Name of journal: World Journal of Gastroenterology

Manuscript NO: 33920
Manuscript Type: ORIGINAL ARTICLE
Case Control Study
Crohn’s disease environmental factors in the developing world: A case-control study in a statewide catchment area in Brazil
Loureiro Salgado VC et al.  CD environmental factors in the developing world
Valéria Cristina Loureiro Salgado, Ronir Raggio Luiz, Neio Boechat, Bianca C Schorr, Isabella S Leão, Tiago Nunes, Cyrla Zaltman 
Valéria Cristina Loureiro Salgado, Bianca C Schorr, Isabella S Leão, Cyrla Zaltman, Division of Gastroenterology, Department of Internal Medicine, Clementino Fraga Filho Hospital, Federal University of Rio de Janeiro, Rio de Janeiro 21941-913, Brazil
Ronir Raggio Luiz, Institute for Studies in Public Health, Federal University of Rio de Janeiro, Rio de Janeiro 21941-913, Brazil
Neio Boechat, Multidisciplinary Research Laboratory, Clementino Fraga Filho University Hospital, Institute of Thoracic Diseases, Faculty of Medicine, Federal University of Rio de Janeiro, Rio de Janeiro 21941-913, Brazil
Tiago Nunes, Gastrointestinal Physiology, Institute of Nutritional Science, Nestle Research Center, Lausanne, Switzerland, Route du Jorat 57, 1000 Lausanne
Author contributions: Zaltman C provided financial support for this work; Loureiro Salgado VC, Boechat N and Zaltman C designed the study; Loureiro Salgado VC and Zaltman C coordinated and provided the collection of all data; Leão IS, Schorr BC and Loureiro Salgado VC made the structured interviews and collected patient's data from clinical reports if needed; Loureiro Salgado VC and Luiz RR organized and analyzed the data; Nunes T, Loureiro Salgado VC and Zaltman C were involved in writing and editing the manuscript; all authors read and approved the final manuscript.
Institutional review board statement: The Study was reviewed and approved by the Comitê de Ética em Pesquisa em Seres Humanos do HUCFF/UFRJ, the Institutional Review board.
Informed consent statement: On behalf of all co-authors I declare that All study participants, on their legal guardian , provided informed written consent prior to study enrolment.
Conflict-of-interest statement: No potential conflicts of interest relevant to this article were reported.
Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was selected by an in-house editor and fully peer-reviewed by external reviewers. It is distributed in accordance with the Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which permits others to distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the original work is properly cited and the use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/
Manuscript source: Unsolicited manuscript
Correspondence to: Cyrla Zaltman, Serviço de Gastroenterologia, 4º andar, Hospital Universitário Clementino Fraga Filho, Rua Prof. Rodolpho Paulo Rocco 255, Ilha do Fundão, Rio de Janeiro 21941-913, Brazil. c.zaltman@gmail.com
Telephone: +55-21-39382669 
Fax: +55-21-39382669 
Received: March 14, 2017
Peer-review started: March 14, 2017
First decision: April 20, 2017
Revised: May 10, 2017
Accepted: July 4, 2017  
Article in press:

Published online:

