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Abstract
BACKGROUND
Inflammatory bowel disease (IBD) is associated with complications, frequent hospitalizations, surgery and death. The introduction of biologic drugs into the therapeutic arsenal in the last two decades, combined with an expansion of immunosuppressant therapy, has changed IBD management and may have altered the profile of hospitalizations and in-hospital mortality (IHM) due to IBD.

AIM
To describe hospitalizations from 2008 to 2018 and to analyze IHM from 1998 to 2017 for IBD in Brazil.

METHODS
This observational, retrospective, ecological study used secondary data on hospitalizations for IBD in Brazil for 2008-2018 to describe hospitalizations and for 1998-2017 to analyze IHM. Hospitalization data were obtained from the Hospital Information System of the Brazilian Unified Health System and population data from demographic censuses. The following variables were analyzed: Number of deaths and hospitalizations, length of hospital stay, financial costs of hospitalization, sex, age, ethnicity and type of hospital admission.

RESULTS
There was a reduction in the number of IBD hospitalizations, from 6975 admissions in 1998 to 4113 in 2017 (trend: y = -0.1682x + 342.8; R2 = 0.8197; P < 0.0001). The hospitalization rate also decreased, from 3.60/100000 in 2000 to 2.17 in 2010. IHM rates varied during the 20-year period, between 2.06 in 2017 and 3.64 in 2007, and did not follow a linear trend (y = -0.0005049x + 2.617; R2 = 0,00006; P = 0.9741). IHM rates also varied between regions, increasing in all but the southeast, which showed a decreasing trend (y = -0,1122x + 4.427; R2 = 0,728; P < 0.0001). The Southeast region accounted for 44.29% of all hospitalizations. The Northeast region had the highest IHM rate (2.86 deaths/100 admissions), with an increasing trend (y = 0.1105x + 1.110; R2 = 0.6265; P < 0.0001), but the lowest hospitalization rate (1.15). The Midwest and South regions had the highest hospitalization rates (3.27 and 3.17, respectively). A higher IHM rate was observed for nonelective admissions (2.88), which accounted for 81% of IBD hospitalizations. The total cost of IBD hospitalizations in 2017 exhibited an increase of 37.5% compared to 2008.

CONCLUSION
There has been a notable reduction in the number of hospitalizations for IBD in Brazil over 20 years. IHM rates varied and did not follow a linear trend.
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Core Tip: This study provides an epidemiological profile of inflammatory bowel disease IBD hospitalizations in Brazil from 2008 to 2018 and analyzes in-hospital mortality (IHM) between 1998 and 2017. There was a reduction from 6975 hospital admissions in 1998 to 4113 in 2017 (trend: y = -0.1682x + 342.8; R2 = 0.8197; P < 0.0001). The hospitalization rate decreased from 3.60/100000 in 2000 to 2.17 in 2010. The total cost of hospitalizations in 2017 showed an increase of 37.5% compared to 2008. IHM rates varied during the 20-year period and did not follow a linear trend, decreasing in the Southeast region but increasing in the Northeast region.

INTRODUCTION
Inflammatory bowel disease (IBD), which is characterized by a chronic and relapsing idiopathic gastrointestinal inflammatory process, includes Crohn’s disease (CD) and ulcerative colitis (UC). IBD pathogenesis is complex and involves multiple factors, such as genetic predisposition, environmental factors, intestinal microbiota and host immune response[1].Despite the unique features of CD and UC related to the extent and location of inflammation, both impact quality of life, which is remarkable considering that they affect young patients[2]. IBD can also be associated with extraintestinal complications, frequent hospitalizations, surgery and death[3]. Hospitalizations in IBD occur mainly for disease activity, diagnostic procedures and surgery. The causes of in-hospital deaths may be IBD complications or nosocomial complications, such as infections and venous thromboembolism[4].
Adequate treatment is essential to avoid complications, and the introduction of biologic drugs into the therapeutic arsenal in the last two decades, combined with an expansion of immunosuppressant therapy, has importantly altered the management of IBD[5]. In Brazil, infliximab [an antagonist of tumor necrosis factor alpha (TNFa)] was introduced as a therapeutic possibility for patients in the early 2000s[6].
Since we have not found any nationwide population-based study on IBD in Brazil in the literature, our study is probably the first, contributing to the analysis of the impact of IBD in the country. In Brazil, there is still no integrated database of patients with IBD, limiting the development of comprehensive epidemiological studies. On the other hand, Unified Health System (SUS) has a hospital admission data collection system that allows partial analysis of the impact of IBD in the country. This article aims to describe the profile of hospitalizations and in-hospital deaths due to IBD in Brazil over 10 years and to analyze in-hospital mortality (IHM) over 20 years.

