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SUMMARY 

Background: Tobacco smoking is a well-established risk factor for the 

development of Crohnǯs disease, and this may lead to a more complicated disease 

course. However, recent evidence suggests that many patients with Crohnǯs 
disease are unaware of this fact.   

Aims: To perform a systematic review and meta-analysis of the effects of 

smoking on disease course in Crohnǯs disease. 

Methods: A search of MEDLINE, EMBASE, and EMBASE classic was carried out 

(up to July 2015) to identify observational studies reporting data on smoking 

and rates of surgery or flares of disease activity in patients with Crohnǯs disease. 

Dichotomous data were pooled to obtain odds ratios (ORs) for flares of disease 

activity or need for surgery, with 95% confidence intervals (CIs). 

Results: The search identified 33 eligible studies. Compared with non-smokers, 

smokers had increased odds of flare of disease activity (OR 1.56; 95% CI 1.21-

2.01), flare after surgery (OR = 1.97; 95% CI 1.36-2.85), need for first surgery 

(OR = 1.68; 95% CI 1.33-2.12), and need for second surgery (OR = 2.17; 95% CI 

1.63-2.89). The odds of these outcomes among ex-smokers diminished upon 

smoking cessation, with ORs comparable to those among non-smokers and, in 

the case of flare or second surgery, significantly lower than smokers. 

Conclusions: Smokers with Crohnǯs disease have a more complicated disease 

course than non-smokers, and quitting smoking may ameliorate this. Patients 

should be reminded of the detrimental effects of smoking on the course of their 

disease, and smoking cessation advice should be provided to reduce disease 

burden and costs in these patients. 
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INTRODUCTION  Crohnǯs disease is a chronic inflammatory disorder of the gastrointestinal 

tract, with an incidence of 6 to 8 per 100,000 population,(1, 2) and a prevalence 

of 130 to 200 per 100,000. (1-3) It affects both sexes equally, most commonly in 

the productive second to fourth decade of life, resulting in a high burden to both 

patients and society. (4) The condition runs a relapsing and remitting course, 

with flares of disease activity requiring medical therapy and/or surgery, and is 

associated with long term morbidity, impacting on psychological, social, and physical aspects of a patientǯs lifeǤ 
Crohnǯs disease is extremely costly to health services with a recent study 

estimating that nearly ̀͵Ͳbillion is spent annually in the USA and Europe 

combined. (5) In selected European countries, direct health care costs per 

patient, such as the cost of medication and hospitalisation, were between ̀2,898 

and ̀6,960 annually. (6) The financial cost of the disease can increase two to 

three-fold during flares of disease activity, and up to 20 times if hospitalisation is 

required. (7) In addition, patients with Crohnǯs disease have an impaired health 

related quality of life compared with healthy controls, with those in remission 

having a markedly improved quality of life compared with individuals with active Crohnǯs disease. (5) The aetiology of Crohnǯs disease is complex, and involves environmental, 

immunological, and genetic factors. (8)  A much-investigated environmental 

factor is the impact of tobacco smoking on the risk of developing Crohnǯs disease, 

and its subsequent natural history. The correlation between smoking and an increased risk of Crohnǯs disease was identified more than 30 years ago. (9, 10) 

The mechanisms involved are not completely understood, but may include 
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alterations in the immune system, abnormal cytokine levels, and changes in gut 

permeability and motility. (11) 

Tobacco smoking in Crohnǯs disease is therefore a potentially modifiable 

environmental risk factor, and this is supported by studies that show smoking 

cessation in patients with Crohnǯs disease is associated with a milder subsequent 

disease course. (12, 13) Other investigators have examined the relationship 

between smoking status and the rate of complications, such as flares of disease 

activity or the need for surgical intervention during extended follow-up. (14-17) 

However, the effect of tobacco smoking on the likelihood of flares of disease 

activity, need for surgery, recurrence of disease activity after surgical 

intervention, or need for further surgical intervention is variable in these 

studies.  

If clinicians were able to communicate more clearly to patients the 

detrimental effects of continued tobacco consumption on the course of Crohnǯs 
disease this may lead not only to a higher likelihood that they will cease smoking, 

but it could also help to reduce the burden of the disease. It may also serve as a 

mandate for further randomised controlled trials of smoking cessation as a 

medical intervention in Crohnǯs disease. We have therefore conducted a 

systematic review and meta-analysis in order to address this issue. 
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MATERIALS AND METHODS 

 

Search Strategy and Study Selection 

A literature search was performed using MEDLINE, EMBASE, and 

EMBASE classic (from 1947 to July 2015) to identify observational studies with 

longitudinal follow-up that investigated the effect of tobacco smoking on the 

natural history of Crohnǯs disease, including the risk of flares of disease activity 

or need for surgical intervention. In order to be eligible, studies had to recruit at 

least 50 adult patients (aged 16 years and over) with Crohnǯs disease, and report 

data on smoking status at study entry, and the subsequent occurrence of flares of 

disease activity, or need for surgical intervention (with focus on intestinal 

resection). Studies could either be prospective in their design, or a retrospective 

analysis of prospectively collected data. The diagnosis of Crohnǯs disease had to 

be made using histological, radiological, surgical, or endoscopic methods. These 

eligibility criteria were defined prospectively and are summarised in Table 1.  

