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Abstract
Besides their possible effects on the development of 
inflammatory bowel disease (IBD), some environmental 
factors can modulate the clinical course of both ulcer-
ative colitis (UC) and Crohn’s disease (CD). This review 
is mainly devoted to describing the current knowledge 
of the impact of some of these factors on the outcome 
of IBD, with special emphasis on smoking and diet. Al-
though the impact of smoking on the susceptibility to 
develop CD and UC is firmly established, its influence 
on the clinical course of both diseases is still debatable. 
In CD, active smoking is a risk factor for postoperative 
recurrence. Beyond this clinical setting, smoking ces-
sation seems to be advantageous in those CD patients 
who were smokers at disease diagnosis, while smoking 
resumption may be of benefit in ex-smokers with resis-
tant UC. The role of dietary habits on the development 
of IBD is far from being well established. Also, food 
intolerances are very frequent, but usually inconsistent 

among IBD patients, and therefore no general dietary 
recommendations can be made in these patients. In 
general, IBD patients should eat a diet as varied as 
possible. Regarding the possible therapeutic role of 
some dietary components in IBD, lessons should be 
drawn from the investigation of the primary therapeutic 
effect of enteral nutrition in CD. Low-fat diets seem to 
be particularly useful. Also, some lipid sources, such as 
olive oil, medium-chain triglycerides, and perhaps ome-
ga-3 fatty acids, might have a therapeutic effect. Fer-
mentable fiber may have a role in preventing relapses 
in inactive UC.
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INTRODUCTION
Despite the advances in uncovering genetic risk for 
Crohn’s disease (CD) and ulcerative colitis (UC) over the 
past decade, the etiopathogenesis of  inflammatory bowel 
diseases (IBDs) cannot be explained only in terms of  ge-
netic susceptibility. In fact, a vast number of  possible en-
vironmental risk factors for the development of  IBD have 
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been investigated, including smoking, dietary factors, psy-
chological stress, use of  non-steroidal anti-inflammatory 
drugs (NSAIDs) and oral contraceptives, appendectomy, 
breastfeeding, as well as infections and other events re-
lated to the so-called “hygiene hypothesis” in childhood[1].

In addition to their putative effects on the develop-
ment of  IBD, some environmental factors can play a role 
in modulating the clinical course of  both UC and CD. 
This review is mainly devoted to describing the current 
knowledge of  the impact of  some of  these factors on 
the clinical outcome of  IBD, with special emphasis on 
smoking and diet. The role of  microbial factors (namely, 
the commensal microflora, and pathogens such as Myco-
bacterium avium ssp. paratuberculosis) in the pathogenesis 
of  IBD will be not discussed.

SMOKING
Tobacco is the best established environmental factor af-
fecting the susceptibility to develop IBD[2] and maybe its 
clinical course, with opposite effects in CD and UC. How-
ever, most of  the published studies assessing the impact 
of  smoking on the long-term clinical outcomes of  IBD 
are retrospective, often leading to controversial results.

Role of smoking on the clinical course of CD
Beyond the higher incidence of  CD among smokers, 
several studies suggest that continuing to smoke leads to 
worse clinical outcomes[3]. The underlying mechanisms 
of  this deleterious effect are not well understood, but it 
has been reported that tobacco glycoprotein may be re-
sponsible for promoting a Th1 cell response[4]. Moreover, 
tobacco increases production of  reactive oxygen species 
and impaired antioxidant capacity has been shown in 
smokers[5].

Smoking has been associated with a higher risk of  
relapse[6,7] and increased need for immunomodulators[8], 
but the strongest evidence of  the deleterious effect of  
smoking upon the course of  CD lies in the beneficial con-
sequences of  smoking cessation[9]. Cosnes et al[10] demon-
strated that patients who stop smoking for at least 6 mo 
are at a lower risk of  relapse in the following 12-18 mo, as 
compared to non-quitters. 

The negative impact of  active smoking may not be 
the same in all CD patients and it has been suggested that 
it may depend, at least, on gender and disease location. 
The effect of  smoking has been reported to be more 
marked in women[8,10]. While the natural history of  colon-
ic CD seems to be the same in smokers and non-smokers, 
the rates of  relapse[11] and intestinal resection are higher 
among smokers with ileal disease[6]. In addition, smoking 
has been associated with a lower prevalence of  inflamma-
tory (non-stricturing, non-penetrating) behavior of  the 
disease, thus suggesting that tobacco facilitates progres-
sion towards complicated disease[12-14]. Nevertheless, this 
may only reflect a greater proportion of  smokers among 
patients with ileal involvement[15]. 

The negative effects of  tobacco seem to be dose-de-
pendent, and some studies pointed to an increased risk 

of  surgery and persistent inflammatory activity in those 
patients smoking over 10 cigarettes/d[12,16]. Conversely, 
a recent study reported non-detrimental effects of  ac-
tive smoking on CD course, but passive smokers needed 
immunosuppressants and infliximab more frequently 
than non-passive smokers[17]. Although seldom assessed, 
genetic background may also play a role, as suggested by 
the lack of  association between smoking and CD in Jew-
ish patients in Israel[18]. 

The worse clinical evolution among smokers might 
also be explained by a lesser response to drug therapies. 
Despite initial data suggesting a decreased likelihood of  
response to infliximab for luminal CD in smokers[19,20], 
larger studies failed to find any association between 
smoking and infliximab response[21-23]. We assessed the 
influence of  smoking on the response to thiopurines 
in steroid-dependent IBD and, although no differences 
between smokers and non-smokers were found, CD re-
sponders who continued smoking had a higher rate of  
relapses during follow-up. Surprisingly, we found that 
smoking was an independent predictor for the need of  
thiopurine discontinuation because of  side effects, lead-
ing to a lower treatment efficacy among CD patients (as 
compared to UC) when evaluated by intention-to-treat 
analysis[24].

Postsurgical recurrence is the clinical scenario in which 
active smoking has better proven to worsen CD progno-
sis both in the short- and long-term[25]. Smoking has been 
reported to be an independent risk factor for endoscopic, 
clinical, and surgical recurrence[26-28]. We have recently re-
ported the results of  the first prospective study assessing 
risk factors for endoscopic recurrence in a series of  152 
CD patients undergoing ileo-colic resection[29]. Smoking 
was independently associated with significant postopera-
tive recurrence as defined by the development of  clinical 
recurrence and/or Rutgeerts grade 3 or 4 of  endoscopic 
recurrence, whereas the only independent protective 
factor was the use of  thiopurines[29]. Of  interest, postop-
erative recurrence has been reported to be much more 
marked among heavy smokers (> 10 cigarettes/d)[26,29]. In 
spite of  the fact that it has been suggested that the harm-
ful effect of  tobacco in CD might be neutralized by the 
use of  immunomodulators[10], this does not seem to be 
the case in postoperative recurrence where two different 
studies identified both azathioprine use and active smok-
ing as independent predictors for both endoscopic and 
surgical recurrence[26,29].