Abstract
AIM
To identify environmental risk factors associated with the development of Crohn’s disease (CD) in order to re-assess the hygiene hypothesis.
METHODS
A hospital-based, case-control study was carried out with CD patients (n = 145) and controls (n = 163) representing a socioeconomically diverse statewide catchment area in Brazil. Controls were recruited from caregivers of patients seen in different outpatient clinics at the same hospital. A multi-item survey with 94 questions regarding family history of CD, perinatal and childhood circumstances, living conditions, tobacco use and familial socioeconomic status was carried out by interviewers. 
RESULTS
On the univariate analysis, predictive variables for CD included being male, under age of 40, a high education level, urban dweller, smaller family size, exposure to enteric pathogens and user of treated water (P < 0.005). On the multivariate analysis, variables significantly associated with CD were male gender (OR = 2.09), under age 40 (OR = 3.10), white (OR = 2.32), from a small family in childhood (OR = 2.34) and adulthood (OR = 3.02), absence of viral infections in childhood (OR = 2.23), exposure to enteric pathogens (OR = 2.41), having had an appendectomy (OR = 2.47) and prior or current smoker (OR = 2.83/1.12). 
CONCLUSION
Most variables supporting the “hygiene hypothesis” are associated with the development of CD but are not independent predictors of the diagnosis. 
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Core tip: This case-control study aimed to revisit the hygiene hypothesis in inflammatory bowel disease with the inclusion of Crohn’s disease (CD) patients and healthy controls representing a socioeconomically diverse statewide catchment area in Brazil. Subjects completed an extensive 94-item survey regarding perinatal and childhood circumstances, living conditions, smoking and familial socioeconomic status. Most variables supporting the hygiene hypothesis were associated with CD but were not independent predictors of the diagnosis. These findings suggest that, albeit there is an association, the influence that these variables might have on disease development is not as strong as other classic environmental factors (smoking) found to be closely related to disease onset and progression.
Loureiro Salgado VC, Luiz RR, Boechat N, Schorr BC, Leão IS, Nunes T, Zaltman C. Crohn’s disease environmental factors in the developing world: A case-control study in a statewide catchment area in Brazil. World J of Gastroenterol 2017; In press
. 
INTRODUCTION    

The etiology of Crohn’s disease (CD) remains not fully understood, being probably multifactorial, due to a complex interplay between genetic susceptibility and environmental factors[


1-4 ADDIN EN.CITE ]. In the USA and Europe, the rise in CD incidence was associated with the effects of industrialization and concomitant environmental and lifestyle changes[3,4]. These findings point toward the notion that environmental factors might play an important role in CD susceptibility and prevalence in the developed regions of the globe.  

In this regard, the hygiene hypothesis postulates that better hygienic conditions would reduce the incidence of infections and favor the development of immune-mediated diseases[5-8]. In this hypothesis, exposure to different microbial agents could play a protective role in promoting immune system maturation by balancing pro-inflammatory Th1 response and regulatory T cell tolerance. This mechanism would provide protection against subsequent exposure to allergens and antigens and less prevalence of conditions like inflammatory bowel diseases[9]. Lack of experimental evidence, however, persists with regard to the association between the hygiene hypothesis and the increase in CD prevalence[10]. 
Incidence and prevalence of CD in Brazil vary according to geographical differences[11]. In the Brazilian State of Rio de Janeiro, the presence of extreme income inequality and the existence of both urban and rural areas provide an interesting case study to further understand the role of environmental factors in CD development. Specifically, the hygiene hypothesis can be tested by taking into consideration these extreme geographical differences present in this relatively small state. Therefore, the objective of the present study is to assess the environmental factors that might be associated with CD development prompted by the great inter-regional differences present in this statewide single center catchment area.

MATERIALS AND METHODS

Study design and patient inclusion

This is a case-control study including CD patients and healthy individuals. Patients were recruited at the inflammatory bowel disease (IBD) outpatient clinic of the Federal University of Rio de Janeiro (UFRJ) Hospital (HUCFF), Brazil. Healthy individuals were recruited from caregivers of patients seen in different outpatient clinics at the same hospital, with no family ties to the cases. The Ethics Committee of the Institute of Public Health Studies/UFRJ approved this study. All patients and control subjects gave written informed consent before enrolment. Data was analyzed anonymously to preserve patient’s privacy 

