0 0.08 21.4 22.6  − 0.04
  40–44 kg/m2 36.9 32.3 0.14 36.9 34.9 0.06
  45–49 kg/m2 18.1 20.7  − 0.09 18.1 19.6  − 0.05
  50–59 kg/m2 15.8 17.6  − 0.07 15.8 14.9 0.04
  60+ kg/m2 3.4 5.2  − 0.12 3.4 4.4  − 0.07

Discharge quarter IV, % 28.5 28.8  − 0.01 28.5 28.0 0.02
Comorbidities, %

  Depression 28.4 19.1 0.31 28.4 29.2  − 0.02
  Diabetes 28.9 25.2 0.12 28.9 28.5 0.01
  Hypertension 57.3 51.8 0.16 57.3 57.7  − 0.01
  Chronic pulmonary disease 23.7 18.2 0.19 23.7 23.3 0.01

Propensity score 0.0 ± 0.0 0.0 ± 0.0 0.35 0.0 ± 0.0 0.0 ± 0.0 0.00

Table 2   SG post-operative outcomes stratified by the presence of IBD

aOR adjusted odds ratio
An * indicated that the results could not be presented per the NRD 
Data Use Agreement
Data presented as percent or average

IBD: yes IBD: no aOR (95% CI) p

Index hospitalization
  In-hospital mortal-

ity
* * * *

  Complication, % 11.1 7.8 1.48 (1.10–2.00) 0.009
  Hospital cost, $ $12,108 $11,732 1.03 (1.00–1.07) 0.078
  Length of stay, 

days
1.5 1.6 0.98 (0.91–1.06) 0.644

90-day readmission, % 6.1 5.4 1.14 (0.72–1.81) 0.570
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Discussion

In this study, we found that hospitalizations of patients with 
IBD who underwent SG were associated with significantly 
higher odds of post-operative in-hospital complications 
compared to hospitalizations of patients without IBD. Our 
study is unique in that it uses a large nationwide database 
specific to the United States to explore the short-term out-
comes of SG within a complex set of patients. Patients 
with IBD pose a unique challenge due to the use of mul-
tiple immunosuppressive/immunomodulatory medications. 
These results have important implications regarding the use 
of SG in patients with IBD for both healthcare providers and 
patients. Moreover, our study emphasizes the need for com-
prehensive preoperative planning, careful patient selection, 
and meticulous post-operative care for individuals suffering 
from obesity and IBD.

Surgical procedures may be more challenging for patients 
with IBD; IBD is associated with chronic inflammation and 
structural damage and this inflammation and structural dam-
age can lead to anatomical alterations in the gastrointesti-
nal tract thereby increasing the likelihood of post-operative 
complications [18]. Additionally, the use of immunosuppres-
sive medications might contribute to compromised immune 
response. Patients with a compromised immune response are 
predisposed to an increased risk of post-operative complica-
tions [19]. The systemic nature of IBD (e.g., dysregulated 
immune responses) may impair wound healing and increase 
susceptibility to infection [20]. Several other factors might 
contribute to increased risk of complications in patients with 
IBD undergoing SG.

IBD is a rare disease and there are limited large stud-
ies available for comparison. The majority of the literature 
have contrasting results related to complications. Reenaers 
et al. [21] reported that IBD was not associated with dif-
ferences in post-operative complications following bariat-
ric surgery. More specifically, Reenaers et al. [21] reported 
that post-operative complication rates were similar between 
patients with and without IBD. The primary complications 
experienced by patients with and without IBD were ane-
mia and ferritin and vitamin B12 deficiencies. Similarly, a 
French database study reported no statistically significant 
differences in post-operative complications between patients 
who underwent bariatric surgery with IBD and without 
IBD [22]. In contrast to the above-mentioned literature, 
our results showed significantly higher overall complica-
tions in patients who underwent SG and also suffered from 
IBD. The aforementioned discrepancies could be explained 
by our considerably larger sample size. Additionally, our 
study was specific to hospitalizations for SG; in contrast, 
the previous studies also included RNY. Hospitalizations for 
RNY were excluded from our study because there was an 

exceedingly low number of obesity procedure hospitaliza-
tions of patients with IBD where the obesity procedure was 
RNY. The inclusion of RNY may increase overall complica-
tions as previous studies have shown that RNY is associated 
with increased complications for patients suffering from UC 
[23, 24]. Importantly, our results showed that nausea was 
the most common complication following SG, a clinically 
minor post-operative complication of SG. Despite higher 
overall complication rates in patients with IBD, there was 
no difference in overall LOS or cost. Overall complications 
are generally implicated in increased LOS and overall cost. 
The similar LOS between the two cohorts in our study may 
be explained by the overall benign nature of the complica-
tions. It could also be related to the administrative coding 
used to capture complications within the NRD compared 
to the coding used in international databases; the NRD is 
limited by the specificity of ICD-9/10 diagnosis and proce-
dures codes [13].

