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Abstract in English

Introduction: While most studies have found a negative effect of smoking on Crohn`s disease (CD), more recent data have failed to reproduce this association, which might be due to a current wider use of immunosuppressants and biologic therapy. Even though smoking cessation is recommended in the therapeutic management of CD, there are very few studies evaluating smoking cessation strategies at inflammatory bowel disease units. This project aims to define the impact of smoking on CD in the largest published series and to evaluate the effectiveness of a smoking cessation strategy specifically designed for CD patients. Methods: 1217 consecutive CD patients with varied smoking exposure (non, current and former smokers) were included. Patients were classified according to their smoking status as non-smokers if they never smoked, smoked a little or occasionally or had stopped smoking more than 12 months before CD was diagnosed; as smokers if they were current smokers at inclusion and had smoked more than seven cigarettes per week for 6 months; and as former smokers if they were active smokers but had quit at least 12 months before CD diagnosis or thereafter. In respect to tobacco load, patients were classified in heavy smokers, those with tobacco consumption ≥ 12 pack year and light smokers, those with < 12 pack year, taking into consideration the population median tobacco load. Patients were assessed for demographics, disease features and detailed smoking habit at inclusion. All smokers were instructed about the risks of smoking and were offered smoking cessation. Urinary cotinine and exhaled carbon monoxide levels were evaluated in a subgroup of patients. Follow up visits were performed every 3 months. Results: Smokers in general (former and current) were more frequently under any maintenance treatment when compared to non-smokers. In addition, current smokers presented more use of biologic drugs compared to non-smokers. Heavy smokers had more frequently stricturing phenotype and a tendency towards a higher prevalence of bowel resection than light smokers. Tobacco exposure was an independent predictive factor for need for maintenance treatment and biologic therapy and tobacco load an independent predictive factor for stricturing phenotype, in the multivariate analysis. Regarding smoking cessation outcome of the entire population (408 smokers), 31% quit smoking and 23% continued smoking-free till the end of their current follow up, with 8% of relapse. Almost 70% did not quit and most non-quitters did not change their smoking habit with only 5% presenting a decrease in tobacco load. In 63% of patients going through smoking cessation, there was help of another specialist, most frequently, the pulmonologist (47%). Surprisingly, most patients (88%) tried to quit smoking with no pharmacological therapy. Conclusion: In the era of early and widespread use of immunosuppressants and biologic drugs, tobacco exposure is an independent predictor for need for maintenance treatment, specifically for biologic therapy. The wider use of biologics, immunosuppressants and other drugs presented by smokers could account for the existence of no major differences in respect to disease behavior and complication between non and current smokers. Our results suggest that a smoking cessation strategy is well accepted and effective and should be part of the therapeutic management in all patients exposed to tobacco.

Abstract in Spanish

Introducción: Aunque la mayoría de los estudios han encontrado un efecto negativo del tabaquismo sobre la enfermedad de Crohn  (EC), los datos más recientes no han podido reproducir esta asociación, lo que podría deberse al uso más amplio de los inmunosupresores y terapia biológica. Se recomienda la deshabituación tabáquica en el manejo terapéutico de la EC aunque haya muy pocos estudios que evalúen las estrategias para dejar de fumar en las unidades de enfermedad inflamatoria intestinal. Este proyecto tiene como objetivo definir el impacto del tabaquismo en la EC y evaluar la efectividad de una estrategia anti-tabaco para los pacientes con EC. Métodos: 1217 pacientes consecutivos con EC con variada exposición al tabaco (no fumadores, fumadore y ex fumadores) fueron incluidos. Los pacientes fueron clasificados según su consumo de tabaco en no fumadores si nunca hubieran fumado, fumado un poco o de vez en cuando o que habían dejado de fumar más de 12 meses antes del diagnostico de EC, como fumadores, si eran fumadores actuales en la inclusión y habían fumado más de siete cigarrillos por semana durante 6 meses, y como ex fumadores si eran fumadores activos, pero habían dejado al menos 12 meses antes del diagnóstico de EC. Además, los pacientes fueron clasificados en grandes fumadores, aquellos con el consumo de tabaco ≥ 12 paquete año, y en fumadores leves, los que tienen < 12 paquete año. Todos los fumadores se les instruyó acerca de los riesgos de fumar y se les ofreció la deshabituación tabáquica. Cotinina urinaria y de monóxido de carbono exhalado fueron evaluados en un subgrupo de pacientes. Visitas de seguimiento se realizaron cada 3 meses. Resultados: Los fumadores encontraramse con más frecuencia con tratamiento de mantenimiento en comparación con los no fumadores. Además, los fumadores presentan un mayor uso de fármacos biológicos en comparación con los no fumadores. Los grandes fumadores tenían más frecuencia enfermedad estenosante y una tendencia hacia una mayor prevalencia de resección intestinal que los fumadores leves. La exposición al tabaco fue un factor predictivo independiente para la necesidad de un tratamiento de mantenimiento y terapia biológica y la carga de tabaco, un factor predictivo independiente para el fenotipo estenosante, en el análisis multivariado. El 31% de los fumadores activos dejó de fumar y el 23% continuó sin fumar hasta el final de su seguimiento, con el 8% de recaídas. Casi el 70% de los fumadores cotinuó a fumar con sólo el 5% presentando una disminución de la carga de tabaco. En el 63% de los pacientes hubo ayuda de otro especialista en la deshabituación, con más frecuencia, el neumólogo (47%). Sorprendentemente, la mayoría de los pacientes (88%) intentó dejar de fumar sin tratamiento farmacológico. Conclusión: En la era de la utilización temprana y generalizada de los inmunosupresores y fármacos biológicos, la exposición al tabaco es un predictor independiente de la necesidad de un tratamiento de mantenimiento, específicamente para la terapia biológica. El mayor uso de tratamiento biológico y inmunosupresores por los fumadores podría explicar la no existencia de mayores diferencias en cuanto al comportamiento de la enfermedad entre fumadores y no fumadores. Nuestros resultados sugieren que una estrategia de deshabituación tabáquica es bien aceptada y eficaz y debe ser parte del manejo terapéutico en todos los pacientes expuestos al tabaco.
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1.
PRESENTATION
The present doctoral thesis is structured according to the requirements established by the School of Medicine of the Barcelona University. This thesis comprises two original articles which represent one single research line conducted in the inflammatory bowel disease unit of the Gastroenterology Department at the Hospital Clinic. These studies were original clinical articles published by peer-reviewed journals with recognized international diffusion and a global impact factor of 7.2.
2.
Doctoral Thesis Publications
2.1.
Does smoking influence Crohn's disease in the biologic era? The Tabacrohn study. Nunes T, Etchevers MJ, Merino O, Gallego S, García-Sánchez V, Marín-Jiménez I, Menchén L, Barreiro-de Acosta M, Bastida G, García S, Gento E, Ginard D, Gomollón F, Arroyo M, Monfort D, García-Planella E, Gonzalez B, Loras C, Agustí C, Figueroa C, Sans M; for the TABACROHN Study Group of GETECCU, Spanish Working Group in Crohn's Disease and Ulcerative Colitis. Inflamm Bowel Dis. 2012 Mar 29. doi: 10.1002/ibd.22959. [Epub ahead of print] 