Patient selection and data collection
All included patients fulfilled the following criteria: active follow up at the IBD outpatient clinic, established diagnosis of CD by clinical, radiological, endoscopic and histological parameters, 18 to 80 years of age, males and females. Patients and controls with established psychiatric illness or disorders that compromise the level of awareness or understanding were excluded. The sample size was based on a convenience sample according to the number of patients diagnosed with CD recorded in the HUCFF outpatient clinic.
Structured interviews were done by three interviewers trained uniformly using a prepared interview guide aiming to avoid biased information and ensuring compliance with the protocol. The 94-item questionnaire utilized in the present study was a Brazilian Portuguese translation of a previously developed Canadian questionnaire[8] with a  few adaptations to the local reality. The questionnaire is mainly focused on risk factors for the development of CD as demographics aspects (sex, age, ethnicity, economic/social status, household area, family size), living conditions (housing conditions and sanitation, number of cohabitants, contact with pets and quality of water intake), smoking habits, family history (first-degree relatives), vaccinations and diseases (childhood immunizations, worms history, intestinal infections and viral diseases in childhood and appendectomy). Most of these variables were evaluated both in childhood and adulthood, before CD diagnosis.

Study subjects were racially stratified into two categories: white and non-white. Economic/social status was categorized based on the educational level and family income. Educational level was divided into three categories: elementary, high school and college degree. Family income was organized taking into consideration the household’s gross monthly income according to multiples of the minimum wage: group 1 covered monthly household income of 0 to 3 minimum wages (up to about US $285 per household per month); group 2 covered household income of 3 to 5 minimum wages (US $855 to US $1425 per month) and group 3 covered increments up to more than 5 minimum wages (above US $1425 per month).            

The household area was classified as urban or rural according to the Brazilian Institute of Geography and Statistics (IBGE). Definition of urban areas included cities (municipal seats), villages (district headquarters) or isolated urban areas; the areas outside of these parameters were considered rural (Ministry of Planning, Budget and Management Brazilian Institute of Geography and Statistics – IBGE 2010 Census). Housing conditions and adequate sanitation were considered if there was the presence of garbage collection, running water, and sewage drainage. Family size was characterized according to the number of inhabitants: 1 inhabitants, 2 to 3 inhabitants, and 4 to 8 inhabitants. Exposure to tobacco also was considered and three classes were defined: never (never consumed tobacco daily), previous (currently non-smokers/ex-smokers) or current tobacco user (current daily smokers) (Global Adult Tobacco Survey - GATS, 2a Edition. Atlanta, United States, 2011).
Ethical statement

The study was approved by the Ethics Committee of the University Hospital Clementino Fraga Filho of the Federal University of Rio de Janeiro, Brazil (HUCFF-UFRJ). Informed consent was obtained from all subjects prior their enrollment.
Statistical analysis
To verify differences between the two study groups (CD and controls), we used Pearson’s chi-square. Univariate and multivariate logistic regression analyses were performed to identify variables associated with the development of CD. In the first multivariate analysis, all variables of interest were included in the model (analysis 1). A second multivariate analysis was then performed in which the model comprised only variables that (A) reached statistical significance or (B) had an OR higher than 2 at the first multivariate analysis (analysis 2). Significance level was set at P ≤ 0.05. Statistical analyses were performed using Package for the Social Sciences (SPSS) for Windows version 17.0.
RESULTS 
The study population included 308 individuals: 145 (47%) CD patients and 163 (53%) controls. Significant differences between groups were evident when analyzing variables comprising demographic characteristics, hygiene, and others environmental factors before the diagnosis as summarized in Table 1.
Univariate analysis
The variables associated with CD are shown in Table 2. In this analysis, risk factors such as being male, under 40 years old, high educational level, urban living, smaller family size in childhood, exposure to enteric pathogens and user of treated water were significantly associated with CD (P <  0.05).
Multivariate analysis
The logistic regression analysis was performed initially on all the variables studied (multivariate analysis 1) demonstrating that males, under diagnostic age 40 and white are associated with a greater likelihood to develop CD compared with controls (Table 3). Smaller families in childhood and adulthood, exposure to enteric pathogens and appendectomy prior to CD diagnosis were confirmed to be risk factors for CD development. Prior or current tobacco exposure were also identified as risk factors for developing the disease. Considering only variables reaching statistical significance or having an OR higher than 2 in the first multivariate analysis (multivariate analysis 2), a strong risk association was found for male sex, under age of 40, white, from smaller families in childhood and adulthood, absence of viral infections in childhood, exposure to enteric pathogens , appendectomy and prior and current smoking.
DISCUSSION
There is a slow but steady increase in CD prevalence worldwide, mainly in developing countries from Eastern Europe, Latin America and Asia, although the prevalence remains lower in comparison with Western Europe and North America[


