Name of Journal: World Journal of Gastrointestinal Pathophysiology
Manuscript NO: 73966
Manuscript Type: ORIGINAL ARTICLE

[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Retrospective Study
[bookmark: OLE_LINK2][bookmark: OLE_LINK1]Increasing thirty-day readmissions of Crohn’s disease and ulcerative colitis in the United States: A national dilemma

Dahiya DS et al. Thirty-day readmissions of inflammatory bowel disease

Dushyant Singh Dahiya, Abhilash Perisetti, Asim Kichloo, Amandeep Singh, Hemant Goyal, Laura Rotundo, Madhu Vennikandam, Hafeez Shaka, Gurdeep Singh, Jagmeet Singh, Sailaja Pisipati, Mohammad Al-Haddad, Madhusudhan R Sanaka, Sumant Inamdar

[bookmark: OLE_LINK20][bookmark: OLE_LINK19]Dushyant Singh Dahiya, Asim Kichloo, Department of Internal Medicine, Central Michigan University College of Medicine, Saginaw, MI 48601, United States

[bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK3][bookmark: OLE_LINK4]Abhilash Perisetti, Division of Gastroenterology, Parkview Cancer Institute, Fort Wayne, IN 46845, United States

[bookmark: OLE_LINK23][bookmark: OLE_LINK24]Amandeep Singh, Madhusudhan R Sanaka, Division of Gastroenterology and Hepatology, Cleveland Clinic Foundation, Cleveland, OH 44195, United States

[bookmark: OLE_LINK26][bookmark: OLE_LINK25]Hemant Goyal, Department of Internal Medicine, The Wright Center for Graduate Medical Education, Scranton, PA 18505, United States

[bookmark: OLE_LINK219][bookmark: OLE_LINK220][bookmark: OLE_LINK221][bookmark: OLE_LINK217][bookmark: OLE_LINK218][bookmark: _GoBack]Hemant Goyal, Department of Internal Medicine, Mercer University School of Medicine, Macon, GA 31207, United States

[bookmark: OLE_LINK27][bookmark: OLE_LINK28]Laura Rotundo, Section of Digestive Diseases, Yale New Haven Hospital, New Haven, CT 06510, United States

[bookmark: OLE_LINK30][bookmark: OLE_LINK29]Madhu Vennikandam, Department of Gastroenterology and Hepatology, Sparrow Hospital/Michigan State University College of Human Medicine, Lansing, MI 48912, United States

[bookmark: OLE_LINK32][bookmark: OLE_LINK31]Hafeez Shaka, Department of Internal Medicine, John H. Stroger, Jr. Hospital of Cook County, Chicago, IL 60612, United States

[bookmark: OLE_LINK34][bookmark: OLE_LINK33]Gurdeep Singh, Department of Internal Medicine, Our Lady of Lourdes Memorial Hospital, Binghamton, NY 13905, United States

[bookmark: OLE_LINK36][bookmark: OLE_LINK35]Jagmeet Singh, Department of Internal Medicine, Guthrie Robert Packer Hospital, Sayre, PA 18840, United States

[bookmark: OLE_LINK37][bookmark: OLE_LINK38]Sailaja Pisipati, Division of Gastroenterology and Hepatology, Mayo Clinic, Scottsdale, AZ 85259, United States

[bookmark: OLE_LINK39][bookmark: OLE_LINK40]Mohammad Al-Haddad, Division of Gastroenterology and Hepatology, Indiana University School of Medicine, Indianapolis, IN 46202, United States

[bookmark: OLE_LINK41][bookmark: OLE_LINK42]Sumant Inamdar, Division of Gastroenterology and Hepatology, University of Arkansas for Medical Sciences, Little Rock, AR 72205, United States

Author contributions: Dahiya DS, Kichloo A and Sumant Inamdar S contributed to the conception and design; Dahiya DS, Kichloo A, Al-Haddad M contributed to the administrative support; Kichloo A and Shaka H contributed to the provision, collection, and assembly of data; Dahiya DS, Perisetti A, Singh A, Al-Haddad M, Sanaka MR and Sumant Inamdar S revised the key components of manuscript; and All authors reviewed the literature, drafted the manuscript, finally approved the manuscript, and agreement to be accountable for all aspects of the work.