2.2.
High smoking cessation rate in Crohn´s disease patients after intensive counseling - The Tabacrohn study. Nunes T, Etchevers MJ, Merino O, Gallego S, García-Sánchez V, Marín-Jiménez I, Menchén L, Barreiro-de Acosta M, Bastida G, García S, Gento E, Ginard D, Gomollón F, Arroyo M, Monfort D, García-Planella E, Gonzalez B, Loras C, Agustí C, Figueroa C, Sans M; for the TABACROHN Study Group of GETECCU, Spanish Working Group in Crohn's Disease and Ulcerative Colitis. Journal of Crohn´s and Colitis. [Epub ahead of print]
3.
ABSTRACTS AT CONFERENCES
Results from this doctoral thesis were fully or partially presented at the following national and international gastroenterology meetings as original abstracts:
· Impact of smoking in the clinical course of Crohn´s disease: data from the multicenter spanish study Tabacrohn. 
· 13th Associación Espanhola de Gastroenterología, Madrid, 2010 (Poster)
· XX Societat Catalana de Digestologia, Spain, 2010 (Poster)
· United European Gastroenterology Week, Barcelona, 2010 (Poster)
· 6th ECCO Conference, Ireland, 2010 (Poster)
· Digestive Disease Week, New Orleans, 2010 (Poster)
· Effectiveness of a smoking cessation program in Crohn´s disease patients. 
· 13th Associación Espanhola de Gastroenterología, Madrid, 2010 (Poster)

· XXI Societat Catalana de Digestologia, Spain, 2011 (Poster)

· 7th ECCO Conference, Barcelona, 2012 (Poster)

· United European Gastroenterology Week, Stockholm, 2011 (Oral presentation)

· Digestive Disease Week, San Diego, 2012 (Oral presentation)
4.
INTRODUCTION
4.1.
Crohn´s disease – genes and the environment
Our present understanding of inflammatory bowel diseases (IBD) considers ulcerative colitis (UC) and Crohn’s disease (CD) as complex conditions that develop in genetically susceptible individuals due to the influence of various environmental factors.2[]
 An abnormal recognition of certain antigens of the bowel microbiota by elements of the innate immunity is thought to play a key role, leading to an exaggerated immune response, release of pro-inflammatory cytokines and, ultimately, bowel tissue damage.
 ADDIN EN.CITE 

[2-4]
 This complex genetic-environment interaction which triggers intestinal inflammation has been matter of intense research in the past two decades, providing novel interesting insights into the IBD pathogenesis (Figure 1).
In the last 5 years, the field of IBD has experienced a dramatic transformation. Due to the completion of the human genome project and the development of tools capable of simultaneously studying many common genetic variants in different individuals, several genes influencing CD susceptibility were identified.
 ADDIN EN.CITE 

[5, 6]
 In this regard, a number of genome-wide association studies have been undertaken revealing more than 70 new independent loci convincingly associated with the disease.
 ADDIN EN.CITE 

[6]
 Many of the genes were found to be correlated to innate immunity and autophagy which stresses the importance of the host-bacteria relationship that takes place in the gut for the development of CD.
 ADDIN EN.CITE 

[7]
 
[image: image2.emf]
Nevertheless, the remarkable increase in the IBD incidence in the last few decades cannot be solely explained by changes in the genetic background of a certain population. In contrast, it clearly points towards the existence of potent environmental factors playing a key role in IBD pathogenesis. Several studies performed in Europe evaluating IBD prevalence in immigrant populations from low risk areas found that immigrants present a similar or higher risk of developing IBD when compared to the indigenous population.
 ADDIN EN.CITE 

[8-10]
 These results suggest that differences in prevalence are probably associated with lifestyle and environmental factors, and not only with a specific genetic background.
4.2.
Crohn´s disease and tobacco smoking

Smoking habit, particularly cigarette smoking, is the most indisputable example of the influence of the environment on IBD.
 ADDIN EN.CITE 

[11, 12]
 Since 1984, when Somerville first reported that patients with CD were more likely to be smokers than controls, numerous studies have confirmed this observation.
 ADDIN EN.CITE 