12-18 ADDIN EN.CITE ]. The hygiene hypothesis has been proposed as a possible explanation for the significant increase in CD incidence in the last decades[


19 ADDIN EN.CITE ]. The present report assessed the hygiene hypothesis and others environmental factors in a cohort of CD patients and control subjects living in a statewide single center catchment area with great social and environmental inter-regional differences. 
Considering the demographic aspects of CD, the literature presents controversial results regarding gender, although some studies have reported a slight predominance in males, which was confirmed in our study[20]. We identified a predominance of the disease in young individuals with a peak incidence between 18 and 39 years of age, which was also comparable to previous reports[16,18,19]. The Brazilian population is characterized by a mixed race ancestry, with a genetic background originated from three main parental populations – Europeans, Brazilian Native Amerindians and Africans[21]. Interestingly, our study showed a predominance of white individuals in the CD group; this finding is in keeping with the higher incidence of inflammatory bowel diseases found in people with European ancestry. 

In the univariate analysis, several important variables supporting the hygiene hypothesis were associated with CD development in the present study: access to treated water, higher educational level, smaller family size and being an urban dweller. Theoretically, the presence of these variables could be associated with less infectious diseases during the first years of life and more immune-mediated conditions at a later stage[5,6]. The relationship between access to treated water and less infections is straightforward, but the same might not be true for the other factors. In this regard, having a higher educational level or a smaller family size might function as a surrogate marker for a higher socioeconomic status, with subsequent less exposure to infectious diseases in early childhood. Likewise, being an urban dweller might lead to less exposure to livestock, decreasing the risk of parasitic infections that could modulate the immune system[10,22-24]. Despite these univariate associations supporting the hygiene hypothesis in this case-control setting, only having a smaller family size maintained statistical significance in the multivariate analysis.
Even though previous reports have indicated that pet ownership during childhood could be a risk factor for infectious diseases with subsequent reduction of immune-mediated conditions, we did not observe this association[8,14]. In fact, the association between having a pet during childhood and CD development is not entirely clear. In this regard, a Canadian case-control study has observed that contact with pets during childhood might have the opposite expected effect. In this study, pet ownership was associated with an increased risk to develop CD later on[25]. Further studies are still needed to establish a clear association between pet ownership in early childhood and an increased risk to develop CD. 
The hygiene hypothesis suggests that improved sanitation and reduced exposure to enteric organisms during childhood might lead to inappropriate immunological responses later in life and higher risk of CD[26]. We observed, however, that a greater exposure to enteric pathogens was associated with a higher risk for the development of CD, a finding also confirmed by others[27]. These authors have shown that the increased risk occurs mainly in the first year after the diagnosis of infection, suggesting the existence of a detection bias. Another possible explanation for these results could be an incorrect diagnosis of intestinal infection at CD onset[27]. The same might explain the association between CD susceptibility and appendectomy. A significant association between previous appendectomy at diagnosis and the presence of CD was observed in this study. This finding, however, can be due to a misdiagnosis of appendicitis in initial cases of CD, especially in disease phenotypes with appendicular or ileocecal involvement.      