MATERIALS AND METHODS
This observational, retrospective, ecological study aimed to describe the profile of hospitalizations for IBD in Brazil between 2008 and June 2018 (data available in August 2018) and to analyze IHM from 1998 to 2017. Secondary data referring to hospitalizations due to IBD were obtained from the Hospital Information System of the Brazilian SUS (SIH/SUS), Department of Informatics of the Brazilian SUS (DATASUS). Hospitalizations from 1998 to 2007 were not included because not all data were available. We carried out a survey of data from the twenty-year period to make a parallel with the introduction of infliximab in 2002 by the SUS. But the data from 1998 to 2007 are only given by year of processing, which does not include the other data, such as length of stay, costs per stay. The most detailed data in information by SIH/SUS are those from 2008, which are given by year of hospitalization
The following variables were analyzed: Number of deaths, number of hospitalizations, length of hospital stay, financial costs of hospitalization, sex, age, ethnicity and type of hospital admission (elective or nonelective). The variables were correlated with CD and UC (ICD-10 codes K50 and K51). The database used for this research does not distinguish between CD and UC. The information was obtained from hospital admission authorization forms and cost and exit reports managed by the Ministry of Health and State and Municipal Health Secretariats. IBD was the main diagnosis on the hospital admission authorization forms. The SIH maps hospitalizations only in the public sphere and does not include those with private funding or through private health insurance.
For the geographic analysis, variables were corrected for population numbers in 2000 and 2010, according to region, using the Brazilian Institute of Geography and Statistics (IBGE) database, which provides data regarding the Brazilian population via periodic censuses. The number of available hospital beds can also be obtained from DATASUS.
The data were tabulated and subjected to statistical analysis using Excel®, 2013. The temporal trend in hospitalizations and IHM was evaluated using simple linear regression. For correlation analysis, the Spearman correlation coefficient was used through Free Statistics Software (v1.2.1), 2017. The IHM rate is given as the ratio between the number of IBD-related deaths and the number of hospitalizations due to IBD, multiplied by 100. The costs of hospitalization are presented in Brazilian reals (R$).
The DATASUS database is in the public domain. The approval of the research ethics committee was not required.