We performed a search of the medical literature using the words: Crohn 

disease, inflammatory bowel disease, colitis, or ileitis (both as a medical subject 

heading (MeSH) and free text term), Crohn$ disease, or regional enteritis (as free 

text terms). These were combined using the set operator AND with studies 

identified using the terms: tobacco, tobacco products, or smoking (both as a 

medical subject heading (MeSH) and free text term), cigarettes, or smoker (as 

free text terms).  There were no language restrictions applied and foreign 

articles were translated if required. All titles and abstracts generated from the 

search were screened for inclusion into the study, and were examined further if 

they appeared to be relevant.  In addition, a recursive search identified other 
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potentially eligible studies among the bibliographies of selected articles. Finally, 

we searched the bibliographies of previous systematic reviews in this area. (18-

25)   Eligibility was judged by two independent investigators with any 

disagreements resolved by a third investigator.  

 

Data Extraction 

Extraction of data was carried out independently by two investigators 

onto a Microsoft excel spreadsheet (XP professional edition; Microsoft, 

Redmond, WA, USA) as total number of patients with Crohnǯs disease who were 

current smokers with either a flare of disease activity or needing surgical 

intervention, total number of patients with Crohnǯs disease who were ex-

smokers with either a flare of disease activity or needing surgical intervention 

(where reported), and total number of patients with Crohnǯs disease who were 

non-smokers with either a flare of disease activity or needing surgical 

intervention. Any discrepancies were resolved by a third investigator. Data 

collected included year of study, country of origin, number of centres, setting 

(primary, secondary, or tertiary care), study design (prospective, or 

retrospective analysis of prospectively collected data), outcomes assessed, 

whether studies recruited consecutive patients, sample size, mean age of 

participants, and proportion of male subjects.   

The quality of included studies was judged according to the Newcastle-

Ottawa scale, (26) with a total possible score of 9, higher scores indicating higher 

quality studies.  
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Data Synthesis and Statistical Analysis 

The degree of agreement between the two investigators, in terms of 

judging study eligibility, was measured using the Kappa statistic. Data in the 

studies identified were analysed according to the reported outcomes of interest, 

including flare of disease activity, flare of disease activity after surgery, need for 

any surgery (where investigators did not report whether this was a first or 

second operation), need for first surgery, or need for second surgery. The 

proportion of patients with a flare of disease activity or needing surgical 

intervention were compared between current smokers, ex-smokers (where 

reported), and non-smokers using an odds ratio (OR) with a 95% confidence 

interval (CI). An analysis of heterogeneity between studies was carried out using 

the I2 statistic with a cut off of 50%, (27) and the ɖ2 test with a P value <0.10, 

used to define a statistically significant degree of heterogeneity.  

Data were pooled using a random effects model, (28) to give a more 

conservative estimate of the effect of tobacco smoking on the natural history of 

Crohnǯs disease. StatsDirect version 2.7.2 (StatsDirect Ltd, Sale, Cheshire, 

England) was used to generate Forest plots of pooled ORs with 95% CIs. 

Evidence of publication bias was assessed for by applying Eggerǯs test to funnel 
plots, (29) where a sufficient number of studies were available. (30) 
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RESULTS 

The search generated 4271 citations, of which 195 appeared relevant and 

were retrieved for further detailed analysis (Figure 1). In total, 33 articles met all 

eligibility criteria and were included in the meta-analysis. (13-17, 31-58) 

Agreement between reviewers was substantial (Kappa statistic = 0.75). Detailed 

characteristics of individual studies, including study quality, are provided in 

Table 2.  

 

Flares of Disease Activity According to Smoking Status 

There were nine studies recruiting a total of 4013 patients with Crohnǯs 
disease that reported information on flares of disease activity in 1788 smokers 

versus 2225 non-smokers. (14, 16, 32, 36-38, 51, 52, 57) Overall, 1243 (69.5%) 

smokers developed a flare of disease activity, compared with 1431 (64.3%) non-

smokers. The odds of a flare of disease activity was significantly higher among 

smokers (OR 1.56; 95% CI 1.21 to 2.01) (Figure 2), with borderline significant 

heterogeneity between studies (I2 = 40.9%, P = 0.09). There were too few studies 

to assess for publication bias. 

Four studies of these studies, containing 1115 patients, reported data on 

flares of disease activity in 510 current smokers, 180 ex-smokers, and 425 non-

smokers. (14, 16, 37, 38) In total, 260 (51.0%) smokers developed a flare of 

disease activity, compared with 166 (39.1%) non-smokers (OR = 1.85; 95% CI 

1.33 to 2.57), with no significant heterogeneity between studies (I2 = 13.2%, P = 

0.33). There were 63 (35.0%) ex-smokers developing a flare of disease activity 

(OR compared with non-smokers = 0.90; 95% CI 0.59 to 1.39), with no 

heterogeneity between studies (I2=0%, P = 0.66). The odds of a flare was 
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significantly increased in smokers, compared with ex-smokers (OR = 2.05; 95% 

CI 1.38 to 3.04), again with no heterogeneity between studies (I2=0%, P = 0.53). 