The current study and several other reports have implicated smoking as a risk factor for the development of CD[28]. The pathophysiology behind the effects of smoking on CD is not well understood, but it is hypothesized that there are influences from nicotine and the participation of increased oxidative stress in the intestinal mucosa[29]. Smoking cessation and smoking prevention might positively influence the development and evolution of CD[30]. Interestingly, the studies on smoking are not consistent across all ethnics groups, demonstrating the potential for interactions between smoking and others environmental or genetic factors to influence disease occurrence, course or phenotype[28]. 
Importantly, interpretation of the present results should be performed with the perspective that there are some methodological limitations, including the possibility of reporting bias, which are common in case-controlled studies. Nonetheless, information obtained through structured questionnaires collected by graduate students, who were trained in a uniform protocol, tend to minimize this possibility. It was not possible, however, to control the recall bias, as some variables addressed issues related to early life. 
Overall, in this case-control study, several factors associated with the development of CD in the univariate analysis (high education level, urban dweller, smaller family size, user of treated water) support the role of the hygiene hypothesis in the pathogenesis of CD. However, more importantly, most variables were not found to be independent predictors for the development of CD. This suggests that, albeit there is an association, the influence that these variables might have on disease development is not as strong as other classic environmental factors (smoking) found to be closely related to disease onset and progression. 
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Table 1 Demographics and environmental factors from Crohn’s disease and control groups (n = 308) n (%)
	
	
	Groups CD1
	Controls
	

	
	
	     (n = 145)
	(n = 163)
	P value¹

	 Sex
	Male
	62 (42.8)
	43 (26.4)
	0.002

	
	Female
	83 (57.2)
	120 (73.6)
	　

	Age (yr)
	18 - 39 
	79 (54.5)
	50 (30.7)
	< 0.0001

	
	40 - 80 
	66 (45.5)
	113 (69.3)
	　

	Race
	White
	74 (51)
	65 (39.9)
	0.050

	
	Non-White
	71 (49)
	98 (60.1)
	　

	Educational level
	Elementary
	45 (31)
	79 (48.5)
	

	
	High school
	79 (54.5)
	70 (42.9)
	0.006

	
	Graduate school
	21 (14.5)
	14 (8.6)
	　

	
	< 3 
	46 (31.7)
	54 (33.1)
	

	Family income2
	3-5
	44 (30.3)
	55 (33.7)
	0.730

	
	> 5 
	40 (27.6)
	36 (22.1)
	

	
	No information
	15 (10.3)
	18 (11)
	　

	Rural area 
	No
	114 (78.6)
	106 (65)
	0.008

	
	Yes
	31 (21.4)
	57 (35)
	　

	Housing conditions
	Inadequate
	12 (8.3)
	12 (7.4)
	0.765

	
	Adequate
	133 (91.7)
	151 (92.6)
	　

	Family size 
	Until 1
	23 (15.9)
	47 (28.8)
	

	in adulthood 
	2-3
	85 (58.6)
	83 (50.9)
	0.024

	         (n)
	4-8
	37 (25.5)
	33 (20.2)
	　

	Family size
	1-3
	45 (31)
	35 (21.5)
	

	in childhood
	4-6
	61 (42.1)
	56 (34.4)
	0.006

	        (n)
	>7
	39 (26.9)
	72 (44.2)
	　

	Pets
	No
	30 (20.7)
	21 (12.9)
	0.066

	　
	Yes
	115 (79.3)
	142 (87.1)
	　

	Breastfeeding
	No
	12 (8.3)
	13 (8)
	

	
	Yes
	125 (86.2)
	133 (81.6)
	0.289

	
	Unkown
	8  (5.5)
	17 (10.4)
	　

	Exposure to
	No
	43 (29.7)
	71 (43.6)
	0.012

	Untreated water
	Yes
	102 (70.3)
	92 (56.4)
	　

	Vaccine 
	No
	12 (8.3)
	20 (12.3)
	0.252

	( Childhood)
	Yes
	133 (91.7)
	143 (87.7)
	　

	Viral diseases
	No
	17 (11.7)
	11 (6.7)
	0.129

	   (Childhood)
	Yes
	128 (88.3)
	152 (93.3)
	　

	Helmintic
	No
	45  (31)
	 45 (27.6)
	0.509

	infections
	Yes
	100(69)
	118 (72.4)
	

	Exposure to
	No
	67 (46.2)
	106 (65)
	0.001

	enteric pathogens
	Yes
	78 (53.8)
	57 (35)
	　

	Previous Appendectomy
	No
	133 (91.7)
	153 (93.9)
	0.466

	
	Yes
	12 (8.3)
	10 (6.1)
	　