RESULTS
From January 2008 to June 2018, 43560 hospitalizations in Brazil were due to IBD, accounting for 0.037% of hospitalizations for all causes. The demographic data are summarized in Table 1. The number of hospitalizations was higher in women, in those of white ethnicity and in those younger than 30 years of age. The IHM rate among ethnic groups was higher in Asian Brazilian patients. In the analyzed period, although more women were hospitalized for IBD, the IHM rate was higher in males.
Regarding age groups, the IHM rate grew with age, except in infants younger than one year old; these patients presented an IHM rate similar to that of the elderly, at 5.61/100 hospitalizations (Figure 1).
Data on hospitalizations by region are shown in Table 2. The Southeast region had 44.29% hospitalizations. Although the Northeast region had the highest IHM rate (2.86 deaths per 100 admissions), it had the lowest hospitalization rate for IBD (1.15 hospitalizations per 100000 population). Nonetheless, this region has a small proportion of hospital beds in gastroenterology units and in training gastroenterology units, second only to the North. The Midwest and South regions, on the other hand, showed the highest hospitalization rates. Approximately 81% of hospital admissions were nonelective, and the IHM rate was higher in this type of hospitalization in all regions, except in the North. The Midwest exhibited the lowest mortality rate for elective hospitalizations.
There was a reduction in the number of hospitalizations for IBD over the 20 years (Figure 2A), from 6,975 admissions in 1998 to 4,113 in 2017 (trend: y = -0.1682x + 342.8; R2 = 0.8197; P < 0.0001). The year with the lowest number of hospitalizations was 2014, at 3926. The IBD hospitalization rate was 3.60/100000 in 2000 and decreased to 2.17/100000 in 2010.
IHM rates varied during the 20-year period, between 2.06 in 2017 and 3.64 in 2007, and did not follow a linear trend (y = -0.0005049x + 2.617; R2 = 0,00006; P = 0.9741) (Figure 2B). Analyzing IHM per region, rates increased in all but the Southeast, which showed a decreasing trend (y = -0,1122x + 4.427; R2 = 0,728; P < 0.0001). Conversely, the Northeast displayed an increasing trend (y = 0.1105x + 1.110; R2 = 0.6265; P < 0.0001). In the other regions, IHM rates did not follow a linear trend (North: y = 0.1385x + 0.04941; R2 = 0.4028; P = 0.026; South: y = 0.02891x + 2.205; R2 = 0.035; P = 0.43; Midwest: y = 0.03739X + 1.936; R2 = 0.0536; P = 0.33).
The mean national hospital length of stay was 7.1 d from 2008 to 2018 and remained steady during this period. The average cost of hospitalization exhibited an upward trend from 2008 to 2017 (y = 28.57x + 561.1; R2 = 0.867; P < 0.0001), which was more pronounced from 2009 to 2010 and from 2014 to 2016 (Figure 3), with a total increase of 45.12% from 2008 to 2017. The total cost of IBD hospitalizations in Brazil from 2008 to 2017 was R$ 29433616.56. The total cost in 2017 was R$ 3258401.28, which represents an increase of 37.5% in relation to 2008.
From January 2008 to June 2018, there was no correlation between mean hospitalization costs and IHM (ρ = 0.0107; P = 0.9) or the mean length of hospital stay and IHM (ρ = -0.1604; P = 0.072). The mean length of hospital stay correlated with mean hospitalization costs for all admissions (ρ = 0.4391; P < 0.0001) and for elective (ρ = 0.36; P = 0.0002) and non-elective hospitalizations (ρ = 0.4961, P < 0.0001).