Role of smoking on the clinical course of UC
There is strong evidence pointing to a protective effect 
of  tobacco on the susceptibility to develop UC[2]. Early 
studies, performed before the widespread use of  cal-
cineurinic drugs and infliximab, suggested higher rates 
of  flares, hospitalizations, and even colectomy for UC 
among non-smokers[30-33], but these findings were not 
confirmed in most recent studies[34,35]. Conflicting results 
have been obtained about the effect of  tobacco on retro-
grade progression of  distal forms of  UC[31,36-38].

Some authors reported a worsening in clinical out-
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comes among UC patients who quit smoking[30,39], while 
improvement of  disease activity has been noticed in ex-
smokers who returned to smoke[40,41]. A number of  trials 
show the efficacy of  nicotine for inducing remission in 
active UC, although with a high rate of  mild side ef-
fects[42]. In fact, some authors still propose “mild smok-
ing” as an alternative therapy in patients with resistant 
UC[43].

DIET
Along with microbiota, dietary products are the most 
common luminal antigens in the bowel and may influence 
intestinal inflammation. Possible mechanisms include 
a direct antigenic effect, alteration of  gene expression, 
modulation of  inflammatory mediators (e.g., eicosanoids), 
changes in the composition of  the enteric flora, and ef-
fects on gut permeability. Thus, the role of  dietary habits 
on the development of  IBD has been extensively investi-
gated in case-control retrospective studies subject to dif-
ferent biases[44,45]. In a recent systematic review of  these 
studies, high intakes of  total fat, omega-6 fatty acids and 
meat were associated with increased risk of  developing 
IBD, while high vegetable and fruit intake decreased the 
risk for these diseases[45]. A recent case-control study sug-
gests that increased intake of  refined sugars may facilitate 
the development of  CD and UC[46]. Prospective studies 
are necessary to confirm the role of  dietary factors on 
the development of  IBD.

Role of diet on the clinical course of IBD
For decades, physicians based dietary counseling for IBD 
patients on restrictive criteria. This was because the so-
called “bowel rest” was considered as a sine qua non 
to induce disease remission. However, controlled trials 
clearly demonstrated that drug-induced IBD remission 
was not influenced by the type of  nutritional support (i.e., 
enteral, parenteral or oral conventional foods)[47-49]. Thus, 
the concept of  “bowel rest” has been abandoned, and 
IBD patients are now advised to eat a diet as unrestricted 
as possible.

Food intolerance: Does it have a role in dietary man-
agement of  IBD? IBD patients often complain of  food 
intolerance. In a prospective study, 65% out of  130 pa-
tients who completed a food questionnaire reported to 
be intolerant to some food item, as compared to only 
14% out of  70 healthy controls (P < 0.0001)[50]. A more 
recent study in 187 UC patients confirms these findings: 
50% of  patients avoided some foodstuff  (mainly dairy 
foods, fruits and vegetables)[51]. However, 22% of  pa-
tients ate supplemental amounts of  these food items be-
cause they had the perception that these improved their 
symptoms[51].

Despite its high prevalence, food intolerance is quite 
inconsistent in IBD patients. Pearson et al[52] sequentially 
introduced single conventional foods in 28 CD patients 
who had gone into remission with an elemental diet. 

Twenty patients reported intolerance to some of  these 
foods, but seven of  them were tolerant to it after a re-
challenge. Of  interest, one patient who was also intoler-
ant to this rechallenge, could tolerate the “offending” 
food after a second blinded rechallenge, and someone 
even had opposite responses to two blinded rechallenges 
with the same food item[52]. 

These data well illustrate how difficult it is to prove 
food intolerances in IBD patients. From this perspec-
tive, avoiding every food that causes patient’s upset is 
an unwise strategy. In a large series of  patients with 
inactive UC, dietary changes based on the patient’s self-
perceptions did not have any influence on the relapse 
rate[51]. Therefore, bearing in mind the fact that protein-
energy malnutrition and other nutritional deficiencies 
are frequent in IBD, patients with UC or CD should be 
advised to avoid only those food items which repeatedly 
and systematically worsen their symptoms. In this setting, 
two groups of  foods often raise concerns both among 
patients and doctors: dairy foods and dietary fiber.

None of  the milk components has been proven to 
play a role in promoting bowel inflammation, causing the 
disease or triggering a flare. In contrast, it is well known 
that dairy foods are the main dietary source of  calcium, 
which is necessary to prevent metabolic bone disease in 
these patients. However, it is also true that a significant 
proportion of  healthy people (mainly in the Mediterra-
nean basin) have lactase deficiency. Unabsorbed lactose 
reaching the colon may cause diarrhea and/or bloating 
in a dose-dependent manner. This phenomenon, which 
does not depend on the fact of  suffering from IBD, may 
occur in lactase-deficient patients with these diseases, 
thus worsening their symptoms. Studies performed in 
our laboratory suggest that the prevalence of  lactose 
malabsorption (as assessed by hydrogen breath test) is 
not higher in IBD patients than in healthy controls[53]. 
Therefore, IBD patients should not limit their milk intake 
during flares unless it clearly worsens diarrhea. Moreover, 
even in these cases, dairy foods with lower lactose con-
tents (i.e., yogurt) may be well tolerated.

Prescribing a low-residue diet - that is, devoid of  insol-
uble fiber - may be advisable during acute flares of  IBD, 
particularly in patients with stricturing CD or severe UC 
attacks. Soluble fiber generates much less residue than in-
soluble fiber, and is fermented by colonic microflora yield-
ing several products such as short-chain fatty acids (SCFA) 
- mainly butyrate - than can be of  benefit in IBD. Butyrate 
is the preferred fuel for colonic epithelial cells. Decreased 
fecal levels of  SCFA have been reported in patients with 
UC in relation to the severity of  inflammation[54], and 
impaired beta-oxidation of  butyrate could be demon-
strated in patients with active and even inactive UC[55,56]. 
Experimental work suggests that butyrate is able to down-
regulate the production of  proinflammatory cytokines, 
and also nuclear factor kappa B (NF-κB) activation[57].

Soluble fiber may be particularly useful in inactive 
UC. In a randomized controlled trial, Plantago ovata husks 
(a source of  slowly fermentable soluble fiber) were as 
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effective as mesalazine for preventing disease relapse in 
patients with quiescent UC[58]. In active UC, however, the 
use of  soluble fiber might be potentially detrimental. The 
presence of  intraluminal blood (and, hence, oxygen), and 
a lower intraluminal pH during active disease may favor 
the growth of  lactic acid-producing bacteria (Lactobacilli 
and Streptococci). Lactic acid directly damages the bowel 
mucosa. Indeed, increased levels of  fecal lactic acid have 
been reported in patients with active UC[59].

The usefulness of  “exclusion diets” in CD has been 
supported by several authors due to their potential ca-
pacity to prevent clinical relapses and spare steroids. To 
date, only one prospective randomized controlled trial as-
sessing the role of  exclusion diet in preventing relapse in 
inactive CD has been published[60]. Seventy-eight patients, 
who had gone into remission with an elemental diet, were 
randomized to receive an exclusion diet (i.e., sequential 
introduction of  foods, with exclusion of  those that elic-
ited symptoms) or prednisolone (40 mg/d, with tapering 
dose until discontinuation by week 12) (control group)[60]. 
Treatment of  a control group is hard to justify, since it is 
well-known that steroids are not useful as maintenance 
therapy in CD. Anyway, the two-year cumulative prob-
ability of  relapse was lower in the group treated with the 
exclusion diet than in the control group (62% vs 79%, P 
= 0.048)[60]. However, 62% is a high relapse rate, suggest-
ing that exclusion diets benefit only a minority of  CD 
patients.