	Tobacco exposure
	Never
	86 (59.3)
	106 (65)
	

	
	Prior
	42 (29)
	33 (20.2)
	0.190

	
	Current
	17 (11.7)
	24 (14.7)
	　

	Family history
	No
	132(91)
	153(93.9)
	0.346

	　
	Yes
	13 (9)
	10 (6.1)
	　


1χ2 test; 2Minimum wage. CD: Crohn’s disease.
Table 2 Univariate analysis of associations between demographics, environmental factors in Crohn’S disease patients
	
	
	                          Logistic univariate models

	Characteristics
	
	　
	　
	　

	
	
	          OR
	95% CI
	P value ²

	 Sex
	Male
	2.09
	1.29-3.37
	0.003

	
	Female
	1
	　
	　

	Age (yrs)
	18 - 39 
	2.71
	1.70-4.31
	<0.001

	
	40 - 80 
	1
	　
	　

	Race
	White
	1.57
	1.00-2.47
	0.050

	
	Non-White
	1
	　
	　

	Educational level
	Elementary
	1
	
	

	
	High school
	1.98
	1.22-3.22
	0.006

	
	Graduate school
	2.63
	1.21-5.68
	0.014

	
	< 3 
	1
	
	

	Family income¹
	3-5
	0.94
	0.54-1.64
	0.826

	
	> 5 
	1.30
	0.72-2.37
	0.384

	
	No information
	0.98
	0.44-2.15
	0.957

	Rural area 
	No
	1.98
	1.19-3.29
	0.009

	
	Yes
	1
	　
	　

	Housing conditions
	Inadequate
	1.14
	0.49-2.61
	0.765

	
	Adequate
	1
	　
	　

	Family size 
	Until 1
	1
	
	

	in adulthood 
	2-3
	2.09
	1.17-3.75
	0.013

	         (n)
	4-8
	2.29
	1.15-4.54
	0.018

	Family size
	1-3
	2.37
	1.31-4.27
	0.004

	in childhood
	4-6
	2.01
	1.18-3.42
	0.010

	        (n)
	>7
	1
	　
	　

	Pets
	No
	1.76
	0.96-3.24
	0.068

	　
	Yes
	1
	　
	　

	Breastfeeding
	No
	1
	
	

	
	Yes
	1.02
	0.45-2.31
	0.966

	
	Unkown
	0.51
	0.16-1.61
	0.251

	Exposure to
	No
	1
	
	

	Untreated water
	Yes
	1.83
	1.14-2.93
	0.012

	Vaccine 
	No
	1
	
	

	( Childhood)
	Yes
	1.55
	0.73-3.29
	0.254

	Viral diseases
	No
	1.84
	0.83-4.06
	0.134

	   (Childhood)
	Yes
	1
	　
	　

	Helmintic
	No
	1.18
	0.72-1.93
	0.509

	infections
	Yes
	1
	　
	　

	Exposure to
	No
	1
	
	

	enteric pathogens
	Yes
	2.16
	1.37-3.42
	0.001

	Previous Appendectomy
	No
	1
	
	

	
	Yes
	1.38
	0.57-3.29
	0.468

	Tobacco exposure
	Never
	1
	
	

	
	Prior
	1.57
	0.92-2.6
	0.101

	
	Current
	0.87
	0.44-1.73
	0.697

	Family history
	No
	1
	
	

	　
	Yes
	1.51
	0.64-3.54
	0.348


 1Minimum wage, 2χ2 test. CD: Crohn’s disease.
Table 3 Multiple linear regression to assess independent factors associated with the development of Crohn’s disease
	
	
	      Multivariate 
	
	
	
	Multivariate 
	

	Characteristics
	
	analysis 1
	　
	　
	　
	analysis 2
	　

	
	