[12-15]
 Of note, two large meta-analyses also corroborated this association, establishing exposure to smoking as the main environmental risk factor to develop CD.
 ADDIN EN.CITE 

[14, 15]
 Nevertheless, most previous studies assessing the relationship between IBD and smoking were retrospective, case – control studies, limited by selection and, most importantly, recall bias. The few prospective cohort studies that have evaluated the impact of smoking in IBD prevalence only included a limited number of cases and did not gather long-term smoking status change over time.
 ADDIN EN.CITE 

[16]
 
More recently, solving most of these issues, Higuchi et al confirmed the smoking impact on IBD incidence in a large and well-designed prospective study.
 ADDIN EN.CITE 

[16]
 The authors documented 736 cases of CD and UC in more than 200,000 women followed for over 32 years. In this cohort, prospective smoking data was updated every two years offering for the first time a detailed evaluation of the impact of smoking on the incidence risk for IBD. In this study, the authors clearly showed that current smokers present almost twice the chance of developing CD compared to patients that never smoked. Importantly, an increasing tobacco load in pack years is associated with higher risk of CD, whereas quitting smoking has the exact opposite effect leading to a decrease in risk. Conversely, the risk of UC was found to be 3 times increased in the first 5 years of smoking cessation and remained persistently elevated over a 20 year period.
As a result, it is fundamentally established that smoking has striking opposite effects on CD and UC, supporting the notion that distinct mechanisms underlie the pathogenesis of each form of IBD. Subjects who have never smoked and former smokers are at a higher risk of developing UC, whereas active smokers have an increased risk of CD.15[]
 In CD pathogenesis, several reports have shown that smoking leads to an altered microbiota and an impaired intestinal barrier function, affecting the surface layer of mucus, intestinal epithelium, cytokine production and monocyte/macrophage function.
 ADDIN EN.CITE 

[17-21]
 
In cellular function, for instance, Bergeron et al have shown that smoking differentially affects blood mononuclear cells from CD and UC patients.
 ADDIN EN.CITE 

[20]
 In this study, mononuclear cells from smokers with CD were dysfunctional and presented a defective sensitivity to anti-inflammatory and antioxidant protection, secreting lower levels of cytokines compared with nonsmokers, while healthy smokers or UC smokers were not affected. With respect to the role of the intestinal microbiota, active smoking was found to have a significant and independent effect on the gut bacteria population. In CD patients, a higher prevalence of Bacteroides-Prevotella has been found in active smokers when compared with nonsmokers suggesting that differences in microbiota composition may play a role in the mechanisms by which tobacco impacts CD physiopathology.
 ADDIN EN.CITE 

[21]
 Even though tobacco smoking originates numerous inhaled metabolites, including more than 60 known carcinogens, the exact sub-product or mechanism by which smoking contributes to CD pathogenesis remains still to be established (Figure 2).
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A very interesting alternative to investigate the role of environmental factors in IBD pathogenesis lies in twin studies in which one can control for the genetic susceptibility isolating the candidate environmental risk factor.
 ADDIN EN.CITE 

[1, 3]
 In this regard, a Danish case-report study on 2 monozygotic female twins with ileum-colonic CD and their non-affected brother and parents showed that though the healthy parents and brother presented a NOD2 variant related to CD, only the affected twins were smokers.
 ADDIN EN.CITE 

[22]
 Bridger et al. analyzed 658 IBD patients, including 339 affected sibling pairs of whom 89 were discordant for smoking when diagnosed.23[]
 Siblings who were discordant for smoking and IBD type almost always show CD in the smoker and UC in the non-smoker patient. The authors also suggest that the protective effect of tobacco on UC is due to a shift towards the development of CD, in subjects prone to undergo bowel inflammation, rather than a true protection from the development of UC.23[]
 

4.3.
Tobacco smoking and Crohn´s disease phenotype

It has been suggested, however, that tobacco smoking is not only an important risk factor to develop CD but it also seems to impact the disease clinical course leading to a more severe prognosis.  Numerous studies evaluating the effects of smoking on disease phenotype and complications propose that smoking adversely influences disease outcomes resulting in a higher prevalence of fistula, stenosis and surgical interventions, Table 1.
 ADDIN EN.CITE 

[24-38]
 In addition, it has been suggested that cigarette smoking could also impact disease location.
 ADDIN EN.CITE 

[39, 40]
 In this regard, smoking might be protective for the colonic phenotype, emulating its role in the UC setting, and a risk factor for the ileal involvement. In addition, active smoking seems to be associated with need for steroid treatment and immunosuppressive therapy reflecting its negative clinical impact.26[]
 Whether smokers indeed present a poorer response to infliximab is still a much discussed topic in the literature, though the current trend points towards the notion that there is no negative influence of smoking in this regard.
 ADDIN EN.CITE 

[41, 42]

	Studies
	N
	F
	Main Results

	Holdstock et al. 
(1984)40

	252
	-
	Smokers with colonic CD relapse more often and smokers with Ileal CD have more hospitalization and surgery

	Sutherland et al.

(1990)34

	174
	10.8 yrs
	Smoking is associated with CD clinical recurrence after surgery with dose dependent effect in women

	Lindberg et al. 
(1992)30
	231
	10 yrs
	Heavy smokers present more surgery, fistula, abscess and ileal disease

	Cottone et al. 
(1994)28
	438
	98 mo
	Smoking is an independent risk factor for clinical, endoscopic and surgical relapse

	Cosnes et al.
 (1996)26

	400
	9 yrs
	Smokers run a higher risk of developing severe disease and  immunosuppressants neutralize the influence of smoking

	Fraga et al.
(1997)61
	63
	97 mo
	Smoking does not affect behavior

	Russell et al.
 (1998)38

	457
	1 yrs
	Smokers were less likely to have colonic involvement and were more often on  immunosuppressants

	Yamamoto et al. (1999)35
	141
	10 yrs
	Smoking is associated with CD clinical recurrence after surgery

	Cosnes et al. 
(1999)27
	622
	18 mo
	Smoking increases the risk of flare



	Odes et al.