[bookmark: OLE_LINK43][bookmark: OLE_LINK44]Corresponding author: Dushyant Singh Dahiya, MD, Doctor, Department of Internal Medicine, Central Michigan University College of Medicine, 1015 S Washington Ave, Saginaw, MI 48601, United States. dush.dahiya@gmail.com

Received: December 10, 2021
Revised: February 20, 2022
Accepted: March 27, 2022
Published online: May 22, 2022

 1 / 28

Abstract
BACKGROUND
The prevalence of Crohn’s disease (CD) and ulcerative colitis (UC) is on the rise worldwide. This rising prevalence is concerning as patients with CD and UC may frequently relapse leading to recurrent hospitalizations and increased healthcare utilization.

AIM
To identify trends and adverse outcomes for 30 d readmissions for CD and UC. 

METHODS
This was a retrospective, interrupted trends study involving all adult (≥ 18 years) 30 d readmissions of CD and UC from the National Readmission Database (NRD) between 2008 and 2018. Patients < 18 years, elective, and traumatic hospitalizations were excluded from this study. We identified hospitalization characteristics and readmission rates for each calendar year. Trends of inpatient mortality, mean length of hospital stay (LOS) and mean total hospital cost (THC) were calculated using a multivariate logistic trend analysis adjusting for age, gender, insurance status, comorbidity burden and hospital factors. Furthermore, trends between CD and UC readmissions were compared using regression of the interaction coefficient after adjusting for age and gender to determine relative trends between the two populations. Stata® Version 16 software (StataCorp, TX, United States) was used for statistical analysis and P value ≤ 0.05 were considered statistically significant. 

RESULTS
Total number of 30 d readmissions increased from 6202 in 2010 to 7672 in 2018 for CD and from 3272 in 2010 to 4234 in 2018 for UC. We noted increasing trends for 30 d all-cause readmission rate of CD from 14.9% in 2010 to 17.6% in 2018 (P-trend < 0.001), CD specific readmission rate from 7.1% in 2010 to 8.2% in 2018 (P-trend < 0.001), 30 d all-cause readmission rate of UC from 14.1% in 2010 to 15.7% in 2018 (P-trend = 0.003), and UC specific readmission rate from 5.2% in 2010 to 5.6% in 2018 (P-trend = 0.029). There was no change in the risk adjusted trends of inpatient mortality and mean LOS for CD and UC readmissions. However, we found an increasing trend of mean THC for UC readmissions. After comparison, there was no statistical difference in the trends for 30 d all-cause readmission rate, inpatient mortality, and mean LOS between CD and UC readmissions.

CONCLUSION
There was an increase in total number of 30 d readmissions for CD and UC with a trend towards increasing 30 d all-cause readmission rates. 
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Core Tip: This retrospective interrupted trend study analyzed 30 d readmissions of Crohn’s disease (CD) and ulcerative colitis (UC) in the United States from 2010–2018. There was a rising trend for 30 d all-cause readmission rate of CD and UC, and CD- and UC-specific readmission rate throughout the study period. However, we noted no change in the risk adjusted trends of inpatient mortality and mean length of hospital stay (LOS) for 30 d readmissions of CD and UC. Furthermore, there was no statistical difference in the trends for 30 d all-cause readmission rate, inpatient mortality, and mean LOS between CD and UC readmissions.