Food components as primary treatment for CD: In 
the last three decades, the possibility that enteral nutri-
tion could be used as primary treatment (i.e., able, per se, 
to induce remission) in active CD has been a matter of  
debate.

To date, four meta-analyses of  the trials comparing 
enteral nutrition vs corticosteroids in active CD have been 
published[61-64]. All of  them agree that steroids are better 
than enteral nutrition in inducing remission but they also 
indicate that, as a whole, enteral nutrition is able to induce 
remission in about 50%-60% of  patients, a remission rate 
substantially higher than that obtained with placebo in 
active CD, which barely achieves 30%. This suggests that 
enteral nutrition (or, at least, some enteral formulas) would 
have a primary therapeutic effect in active CD (or, at least, 
in some subsets of  patients). The primary therapeutic ef-
fect of  enteral nutrition in CD is particularly relevant for 
children, as confirmed by two meta-analyses of  pediatric 
trials which conclude that enteral nutrition is as effective 
as steroids in inducing remission in children[65,66]. In addi-
tion to its role in active CD, enteral nutrition is suggested 
to be useful for preventing relapse both in children[67] and 
adults[68]. Recent data suggest that it could also have a role 
in preventing postoperative recurrence[69]. 

The mechanisms whereby enteral nutrition exerts its 
primary therapeutic effect in CD remain obscure. The 
hypothesis that elemental (i.e., amino acid-based) diets 
would be particularly useful by virtue of  their low antige-
nicity was challenged by the results of  meta-analyses of  

randomized trials comparing elemental vs non-elemental 
(i.e., peptide- or whole protein-based) diets, which 
showed that both types of  diets were equally effective in 
inducing remission[61,64].

To date, the amount and/or the type of  dietary fat 
are major candidates for the therapeutic effect of  enteral 
nutrition in CD. Recent meta-analysis suggests very low 
fat (i.e., less than 3 g/1000 kcal) diets could be particu-
larly effective[64]. Early studies pointed out that olive oil-
based diets were better that diets based on seed oils (corn, 
safflower, sunflower, soybean), suggesting that oleic acid 
would be better than linoleic acid in reducing inflam-
mation[70]. Experimental data also support this view[71,72]. 
However, this hypothesis could not be confirmed in a 
trial comparing linoleic acid- and oleic acid-based diets, 
where the latter performed particularly badly[73]. As the 
oleic acid source in this trial was not olive oil but synthet-
ic triolein, it cannot be ruled out that other components 
of  olive oil (e.g., antioxidants) could exert anti-inflamma-
tory actions in these patients.

Although coconut oil-derived medium-chain triglycer-
ides (MCT) are traditionally considered as a mere easy-to-
oxidize energy source, recent data support the idea that 
they can also exhibit immunomodulatory properties. In 
fact, there is growing experimental evidence that MCT 
are able to improve bowel damage both in spontane-
ous and induced animal models of  intestinal inflamma-
tion[74-77]. There are also some clinical data suggesting that 
replacing part of  dietary fat with MCT would contribute 
to the primary therapeutic effect of  enteral nutrition in 
CD[78-80]. 

Surprisingly, fish oil-derived omega-3 fatty acids - the 
paradigm of  anti-inflammatory lipids - have been scarce-
ly assessed in the setting of  enteral nutrition formulas 
for CD. Several randomized trials have been published, 
however, on the role of  fish oil supplements as therapy 
for both active and inactive CD and UC, which have 
been systematically reviewed[81-83]. Overall, available data 
do not allow supporting the use of  omega-3 fatty acid 
supplementation for the treatment of  both active and 
inactive IBD. Negative results are quite consistent in tri-
als assessing the use of  omega-3 fatty acids to maintain 
disease remission, particularly UC, and to a lesser extent 
CD. Trials on their use in active disease do not allow us 
to draw firm conclusions, mainly because of  the het-
erogeneity of  their design (UC) or their small number 
(CD). In most trials, the appropriateness of  the selected 
placebo is questionable[83].

NSAIDs
Since it is known that NSAIDs can induce gastrointes-
tinal mucosal inflammation, it has been suggested that 
they might trigger disease exacerbation in IBD patients. 
Several potential mechanisms for this phenomenon have 
been proposed such as cycloxygenase (COX) inhibition, 
leukotriene shunting or inhibition of  NF-κB activity, 
although none of  them has been firmly demonstrated[84]. 
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Most (but not all) retrospective, uncontrolled or cross-
sectional studies evaluating the impact of  NSAID use on 
IBD relapse agree on the potential deleterious effect of  
these drugs on quiescent IBD[84,85]. In the only prospec-
tive controlled study assessing disease relapse with the 
use of  different NSAIDs as compared to acetamino-
phen in IBD patients without arthritic complaints, a 
significantly increased risk of  relapse with NSAIDs was 
reported[86]. Interestingly, patients who tolerated NSAIDs 
for a week did not seem to be at risk for relapse, suggest-
ing that drug-induced IBD flares occur early after starting 
NSAID use and only in a subset of  susceptible patients. 
It is also still debated whether selective COX-2 inhibitors 
are safer than conventional NSAIDs for patients with 
IBD. The only prospective, randomized, double-blind, 
controlled trial performed to date showed no increase in 
UC flares as compared to placebo[87], but most authors 
conclude that further randomized, double-blind trials are 
needed to address this issue[84,85].

INTESTINAL INFECTIONS
Intestinal infections by enteropathogens have been asso-
ciated with both IBD onset and IBD relapses, and stool 
microbiological studies are usually advised in patients 
with IBD flares. Several prospective and retrospective 
studies show that intestinal infections assessed by stool 
cultures occur in less than 10% of  IBD flares, mainly in 
those patients with extensive colonic involvement[88-93]. 
However, the clinical relevance of  such infections on 
IBD course has not been appropriately assessed, and no 
study has specifically addressed the effect of  adding anti-
biotic therapy in patients with active IBD and a positive 
stool culture. Baliellas et al[89] reported that only half  of  
the patients with active IBD and positive stool cultures 
achieved symptomatic remission after antibiotic therapy 
alone, despite stool cultures becoming negative in all of  
them. 

Clostridium difficile infection (CDI) has become in recent 
years a worldwide epidemic phenomenon also affecting 
IBD patients. In the last two decades, the prevalence of  
CDI increased two-fold in UC and almost three-fold in 
CD[94]. As for enteropathogen intestinal infections, IBD 
patients with colonic involvement seem to be those at 
higher risk for CDI[95-97]. In addition to the risk factors 
for CDI in the general population, increasing age and ste-
roid use seem to be particularly relevant in IBD patients, 
with no conclusive data about the role of  other immu-
nosuppressants[98]. Several studies have reported that 
CDI worsens IBD outcome, with higher rates of  surgical 
procedures, longer hospital stay, and higher mortality, as 
compared to patients admitted to the hospital with IBD 
or CDI alone[94,95,97,99].