(2001)62
	208
	6 yrs
	Smoking does not affect behavior

	Kane et al.
(2005)29
	300
	59 mo
	Smoking is associated with CD clinical recurrence after surgery

	Regueiro et al. 
(2005)57
	119
	NA
	Cigarette smoking is associated with the development of late-onset CD

	Aldhous et al. 
(2007)46
	408
	-
	Smoking does not directly affect behavior

	Seksik et al.
(2009)58
	2795
	90 mo
	Light smokers have more disease activity and the need for immunosuppressants

	Van der Heide et al. (2009)59
	380
	13 yrs
	Smoking does not affect behavior

	Van der Heide et al. (2011)60
	128
	13 yrs
	Smoking does not affect behavior

	Zabana et al.

(2012)75
	259
	91 mo
	Smoking does not affect behavior


                       Table 1. Studies evaluating the impact of tobacco smoking on CD phenotype are ordered chronologically with number of patients included (N), follow-up period (F) in years (yrs) or months (mo) and their corresponding main results. (-) indicates data not available, NA indicates data not applicable.

Unfortunately, the available data linking tobacco smoking to a more severe phenotype is far from being undisputable consensus, Table 1. In this regard, even though the perception that tobacco smoking leads to a more severe CD phenotype is usually regarded as matter of fact, the available studies present different and sometimes contradictory results with respect to the characteristics and the magnitude of the alleged tobacco influence.43[]
 

In view of that, Cosnes et al have found no impact of smoking on the development of stenosing and penetrating complications in a large study aiming at evaluating CD progression and change in phenotype.44[]
 This study suggests that smoking might have little or no impact on the development of disease complications. Likewise, evidence showing that there is no association between smoking and CD location is also available, questioning the role of smoking as a risk factor for ileal disease as well as its protective effect for colonic involvement.
 ADDIN EN.CITE 

[12, 13, 26, 45]
 

More recently, in keeping with these finding, a well-designed study aiming at evaluating the influence of smoking on CD clinical behavior failed to find a direct association between active smoking and complicated phenotype or need for surgery.
 ADDIN EN.CITE 

[46]
 The discrepancy between the most recent studies and previous ones might suggest the existence of some new confounding factor which may present a protective role against the deleterious influence of tobacco smoking. In this regard, one can hypothesize that the smoking impact could have been overcome by the wider use of more potent drugs in the pharmacological management of CD patients.  Therefore, the current widespread prescription of immunosuppressants and biologic drugs, with its consequent disease-modifying impact on CD clinical course, might compensate the influence of smoking, masking smoking negative effects.
4.4.
Crohn´s disease and smoking cessation
Even though the current evidence supporting the negative effect of cigarette smoking on CD is heterogeneous and controversial, most studies are in keeping with the notion that smoking in fact is detrimental for CD patients.43[]
 Unfortunately, available data suggests that few patients receive adequate medical information or assistance on this issue. Shields et al evaluated the awareness of the negative effects associated with smoking among patients with CD.47[]
 Surprisingly, only 13% of the patients interviewed were conscious of the relationship between CD and tobacco smoking. In addition, in the same report, lack of knowledge about the negative impact of smoking on CD was not restricted to patients, as the almost total amount of general practitioners questioned were not aware of the relationship between tobacco consumption and CD.  
Even though CD patients are not getting effectively informed about the consequences of smoking for their diseases, few studies reporting on smoking cessation in this specific scenario suggest positive results. Van der Heide et al assessed changes in smoking habits after 675 patients received the diagnosis of inflammatory bowel disease.
 ADDIN EN.CITE 

[48]
 In this study, half of CD patients quit smoking after diagnosis, decreasing the number of smokers in the group of individuals with CD compared to the control group. These results suggest that patients with CD are no more refractory to smoking cessation than the general population. Nevertheless, in general, quitting smoking is not an easy task. Half of the patients achieving smoking cessation relapse after 8 years of follow-up and less than 10% of smokers trying to quit without assistance reach complete abstinence.49[]
 In addition, nicotine causes tolerance and physical dependence and its withdrawal leads to irritability, poor concentration, insomnia, increased appetite and depression.
 ADDIN EN.CITE 

[50]
 
As in most smoking-related diseases, possible clinical complications influenced by tobacco consumption could function as cessation triggers. Unfortunately, for CD patients, it seems that the negative impact of smoking on their condition appear to be less important when compared to other tobacco-associated diseases.
 ADDIN EN.CITE 

[51]
 In this regard, a study assessing the motivation of CD patients for smoking cessation found that most did not consider aspects associated with the disease as determinants for their decision. In the same study, concerns about weight gain and worsening of stress seem to be the most important barriers preventing patients under smoking cessation from achieving a complete abstinence.
 ADDIN EN.CITE 

[51]