There were too few studies to assess for publication bias.  

 

Flares of Disease Activity After Surgery According to Smoking Status 

The occurrence of first flare of disease activity after surgery in Crohnǯs 
disease was reported by five studies, containing 538 patients. (46, 48, 50, 53, 54) 

There were 152 (60.6%) of 251 smokers, compared with 126 (43.9%) of 287 

non-smokers experiencing a flare of disease activity (OR = 1.97; 95% CI 1.36 to 

2.85), with no heterogeneity between studies (I2 = 0%, P = 0.89). There were too 

few studies to assess for publication bias. Only one of these studies reported first 

flare of disease activity in smokers, ex-smokers, and non-smokers, (50) so meta-

analysis was not possible, although overall 70 (63.6%) of 110 smokers 

experienced a flare of disease activity after surgery, compared with 6 (31.6%) of 

19 ex-smokers, and 23 (43.4%) of 53 non-smokers.  

 

Need for Any Surgery According to Smoking Status 

Twelve studies, containing 4864 patients, reported need for any surgery 

in smokers and non-smokers. (14, 15, 31-38, 55, 57) Overall, 648 (29.6%) of 

2190 smokers required any surgery, compared with 765 (28.6%) of 2674 non-

smokers. The pooled OR for any surgery in smokers compared with non-smokers 

was 1.12 (95% CI 0.91 to 1.38) (Figure 3), with no significant heterogeneity 

between studies (I2= 26.4%, P = 0.18), and no evidence of publication bias (Egger 

test, P = 0.71). 



To et al.  Page 11 of 46 

 

Five studies of these studies, containing 1532 patients, reported data on 

flares of disease activity in 712 current smokers, 219 ex-smokers, and 601 non-

smokers. (14, 15, 36-38) There were 111 (15.6%) smokers requiring any 

surgery, compared with 101 (16.8%) non-smokers (OR = 0.99; 95% CI 0.72 to 

1.35), with no heterogeneity between studies (I2 = 0%, P = 0.78). Among ex-

smokers, 36 (16.4%) required any surgery, (OR compared with non-smokers = 

0.97; 95% CI 0.60 to 1.57), again with no heterogeneity between studies (I2=0%, 

P = 0.48). The odds of requiring any surgery was not significantly increased in 

smokers, compared with ex-smokers (OR = 1.07; 95% CI 0.67 to 1.70), with no 

heterogeneity between studies (I2=0%, P = 0.68). There were too few studies to 

assess for publication bias. 

 

Need for First Surgery According to Smoking Status 

Rates of first surgery according to smoking status were reported by nine 

studies, containing 3389 patients. (13, 17, 39-44, 58) In total, 585 (51.2%) of 

1142 smokers required a first operation, compared with 714 (31.8%) of 2247 

non-smokers (OR = 1.68; 95% CI 1.33 to 2.12) (Figure 4), with no significant 

heterogeneity between studies (I2= 37.8%, P = 0.12), but with too few studies to 

assess for publication bias. 

Five studies, containing 1747 patients, reported rates of first surgery 

among 335 smokers, 255 ex-smokers, and 1157 non-smokers. (41-44, 58) There 

were 158 (47.2%) smokers undergoing first surgery, compared with 306 

(26.4%) non-smokers. The pooled OR for first surgery in smokers compared 

with non-smokers was 1.54 (95% CI 1.17 to 2.03), with no heterogeneity 

between studies (I2=0%, P = 0.82). Among ex-smokers, 106 (41.6%) underwent 
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a first surgery (OR compared with non-smokers = 1.32; 95% CI=0.90 to 1.94), 

with no significant heterogeneity between studies (I2=24.1%, P = 0.26). The odds 

of first surgery was not significantly increased in smokers, compared with ex-

smokers (OR = 1.21; 95% CI 0.86 to 1.72), again with no heterogeneity between 

studies (I2=0%, P = 0.51). Again, there were too few studies to assess for 

publication bias. 

 

Need for Second Surgery According to Smoking Status 

Eleven studies, containing 1893 patients, reported on rates of second 

surgery according to smoking status. (13, 41, 44-50, 56, 58) There were 425 

(47.3%) of 899 smokers requiring a second surgery, compared with 330 (33.2%) 

of 994 non-smokers (OR = 2.17; 95% CI 1.63 to 2.89) (Figure 5), but with 

significant heterogeneity between studies (I2 = 41.2%, P = 0.07). This was driven 

by one Australian study, (58) and disappeared with its exclusion from the 

analysis (OR = 2.31; 95% CI 1.86 to 2.86, I2 = 0%, P = 0.65). There was no 

evidence of publication bias (Egger test, P = 0.25).  