INTRODUCTION
Inflammatory bowel disease (IBD) is characterized by chronic inflammation of the gastrointestinal tract with a propensity of remission and relapse over time[1]. It consists of Crohn’s disease (CD) and ulcerative colitis (UC)[2]. The exact pathogenesis of IBD is relatively unknown, but researchers believe that factors such as immune response dysregulation, gut microbiota dysbiosis, environmental changes and genetic variants play a key role[3]. In 2017, there were 6.8 million patients with IBD worldwide with studies reporting continuously rising incidence and prevalence, particularly in North America[4]. The rising rates of IBD are concerning as it is associated with a poor quality of life and places significant social and economic burden on individuals and the United States healthcare system[5,6]. 
Despite outpatient management by gastroenterologists, patients with IBD are at increased risk of readmission due to relapse, complications of the disease or for additional interventions after index hospitalization. This further exacerbates the impact of the disease on individuals and the healthcare system. Additionally, studies have demonstrated that about 9%–50% of IBD readmissions are preventable and may be directly linked to the quality of hospital care and inadequate post-discharge care[7]. Hence, hospital systems have developed scoring systems to identify individuals at the highest risk of readmission and implemented strategies to reduce readmissions and improve the overall quality of care[8].
In current literature, a majority of the studies investigating readmissions of IBD have been single-center experiences or primarily focused on surgical patients[9,10]. There continues to be relative paucity of data on early (30 d) readmissions of CD and UC in the United States. Hence, this national, retrospective, interrupted trends study was designed to identify the hospitalization characteristics and estimate readmission rates of CD and UC in the United States between 2010–2018. We also identified the trends of inpatient mortality to determine improvements in therapeutic management of the disease. Furthermore, we calculated the burden of the disease on the United States healthcare system in terms of healthcare utilization and hospitalization costs. 

MATERIALS AND METHODS
Design and data source
This was a retrospective interrupted trends study involving all adult readmissions of IBD (UC and CD) in the United States between 2010–2018. Data for analysis was extracted from the Nationwide Readmissions Database (NRD) which is a part of the Agency for Healthcare Research and Quality (AHRQ) Healthcare Cost and Utilization Project (HCUP) State Inpatient Databases (SID)[11]. It allows for weighted analysis to obtain 100% of the United States hospitalizations within a given calendar year[11]. The data for NRD is collected using the International Classification of Diseases, Ninth/Tenth Revision, Clinical Modification (ICD-9/10-CM/PCS) codes.

Study population
The study involved all adult (≥ 18 years) 30 d readmissions of CD and UC from the NRD for the years 2010, 2012, 2014, 2016 and 2018. We used all available ICD-9-CM/PCS codes for CD (555X) and UC (556X) along with the equivalent ICD-10-CM/PCS codes K50X and K51X for CD and UC, respectively. The precedence for the utilization of these codes has been established in prior published studies[12]. Individuals < 18 years of age, elective and traumatic hospitalizations were excluded from the analysis. Using unique hospitalization identifiers, index hospitalizations of CD and UC were identified and one subsequent hospitalization within 30 d was tagged as a readmission.

Statistical analysis and outcome measures
The data was analyzed using Stata® Version 16 software (StataCorp, TX, United States). All analyses were conducted using weighted samples for national estimates. P value ≤ 0.05 was set as the threshold for statistical significance. We highlighted hospitalization trends and obtained the 30 d all-cause readmission rate, disease specific readmission rate and readmission proportion for specific calendar years. The comorbidity burden was assessed using Sundararajan’s adaptation of the modified Deyo’s Charlson comorbidity index[13]. Trends of inpatient mortality, mean length of stay (LOS) and mean hospital cost (THC) for CD and UC readmissions were calculated using a multivariate logistic trend analysis adjusting for age, gender, insurance status, comorbidity burden and hospital factors. The total hospital cost was obtained using the HCUP Cost-to-Charge Ratio files and adjusted for inflation using the Medical Expenditure Panel Survey index for hospital care, with 2018 as the reference point[14,15]. Additionally, trends between CD and UC readmissions were compared using regression of the interaction coefficient after adjusting for age and gender to determine relative trends between the two populations. Furthermore, we report no missing data in this study.

Ethical considerations
The NRD database lacks patient and hospital-specific identifiers. Hence, this study was exempt from Institutional Review Board (IRB) approval for analysis as per guidelines put forth by our institutional IRB for research on database studies.