The most convincing evidence stressing the benefits of smoking cessation in CD patients can be found in the only available prospective study conducted by Cosnes et al.52[]
 This study followed 59 patients with CD who had stopped smoking, collecting data on clinical activity, complications and treatment changes. In this study, former smokers had a 65% decrease in the rate of disease activity compared to active smokers. In addition, current smokers had a higher need for treatment with immunosuppressants and corticosteroids compared to those who had quit smoking. Based on this evidence, therefore, smoking cessation should play a pivotal role in the management of CD.
4.5.
Smoking cessation strategies
The first weapon to combat smoking in patients with CD lies in the abilities of every gastroenterologist to educate their patients about the impact of smoking on the clinical course of the disease. This personal strategy based on dialogue and the doctor-patient relationship is known as medical advice. There are no studies assessing the specific role of the gastroenterologist in the smoking cessation strategies for patients with CD. Knowledge about the effects of physician's advice on the natural history of smoking comes from studies carried out by general practitioners in patients without a condition directly associated with the consumption of tobacco.53[]
 In this context, medical advice presents disappointing results. Only between 1 and 3 in 100 patients quit smoking for at least 6 months after being advised by their physician.53[]
 
Many factors might influence the impact of medical advice on the smoking cessation rates, including the tobacco load and the type of advice technique. With regards to tobacco load, it has been suggested that smokers with lighter load (<10 cigarettes / day) are more likely to quit smoking and that no better response to medical advice is observed if the patient has a smoking-associated disease as CD.53[]
 In addition, an enhance advice strategy, known as intensive medical advice, consisting of a long-term, frequent, anti-tobacco recommendation plan, might double the successful cessation rate.54[]
 Extrapolating existing data, it is possible that intensive medical advice in the context of a smoking-associated disease such as CD could lead to better success rates.

Importantly, the use of pharmacological agents to achieve smoking cessation should always be considered secondary and supportive, being always associated with medical advice or self-help programs.11[]
 In general, drugs are most appropriately used in refractory patients with demonstrated resistance to smoking cessation. Other patients who could benefit from early introduction of anti-tobacco drugs are those with higher tobacco loads or individuals with high nicotine addiction. The main drugs approved for use in smoking cessation in Europe include nicotine replacement therapy (NRT), bupropion and varenicline.11[]
 

In any smoking cessation strategy relapse is always an expected outcome and is part of the process of quitting. Each attempt is a positive progression towards a complete smoking cessation. 55% of smokers have made at least one quit attempt that lasted over 24 h.55[]
 In the general population the relapse rate is 10-15% per year in the first 3 years and then decreases to 5% per year. At 5 years, half of patients have resumed to smoke.55[]
 Smokers who have tried to quit repeatedly and unsuccessfully can benefit from more intensive cessation programs. These programs require more experience and usually involve collaboration with a multidisciplinary team, including an expert on smoking cessation. 

5.
THE TABACROHN PROJECT
Almost 30 years have passed since the fist report describing the association between smoking and CD; nonetheless there are still many open questions without a clear answer. At the molecular level, the impact of the various tobacco smoking sub-products on the intestinal homeostasis is only partially understood and no straightforward connections between both smoking and CD (detrimental effect) or smoking and UC (protective effect) have been proposed. At the clinical setting, even though there is a consensus with respect to the positive impact of smoking on UC, no solid and uniform base of evidence exists when it comes to CD studies.
With regards to smoking cessation in CD patients the literature is even thinner and additional studies evaluating the process of quitting smoking and the subsequent impact of complete abstinence on disease behavior are urgently needed. In this regard, the potential positive impact of smoking cessation on CD behavior and complications remains to be evaluated by one single prospective study which has never been replicated.52[]
 In addition, data related to smoking cessation strategies including physician advice in this specific scenario is virtually non-existent.
The Tabacrohn Project was planned to address new aspects of the relationship between smoking and CD, re-visiting old pending questions in the process. This national multicenter study was designed by investigators at the Hospital Clinic Barcelona and subsequently carried out by the Young GETECCU group (Spanish Study group on Crohn´s disease and ulcerative colitis). This project took place at 14 participating centers and included three work packages covering different hypothesis and objectives (Figure 3). The present thesis includes results from the first two work packages. The first work package covered the much debated topic of smoking and its impact on CD phenotype in a large cross-sectional study recently published in the Inflammatory Bowel Diseases Journal. The second work package dealt with the process of smoking cessation in patients with CD and originated the second publication which was published in the Journal of Crohn´s and Colitis. The third and last work package deals with the long-term impact of smoking cessation on CD clinical course. This prospective study is currently ongoing and was not included in the present doctoral thesis. 



6.
HYPOTHESIS AND OBJECTIVES
Hypothesis I

Currently the negative impact of smoking on CD phenotype has been overcome by wider use of more potent drugs.

Objective: To evaluate the association between smoking and CD behavior, location, complications and treatment in the current era of widespread use of biologic and immunosuppressant drugs.

Hypothesis II

A smoking cessation strategy carried out in referral inflammatory bowel disease units might be successful after patients are properly informed and motivated to quit smoking.

Objective: To assess the effectiveness of a smoking cessation strategy in CD patients attending inflammatory bowel disease units in Spain.

7.
ORIGINAL ARTICLES
8.
DISCUSSION
Tobacco smoking is the most studied environmental risk factor associated with CD.56[]
 Available data supports that cigarette smokers are under an increased risk to develop CD, but the influence of tobacco consumption on disease characteristics and response to therapy remains a matter of intense debate.
 ADDIN EN.CITE 

[43, 56]
 Several factors might be taken into account when analyzing the variability of results among studies which have evaluated the impact of smoking on CD clinical features. Insufficient study power, selection and recall bias and different study designs might be partly responsible for some of the existing differences in the literature. One basic aspect, however, may have played the most important role in this controversial topic – the complete lack of uniformity with respect to smoking status definitions used among studies, Table 2.43[]
 

The reason for the existence of so diverse smoking status classifications in the literature might be due to the common straight-forward notion that there is only one single way to classify one´s smoking habit - a notion that could not be further from the truth. One´s smoking habit classification can change according to their tobacco load, their past or present tobacco consumption habits and the tools used to evaluate smoking exposure. In this regard, some studies presented a clear cut-off for cigarette units smoked per day to arrange patients into smokers and non-smokers 
 ADDIN EN.CITE 