Finally, many studies have been published addressing 
the role of  intestinal cytomegalovirus (CMV) infection 
in IBD, mainly in UC[100]. Two prospective studies dem-
onstrated that this infection was a reactivation of  CMV 
carriers that occurs almost exclusively in active, steroid-

refractory UC patients[101,102]. However, the small num-
ber of  patients included in both studies does not allow 
ascertaining whether CMV reactivation is the cause of  
refractoriness or the consequence of  steroid use, and also 
whether it worsens UC outcome or if  it is only an inno-
cent bystander.

OTHER ENVIRONMENTAL FACTORS
Breastfeeding
Breastfeeding is a protective factor against several immu-
nologically-based diseases. In fact, breast milk is relevant 
for acquiring tolerance against bacterial microflora and 
dietary antigens. Most studies investigating the role of  
breastfeeding on the development of  either UC or CD 
have shown a protective effect, as concluded in a meta-
analysis of  14 case-control studies published in 2004[103]. 
Subsequent studies confirmed these results (especially 
for those infants breastfed for more than six months)[46], 
while others suggest that breastfeeding could promote 
CD in childhood, rather than protecting from its devel-
opment[104].

Obesity
IBD, particularly CD, has been traditionally associated 
with protein-energy malnutrition and other nutritional 
deficiencies. However, in recent years the prevalence of  
obesity among IBD patients has been increasing[105] in 
parallel with the obesity epidemics in the general popula-
tion of  developed countries. Case-control studies suggest 
that obese CD patients are more prone to perineal dis-
ease[106] and early surgical treatment[107].

Vaccinations
The role of  vaccinations - mainly attenuated measles-con-
taining vaccines - in the development of  IBD is a matter 
of  debate, with studies reporting a positive[108], negative[109] 
or no association[110,111] with IBD. A recent case-control 
study reported that vaccinations against pertussis and po-
lio increase the odds of  suffering IBD[46]. The exact role, 
if  any, of  vaccinations with regard to IBD is far from be-
ing elucidated.

Oral contraceptive pills
A meta-analysis conducted in 2008 showed that the use 
of  oral contraceptives was associated with an increased 
risk of  both CD and UC[112]. The risk increased with the 
time of  exposure and reversed after pill discontinua-
tion[112]. The effect of  oral contraceptives on the risk of  
IBD appears to be related to estrogens. Estrogen acts as 
an immune enhancer and may increase the production 
of  tumor necrosis factor by macrophages. Also, estrogen 
may induce microthrombotic phenomena in the bowel 
due to its thrombogenic potential.

Appendectomy
Appendectomy is associated with a lower risk of  suffer-
ing from UC, particularly in children who are operated 
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before the age of  10, as shown in a meta-analysis of  17 
case-control studies[113]. Investigations on the relationship 
between appendectomy and CD are less conclusive, in 
spite of  the fact that a recent meta-analysis showed an 
increased risk of  CD in appendectomized subjects[114]. 
However, this association was particularly strong for 
those appendectomies performed within one year before 
CD diagnosis, and almost null for those performed five 
years before CD[114], suggesting that this is a circumstan-
tial rather than causative relationship.

Psychological stress
Psychological stress has been hypothesized to play a role 
both in the pathogenesis of  IBD and as a triggering fac-
tor for disease relapse as well. However, retrospective ob-
servational studies have yielded conflicting results[115,116].

REFERENCES
1 Molodecky NA, Kaplan GG. Environmental risk factors for 

inflammatory bowel disease. Gastroenterol Hepatol (NY) 2010; 
6: 339-346

2 Mahid SS, Minor KS, Soto RE, Hornung CA, Galandiuk S. 
Smoking and inflammatory bowel disease: a meta-analysis. 
Mayo Clin Proc 2006; 81: 1462-1471

3 Nos P, Domènech E. Management of Crohn’s disease in 
smokers: Is an alternative approach necessary? World J Gas-
troenterol 2011; 17: 3567-3574

4 Francus T, Romano PM, Manzo G, Fonacier L, Arango N, 
Szabo P. IL-1, IL-6, and PDGF mRNA expression in alveolar 
cells following stimulation with a tobacco-derived antigen. 
Cell Immunol 1992; 145: 156-174

5 Kalra J, Chaudhary AK, Prasad K. Increased production of 
oxygen free radicals in cigarette smokers. Int J Exp Pathol 
1991; 72: 1-7

6 Holdstock G, Savage D, Harman M, Wright R. Should pa-
tients with inflammatory bowel disease smoke? Br Med J (Clin 
Res Ed) 1984; 288: 362

7 Timmer A, Sutherland LR, Martin F. Oral contraceptive use 
and smoking are risk factors for relapse in Crohn’s disease. 
The Canadian Mesalamine for Remission of Crohn’s Disease 
Study Group. Gastroenterology 1998; 114: 1143-1150

8 Cosnes J, Carbonnel F, Beaugerie L, Le Quintrec Y, Gendre 
JP. Effects of cigarette smoking on the long-term course of 
Crohn’s disease. Gastroenterology 1996; 110: 424-431

9 Johnson GJ, Cosnes J, Mansfield JC. Review article: smoking 
cessation as primary therapy to modify the course of Crohn’
s disease. Aliment Pharmacol Ther 2005; 21: 921-931

10 Cosnes J, Beaugerie L, Carbonnel F, Gendre JP. Smoking 
cessation and the course of Crohn’s disease: an intervention 
study. Gastroenterology 2001; 120: 1093-1099

11 Cosnes J, Carbonnel F, Carrat F, Beaugerie L, Cattan S, Gen-
dre J. Effects of current and former cigarette smoking on the 
clinical course of Crohn’s disease. Aliment Pharmacol Ther 
1999; 13: 1403-1411

12 Lindberg E, Järnerot G, Huitfeldt B. Smoking in Crohn’s dis-
ease: effect on localisation and clinical course. Gut 1992; 33: 
779-782

13 Louis E, Michel V, Hugot JP, Reenaers C, Fontaine F, Del-
forge M, El Yafi F, Colombel JF, Belaiche J. Early develop-
ment of stricturing or penetrating pattern in Crohn’s disease 
is influenced by disease location, number of flares, and 
smoking but not by NOD2/CARD15 genotype. Gut 2003; 52: 
552-557

14 Picco MF, Bayless TM. Tobacco consumption and disease 
duration are associated with fistulizing and stricturing be-

haviors in the first 8 years of Crohn’s disease. Am J Gastroen-
terol 2003; 98: 363-368

15 Aldhous MC, Drummond HE, Anderson N, Smith LA, 
Arnott ID, Satsangi J. Does cigarette smoking influence the 
phenotype of Crohn’s disease? Analysis using the Montreal 
classification. Am J Gastroenterol 2007; 102: 577-588

16 Seksik P, Nion-Larmurier I, Sokol H, Beaugerie L, Cosnes J. 
Effects of light smoking consumption on the clinical course 
of Crohn’s disease. Inflamm Bowel Dis 2009; 15: 734-741

17 van der Heide F, Dijkstra A, Weersma RK, Albersnagel FA, 
van der Logt EM, Faber KN, Sluiter WJ, Kleibeuker JH, Di-
jkstra G. Effects of active and passive smoking on disease 
course of Crohn’s disease and ulcerative colitis. Inflamm 
Bowel Dis 2009; 15: 1199-1207