Data availability statement
The NRD is a large publicly available, multi-ethic, all-payer inpatient care database in the United States, containing data on more than 18 million hospital stays/year. The database can be accessed at: https://www.hcup-us.ahrq.gov/nrdoverview.jsp.

RESULTS
CD: Hospitalization characteristics and outcomes for 30 d readmissions
The total number of 30 d readmissions of CD increased from 6202 in 2010 to 7672 in 2018 (Figure 1). The mean age increased from 41.8 ± 0.9 in 2010 to 43.9 ± 0.7 years in 2018. A female predominance was noted throughout the study period (Table 1); however, a statistically significant trend for gender was absent. Additionally, 30 d readmissions of CD were noted to have an increasing comorbidity burden with time (Table 1). Furthermore, metropolitan teaching hospitals had the majority of the readmissions with a statistically significant trend towards increasing readmissions from 52.1% in 2010 to 77% in 2018 (Table 1).
There was a statistically significant trend towards increasing 30 d all-cause readmission rate of CD from 14.9% in 2010 to 17.6% in 2018 (P-trend < 0.001) (Figure 2). The CD specific readmission rate also had a statistically significant increasing trend with an increase from 7.1% in 2010 to 8.2% in 2018 (P-trend < 0.001). However, we did not observe a significant change in the risk adjusted trends of inpatient mortality, mean LOS, and mean THC for these readmissions.

UC: Hospitalization characteristics and outcomes for 30 d readmissions 
Similar to CD, the total number of 30 d readmissions of UC increased from 3272 in 2010 to 4234 in 2018 (Figure 1). The mean age for these readmissions increased from 49.8 ± 1.6 in 2010 to 51.2 ± 0.8 years in 2018. A female predominance without a statistical trend for gender and increasing comorbidity burden with time was also noted. Furthermore, metropolitan teaching hospitals had an increasing trend of readmissions from 53.6% in 2010 to 76.3% in 2018 (Table 2), similar to that for CD.
A rising trend was noted for 30 d all cause readmission rate of UC from 14.1% in 2010 to 15.7% in 2018 (P-trend = 0.003) (Figure 2) and for UC specific readmission rate from 5.2% in 2010 to 5.6% in 2018 (P-trend = 0.029). Additionally, the mean THC increased from $13783 in 2010 to $15929 in 2018 (P-trend = 0.009) with a rising trend unlike CD. However, similar to CD, a significant change in the risk adjusted trends was absent for of inpatient mortality and mean LOS (Table 3).

Comparison of trends for 30 d readmissions of CD and UC
Although CD had higher number of 30 d readmissions every year, we did not observe a statistically significant difference in the in the trends for 30 d all-cause readmission rate (interaction P-trend = 0.087), inpatient mortality (interaction P-trend = 0.231), and mean LOS (interaction P-trend = 0.388). However, there was a statistically significant trend towards increasing mean THC for 30 d readmissions of UC relative to 30 d readmissions of CD (interaction P-trend < 0.001).