[26-29, 35, 46, 48, 57-60]
 and others classified each and every smoking habit as active smoking regardless of their tobacco load 
 ADDIN EN.CITE 

[30, 34, 38, 40, 61, 62]
. 
	Studies
	Non Smokers
	Active Smokers
	Former Smokers

	Holdstock 

et al. (1984)40

	Self report with no cutoff
	Self report with no cutoff
	Not evaluated

	Sutherland 

et al. (1990)34

	Self report with no cutoff
	Self-report with no

cutoff
	Not evaluated

	Lindberg 

et al. (1992)30

	Self report with no cutoff
	Self report with no cutoff
	Self report with no 

cutoff

	Cottone 

et al. (1994)28

	People who never smoked
	>7 units/week >12 months
	People who quit at least 1 year before

	Cosnes 

et al. (1996)26

	People who never smoked or had quit >6 months before diagnosis
	>7 units/week

>6 months before  CD diagnosis
	Not evaluated

	Fraga 

et al. (1997)61
	Self report with no cutoff
	Self report with no cutoff
	Not evaluated

	Russell 

et al. (1998)38

	Self report with no cutoff
	Self report with no cutoff
	Self report with no 

cutoff

	Yamamoto 

et al. (1999)35
	People who quit for at least 1 year
	>7 units/week

> 12 months


	Not evaluated

	Cosnes 

et al. (1999)27

	People who never smoked or had quit >6 months before diagnosis
	>7 units/week

>6 months before diagnosis

	People who quit at least 6 months before

	Odel 

et al. (2001)62

	Self report with no cutoff
	Self report with no cutoff
	Not evaluated

	Kane 

et al. (2005)29

	People who never smoked
	>7 units/week

>6 months
	People who quit at least 1 year before

	Regueiro 

et al. (2005)57

	People who never smoked
	1 unit per day within 6 months prior to diagnosis
	People who quit at least 6 months before

	Aldhous 

et al. (2007)46
	People who never smoked
	>7 units/week

>6 months
	People who quit at least 1 year before

	Seksik 

et al. (2009)58

	People who never smoked or had quit >6 months before inclusion
	>7 units/week


	Not evaluated

	Van der Heide 

et al. (2009)59

	People who never smoked at least 6 months before diagnosis
	>7 units/week

>6 months
	People who quit at least 6 months before diagnosis

	Van der Heide 

et al. (2011)60
	People who never smoked at least 6 months before diagnosis
	>7 units/week

>6 months
	People who quit at least 6 months before diagnosis

	Zabana 

et al. (2012)75
	People who never smoked or smoked < 7 units weekly
	>7 units/week
	People who quit at least 1 year before 




Table 2. Studies evaluating the impact of tobacco smoking on CD phenotype are ordered chronologically with respective smoking status definitions regarding non-smokers, active smokers and former smokers.
            The discrepancies among the studies worsen when it comes to the evaluation of patients who had previous exposure to tobacco but are currently non-smokers – the former smokers or quitters. Many studies considered former smokers either as non-smokers when individuals had quit before diagnosis or as a stand-alone group of “quitters” if patients had managed to quit after diagnosis 
 ADDIN EN.CITE 

[27-29, 46, 57, 59, 60]
; others evaluated these patients who quit after diagnosis together with current smokers in a “ever smoker” combined group 26[]
. Many previous studies, however, completely ignored any history of change in tobacco consumption and chose not to evaluate the group of former smokers at all 
 ADDIN EN.CITE 

[30, 34, 35, 40, 58, 62]
. 
In summary, the absence of consistency in smoking status classifications overtime makes it difficult to draw any conclusion regarding the impact of smoking on CD phenotype. Mahid at al. have appropriately suggested that future researchers should adopt a standardized definition of “current,” “former,” and “never” smoking status.43[]
 According to Mahid et al., the implementation of standardized smoking definitions would help to increase homogeneity between studies, and, most importantly, it would allow valid comparisons, enabling a future meta-analyses to be performed.
In this regard, among the myriad of smoking exposure classifications available, we chose the smoking classification introduced by Cosnes et al.
 ADDIN EN.CITE 

[27]
 This classification was chosen for three major reasons. First, it is currently the most well-known and established smoking status classification used in IBD studies. Second, it presents a clear cut-off of 7 cigarettes weekly for patients to be considered smokers. Third, this classification takes into consideration the overlap between disease and exposure, considering patients who quit smoking after diagnosis as former smokers and patients who quit before diagnosis as non-smokers. Even though cut-offs are not perfect by definition, having a determined minimum tobacco load to indicate clinically significant smoking exposure in necessary to avoid subjectivity to play a role in patient´s classification in a multi-center study setting.
Another very important factor when it comes to the evaluation of the role of cigarette smoking in CD is the need of a substantial number of individuals due to the subtle influence of the environment on disease. Therefore, one needs a large number of patients to determine a significant association between the studied factor and the selected outcomes. In previous studies, the enrollment of small cohorts and lack of statistical power could have contributed to some extent to the nonexistence of a higher prevalence of complicated phenotype in smokers. In this regard, the Tabacrohn study is one of the largest studies evaluating the impact of smoking on CD clinical course. 
The correlation between the self-report smoking status and the actual tobacco exposure in previous studies is also a matter of discussion. All studies evaluating the impact of cigarette smoking on disease phenotype did not use any biochemical measurement to confirm smoking exposure classifications based solely on self-report. In the cross-sectional part of Tabacrohn, it was unfeasible to perform biochemical validation due to the size of the study, its multi-center nature and lack of funding to enable cotinine or carbon monoxide analysis in all included patients. Nevertheless, differently from most studies, data from the smoking cessation study, in which a selected cohort of patients was evaluated using these biomarkers, suggest that the self-reported smoking status present good-correlation with the actual exposure in our Spanish population attending specialized IBD units.
The Tabacrohn hypothesis that changes in CD therapeutic management overtime could impact the relationship between tobacco consumption and disease phenotype comes from recent studies that have suggested that there has been a shift towards a better prognosis after the use of immunosuppressants was intensified and the biologic drugs were introduced. In this regard, even though there was previous data indicating that the widespread use of immunosuppressants did not impact CD long-term prognosis in general 
 ADDIN EN.CITE 