DISCUSSION
Although our study cannot analyze the incidence and prevalence of IBD in Brazil, we have shown using nationwide IBD hospitalization data that the number of IBD admissions and hospitalization rates is decreasing. Between 1998 and 2017, there was a notable reduction in the number of hospitalizations due to IBD, probably reflecting better patient care. The epidemiology committee of ECCO considers that decreases in the frequency of hospitalization are evidence of improvement in IBD medical management[5].
There was a tendency of reductions in IBD hospitalization rates after the introduction of biologic drugs, with a consequent switch of hospitalization expenses for high-cost medications[3]. However, despite the reduction in the number of hospitalizations in Brazil, total expenditures with hospitalizations for IBD increased by 30% from 2008 to 2018. Perhaps this reflects greater access to exams, procedures or even the need for hospitalization for the application of anti-TNFa. DATASUS data do not differentiate 1-d hospitalizations. The average cost of hospitalization for IBD in USA increased from 2003 to 2008, but remained stable from 2008 to 2014, on the other hand, in Canada, the cost remained increasing from 2000 to 2009[7,8]
European studies show that IBD is one of the most expensive chronic diseases, and it is important to analyze the costs involved with patient care[9]. The difference in hospitalization costs between regions in Brazil is important: while the average cost of hospitalizations in the North is R$ 467.33, it is R$ 834.19 in the Southeast, probably reflecting the greater amount of diagnostic and therapeutic resources available in the latter region.
Hospitalization costs were higher for elective hospitalizations, perhaps reflecting patients admitted for surgical procedures. It may also explain why the average length of hospital stay was longer for elective hospitalizations. As it was expected, the length of hospital stay correlated with average hospitalization costs. The length of stay for elective and nonelective admissions was higher in the Northeast, which may reflect a difficulty in obtaining diagnostic procedures and surgery. The mean length of hospital stay in our study was 7.1, slightly higher than that found in the United States (5.8 d for CD and 6.8 d for UC)[10] and lower than that found in Canada (8.1 d for CD and 10.2 d for UC)[4] and Scotland (9.0 d for CD)[11].
We found a predominance of IBD hospitalizations in women and in the young. This is consistent with several studies from different countries, such as the United States and Canada, and the known incidence of IBD in the second and third decades of life[4,12,13]. Although more women were hospitalized for IBD, the IHM rate was higher in men, as was found in the Ananthakrishnan et al[12] study in the United States.
The Brazil is a country with racial miscegenation and regional differences in racial composition. In our study, IBD hospitalizations predominated among white patients, followed by mixed-race, with a small percentage of blacks, Brazilian Indians and Asian Brazilians. This might be explained by the fact that the white ethnic group is the most prevalent group in the South and Southeast regions, which have the highest number of hospitalizations. Victoria et al[2] also demonstrated a predominance of IBD in whites in the Midwest of São Paulo State during 1986-2005. However, in a study of CD patients in Bahia State in the Northeast, Santana et al[13] found a predominance of mixed-race (43.1%), followed by white (32.3%) and Afro-Brazilians (24.6%). Another study from the Northeast also demonstrated a predominance of mixed-race IBD in 67.9% of IBD patients[14].
The mortality rates due to UC in the 21 different countries from 1951 to 2005 were initially higher than those due to CD but that CD death rates increased until they reached a rate similar to that of UC. Since then, both mortality rates followed a parallel declining course[15].
It is believed that the introduction of anti-TNFa into the therapeutic arsenal has modified the natural course of IBD. Although the findings show an increased risk of death in patients taking immunomodulators, up to 2-fold mortality in patients with CD taking infliximab compared to a general population, there is no consensus regarding any change in mortality[5]. In Brazil, infliximab became a therapeutic possibility in the early 2000s[6].
In Brazil, we found an IHM rate of 7.81% in those ≥ 65 years of age, 2-fold higher than that in Canada and almost 10-fold higher than that among Brazilians under 30 years of age[4]. In our database, IBD was the main diagnosis on hospital admission authorization forms and not the cause of death; thus, our study was unable to elucidate whether the increasing IHM with older age is related to IBD.
It is interesting to note that the IHM rate was much higher (2-fold) in Asian Brazilian patients. The prevalence of IBD in Asia is still lower than that in Western countries, but it is possibly increasing with the westernization of lifestyle[16]. By sharing a western lifestyle, Asian Brazilians would be more likely to develop IBD. Some studies have shown that CD in Asia is as severe or even worse than that in Western countries, with complicated and penetrating diseases[16]. If this is related to a genetic component, it may partially explain the higher rate of IHM in Asian Brazilians.
Nonelective hospitalizations accounted for 81% of all IBD hospitalizations, with an IHM rate higher than 2-fold that of electives, which is expected considering the severity of cases admitted as urgent or emergent. A Scottish study also demonstrated predominance in nonelective admissions in patients with CD (62.5%)[11].
Our analysis of the IHM rate by region revealed an increase in all regions, except in the Southeast, which showed a decreasing trend and where nearly half of hospitalizations occurred. Appropriate treatment of IBD involves specialized knowledge, familiarity with therapeutic options, early recognition of complications, and the need for surgical interventions[12]. Thus, it is expected that geographic regions with higher resources will have lower hospital mortality rates. The main Brazilian regions in descending order by per capita gross domestic product are the Southeast, South, Northeast, Midwest and North[17]. From this perspective, we can initially highlight that the difference in resources between Brazilian regions, as an isolated factor, does not fully explain the contrast between IHM rates.
The Northern region, which includes the greatest part of the Brazilian Amazon forest and is one of the poorest regions, had the lowest IHM rate. Perhaps this occurs because of underreporting or patient transference to other regions. For elective hospitalizations, the North showed a high IHM rate, unlike the rest of the country. The issue of underreporting should be taken into account when using DATASUS. One study analyzed the relevance of the use of the SIH/SUS in the evaluation of quality of care for acute myocardial infarction, observing underreporting in the procedures performed, which interferes with hospitalization cost analyses. There was also underreporting for the number of days of hospitalization[18]. Another study of myocardial infarction reported a higher number of intrahospital deaths registered in the Information System on Mortality than in the SIH/SUS. This occurred due to the absence of the hospital admission authorization form for 32.9% and to underreporting of death in 3.3%[19].
A Canadian study analyzed the mortality of UC patients admitted under specialist care compared to care by other providers, demonstrating that the primary in-hospital care provided by gastroenterologists was associated with lower IHM[20]. In our study, we found that the Midwest and South regions have the largest number of hospital beds in gastroenterology units but that the South and Southeast have the greatest number of hospital beds in training gastroenterology units. This may help to explain the lower IHM compared to the Northeast region.
In Brazil, the South and Southeast regions have the highest IBD hospitalization rates, whereas less industrialized areas (the North, Northeast and Midwest) have the lowest rates. Victoria et al[2] in a study in São Paulo state and Parente et al[14] in a study in Piauí state also reported that most IBD patients live in urban districts. The Northeast region had the highest IHM rate and an upward trend, despite being the region with the lowest IBD hospitalizations per 100000 inhabitants. This may reflect difficulty in accessing health resources or underreporting. Another possibility to explain this is related to environmental factors, as the Northeast region is less developed[14].
The Southeast region is the richest, most industrialized and populous region of the country, with more hospital beds and more resources, and it often receives patients from other regions[17]. This region accounted for 44.29% of all IBD hospitalizations. Despite having a low mortality rate for elective hospitalizations, this rate increased and was lower only than the Northeast region rate for nonelective hospitalizations. This may reflect more severe patients coming to the Southeast states, mainly São Paulo and Rio de Janeiro, from all over the country.