18 Reif S, Lavy A, Keter D, Fich A, Eliakim R, Halak A, Broide 
E, Niv Y, Ron Y, Patz J, Odes S, Villa Y, Gilat T. Lack of asso-
ciation between smoking and Crohn’s disease but the usual 
association with ulcerative colitis in Jewish patients in Israel: 
a multicenter study. Am J Gastroenterol 2000; 95: 474-478

19 Parsi MA, Achkar JP, Richardson S, Katz J, Hammel JP, 
Lashner BA, Brzezinski A. Predictors of response to inflix-
imab in patients with Crohn’s disease. Gastroenterology 2002; 
123: 707-713

20 Arnott ID, McNeill G, Satsangi J. An analysis of factors in-
fluencing short-term and sustained response to infliximab 
treatment for Crohn’s disease. Aliment Pharmacol Ther 2003; 
17: 1451-1457

21 Vermeire S, Louis E, Carbonez A, Van Assche G, Noman M, 
Belaiche J, De Vos M, Van Gossum A, Pescatore P, Fiasse R, 
Pelckmans P, Reynaert H, D’Haens G, Rutgeerts P. Demo-
graphic and clinical parameters influencing the short-term 
outcome of anti-tumor necrosis factor (infliximab) treatment 
in Crohn’s disease. Am J Gastroenterol 2002; 97: 2357-2363

22 Fefferman DS, Lodhavia PJ, Alsahli M, Falchuk KR, Pepper-
corn MA, Shah SA, Farrell RJ. Smoking and immunomodu-
lators do not influence the response or duration of response 
to infliximab in Crohn’s disease. Inflamm Bowel Dis 2004; 10: 
346-351

23 Orlando A, Colombo E, Kohn A, Biancone L, Rizzello F, 
Viscido A, Sostegni R, Benazzato L, Castiglione F, Papi C, 
Meucci G, Riegler G, Mocciaro F, Cassinotti A, Cosintino R, 
Geremia A, Morselli C, Angelucci E, Lavagna A, Rispo A, 
Bossa F, Scimeca D, Cottone M. Infliximab in the treatment 
of Crohn’s disease: predictors of response in an Italian multi-
centric open study. Dig Liver Dis 2005; 37: 577-583

24 Domènech E, Carrión S, Garcia-Planella E, Mañosa M, Gor-
dillo J, Concepción M, Guarner C, Cabré E. Smoking status 
and response to thiopurines in steroid-dependent inflamma-
tory bowel disease. Inflamm Bowel Dis 2011; 17: 971-975

25 Reese GE, Nanidis T, Borysiewicz C, Yamamoto T, Orchard 
T, Tekkis PP. The effect of smoking after surgery for Crohn’
s disease: a meta-analysis of observational studies. Int J 
Colorectal Dis 2008; 23: 1213-1221

26 Cottone M, Rosselli M, Orlando A, Oliva L, Puleo A, Cap-
pello M, Traina M, Tonelli F, Pagliaro L. Smoking habits and 
recurrence in Crohn’s disease. Gastroenterology 1994; 106: 
643-648

27 Renda MC, Orlando A, Civitavecchia G, Criscuoli V, Mag-
gio A, Mocciaro F, Rossi F, Scimeca D, Modesto I, Oliva L, 
Cottone M. The role of CARD15 mutations and smoking in 
the course of Crohn’s disease in a Mediterranean area. Am J 
Gastroenterol 2008; 103: 649-655

28 Papay P, Reinisch W, Ho E, Gratzer C, Lissner D, Herkner 
H, Riss S, Dejaco C, Miehsler W, Vogelsang H, Novacek G. 
The impact of thiopurines on the risk of surgical recurrence 
in patients with Crohn’s disease after first intestinal surgery. 
Am J Gastroenterol 2010; 105: 1158-1164

29 Cortés X, Zabana Y, Paredes JM, Mañosa M, Boix J, Moreno-
Osset E, Cabré E, Domenèch E. Azathioprine and smoking 
habits are the only predictors of severe endoscopic postoper-

Cabré E et al . Environmental factors in IBD



3820 August 7, 2012|Volume 18|Issue 29|WJG|www.wjgnet.com

ative recurrence in Crohn’s disease: Results of a prospective 
study [abstract]. J Crohns Colitis 2010; 4: S64

30 Boyko EJ, Perera DR, Koepsell TD, Keane EM, Inui TS. Ef-
fects of cigarette smoking on the clinical course of ulcerative 
colitis. Scand J Gastroenterol 1988; 23: 1147-1152

31 Mokbel M, Carbonnel F, Beaugerie L, Gendre JP, Cosnes J. 
[Effect of smoking on the long-term course of ulcerative coli-
tis]. Gastroenterol Clin Biol 1998; 22: 858-862

32 Cosnes J. Tobacco and IBD: relevance in the understanding 
of disease mechanisms and clinical practice. Best Pract Res 
Clin Gastroenterol 2004; 18: 481-496

33 Höie O, Wolters F, Riis L, Aamodt G, Solberg C, Bernklev T, 
Odes S, Mouzas IA, Beltrami M, Langholz E, Stockbrügger 
R, Vatn M, Moum B. Ulcerative colitis: patient character-
istics may predict 10-yr disease recurrence in a European-
wide population-based cohort. Am J Gastroenterol 2007; 102: 
1692-1701

34 Romberg-Camps MJ, Dagnelie PC, Kester AD, Hesselink-
van de Kruijs MA, Cilissen M, Engels LG, Van Deursen C, 
Hameeteman WH, Wolters FL, Russel MG, Stockbrügger 
RW. Influence of phenotype at diagnosis and of other poten-
tial prognostic factors on the course of inflammatory bowel 
disease. Am J Gastroenterol 2009; 104: 371-383

35 Roth LS, Chande N, Ponich T, Roth ML, Gregor J. Predictors 
of disease severity in ulcerative colitis patients from South-
western Ontario. World J Gastroenterol 2010; 16: 232-236 

36 Samuelsson SM, Ekbom A, Zack M, Helmick CG, Adami 
HO. Risk factors for extensive ulcerative colitis and ulcer-
ative proctitis: a population based case-control study. Gut 
1991; 32: 1526-1530

37 Meucci G, Vecchi M, Astegiano M, Beretta L, Cesari P, Dizio-
li P, Ferraris L, Panelli MR, Prada A, Sostegni R, de Franchis R. 
The natural history of ulcerative proctitis: a multicenter, ret-
rospective study. Gruppo di Studio per le Malattie Infiamma-
torie Intestinali (GSMII). Am J Gastroenterol 2000; 95: 469-473

38 Pica R, Paoluzi OA, Iacopini F, Marcheggiano A, Crispino P, 
Rivera M, Bella A, Consolazio A, Paoluzi P. Oral mesalazine 
(5-ASA) treatment may protect against proximal extension of 
mucosal inflammation in ulcerative proctitis. Inflamm Bowel 
Dis 2004; 10: 731-736

39 Beaugerie L, Massot N, Carbonnel F, Cattan S, Gendre JP, 
Cosnes J. Impact of cessation of smoking on the course of 
ulcerative colitis. Am J Gastroenterol 2001; 96: 2113-2116