[63-65]
, more recent and compelling evidence shows exactly the opposite 
 ADDIN EN.CITE 

[66-68]
. In this regard, in a large prospective population-based study which included patients newly diagnosed followed for 10 years, CD prognosis was found to be better than previously reported with lower surgery rates and fewer patients developing complicated disease behavior.
 ADDIN EN.CITE 

[66]
 In another large population study, welsh patients showed an increase use of immunosuppressants over time with a significant reduction in long-term need for steroids and intestinal surgery.67


[ ADDIN EN.CITE ]
 Of note, these reductions were independently associated with disease duration, and related temporally to an increased and earlier thiopurine use. Finally, in keeping with these studies, in the most recently published population study, Lakatos et al. demonstrated the existence of a significant change in the natural history of CD over the last three decades, with fewer complicated phenotypes, reduced probability of disease behavior change, and reduced rates of surgery independently associated with increased and earlier azathioprine use.68


[ ADDIN EN.CITE ]

The fact that these therapies can positively impact CD prognosis might explain the main findings in Tabacrohn. In our study, smokers presented more use of biologics and immunosuppressant drugs and, concurrently, no major differences with respect to disease phenotype were detected between smokers and non-smokers. The magnitude of the detrimental influence of tobacco smoking on CD characteristics, therefore, seems to be diminished as the previously reported impact of smoking on the development of penetrating disease 
 ADDIN EN.CITE 

[31, 37]
 and bowel resection 
 ADDIN EN.CITE 
[25, 30, 69]
 could not be confirmed. 
It has been previously shown that smokers present more active disease when compared to nonsmokers.
 ADDIN EN.CITE 
[28, 70]
 Accordingly, even though no information with respect to number, intensity and length of activity periods were collected in Tabacrohn, differences in the therapeutic management might suggest that smokers undergo more active disease. Smokers, as a result, were more often on medical therapy compared to non-smokers, especially biologics. Importantly, in the multivariate analysis, the only variables independently associated with smoking exposure were need for maintenance medical treatment and biologic therapy. These findings are in keeping with a growing body of evidence linking active tobacco consumption to an increased need for therapy. Cosnes et al have already shown that patients under tobacco exposure have more need for immunosuppressive therapy 26[]
, including patients with light smoking 58[]
. Another study from The Netherlands suggested that even passive smokers were also under higher risk for the introduction of immunosuppressants and biologics.


[59]

Tabacrohn results, therefore, imply that an increased use of effective therapies in smokers due to more active disease might be accountable for the relative lack of differences between both groups. In keeping with these finding, there is also convincing data suggesting that immunosuppressive therapy is not only associated with better clinical prognosis, but it can also neutralize the detrimental effect of smoking on CD.26[]
  In this regard, Cosnes et al. reviewed medical charts of 400 consecutive patients whose smoking habits were specified by interview. The authors found that the risk of surgery increased only in patients who smoked and did not take immunosuppressive drugs. In accordance with this data, others have found that early immunosuppressive or biologic therapy was able to reduce the risk for change in disease behavior, and delayed the time to the first operation in CD in both smokers and non-smokers.
 ADDIN EN.CITE 
[71, 72]
 For biologic drugs, in particular, it has been shown that antitumor necrosis factor treatment is also associated with a long-term lower risk for surgery 
 ADDIN EN.CITE 
[73]
. 
Due to the positive impact of these therapies on prognosis and after several recent studies could not find any significant impact of smoking on disease behavior, the magnitude of the influence of tobacco consumption on CD outcomes and the actual relevance of smoking cessation in the management of these patients have been questioned.
 ADDIN EN.CITE 
[46, 59, 60, 74, 75]
 Of note, as in Tabacrohn, the last four papers on the topic could not find any important direct impact of smoking on disease behavior.46


[ ADDIN EN.CITE , 59, 60, 75]
 Importantly, these negative studies used the same exposure classification found in Tabacrohn. In this regard, the most recently published study, including 259 CD patients with various smoking status, found no differences with respect to disease characteristics and concluded that active smoking might be no longer considered as a general risk factor for poorer disease outcomes.75[]
 It appears that tobacco is no longer clearly associated with more complicated disease in  the current era of widespread and early use of effective therapies that might change the natural course of the disease. 
However, in Tabacrohn, though more subtlety, cigarette smoking appears to continue to function as an environmental factor associated with poorer disease outcomes. Accordingly, the smoking-related negative effects were still noticeable in the association between tobacco load and stricturing disease in the multivariate analysis and, more importantly, in the increased need for maintenance therapy and biologic treatment found in smokers. The fact that former smokers presented the worst outcome compared to all groups may not be considered another consequence of the negative influence of smoking. In this regard, as also found in a previous report 74[]
, quitting smoking after diagnosis might be artificially associated with the development of more severe disease in cross-sectional and retrospective studies. The explanation may not be straightforward; however, one can hypothesize that patients presenting more severe phenotype or active disease might achieve higher smoking cessation rates, biasing the analysis of this population. Former smokers, therefore, should be analyzed by prospective studies which currently converge to the notion that quitting smoking presents positive effects on disease activity and behavior.
 ADDIN EN.CITE 