Six studies, containing 1398 patients, reported rates of second surgery 

among 559 smokers, 212 ex-smokers, and 627 non-smokers. (13, 41, 44, 50, 56, 

58) There were 251 (44.9%) smokers undergoing a second operation, compared 

with 225 (35.9%) non-smokers. The pooled OR for second surgery in smokers 

compared with non-smokers was 1.97 (95% CI 1.23 to 3.15), but with significant 

heterogeneity between studies (I2=59.4%, P = 0.03). The effect was attenuated 

among ex-smokers once more, with 74 (34.9%) undergoing a second surgery 

(OR compared with non-smokers = 1.08; 95% CI=0.67 to 1.74), with no 

significant heterogeneity between studies (I2=34.6%, P = 0.18). The odds of 
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second surgery was significantly increased in smokers, compared with ex-

smokers (OR = 1.64; 95% CI 1.04 to 2.57), again with no heterogeneity between 

studies (I2=25.6%, P = 0.24). Again, there were too few studies to assess for 

publication bias. 
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DISCUSSION 

In this systematic review and meta-analysis, we pooled data from 

observational studies that examined the rate of flares of disease activity or need 

for surgical intervention in smokers of tobacco, ex-smokers, and non-smokers. 

We demonstrated that the course of Crohnǯs disease is more complicated among 

active smokers compared with non-smokers. There was a 56% to 85% increase 

in flares of disease activity, a nearly two-fold increase in clinical recurrence of 

disease activity after surgery, a 54% to 68% increase in the need for first 

surgery, and a two-fold or greater increase in rates of second surgery. Stopping 

smoking appeared to ameliorate this, with rates of flare, clinical recurrence, and 

need for first or second surgery no higher than among non-smokers, although 

patient numbers were smaller in these analyses. In addition, there were 

significantly higher rates of flare of disease activity and need for second surgery 

among smokers, compared with ex-smokers.   

We conducted a comprehensive and contemporaneous search of the 

medical literature, which included a recursive search of the bibliographies of 

relevant articles. We also included foreign language studies, and translated these. 

The judging of study eligibility and data extraction were performed by two 

investigators working independently, with any discrepancies resolved with the 

aid of a third independent investigator. The quality of the selected studies was 

also assessed, using the Newcastle-Ottawa scale, a well-accepted quality 

assessment scale, with 24 of the selected articles scoring 7 or more out of a 

possible 9. Finally, we used a random effects model to pool data from eligible 

studies in order to provide a more conservative estimate of the effect of tobacco 



To et al.  Page 15 of 46 

 

smoking on the natural history of Crohnǯs disease, and assessed for evidence of 

publication bias in the analyses, where there sufficient studies. 

Limitations of this meta-analysis include the fact that the majority of 

eligible studies were conducted in tertiary referral centres. This could mean that 

the results may not be applicable to patients with Crohnǯs disease in the 

community, or in primary care. In addition, there was some variability in the 

methods that individual studies used to classify smokers, non-smokers, and ex-

smokers.  Not all studies stated their criteria for defining smoking status, 

especially those whose primary aim was not to investigate the effect of tobacco 

smoking on the natural history of Crohnǯs disease. A further, and related, 

problem was that some articles pooled ex-smokers with non-smokers, rather 

than reporting rates of flare of disease activity or need for surgery separately in 

these two groups. If there were an increased in the likelihood of either flare or 

surgery among ex-smokers in these studies this would have underestimated the 

effect of smoking on these outcomes in some of our analyses. We tried to 

circumvent this by performing analyses with only smokers, non-smokers, and 

ex-smokers compared, wherever trial reporting allowed. There was also 

heterogeneity between studies in some of our analyses, suggesting there are 

factors other than smoking that may affect the natural history of Crohnǯs disease. 

Multiple other factors have been associated with a worsened disease course, 

including stress or anxiety. (59)  These could be potentially confounding factors, 

as higher stress levels are associated with increased smoking. (60, 61) As we 

extracted and pooled raw data from all of the included studies we could not 

adjust for the influence of confounding variables in our analyses. Finally, in this 

meta-analysis it was not possible to assess the effect of smoking on the course of 
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 Crohnǯs disease according to disease location, or to estimate the time point at which stopping smoking has a beneficial effect on the natural history of Crohnǯs 
disease.  Crohnǯs disease is a chronic condition, and can affect multiple aspects of a patientǯs wellbeing, causing disruption to their personal and working life, due to 

flares of disease activity, which can result in hospitalisation. Although there are 

medical therapies of proven benefit, such as biological agents or 

immunosuppressant drugs to reduce flares of disease, (62, 63) these are not 

universally effective and, even with timely use, as many as one in four patients 

will ultimately require an intestinal resection within 5 years of diagnosis. (64)  

Building on the knowledge that smoking is a risk factor for the development of 

the disease, (9) the results of this meta-analysis provide an overall estimate of 

the deleterious effects of continuing to smoke tobacco on the natural history of Crohnǯs disease, as well as some evidence to suggest that smoking cessation is 

beneficial to the subsequent disease course, as ex-smokers appeared to be at a 

reduced risk of flares of disease activity or need for second surgery compared 

with smokers.  Although the studies we included were not randomised, using 

these data to calculate a number needed to treat suggests that only seven people with Crohnǯs disease would need to stop smoking to prevent one flare of disease 

activity, and 10 would need to stop smoking to prevent one person undergoing a 

second operation, which compares favourably to many of the available medical 

therapies. (62, 63, 65-67) 