40 Rudra T, Motley R, Rhodes J. Does smoking improve colitis? 
Scand J Gastroenterol Suppl 1989; 170: 61-63; discussion 66-68

41 Kuisma J, Järvinen H, Kahri A, Färkkilä M. Factors associ-
ated with disease activity of pouchitis after surgery for ulcer-
ative colitis. Scand J Gastroenterol 2004; 39: 544-548

42 Bastida G, Beltrán B. Ulcerative colitis in smokers, non-smok-
ers and ex-smokers. World J Gastroenterol 2011; 17: 2740-2747

43 Cottone M, Georgios A, Sinagra E. Smoking therapy may be 
an extreme cure in exsmokers with steroid-dependent and 
resistant ulcerative colitis. Inflamm Bowel Dis 2011; 17: 2213

44 Chapman-Kiddell CA, Davies PS, Gillen L, Radford-Smith 
GL. Role of diet in the development of inflammatory bowel 
disease. Inflamm Bowel Dis 2010; 16: 137-151

45 Hou JK, Abraham B, El-Serag H. Dietary intake and risk of 
developing inflammatory bowel disease: a systematic review 
of the literature. Am J Gastroenterol 2011; 106: 563-573

46 Hansen TS, Jess T, Vind I, Elkjaer M, Nielsen MF, Gamborg 
M, Munkholm P. Environmental factors in inflammatory 
bowel disease: a case-control study based on a Danish incep-
tion cohort. J Crohns Colitis 2011; 5: 577-584

47 McIntyre PB, Powell-Tuck J, Wood SR, Lennard-Jones JE, 
Lerebours E, Hecketsweiler P, Galmiche JP, Colin R. Con-
trolled trial of bowel rest in the treatment of severe acute 
colitis. Gut 1986; 27: 481-485

48 Greenberg GR, Fleming CR, Jeejeebhoy KN, Rosenberg IH, 
Sales D, Tremaine WJ. Controlled trial of bowel rest and nu-
tritional support in the management of Crohn’s disease. Gut 

1988; 29: 1309-1315
49 González-Huix F, Fernández-Bañares F, Esteve-Comas M, 

Abad-Lacruz A, Cabré E, Acero D, Figa M, Guilera M, Hum-
bert P, de León R. Enteral versus parenteral nutrition as 
adjunct therapy in acute ulcerative colitis. Am J Gastroenterol 
1993; 88: 227-232

50 Ballegaard M, Bjergstrøm A, Brøndum S, Hylander E, Jen-
sen L, Ladefoged K. Self-reported food intolerance in chronic 
inflammatory bowel disease. Scand J Gastroenterol 1997; 32: 
569-571

51 Jowett SL, Seal CJ, Phillips E, Gregory W, Barton JR, Wel-
fare MR. Dietary beliefs of people with ulcerative colitis and 
their effect on relapse and nutrient intake. Clin Nutr 2004; 23: 
161-170

52 Pearson M, Teahon K, Levi AJ, Bjarnason I. Food intolerance 
and Crohn’s disease. Gut 1993; 34: 783-787

53 Rosinach M, Maurer A, Domnech E, Deselaers A, Garca-
Planella E, Bernal I, Cabr E, Gassull MA. Es necesario supri-
mir los lcteos de la dieta en los brotes de actividad de enfer-
medad inflamatoria intestinal? Gastroenterol Hepatol 2002; 25: 
198-199

54 Kim YI. Short-chain fatty acids in ulcerative colitis. Nutr Rev 
1998; 56: 17-24

55 Den Hond E, Hiele M, Evenepoel P, Peeters M, Ghoos Y, 
Rutgeerts P. In vivo butyrate metabolism and colonic perme-
ability in extensive ulcerative colitis. Gastroenterology 1998; 
115: 584-590

56 Simpson EJ, Chapman MA, Dawson J, Berry D, Macdonald 
IA, Cole A. In vivo measurement of colonic butyrate metabo-
lism in patients with quiescent ulcerative colitis. Gut 2000; 
46: 73-77

57 Scheppach W, Luehrs H, Melcher R, Gostner A, Schauber J, 
Kudlich T, Weiler F, Menzel T. Anti-inflammatory and anti-
carcinogenic effects of dietary fibre. Clin Nutr Suppl 2004; 1 
Suppl 2: 51-58

58 Fernández-Bañares F, Hinojosa J, Sánchez-Lombraña JL, Na-
varro E, Martínez-Salmerón JF, García-Pugés A, González-
Huix F, Riera J, González-Lara V, Domínguez-Abascal F, 
Giné JJ, Moles J, Gomollón F, Gassull MA. Randomized clini-
cal trial of Plantago ovata seeds (dietary fiber) as compared 
with mesalamine in maintaining remission in ulcerative coli-
tis. Spanish group for the study of crohn’s disease and ulcer-
ative colitis (GETECCU). Am J Gastroenterol 1999; 94: 427-433

59 Vernia P, Caprilli R, Latella G, Barbetti F, Magliocca FM, Cit-
tadini M. Fecal lactate and ulcerative colitis. Gastroenterology 
1988; 95: 1564-1568

60 Riordan AM, Hunter JO, Cowan RE, Crampton JR, David-
son AR, Dickinson RJ, Dronfield MW, Fellows IW, Hishon S, 
Kerrigan GN. Treatment of active Crohn’s disease by exclu-
sion diet: East Anglian multicentre controlled trial. Lancet 
1993; 342: 1131-1134

61 Fernández-Banares F, Cabré E, Esteve-Comas M, Gassull 
MA. How effective is enteral nutrition in inducing clinical 
remission in active Crohn’s disease? A meta-analysis of the 
randomized clinical trials. JPEN J Parenter Enteral Nutr 1995; 
19: 356-364

62 Griffiths AM, Ohlsson A, Sherman PM, Sutherland LR. 
Meta-analysis of enteral nutrition as a primary treatment of 
active Crohn’s disease. Gastroenterology 1995; 108: 1056-1067 

63 Messori A, Trallori G, D’Albasio G, Milla M, Vannozzi G, 
Pacini F. Defined-formula diets versus steroids in the treat-
ment of active Crohn’s disease: a meta-analysis. Scand J Gas-
troenterol 1996; 31: 267-272

64 Zachos M, Tondeur M, Griffiths AM. Enteral nutritional 
therapy for induction of remission in Crohn‘s disease. Co-
chrane Database Syst Rev 2007: CD000542

65 Heuschkel RB, Menache CC, Megerian JT, Baird AE. Enteral 
nutrition and corticosteroids in the treatment of acute Crohn‘s 
disease in children. J Pediatr Gastroenterol Nutr 2000; 31: 8-15

66 Dziechciarz P, Horvath A, Shamir R, Szajewska H. Meta-

Cabré E et al . Environmental factors in IBD



3821 August 7, 2012|Volume 18|Issue 29|WJG|www.wjgnet.com

analysis: enteral nutrition in active Crohn’s disease in chil-
dren. Aliment Pharmacol Ther 2007; 26: 795-806

67 Wilschanski M, Sherman P, Pencharz P, Davis L, Corey M, 
Griffiths A. Supplementary enteral nutrition maintains re-
mission in paediatric Crohn’s disease. Gut 1996; 38: 543-548