[27, 52]
 
The Tabacrohn study showed for the first time that a cessation strategy largely based on physician advice and patient education is feasible and effective in the CD setting. In the later Cochrane systematic review on the role of physician advice in general smoking cessation, including more than 30,000 patients, the authors estimated that brief medical counseling can increase quitting rates by 1 to 3% when an unassisted quit rate of 2-3% is assumed.76[]
  Compared to these numbers, Tabacrohn results are impressive - almost one quarter of the entire studied population quit smoking, remaining smoking-free for a median of 9 months. As smoking cessation was proposed to consecutive smokers regardless of nicotine addiction severity and previous cessation attempts, the study results show that most patients are willing to attempt to quit and many of them manage to achieve complete abstinence.

Many factors might be accountable for the higher smoking cessation rates found in Tabacrohn. First, it has been demonstrated that smoking-related diseases might function as prominent triggers for a smoking cessation attempts.
 ADDIN EN.CITE 
[77, 78]
 Second, as the median study follow-up was 18 months and included subjects were followed every 3 months, patients were recurrently exposed to discussion about their tobacco consumption. In this regard, It has been shown that there is an additional benefit in cessation rates after a more intensive advice program strategy is planned compared to brief counseling.76[]
 Finally, one can hypothesize that the relative success of Tabacrohn might be partially related to the fine doctor-patient relationship present in IBD units. All patients included in Tabacrohn were treated in tertiary specialized IBD units where most patients are long-term followed by the same professionals in a multi-disciplinary approach. In this regard, the fact that the intervention in Tabacrohn was largely based on physician advice and education and few patients used anti-tobacco drugs only stresses the import role of the doctor-patient relationship in leading patients towards a complete smoking cessation.

Physicians should not underestimate the impact of advice, dialogue and information combined with a close follow-up when planning smoking cessation strategies for CD patients. Studies have suggested that individuals with smoking-related diagnosis do not necessarily have their smoking habit addressed by their physician. In this regard, patients who are hypertensive, obese, diabetic, sedentary, or users of oral contraceptives are no more likely to have been told to quit than smokers without these additional cardiovascular risks.79[]
 With respect to CD, there is no study assessing whether gastroenterologists specifically address smoking cessation during their outpatient clinic visits. Indirect evidence, however, suggests that it is not the case. As Van der Heide et al have shown there is still a lack of knowledge among CD patients regarding the impact of smoking on their condition.
 ADDIN EN.CITE 

[48]

Numerous aspects could be responsible for the lack of motivation for physicians to correctly approach the smoking issue with their patients. Some of the barriers for physicians to intervene in their patients’ smoking habits include time constraints, the perception clinicians lack the skills necessary to be effective, the need to avoid negative responses from patients and, most importantly, a low expectation in getting smokers to quit.
 ADDIN EN.CITE 
[80]
 Therefore, the paradigm must change and gastroenterologists dealing with CD patients should bear in mind that there is a substantial probability for their patients to achieve complete smoking cessation after physician advice and guidance. In addition, physicians may be more effective in promoting attempts to stop smoking by offering assistance to all smokers than by offering assistance only to those who express an interest in doing so.81[]

In Tabacrohn, the most available and established smoking biomarkers urinary cotinine and expired carbon monoxide were used in a sub-cohort of patients.82


[ ADDIN EN.CITE ]
 On average, about 70 to 80 percent of nicotine is converted to cotinine. In general, urinary cotinine is well correlated with plasma cotinine so that it can be used as a surrogate for plasma cotinine concentrations.
 ADDIN EN.CITE 
[83-85]
 Cotinine levels can be measured at various times of the day, and this value can be used as representative of the average daily cotinine level, reflecting exposure over an extended period of time.82


[ ADDIN EN.CITE ]
 Expired carbon monoxide, on the other hand, is a well characterized marker of cigarette smoking, but with its short half life, it only indicates relatively recent exposure or documents acute abstinence. Despite this limitation, because it is non-invasive, inexpensive and provides information in real time, expired CO measurements are frequently used in smoking cessation clinical trials.
 ADDIN EN.CITE 
[82]
 
In the CD setting, the fact that the smoking self-reported status presented a good correlation with biomarkers implies that the self-report status should be trusted and used in clinical practice, making the follow-up simpler, cheaper and straightforward. In keeping with these findings, biomarkers should not be used in the follow-up of all patients, but instead, these markers could be a complementary tool when the self-report status is believed to be false. At the coordinating center, Hospital Clinic Barcelona, both markers were used in the outpatient clinic and, though both methods present comparable diagnostic accuracies, the investigators see the exhaled CO measurement as the biomarker of choice because it is practical, fast and easy to evaluate.
9.
Conclusions
In Tabacrohn, nonsmokers and current smokers presented no differences with respect to disease behavior, location and complications; yet tobacco exposure was found to be an independent predictor of need for maintenance treatment, in particular for biologic therapy. These results suggest that the negative effects of smoking, though subtle, are still present. Smoking cessation, therefore, remains a priority in the CD management. In this regard, patients following an advise-based smoking cessation strategy can achieve excellent acceptance and a fine cessation rates with most of those who quit remaining smoking-free for a long period of time.
10.
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Figure 2. In CD pathogenesis, the exact interaction between the numerous tobacco metabolites, genes, the microbiota and other environmental factors is still to be established. 
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Figure 3. The Tabacrohn project comprises two finished work packages and an ongoing long-term prospective study on the impact of smoking cessation on CD clinical outcomes.