Our study demonstrated that hospital costs were statis-
tically similar irrespective of whether the patient suffered 
from IBD. These results contradict findings from a cohort 
study of 52,782 patients with IBD in the Optum Research 
Database between 2007 and 2016 which reported $22,987 
in annual healthcare-related costs per patient among indi-
viduals with IBD compared to $6956 among non-IBD con-
trols [25]. However, it is important to note that the Optum 
study considered annual healthcare costs whereas this study 
focused on costs accrued during the time of hospitalization 
for SG. A retrospective analysis of the NRD identified hos-
pitalizations for IBD and stratified patients by whether they 
also suffered from obesity; these results demonstrated that 
patients suffering from IBD and obesity were hospitalized for 
a greater number of days and incurred higher hospitalization-
related costs compared to patients hospitalized for IBD who 
did not suffer from obesity [26]. Considerations of cost are 
important as patients suffering from both IBD and obesity 
may have increased medical costs (e.g., from multiple medi-
cations or an increased number of medical appointments). 
Costs of care should be balanced with long-term outcomes 
and decreased rate of IBD exacerbations [27, 28]. Any addi-
tional financial hardship can subsequently detract from the 
ability of these patients to afford meaningful dietary and 
lifestyle changes necessary for durable weight loss after SG.

Patients with IBD considering SG should engage in thor-
ough discussions with the bariatric team to understand the 
potential risks and benefits. A multidisciplinary approach 
including gastroenterologists, bariatric surgeons, and other 
healthcare professionals should be involved to assess the 
patient’s medical history, disease severity, and surgical can-
didacy. Preoperative optimization, patient education, person-
alized treatment plans, and close post-operative follow-up 
are vital to minimize complications and achieve successful 
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outcomes. The perioperative management of drugs, espe-
cially for patients on biologics and steroids, is crucial. Close 
communication with the gastroenterologist, including the 
correction of nutritional deficits and improvement of physi-
cal condition, can all contribute to successfully navigating 
the challenges posed by surgery. Prehabilitation in patients 
with IBD has been based on above mentioned common strat-
egies; specifically, these strategies were recommended in 
patients undergoing ileocolectomy [29]. Similar guidelines 
can be employed and followed in patients preparing for bari-
atric surgery.

Limitations

Although this study has important implications for the sur-
gical management of obesity in patients with comorbid 
IBD, the retrospective design and cross-sectional nature of 
the study restrict the generalizability of our conclusions. 
Due to the NRD Data Use Agreement and limited sample 
sizes for individual complications, we were restricted to 
studying the composite rate of post-operative complica-
tions rather than comparing specific adverse outcomes, 
including IBD-specific complications. Thus, IBD-related 
complications following SG could not be specifically stud-
ied, and therefore the effect that bariatric surgery may have 
on the disease course of IBD could not be directly stated. 
Additionally, sample size limitations precluded an inves-
tigation of other bariatric surgeries, such as the RNY and 
duodenal switch. These limitations inhibited the extent to 
which generalized claims regarding the safety and efficacy 
of bariatric surgery for patients suffering from IBD could 
be made. Given the focus on SG, the current study supports 
specific claims about SG as it relates to its applicability in 
cases of comorbid IBD. The NRD only provides in-hospi-
tal outcomes and the current study focused on in-hospital 
perioperative complications; neither the prevalence nor 
the nature of long-term complications could be assessed. 
Finally, the use of the NRD database also presents certain 
additional limitations; specifically, the lack of true outpa-
tient SG in the database.

Conclusion

In conclusion, our results showed that patients suffering 
from IBD who are hospitalized for SG are at higher risk 
of overall complications (higher rate). IBD status had no 
association with post-operative 90-day readmissions or hos-
pital cost and LOS during index hospitalization compared to 
matched controls without IBD. Therefore, we recommend 
that patients suffering from IBD may still be considered 
acceptable candidates for SG provided they receive proper 
rehabilitation in consideration of their higher overall risk of 

complications. Future efforts should address comparative 
long-term post-operative outcomes between various bariatric 
surgery techniques among patients suffering from IBD.
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