68 Yamamoto T, Nakahigashi M, Umegae S, Matsumoto K. En-
teral nutrition for the maintenance of remission in Crohn’s 
disease: a systematic review. Eur J Gastroenterol Hepatol 2010; 
22: 1-8

69 Yamamoto T, Nakahigashi M, Umegae S, Kitagawa T, Mat-
sumoto K. Impact of long-term enteral nutrition on clinical 
and endoscopic recurrence after resection for Crohn’s dis-
ease: A prospective, non-randomized, parallel, controlled 
study. Aliment Pharmacol Ther 2007; 25: 67-72

70 Fernández-Bañares F, Cabré E, González-Huix F, Gassull 
MA. Enteral nutrition as primary therapy in Crohn’s disease. 
Gut 1994; 35: S55-S59

71 Camuesco D, Gálvez J, Nieto A, Comalada M, Rodríguez-
Cabezas ME, Concha A, Xaus J, Zarzuelo A. Dietary olive 
oil supplemented with fish oil, rich in EPA and DHA (n-3) 
polyunsaturated fatty acids, attenuates colonic inflammation 
in rats with DSS-induced colitis. J Nutr 2005; 135: 687-694

72 Gassull MA, Mañé J, Pedrosa E, Cabre E. Macronutrients 
and bioactive molecules: is there a specific role in the man-
agement of inflammatory bowel disease? JPEN J Parenter En-
teral Nutr 2005; 29 (4 Suppl): S179-S182; discussion S179-S182

73 Gassull MA, Fernández-Bañares F, Cabré E, Papo M, Giaf-
fer MH, Sánchez-Lombraña JL, Richart C, Malchow H, 
González-Huix F, Esteve M. Fat composition may be a clue 
to explain the primary therapeutic effect of enteral nutrition 
in Crohn’s disease: results of a double blind randomised 
multicentre European trial. Gut 2002; 51: 164-168

74 Tsujikawa T, Ohta N, Nakamura T, Satoh J, Uda K, Ihara T, 
Okamoto T, Araki Y, Andoh A, Sasaki M, Fujiyama Y, Bam-
ba T. Medium-chain triglycerides modulate ileitis induced 
by trinitrobenzene sulfonic acid. J Gastroenterol Hepatol 1999; 
14: 1166-1172

75 Tsujikawa T, Ohta N, Nakamura T, Yasuoka T, Satoh J, Fu-
kunaga T, Itohi A, Uda K, Ihara T, Andoh A, Sasaki M, Fu-
jiyama Y, Bamba T. Medium-chain triglyceride-rich enteral 
nutrition is more effective than low-fat enteral nutrition in rat 
colitis, but is equal in enteritis. J Gastroenterol 2001; 36: 673-680

76 Mañé J, Pedrosa E, Lorén V, Ojanguren I, Fluvià L, Cabré E, 
Rogler G, Gassull MA. Partial replacement of dietary (n-6) 
fatty acids with medium-chain triglycerides decreases the 
incidence of spontaneous colitis in interleukin-10-deficient 
mice. J Nutr 2009; 139: 603-610

77 Kono H, Fujii H, Ogiku M, Tsuchiya M, Ishii K, Hara M. 
Enteral diets enriched with medium-chain triglycerides and 
N-3 fatty acids prevent chemically induced experimental 
colitis in rats. Transl Res 2010; 156: 282-291

78 Middleton SJ, Rucker JT, Kirby GA, Riordan AM, Hunter 
JO. Long-chain triglycerides reduce the efficacy of enteral 
feeds in patients with active Crohn’s disease. Clin Nutr 1995; 
14: 229-236

79 Khoshoo V, Reifen R, Neuman MG, Griffiths A, Pencharz 
PB. Effect of low- and high-fat, peptide-based diets on body 
composition and disease activity in adolescents with ac-
tive Crohn’s disease. JPEN J Parenter Enteral Nutr 1996; 20: 
401-405

80 Sakurai T, Matsui T, Yao T, Takagi Y, Hirai F, Aoyagi K, 
Okada M. Short-term efficacy of enteral nutrition in the treat-
ment of active Crohn’s disease: a randomized, controlled 
trial comparing nutrient formulas. JPEN J Parenter Enteral 
Nutr 2002; 26: 98-103

81 Turner D, Shah PS, Steinhart AH, Zlotkin S, Griffiths AM. 
Maintenance of remission in inflammatory bowel disease 
using omega-3 fatty acids (fish oil): a systematic review and 
meta-analyses. Inflamm Bowel Dis 2011; 17: 336-345

82 De Ley M, de Vos R, Hommes DW, Stokkers P. Fish oil for 

induction of remission in ulcerative colitis. Cochrane Database 
Syst Rev 2007; CD005986

83 Cabré E, Mañosa M, Gassull MA. Omega-3 fatty acids and 
inflammatory bowel diseases - a systematic review. Br J Nutr 
2012; 107 (Suppl 2): S240-S252

84 Feagins LA, Cryer BL. Do non-steroidal anti-inflammatory 
drugs cause exacerbations of inflammatory bowel disease? 
Dig Dis Sci 2010; 55: 226-232

85 Kefalakes H, Stylianides TJ, Amanakis G, Kolios G. Exacer-
bation of inflammatory bowel diseases associated with the 
use of nonsteroidal anti-inflammatory drugs: myth or real-
ity? Eur J Clin Pharmacol 2009; 65: 963-970

86 Takeuchi K, Smale S, Premchand P, Maiden L, Sherwood 
R, Thjodleifsson B, Bjornsson E, Bjarnason I. Prevalence and 
mechanism of nonsteroidal anti-inflammatory drug-induced 
clinical relapse in patients with inflammatory bowel disease. 
Clin Gastroenterol Hepatol 2006; 4: 196-202

87 Sandborn WJ, Stenson WF, Brynskov J, Lorenz RG, Steidle 
GM, Robbins JL, Kent JD, Bloom BJ. Safety of celecoxib in 
patients with ulcerative colitis in remission: a randomized, 
placebo-controlled, pilot study. Clin Gastroenterol Hepatol 
2006; 4: 203-211

88 Weber P, Koch M, Heizmann WR, Scheurlen M, Jenss H, 
Hartmann F. Microbic superinfection in relapse of inflamma-
tory bowel disease. J Clin Gastroenterol 1992; 14: 302-308

89 Baliellas C, Xiol X, Barenys M, Saavedra J, Casanovas T, 
Iborra M, Sesé E. [Infectious gastroenteritis in relapses of 
inflammatory bowel disease. Therapeutic implications]. Rev 
Esp Enferm Dig 1996; 88: 419-422

90 Boyanova L, Gergova G, Spassova Z, Koumanova R, Yaneva 
P, Mitov I, Derejian S, Krastev Z. Campylobacter infection in 
682 bulgarian patients with acute enterocolitis, inflammatory 
bowel disease, and other chronic intestinal diseases. Diagn 
Microbiol Infect Dis 2004; 49: 71-74

91 Meyer AM, Ramzan NN, Loftus EV, Heigh RI, Leighton 
JA. The diagnostic yield of stool pathogen studies during 
relapses of inflammatory bowel disease. J Clin Gastroenterol 
2004; 38: 772-775