DISCUSSION
It is essential to identify early (30 d) readmissions of IBD as they may be associated with quality of inpatient care, increased risk of adverse outcomes and place significant burden on the United States healthcare system in terms of healthcare costs and resource utilization. Additionally, as providers become aware of the magnitude of these readmissions and the patient demographics most effected, efforts could be directed at index admissions to further optimize medical therapy before discharge, promote patient education and encourage a greater degree of involvement in their care, and increase outpatient follow-up, thereby decreasing early readmissions. A single center retrospective study from 2007–2010 revealed that about 5% patients with IBD were readmitted within 1 wk of hospital discharge, 14% within 1 mo, 23% within 3 mo and about 39% within the year[16]. Another study in the United States reported similar findings with a readmission rate of 18% within 1 mo of hospital discharge[17]. In 2013, an NRD-based study estimated 3037 (7%) readmissions of IBD at 30 d[7].
In our study, the total number of 30 d readmissions of CD increased from 6202 in 2010 to 7672 in 2018 and for UC from 3,272 in 2010 to 4,234 in 2018, both with a female predominance (Tables 1 and 2). This coincides with rising prevalence of CD and UC in the general population[18]. We also noted an increasing trend for 30 d all-cause readmission rates and disease specific readmission rates for 30 d readmissions of CD and UC (Table 3). These findings may, in part, be due to a rising prevalence of IBD in the general population which increased significantly from 0.9% (2 million adults) in 1999 to 1.3% (3 million adults) in 2015, an increase in the flare-ups of IBD which may account for about 50% of the readmissions or due to non-IBD related causes such as infections secondary to the widespread use of biological agents or immunosuppressants[16,18,19]. We performed a trend comparison between 30 d all-cause readmission rate of CD and UC. It was not statistically significant and signified that all-cause readmissions for both CD and UC were increasing proportionately in the United States.
The mean age for 30 d readmissions increased for both CD and UC without a statistically significant trend. The difference in the mean age between the two groups is approximately 7 years. These finding align with current literature which reports that patients with CD tend to be younger and the mean age at the time of diagnosis of CD is usually 5–10 years earlier than that of UC[20]. From a gender standpoint, there is a lower risk of CD until puberty for females when compared to males, after which there is a reversal of this risk[21].For UC, males and females have a similar incidence until the age of 45 after which males exhibit higher risk of incident UC than females[21]. However, for readmissions of CD and UC, a slight female predominance has been noted in literature[22]. Similarly in our study, a slight female predominance was noted for CD and UC readmissions. Furthermore, we did not find a statistically significant readmission trend for gender over time which implied that the readmission rates for both genders have remained relatively stable. Moreover, we noted an increase in the overall comorbidity burden for 30 d readmissions of CD and UC. This was expected as readmissions for individuals with multiple concurrent co-morbidities have been increasing. 
From a hospital perspective, large bed-sized hospitals had the highest proportions of 30 d readmissions of CD and UC. This may be due to the fact that larger hospitals have a higher capacity of in-patient admissions. Additionally, metropolitan teaching hospitals consistently had the highest readmission rates with an increasing trend. This may be because these hospitals are usually tertiary care referral center accepting complex patients from large geographical areas and hence, are well equipped with the necessary resources and specialists to manage these readmissions and their complications. Moreover, an urban location, consisting of a greater population density which may be attributed to a demographic shift of non-urban/rural population to urban locations between 2010 and 2018, is more likely to yield higher readmissions[23].
 Furthermore, IBD readmissions have been associated with significant inpatient mortality and healthcare burden. As per literature, frailty and length of intensive care unit stay is independently associated with higher rates of inpatient mortality for IBD readmissions[16,24]. From 2010–2014, a study reported that the inpatient mortality for 30 d readmissions of CD was 2.85% per year, the LOS was 6 d, and cost of hospitalization was $11402[25]. In 2017, for 30 d readmissions of UC, literature reported an inpatient mortality of 1.99% along with longer LOS and higher hospitalization costs compared to index admission[26]. In our study, despite an increasing co-morbidity burden (CCI) for the study period, inpatient mortality, and mean LOS for 30 d readmissions of CD and UC did not have a significant change in the risk adjusted trend (Table 3) over time. These stable mortality and LOS trends may reflect optimal guideline driven therapeutic management for the study period. However, the mean THC for 30 d readmission of UC increased from $13783 in 2010 to $15929 (P-trend = 0.009) with an increasing trend, while no trend in THC was identified for CD readmissions. Furthermore, a trend comparison of mean THC between CD and UC yielded a statistically significant trend towards increasing mean THC for 30 d readmissions of UC relative to 30 d readmissions of CD. The exact reason for these THC findings is unclear but may be attributed to an increased complexity and complications of UC readmission requiring immediate higher level of care, additional endoscopic interventions, and a multi-disciplinary team approach for management.
Directing our focus to individual calendar years, we noted a decrease in the total number of readmissions for both CD and UC from 2016 to 2018 (Tables 1 and 2). Similarly, the 30 d all-cause readmissions rate and disease specific readmission rate also decreased from 2016 to 2018 (Table 3). These findings may be due to an overall decrease in the readmissions for one particular calendar year and do not reflect an overall trend. In fact, as discussed earlier, when trended from 2010 to 2018, we noted an increasing trend for all-cause readmissions rate and disease specific readmission rate, and with respect to 2010, there was an overall increase in the total number of 30 d readmissions of CD and UC. Hence, future larger studies are needed to assess rate of readmissions from 2018 to evaluate the trends further.  