There are several potential explanations for the deleterious effects of smoking tobacco in Crohnǯs diseaseǤ  Smoking may alter the intestinal 
microbiota, (68) and it has also been shown that mononuclear cells from patients 
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 with Crohnǯs disease who smoke are functionally impairedǤ (69) In addition, 

cigarette smoke is associated with an altered immune response, with studies 

linking the addictive component nicotine with immunosuppression of the innate 

and adaptive immune system. (70) Finally, smoking can lead to altered 

epigenetic events, thereby altering protein expression, and potentially leading to 

an abnormal cascade of inflammation in the intestinal mucosa. (71) 

As a modifiable risk factor, this study therefore provides support for 

healthcare practitioners to encourage smoking cessation among all their patients with Crohnǯs disease. A recent study found that there are low levels of awareness 

of the detrimental effects of continued smoking among patients with Crohnǯs 
disease, with less than one-third of patients aware of increased rates of surgery, 

and increased risk of post-operative recurrence. (72) However, educating 

patients with Crohnǯs disease as to the harmful effects of smoking may not be 

sufficient, with studies suggesting that an intervention has to be actively pursued 

in order for there to be a successful alteration in smoking behaviour. (73) 

Smoking cessation programmes are already integrated into health services such 

as the NHS, which runs public health campaigns like ǲsmoke-freeǳ. (74) These 

programmes can act as a starting point that could be used to reach out to aid 

smokers with Crohnǯs disease to stop smoking.  In addition, it is well known that 

smoking carries many other harmful effects that could also be reduced if such 

programmes were implemented. (75) However, other investigators have shown that the willingness of patients with Crohnǯs disease to engage with measures to 
facilitate smoking cessation is suboptimal. (76)  

Interventions to aid smoking cessation with known efficacy include 

antidepressants, such as buproprion and nortriptyline, telephone counselling, 
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varenicline, physician advice, and nicotine replacement therapy(77-80). With the 

ever increasing financial constraints on healthcare systems in the future, some 

providers may choose to decline to pay for the continued use of expensive therapy among patients with Crohnǯs disease who do not engage with smoking 
cessation interventions, or even implement surveillance for continued tobacco 

use, employing methods such as salivary cotinine or carbon monoxide testing as 

a means of restricting access to such drugs.  

This approach is supported by a study from France, (12) where active 

smokers were provided with repeated counselling to help stop smoking, and 

their subsequent risk of flare of disease activity or need for glucocorticosteroids 

returned to a similar level to that of non-smokers, although it is important to 

point out that only 12% of smokers were able to remain abstinent for more than 

1 year. In addition, a recent cost-utility analysis that compared four different 

smoking cessation strategies with no intervention, using Markov modelling with 

5 years of follow-up, found that all smoking cessation strategies, including 

varenicline, nicotine replacement, counselling, or nicotine replacement and 

counselling combined, were all more cost-effective than no active intervention. 

(81) After probabilistic sensitivity analysis no active intervention was the most 

cost-effective option <1% of the time.   

In summary, this meta-analysis has demonstrated that smokers, 

compared with non-smokers, have 55% to 85% higher rates of flares of disease 

activity, clinical recurrence rates after surgery that are two-fold higher, between 

54% and 68% higher rates of need for first surgery, and are twice as likely to 

need a second operation (Figures 6 and 7). In the studies we identified, quitting 

smoking appeared to have a beneficial effect on disease course, particularly for 
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flare of disease activity or need for a second operation.  This study therefore 

provides summary estimates of the adverse effect of smoking on the natural history of Crohnǯs disease that can be communicated easily to patients with Crohnǯs disease who smoke, and used to encourage smoking cessation as a 

management strategy. The magnitude of the increase in odds of flare of disease 

activity or need for surgery seen in this meta-analysis among smokers, compared 

with non-smokers and ex-smokers, suggests that there is a need for trials of 

smoking cessation strategies as a primary medical intervention among patients with Crohnǯs disease who smoke.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



To et al.  Page 20 of 46 

 

 

ACKNOWLEDGEMENTS 

 

None. 

 

CONFLICTS OF INTEREST/STUDY SUPPORT 

 

Guarantor of the article: ACF is guarantor. 

 

Specific author contributions: NT, DJG, and ACF conceived the study. NT, DJG, 

and ACF collected all data. ACF and NT analyzed and interpreted the data. NT and 

ACF drafted the manuscript. All authors commented on drafts of the paper. All 

authors have approved the final draft of the manuscript. 

 

Financial support: Natalie To was funded by a CORE bursary. 

 

Potential competing interests: Natalie To: none. David J. Gracie: none. 

Alexander C. Ford: none.  



To et al.  Page 21 of 46 

 

REFERENCES 
 

 

1. Loftus CG, Loftus EV, Harmsen WS, Zinsmeister AR, Tremaine WJ, Melton 

LJ, et al. Update on the incidence and prevalence of Crohn's disease and 

ulcerative colitis in Olmsted County, Minnesota, 1940-2000. Inflamm Bowel Dis. 

2007;13(3):254-61. 

2. Loftus EV, Silverstein MD, Sandborn WJ, Tremaine WJ, Harmsen WS, 

Zinsmeister AR. Crohn's disease in Olmsted County, Minnesota, 1940-1993: 

incidence, prevalence, and survival. Gastroenterology. 1998;114(6):1161-8. 