	         1OR aj
	95%CI
	P value 
	 1ORaj
	95% CI
	P value 

	 Sex
	Male
	2.08
	1.18-3.68
	0.011
	2.09
	1.22-3.59
	0.007

	
	Female
	1
	　
	　
	1
	　
	　

	Age (yr)
	18 - 39 
	2.83
	1.51-5.32
	0.001
	3.10
	1.71-5.63
	<0.001

	
	40 - 80 
	1
	　
	　
	1
	　
	　

	Race
	White
	2.30
	1.31-4.02
	0.004
	2.32
	1.36-3.97
	0.002

	
	Non-White
	1
	　
	　
	1
	　
	　

	Educational level
	Elementary
	1
	
	
	
	
	

	
	High school
	1.44
	0.75-2.75
	0.266
	
	
	

	
	Graduate school
	1.45
	0.52-4.04
	0.470
	　
	　
	　

	
	< 3 
	1
	
	
	
	
	

	Family income¹
	3-5
	0.83
	0.42-1.64
	0.609
	
	
	

	
	> 5 
	0.90
	0.40-2.00
	0.807
	
	
	

	
	No information
	1.74
	0.67-4.51
	0.254
	　
	　
	　

	Rural area 
	No
	1.32
	0.65-2.68
	0.432
	
	
	

	
	Yes
	1
	　
	　
	　
	　
	　

	Housing conditions
	Inadequate
	1.36
	0.49-3.79
	0.548
	
	
	

	
	Adequate
	1
	　
	　
	　
	　
	　

	Family size 
	Until 1
	1
	
	
	1
	
	

	in adulthood 
	2-3
	3.26
	1.59-6.68
	0.001
	3.02
	1.52-5.99
	0.002

	         (n)
	4-8
	3.16
	1.36-7.34
	0.007
	2.87
	1.26-6.50
	0.012

	Family size
	1-3
	1.28
	0.57-2.84
	0.541
	1.66
	0.81-3.40
	0.159

	in childhood
	4-6
	2.08
	1.06-4.08
	0.032
	2.34
	1.27-4.32
	0.006

	        (n)
	>7
	1
	　
	　
	1
	　
	　

	Pets
	No
	1.45
	0.69-3.05
	0.323
	
	
	

	　
	Yes
	1
	　
	　
	　
	　
	　

	Breastfeeding
	No
	1
	
	
	
	
	

	
	Yes
	0.77
	0.28-2.09
	0.616
	
	
	

	
	Unkown
	0.48
	0.12-1.89
	0.296
	　
	　
	　

	Exposure to
	No
	1
	
	
	
	
	

	Untreated water
	Yes
	1.54
	0.80-2.93
	0.188
	　
	　
	　

	Vaccine 
	No
	1
	
	
	
	
	

	( Childhood)
	Yes
	0.57
	0.20-1.58
	0.284
	　
	　
	　

	Viral diseases
	No
	2.42
	0.90-6.48
	0.078
	2.23
	0.88-5.62
	0.088

	   (Childhood)
	Yes
	1
	　
	　
	1
	　
	　

	Helmintic
	No
	0.91
	0.51-1.65
	0.776
	
	
	

	infections
	Yes
	1
	　
	　
	　
	　
	　

	Exposure to
	No
	1
	
	
	1
	
	

	enteric pathogens
	Yes
	2.89
	1.62-5.17
	< 0.001
	2.23
	1.41-4.10
	0.001

	Previous Appendectomy
	No
	1
	
	
	1
	
	

	
	Yes
	2.71
	0.93-7.83
	0.065
	2.47
	0.89-6.83
	0.080

	Tobacco exposure
	Never
	1
	
	
	1
	
	

	
	Prior
	3.13
	1.57-6.26
	0.001
	2.83
	1.46-5.47
	0.002

	
	Current
	1.13
	0.50-2.54
	0.768
	1.11
	0.51-2.44
	0.775

	Family history
	No
	1
	
	
	
	
	

	　
	Yes
	1.27
	0.45-3.53
	0.644
	　
	　
	　


1ORaj  = Odd Ratio adjusted. In the final model only the variables included were statistically significant (95%CI not including value 1). P-value Hosmer-Lemeshow statistic for setting the final model = 0.406. 