Strength and limitations
The key strengths of this study include the study population, unique study design, and methodology which allowed for a comprehensive analysis. As the data was collected from one of the largest databases containing information on readmissions from hospitals across the United States, the results are applicable to hospitals throughout the United States. Additionally, we studied a 9-year time frame which helped us establish meaningful trends. However, important limitations exist with this study. The NRD does not contain data on the severity of the disease and therefore, we were unable to further stratify the readmissions based on the severity of CD or UC. The NRD also lacks data on the total duration of the illness and the exact duration after discharge to readmissions, limiting our ability to assess index admissions more prone to earlier readmissions. Furthermore, it does not contain information on the pharmacological treatment, hospital course and management of IBD readmissions. Hence, we could not comment on the treatment aspects of these readmissions. Moreover, this study is amenable to all biases associated with retrospective studies. Finally, the NRD is an administrative database and therefore, susceptible to coding errors. Despite these limitations, this study helps us better understand the hospitalizations characteristics and trends of 30 d readmissions for CD and UC which is critical for management of these patients.

CONCLUSION
In conclusion, the total number of 30 d readmission for CD and UC increased. UC readmissions were older than CD readmissions. We noted an increasing trend for 30 d all-cause readmission rate for CD and UC. However, there was no statistical change in the risk adjusted trends of inpatient mortality and mean LOS for these readmissions. The mean total healthcare cost for 30 d readmissions of UC had a rising trend while no trend was observed for CD readmissions. Future prospective studies are needed to further study these findings.

ARTICLE HIGHLIGHTS
Research background
The prevalence of inflammatory bowel disease (IBD) continues to be on the rise around the globe. Despite outpatient management, these patients are at increased risk of relapse leading to hospitalizations and subsequent readmissions.

Research motivation
Through this study, we attempted to outline the magnitude, characteristics and outcomes of early (30 d) readmissions of IBD in the United States.

Research objectives
This national, retrospective, interrupted trends study aimed to identify hospitalization characteristics, readmission rates, adverse outcomes, and healthcare burden for 30 d readmissions of Crohn's disease (CD) and ulcerative colitis (UC) in the United States between 2010-2018. 

Research methods
This was a retrospective, interrupted trends which analyzed data from the National Readmission Database (NRD) on all adult 30 d readmissions of CD and UC in the United States between 2010-2018. Patients < 18 years of age, elective and traumatic hospitalizations were excluded from the analysis. Hospitalization characteristics, readmission rates, adverse outcomes and the healthcare burden was identified. P-values ≤ 0.05 were considered statistically significant.

Research results
Total number of 30 d readmissions increased from 6202 in 2010 to 7672 in 2018 for CD and from 3272 in 2010 to 4234 in 2018 for UC. There was an increase in the 30 d all-cause readmission rate of CD and UC for the study period. We did not observe a change in the risk adjusted trends of inpatient mortality and mean length of hospital stay (LOS) for CD and UC readmissions. However, there was a rising trend of mean THC for UC readmissions. After comparison, there was no statistical difference in the trends for 30 d all-cause readmission rate, inpatient mortality, and mean LOS between CD and UC readmissions.

Research conclusions
From 2010 to 2018, there was an increase in the total number of 30 d readmissions with a trend towards increasing 30 d all-cause readmission rates for CD and UC. However, there was no change in the risk adjusted trends of inpatient mortality.