3. Kappelman MD, Rifas-Shiman SL, Kleinman K, Ollendorf D, Bousvaros A, 

Grand RJ, et al. The prevalence and geographic distribution of Crohn's disease 

and ulcerative colitis in the United States. Clin Gastroenterol Hepatol. 

2007;5(12):1424-9. 

4. Molodecky NA, Soon IS, Rabi DM, Ghali WA, Ferris M, Chernoff G, et al. 

Increasing incidence and prevalence of the inflammatory bowel diseases with 

time, based on systematic review. Gastroenterology. 2012;142(1):46-54.e42; 

quiz e30. 

5. Floyd D, Langham S, Severac H, Leveseque B. The Economic and Quality-

of-Life Burden of Crohnǯs Disease 

in Europe and the United States, 2000 to 2013: A Systematic 

Review. Dig Dis Sci. 2015;60:299-312. 

6. Yu AP, Cabanilla LA, Wu EQ, Mulani PM, Chao J. The costs of Crohn's 

disease in the United States and other Western countries: a systematic review. 

Curr Med Res Opin. 2008;24(2):319-28. 



To et al.  Page 22 of 46 

 

7. Bassi A, Dodd S, Williamson P, Bodger K. Cost of illness of inflammatory 

bowel disease in the UK: a single centre retrospective study. Gut. 

2004;53(10):1471-8. 

8. Xavier RJ, Podolsky DK. Unravelling the pathogenesis of inflammatory 

bowel disease. Nature. 2007;448(7152):427-34. 

9. Somerville KW, Logan RF, Edmond M, Langman MJ. Smoking and Crohn's 

disease. Br Med J (Clin Res Ed). 1984;289(6450):954-6. 

10. Holdstock G, Savage D, Harman M, Wright R. Should patients with 

inflammatory bowel disease smoke? Br Med J (Clin Res Ed). 

1984;288(6414):362. 

11. Birrenbach T, Böcker U. Inflammatory bowel disease and smoking: a 

review of epidemiology, pathophysiology, and therapeutic implications. Inflamm 

Bowel Dis. 2004;10(6):848-59. 

12. Cosnes J, Beaugerie L, Carbonnel F, Gendre JP. Smoking cessation and the 

course of Crohn's disease: an intervention study. Gastroenterology. 

2001;120(5):1093-9. 

13. Lawrance IC, Murray K, Batman B, Gearry RB, Grafton R, Krishnaprasad K, 

et al. Crohn's disease and smoking: is it ever too late to quit? J Crohns Colitis. 

2013;7(12):e665-71. 

14. Cosnes J, Carbonnel F, Carrat F, Beaugerie L, Cattan S, Gendre J. Effects of 

current and former cigarette smoking on the clinical course of Crohn's disease. 

Aliment Pharmacol Ther. 1999;13(11):1403-11. 

15. Russel MG, Volovics A, Schoon EJ, van Wijlick EH, Logan RF, Shivananda S, 

et al. Inflammatory bowel disease: is there any relation between smoking status 



To et al.  Page 23 of 46 

 

and disease presentation? European Collaborative IBD Study Group. Inflamm 

Bowel Dis. 1998;4(3):182-6. 

16. 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(6):1143-

50. 

17. Sands BE, Arsenault JE, Rosen MJ, Alsahli M, Bailen L, Banks P, et al. Risk 

of early surgery for Crohn's disease: implications for early treatment strategies. 

Am J Gastroenterol. 2003;98(12):2712-8. 

18. Fornaro R, Caratto E, Caratto M, Fornaro F, Caristo G, Frascio M, et al. 

Post-operative recurrence in Crohn's disease. Critical analysis of potential risk 

factors. An update. Surgeon. 2015;13(6):330-47. 

19. 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(12):1213-21. 

20. Buisson A, Chevaux JB, Allen PB, Bommelaer G, Peyrin-Biroulet L. Review 

article: the natural history of postoperative Crohn's disease recurrence. Aliment 

Pharmacol Ther. 2012;35(6):625-33. 

21. Yamamoto T. Factors affecting recurrence after surgery for Crohn's 

disease. World J Gastroenterol. 2005;11(26):3971-9. 

22. Mahid SS, Minor KS, Soto RE, Hornung CA, Galandiuk S. Smoking and 

inflammatory bowel disease: a meta-analysis. Mayo Clin Proc. 

2006;81(11):1462-71. 



To et al.  Page 24 of 46 

 

23. Inamdar S, Volfson A, Rosen L, Sunday S, Katz S, Sultan K. Smoking and early infliximab response in Crohnǯs diseaseǣ a meta-analysis. J Crohns Colitis. 

2015;9(2):140-6. 

24. Song YN, Zheng P, Xiao JH, Lu ZJ. Efficacy and safety of adalimumab for the 

Crohn's disease: a systematic review and meta-analysis of published randomized 

placebo-controlled trials. Eur J Clin Pharmacol. 2014;70(8):907-14. 

25. 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(8):921-31. 

26. Wells GA SB, O'Connell D, Peterson J, Welch V, Losos M et al. The 

Newcastle-Ottawa Scale (NOS) for assessing the quality of non-randomised 

studies in meta-analyses 

http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp [ 

27. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in 

meta-analyses. BMJ. 2003;327(7414):557-60. 

28. DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials. 

1986;7(3):177-88. 

29. Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis 

detected by a simple, graphical test. BMJ. 1997;315(7109):629-34. 

30. Sterne JA, Sutton AJ, Ioannidis JP, Terrin N, Jones DR, Lau J, et al. 

Recommendations for examining and interpreting funnel plot asymmetry in 

meta-analyses of randomised controlled trials. BMJ. 2011;343:d4002. 

31. Fidder HH, Avidan B, Lahav M, Bar-Meir S, Chowers Y. Clinical and 

demographic characterization of Jewish Crohn's disease patients in Israel. J Clin 

Gastroenterol. 2003;36(1):8-12. 

http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp


To et al.  Page 25 of 46 

 

32. 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(5):734-41. 

33. Harper JW, Welch MP, Sinanan MN, Wahbeh GT, Lee SD. Co-morbid 

diabetes in patients with Crohn's disease predicts a greater need for surgical 

intervention. Aliment Pharmacol Ther. 2012;35(1):126-32. 

34. Zabana Y, Garcia-Planella E, Van Domselaar M, Mañosa M, Gordillo J, 

López San Román A, et al. Does active smoking really influence the course of 

Crohn's disease? A retrospective observational study. J Crohns Colitis. 

2013;7(4):280-5. 

35. Lindberg E, Järnerot G, Huitfeldt B. Smoking in Crohn's disease: effect on 

localisation and clinical course. Gut. 1992;33(6):779-82. 

36. Duffy LC, Zielezny MA, Marshall JR, Weiser MM, Byers TE, Phillips JF, et al. 

Cigarette smoking and risk of clinical relapse in patients with Crohn's disease. 

Am J Prev Med. 1990;6(3):161-6. 

37. Solberg IC, Vatn MH, Høie O, Stray N, Sauar J, Jahnsen J, et al. Clinical 

course in Crohn's disease: results of a Norwegian population-based ten-year 

follow-up study. Clin Gastroenterol Hepatol. 2007;5(12):1430-8. 

38. Radwan-Kwiatek K, Wójtowicz-Chomicz Kǡ Radwan Pǡ Skrzydło-

Radomska B, Borzecki A. [Impact of cigarette smoking on the clinical outcome of 

Crohn's disease]. Przegl Lek. 2009;66(10):567-70. 

39. Szamosi T, Banai J, Lakatos L, Czegledi Z, David G, Zsigmond F, et al. Early 

azathioprine/biological therapy is associated with decreased risk for first 

surgery and delays time to surgery but not reoperation in both smokers and 



To et al.  Page 26 of 46 

 

nonsmokers with Crohn's disease, while smoking decreases the risk of colectomy 

in ulcerative colitis. Eur J Gastroenterol Hepatol. 2010;22(7):872-9. 

40. Song XM, Gao X, Li MZ, Chen ZH, Chen SC, Hu PJ, et al. Clinical features and 

risk factors for primary surgery in 205 patients with Crohn's disease: analysis of 

a South China cohort. Dis Colon Rectum. 2011;54(9):1147-54. 

41. Renda MC, Orlando A, Civitavecchia G, Criscuoli V, Maggio A, Mocciaro F, 

et al. The role of CARD15 mutations and smoking in the course of Crohn's disease 

in a Mediterranean area. Am J Gastroenterol. 2008;103(3):649-55. 

42. Picco MF, Zubiaurre I, Adluni M, Cangemi JR, Shelton D. 

Immunomodulators are associated with a lower risk of first surgery among 

patients with non-penetrating non-stricturing Crohn's disease. Am J 

Gastroenterol. 2009;104(11):2754-9. 

43. Moon CM, Park DI, Kim ER, Kim YH, Lee CK, Lee SH, et al. Clinical features 

and predictors of clinical outcomes in Korean patients with Crohn's disease: a 

Korean association for the study of intestinal diseases multicenter study. J 

Gastroenterol Hepatol. 2014;29(1):74-82. 

44. Karczewski Jǡ Poniedziałek Bǡ Rzymski Pǡ Rychlewska-Hańczewska Aǡ 
Adamski Z, Wiktorowicz K. The effect of cigarette smoking on the clinical course 

of inflammatory bowel disease. Prz Gastroenterol. 2014;9(3):153-9. 

45. Sutherland LR, Ramcharan S, Bryant H, Fick G. Effect of cigarette smoking 

on recurrence of Crohn's disease. Gastroenterology. 1990;98(5 Pt 1):1123-8. 

46. Moskovitz D, McLeod RS, Greenberg GR, Cohen Z. Operative and 

environmental risk factors for recurrence of Crohn's disease. Int J Colorectal Dis. 

1999;14(4-5):224-6. 



To et al.  Page 27 of 46 

 

47. Yamamoto T, Keighley MR. The association of cigarette smoking with a 

high risk of recurrence after ileocolonic resection for ileocecal Crohn's disease. 

Surg Today. 1999;29(6):579-80. 

48. Cullen G, O'toole A, Keegan D, Sheahan K, Hyland JM, O'donoghue DP. 

Long-term clinical results of ileocecal resection for Crohn's disease. Inflamm 

Bowel Dis. 2007;13(11):1369-73. 