92 Mylonaki M, Langmead L, Pantes A, Johnson F, Rampton 
DS. Enteric infection in relapse of inflammatory bowel dis-
ease: importance of microbiological examination of stool. Eur 
J Gastroenterol Hepatol 2004; 16: 775-778

93 Navarro-Llavat M, Domènech E, Bernal I, Sánchez-Delgado 
J, Manterola JM, Garcia-Planella E, Mañosa M, Cabré E, Gas-
sull MA. Prospective, observational, cross-sectional study 
of intestinal infections among acutely active inflammatory 
bowel disease patients. Digestion 2009; 80: 25-29

94 Nguyen GC, Kaplan GG, Harris ML, Brant SR. A national 
survey of the prevalence and impact of Clostridium difficile 
infection among hospitalized inflammatory bowel disease 
patients. Am J Gastroenterol 2008; 103: 1443-1450

95 Issa M, Vijayapal A, Graham MB, Beaulieu DB, Otterson 
MF, Lundeen S, Skaros S, Weber LR, Komorowski RA, Knox 
JF, Emmons J, Bajaj JS, Binion DG. Impact of Clostridium 
difficile on inflammatory bowel disease. Clin Gastroenterol 
Hepatol 2007; 5: 345-351

96 Rodemann JF, Dubberke ER, Reske KA, Seo da H, Stone CD. 
Incidence of Clostridium difficile infection in inflammatory 
bowel disease. Clin Gastroenterol Hepatol 2007; 5: 339-344

97 Ricciardi R, Ogilvie JW, Roberts PL, Marcello PW, Concan-
non TW, Baxter NN. Epidemiology of Clostridium difficile 
colitis in hospitalized patients with inflammatory bowel dis-
eases. Dis Colon Rectum 2009; 52: 40-45

98 Sinh P, Barrett TA, Yun L. Clostridium difficile Infection and 
Inflammatory Bowel Disease: A Review. Gastroenterol Res 
Pract 2011; 2011: 136 064

99 Ananthakrishnan AN, McGinley EL, Binion DG. Excess 
hospitalisation burden associated with Clostridium difficile 
in patients with inflammatory bowel disease. Gut 2008; 57: 
205-210

Cabré E et al . Environmental factors in IBD



3822 August 7, 2012|Volume 18|Issue 29|WJG|www.wjgnet.com

100 Ayre K, Warren BF, Jeffery K, Travis SP. The role of CMV 
in steroid-resistant ulcerative colitis: A systematic review. J 
Crohns Colitis 2009; 3: 141-148

101 Cottone M, Pietrosi G, Martorana G, Casà A, Pecoraro G, 
Oliva L, Orlando A, Rosselli M, Rizzo A, Pagliaro L. Preva-
lence of cytomegalovirus infection in severe refractory ulcer-
ative and Crohn’s colitis. Am J Gastroenterol 2001; 96: 773-775

102 Domènech E, Vega R, Ojanguren I, Hernández A, Garcia-
Planella E, Bernal I, Rosinach M, Boix J, Cabré E, Gassull 
MA. Cytomegalovirus infection in ulcerative colitis: a pro-
spective, comparative study on prevalence and diagnostic 
strategy. Inflamm Bowel Dis 2008; 14: 1373-1379

103 Klement E, Cohen RV, Boxman J, Joseph A, Reif S. Breast-
feeding and risk of inflammatory bowel disease: a system-
atic review with meta-analysis. Am J Clin Nutr 2004; 80: 
1342-1352

104 Baron S, Turck D, Leplat C, Merle V, Gower-Rousseau C, 
Marti R, Yzet T, Lerebours E, Dupas JL, Debeugny S, Salo-
mez JL, Cortot A, Colombel JF. Environmental risk factors in 
paediatric inflammatory bowel diseases: a population based 
case control study. Gut 2005; 54: 357-363

105 Sousa Guerreiro C, Cravo M, Costa AR, Miranda A, Tavares 
L, Moura-Santos P, MarquesVidal P, Nobre Leitão C. A com-
prehensive approach to evaluate nutritional status in Crohn’
s patients in the era of biologic therapy: a case-control study. 
Am J Gastroenterol 2007; 102: 2551-2556

106 Blain A, Cattan S, Beaugerie L, Carbonnel F, Gendre JP, 
Cosnes J. Crohn’s disease clinical course and severity in 
obese patients. Clin Nutr 2002; 21: 51-57

107 Hass DJ, Brensinger CM, Lewis JD, Lichtenstein GR. The 
impact of increased body mass index on the clinical course 
of Crohn‘s disease. Clin Gastroenterol Hepatol 2006; 4: 482-488 

108 Thompson NP, Montgomery SM, Pounder RE, Wakefield 
AJ. Is measles vaccination a risk factor for inflammatory 
bowel disease? Lancet 1995; 345: 1071-1074

109 Davis RL, Kramarz P, Bohlke K, Benson P, Thompson RS, 
Mullooly J, Black S, Shinefield H, Lewis E, Ward J, Marcy 
SM, Eriksen E, Destefano F, Chen R. Measles-mumps-rubella 
and other measles-containing vaccines do not increase the 
risk for inflammatory bowel disease: a case-control study 
from the Vaccine Safety Datalink project. Arch Pediatr Adolesc 
Med 2001; 155: 354-359

110 Feeney M, Ciegg A, Winwood P, Snook J. A case-control 
study of measles vaccination and inflammatory bowel dis-
ease. The East Dorset Gastroenterology Group. Lancet 1997; 
350: 764-766

111 Morris DL, Montgomery SM, Thompson NP, Ebrahim S, 
Pounder RE, Wakefield AJ. Measles vaccination and inflam-
matory bowel disease: a national British Cohort Study. Am J 
Gastroenterol 2000; 95: 3507-3512

112 Cornish JA, Tan E, Simillis C, Clark SK, Teare J, Tekkis PP. 
The risk of oral contraceptives in the etiology of inflamma-
tory bowel disease: a meta-analysis. Am J Gastroenterol 2008; 
103: 2394-2400

113 Koutroubakis IE, Vlachonikolis IG, Kouroumalis EA. Role 
of appendicitis and appendectomy in the pathogenesis of 
ulcerative colitis: a critical review. Inflamm Bowel Dis 2002; 8: 
277-286

114 Kaplan GG, Jackson T, Sands BE, Frisch M, Andersson RE, 
Korzenik J. The risk of developing Crohn’s disease after an 
appendectomy: a meta-analysis. Am J Gastroenterol 2008; 103: 
2925-2931

115 Mawdsley JE, Rampton DS. Psychological stress in IBD: new 
insights into pathogenic and therapeutic implications. Gut 
2005; 54: 1481-1491

116 Lerebours E, Gower-Rousseau C, Merle V, Brazier F, De-
beugny S, Marti R, Salomez JL, Hellot MF, Dupas JL, Co-
lombel JF, Cortot A, Benichou J. Stressful life events as a risk 
factor for inflammatory bowel disease onset: A population-
based case-control study. Am J Gastroenterol 2007; 102: 122-131

S- Editor  Gou SX    L- Editor  Logan S    E- Editor  Xiong L

Cabré E et al . Environmental factors in IBD