Research perspectives
This study helps clinicians better understand the magnitude and characteristics of 30 d readmissions of CD and UC in the United States. Through this study, we also aim to encourage and promote future research on readmissions of IBD.
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Figure 1 Total number of 30 d readmissions of Crohn’s disease and ulcerative colitis. 
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[bookmark: OLE_LINK46][bookmark: OLE_LINK45]Figure 2 Trends of 30 d readmission following Crohn’s disease and ulcerative colitis hospitalizations. CDACR: Crohn’s disease all-cause readmission; UCACR: Ulcerative colitis all-cause readmission; CDSR: Crohn’s disease specific readmission; UCSR: Ulcerative colitis specific readmission. 

Table 1 Biodemographic characteristics and hospitalization trends for 30 d readmissions of Crohn’s disease
	Variable
	Year

	
	2010
	2012
	2014
	2016
	2018

	Number of readmissions
	6202
	6580
	6475
	8278
	7672

	Age (mean ± SE, yr) 
	41.8 ± 0.9
	41.6 ± 1.1
	41.2 ± 0.8
	42.5 ± 0.7
	43.9 ± 0.7

	Gender (%)
	
	
	
	
	

	Males
	45.5
	44.0
	45.7
	46.7
	46.5

	Females
	54.5
	56.0
	54.3
	53.3
	53.5

	 Charlson comorbidity index score (%)
	
	
	
	

	0
	69.7
	72.0
	69.9
	64.9
	61.3

	1
	19.2
	15.5
	17.3
	19.5
	20.0

	2
	5.9
	6.1
	6.7
	7.5
	9.0

	≥ 3
	5.2
	6.4
	6.1
	8.1
	9.7

	Insurance type (%)
	
	
	
	
	

	Medicare
	20.5
	29.1
	29.3
	28.9
	30.6

	Medicaid
	21.5
	24.9
	26.4
	25.5
	24.7

	Private
	41.2
	37.1
	37.0
	40.8
	39.0

	Uninsured
	8.8
	8.9
	7.3
	4.8
	5.7

	               Household income quartile (%)
	
	
	
	

	1st 
	27.8
	29.2
	27.9
	29.0
	28.6

	2nd 
	23.4
	25.6
	28.5
	26.8
	30.0

	3rd 
	24.9
	25.1
	22.5
	24.5
	23.7

	4th 
	23.9
	20.1
	21.1
	19.7
	17.7

	Hospital characteristics
	
	
	
	
	

	Hospital bed size (%)
	
	
	
	
	

	Small
	9.9
	9.9
	14.2
	13.3
	15.0

	Medium
	22.4
	22.4
	27.3
	26.9
	26.3

	Large
	67.7
	67.7
	58.5
	59.8
	58.7

	Teaching status (%)
	
	
	
	
	

	Metropolitan non-teaching
	39.2
	34.4
	25.2
	21.8
	17.3

	Metropolitan teaching
	52.1
	56.8
	68.4
	72.3
	77.0

	Non-metropolitan
	8.7
	8.8
	6.4
	5.9
	5.7

	Hospital volume quintiles (%)
	
	
	
	
	

	Q1
	1.8
	1.9
	1.5
	1.7
	1.3

	Q2
	4.3
	5.4
	5.1
	4.2
	4.5

	Q3
	10.3
	10.0
	10.2
	8.4
	10.4

	Q4
	19.4
	18.1
	18.1
	18.6
	19.1

	Q5
	64.2
	64.6
	65.1
	67.1
	64.7




Table 2 Biodemographic characteristics and hospitalization trends for 30 d readmissions of ulcerative colitis
	Variable
	Year

	
	2010
	2012
	2014
	2016
	2018

	Number of readmissions
	3272
	3399
	3426
	4449
	4234

	Age (mean ± SE, yr) 
	49.8 ± 1.6
	49.6 ± 1.5
	48.4 ± 1.1
	49.9 ± 1.0
	51.2 ± 0.8

	Gender (%)
	
	
	
	
	