CONCLUSION
There has been a notable reduction in the number of hospitalizations for IBD in Brazil over 20 years. IHM rates varied and did not follow a linear trend. To date, there are a small number of epidemiological studies in Brazil on IBD. Considering that the majority of the population depends on SUS and that DATASUS involves nationwide data, this study is an important contribution to greater knowledge of the impact of IBD in Brazil. Nevertheless, the data analyzed only involved hospitalized patients and did not cover part of the patients cared for by private health insurance. In addition, there was no distinction between CD and UC and no data on the reason for admission, procedures performed or readmissions. Because we used secondary data, much of it collected from hospital admission authorization forms, such information is prone to errors. To carry out a more comprehensive and reliable study, it is necessary to create a national IBD database.

ARTICLE HIGHLIGHTS
Research background
Inflammatory bowel disease (IBD) is associated with complications, frequent hospitalizations, surgery and death. The major causes of hospitalizations are disease activity, diagnostic procedures and surgery. The introduction of biologic drugs into the therapeutic arsenal in the last two decades, combined with an expansion of immunosuppressant therapy, has changed IBD management and may have altered the profile of hospitalizations and in-hospital mortality (IHM) due to IBD.

Research motivation
In Brazil, there is still no integrated database of patients with IBD, limiting the development of comprehensive epidemiological studies. On the other hand, the Brazilian Unified Health System (SUS) has a hospital admission data collection system that allows partial analysis of the impact of IBD in the country.

Research objectives
We aim to describe the profile of hospitalizations and in-hospital deaths due to IBD in Brazil over 10 years and to analyze IHM over 20 years.

Research methods
This observational, retrospective, ecological study used secondary data on hospitalizations for IBD in Brazil for 2008-2018 to describe hospitalizations and for 1998-2017 to analyze IHM. Hospitalization data were obtained from the Hospital Information System of the Brazilian SUS and population data from demographic censuses. The temporal trend in hospitalizations and IHM was evaluated using simple linear regression.

Research results
There was a reduction in the number of IBD hospitalizations, from 6,975 admissions in 1998 to 4113 in 2017 (trend: y = -0.1682x +342.8; R2 = 0.8197; P < 0.0001). The hospitalization rate also decreased, from 3.60/100000 in 2000 to 2.17 in 2010. IHM rates varied during the 20-year period, between 2.06 in 2017 and 3.64 in 2007, and did not follow a linear trend (y = -0.0005049x + 2.617; R2 = 0.00006; P = 0.9741). IHM rates also varied between regions, increasing in all but the southeast, which showed a decreasing trend (y = -0,1122x +4.427; R2 = 0.728; P < 0.0001). The Northeast region had the highest IHM rate (2.86 deaths/100 admissions), with an increasing trend (y = 0.1105x +1.110; R2 = 0.6265; P < 0.0001). A higher IHM rate was observed for nonelective admissions (2.88), which accounted for 81% of IBD hospitalizations. The total cost of IBD hospitalizations in 2017 exhibited an increase of 37.5% compared to 2008.

Research conclusions
There has been a notable reduction in the number of hospitalizations for IBD in Brazil over 20 years. Because we used secondary data, such information is prone to errors. To carry out a more comprehensive and reliable study, it is necessary to create a national IBD database.

Research perspectives
For the future perspective, the creation of a national IBD database will allow more comprehensive and reliable studies.
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Figure Legends
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[bookmark: OLE_LINK1]Figure 1 In-hospital mortality rate per 100 inflammatory bowel disease hospitalizations per age group, Brazil, 2008-2018.
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[bookmark: OLE_LINK2][bookmark: OLE_LINK3]Figure 2 Hospitalizations and in-hospital mortality rate in Brazil. A: Hospitalizations for inflammatory bowel disease (IBD) from 1998 to 2017, per region; B: In-hospital mortality rate per 100 IBD hospitalizations from 1998 to 2017 per region. IBD: Inflammatory bowel disease.
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Figure 3 Mean inflammatory bowel disease hospitalization costs in Brazil from 2008 to 2017 in Brazilian reals. R$: Brazilian reals.


Table 1 Characteristics of inflammatory bowel disease inpatients and in-hospital mortality rate, Brazil, 2008-2018
	
	Hospitalizations
(n)
	Hospitalizations
(%)
	In-hospital mortality rate (per 100 hospitalizations)

	Sex
	
	
	

	Female
	23383
	53.67
	2.33

	Male
	20177
	46.32
	2.84

	Ethnicity
	
	
	

	White
	18166
	41.70
	2.55

	Black
	1211
	2.78
	2.15

	Pardo (mixed-race)
	10432
	23.95
	2.37

	Brazilian Indian
	44
	0.10
	2.27

	Asian Brazilian
	316
	0.72
	5.38

	Unknown
	13391
	30.74
	2.72

	Age
	
	
	

	< 30 years
	16299
	37.41
	0.80

	30-49 years
	13127
	30.15
	1.61

	50-64 years
	5534
	12.70
	5.02

	≥ 65 years
	6390
	14.67
	7.81

	Hospital admission
	
	
	

	Nonelective
	35188
	80.78
	2.88

	Elective
	8358
	19.19
	1.28




Table 2 Characteristics of inflammatory bowel disease hospitalizations and hospital beds in gastroenterology units per region, Brazil, 2008-2018, n (%)
	
	North
	Northeast
	Southeast
	South
	Midwest
	Brazil

	Hospitalizations 
	3364 (7.72)
	7878 (18.08)
	19292 (44.29)
	8988 (20.63)
	4038 (9.27)
	43560 (100)

	Deaths (n)
	63
	225
	503
	236
	92
	1119

	In-hospital mortality rate (per 100 hospitalizations)
	1.87
	2.86
	2.61
	2.63
	2.28
	2.57

	In-hospital mortality rate for elective admissions (per 100 hospitalizations)
	4.23
	1.38
	0.99
	1.37
	0.96
	1.28

	In-hospital mortality rate for nonelective admissions (per 100 hospitalizations)
	1.53
	3.34
	3.11
	2.75
	2.52
	2.88

	Mean hospitalization costs (R$)
	467.33
	663.65
	834.19
	736.91
	476.42
	721.78

	Mean hospitalization costs in elective admissions (R$)
	854.78
	800.14
	915.41
	795.32
	477.85
	840.94

	Mean hospitalization costs for nonelective admissions (R$)
	411.15
	618.49
	808.99
	731.72
	476.15
	693.51

	Mean length of hospital stay (days)
	5.4
	8.9
	7.3
	6.6
	5.9
	7.1

	Mean length of hospital stay for elective admissions (days)
	7.9
	11
	7.4
	6.1
	5.8
	8.0

	Mean length of hospital stay for nonelective admissions (days)
	5.0
	8.2
	7.2
	6.6
	5.9
	6.9

	IBD hospitalizations/100000 population1
	2.06
	1.15
	2.33
	3.17
	3.27
	2.17

	Hospital beds in gastroenterology units/100,000 population1
	0.87
	0.70
	1.21
	1.57
	1.49
	1.11

	Hospital beds in training gastroenterology units/100,000 population1
	0.25
	0.20
	0.72
	0.77
	0.48
	0.53


1Base year, 2010.
IBD: Inflammatory bowel disease; R$: Brazilian reals.
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