	Males
	48.1
	45.6
	47.5
	46.7
	49.4

	Females
	51.9
	54.4
	52.5
	53.3
	50.6

	   Charlson comorbidity index score (%)
	
	
	
	

	0
	57.8
	59.6
	60.6
	55.6
	50.9

	1
	20.3
	20.0
	18.6
	19.4
	20.7

	2
	9.4
	9.0
	8.5
	10.6
	10.3

	≥ 3
	12.5
	11.4
	12.3
	14.4
	18.1

	Insurance type (%)
	
	
	
	
	

	Medicare
	36.3
	36.6
	32.4
	35.1
	34.8

	Medicaid
	17.8
	17.0
	22.3
	17.5
	19.5

	Private
	39.4
	37.0
	40.1
	42.2
	40.4

	Uninsured
	6.5
	9.4
	5.2
	5.2
	5.3

	            Household income quartile (%)
	
	
	
	

	1st 
	25.5
	29.2
	26.5
	27.2
	25.0

	2nd
	22.5
	23.1
	25.9
	27.5
	26.7

	3rd 
	26.4
	24.6
	22.9
	25.0
	26.1

	4th 
	25.6
	23.1
	24.7
	20.3
	22.2

	Hospital characteristics
	
	
	
	
	

	Hospital bed size (%)
	
	
	
	
	

	Small
	10.2
	9.8
	13.2
	13.5
	16.8

	Medium
	19.8
	22.4
	26.8
	25.7
	24.3

	Large
	70.0
	67.8
	60.0
	60.8
	58.9

	Teaching status (%)
	
	
	
	
	

	Metropolitan non-teaching
	37.3
	38.2
	26.1
	24.5
	19.3

	Metropolitan teaching
	53.6
	53.5
	67.7
	70.3
	76.3

	Non-metropolitan
	9.1
	8.3
	6.2
	5.2
	4.4

	Hospital volume quintiles (%)
	
	
	
	
	

	Q1
	2.4
	2.4
	2.5
	2.1
	2.0

	Q2
	6.0
	7.4
	5.9
	5.8
	5.5

	Q3
	11.8
	10.5
	11.7
	10.3
	12.3

	Q4
	20.2
	20.1
	19.0
	20.4
	21.4

	Q5
	59.6
	59.6
	60.9
	61.4
	58.8




Table 3 Readmission rates, inpatient mortality, and healthcare burden for 30 d readmissions of Crohn’s disease and ulcerative colitis
	Outcomes
	Year
	P trend

	
	2010
	2012
	2014
	2016
	2018
	

	Crohn’s disease
	
	
	
	
	
	

	All-cause readmission rate (%)
	14.9
	15.5
	15.2
	18.9
	17.6
	< 0.001

	Crohn’s disease specific readmission rate (%)
	7.1
	6.9
	7.0
	8.9
	8.2
	< 0.001

	Crohn’s disease readmission proportion (%)
	54.9
	51.8
	53.0
	55.8
	54.6
	0.002

	Inpatient mortality (%)
	0.9
	1.4
	0.7
	0.7
	1.0
	0.059

	Mean length of stay (d)
	5.9
	5.9
	5.3
	6.0
	6.2
	0.927

	Mean total hospital cost (USD)
	12327
	13068
	10988
	13421
	14260
	0.210

	Ulcerative colitis
	
	
	
	
	
	

	All-cause readmission rate (%)
	14.1
	14.2
	13.5
	16.6
	15.7
	0.003

	Ulcerative colitis specific readmission rate (%)
	5.2
	5.3
	5.2
	6.1
	5.6
	0.029

	Ulcerative colitis readmission proportion (%)
	42.6
	42.4
	43.4
	43.0
	41.0
	0.566

	Inpatient mortality (%)
	2.5
	1.8
	2.2
	2.0
	2.3
	0.912

	Mean length of stay (d)
	6.8
	6.8
	6.3
	6.8
	6.9
	0.452

	Mean total hospital cost (USD)
	13783
	13568
	13790
	15358
	15929
	0.009
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