49. Breuer-Katschinski BD, Holländer N, Goebell H. Effect of cigarette 

smoking on the course of Crohn's disease. Eur J Gastroenterol Hepatol. 

1996;8(3):225-8. 

50. Cottone M, Rosselli M, Orlando A, Oliva L, Puleo A, Cappello M, et al. 

Smoking habits and recurrence in Crohn's disease. Gastroenterology. 

1994;106(3):643-8. 

51. Wright JP. Factors influencing first relapse in patients with Crohn's 

disease. J Clin Gastroenterol. 1992;15(1):12-6. 

52. Bernstein CN, Singh S, Graff LA, Walker JR, Miller N, Cheang M. A 

prospective population-based study of triggers of symptomatic flares in IBD. Am 

J Gastroenterol. 2010;105(9):1994-2002. 

53. Kane SV, Flicker M, Katz-Nelson F. Tobacco use is associated with 

accelerated clinical recurrence of Crohn's disease after surgically induced 

remission. J Clin Gastroenterol. 2005;39(1):32-5. 

54. Kurer MA, Stamou KM, Wilson TR, Bradford IM, Leveson SH. Early 

symptomatic recurrence after intestinal resection in Crohn's disease is 

unpredictable. Colorectal Dis. 2007;9(6):567-71. 



To et al.  Page 28 of 46 

 

55. de Diego C, Alcántara M, Valle J, Repiso A, Carrobles JM, Martínez-Castro P. 

Influence of smoking habits and CARD15 mutations on the onset of Crohn's 

disease. Scand J Gastroenterol. 2006;41(10):1209-11. 

56. Ryan WR, Allan RN, Yamamoto T, Keighley MR. Crohn's disease patients 

who quit smoking have a reduced risk of reoperation for recurrence. Am J Surg. 

2004;187(2):219-25. 

57. Cheikh I, Ben Ammar A, Essid M, Azzouz M, Ettahri N, Krichene M, et al. 

[Treatment and outcome of Crohn's disease without initial complications. 

Results of a retrospective, multicenter Tunisian study]. Tunis Med. 

2002;80(4):193-8. 

58. Lunney PC, Kariyawasam VC, Wang RR, Middleton KL, Huang T, Selinger 

CP, et al. Smoking prevalence and its influence on disease course and surgery in 

Crohn's disease and ulcerative colitis. Aliment Pharmacol Ther. 2015;42(1):61-

70. 

59. Mittermaier C, Dejaco C, Waldhoer T, Oefferlbauer-Ernst A, Miehsler W, 

Beier M, et al. Impact of depressive mood on relapse in patients with 

inflammatory bowel disease: a prospective 18-month follow-up study. 

Psychosom Med. 2004;66(1):79-84. 

60. Dam AN, Berg AM, Farraye FA. Environmental influences on the onset and 

clinical course of Crohn's disease-part 1: an overview of external risk factors. 

Gastroenterol Hepatol (N Y). 2013;9(11):711-7. 

61. Kouvonen A, Kivimäki M, Virtanen M, Pentti J, Vahtera J. Work stress, 

smoking status, and smoking intensity: an observational study of 46,190 

employees. J Epidemiol Community Health. 2005;59(1):63-9. 



To et al.  Page 29 of 46 

 

62. Khan KJ, Dubinsky MC, Ford AC, Ullman TA, Talley NJ, Moayyedi P. 

Efficacy of immunosuppressive therapy for inflammatory bowel disease: a 

systematic review and meta-analysis. Am J Gastroenterol. 2011;106(4):630-42. 

63. Ford AC, Sandborn WJ, Khan KJ, Hanauer SB, Talley NJ, Moayyedi P. 

Efficacy of biological therapies in inflammatory bowel disease: systematic review 

and meta-analysis. Am J Gastroenterol. 2011;106(4):644-59, quiz 60. 

64. Ramadas AV, Gunesh S, Thomas GA, Williams GT, Hawthorne AB. Natural 

history of Crohn's disease in a population-based cohort from Cardiff (1986-

2003): a study of changes in medical treatment and surgical resection rates. Gut. 

2010;59(9):1200-6. 

65. Ford AC, Kane SV, Khan KJ, Achkar JP, Talley NJ, Marshall JK, et al. Efficacy 

of 5-aminosalicylates in Crohn's disease: systematic review and meta-analysis. 

Am J Gastroenterol. 2011;106(4):617-29. 

66. Ford AC, Bernstein CN, Khan KJ, Abreu MT, Marshall JK, Talley NJ, et al. 

Glucocorticosteroid therapy in inflammatory bowel disease: systematic review 

and meta-analysis. Am J Gastroenterol. 2011;106(4):590-9; quiz 600. 

67. Ford AC, Khan KJ, Talley NJ, Moayyedi P. 5-aminosalicylates prevent 

relapse of Crohn's disease after surgically induced remission: systematic review 

and meta-analysis. Am J Gastroenterol. 2011;106(3):413-20. 

68. Benjamin JL, Hedin CR, Koutsoumpas A, Ng SC, McCarthy NE, Prescott NJ, 

et al. Smokers with active Crohn's disease have a clinically relevant dysbiosis of 

the gastrointestinal microbiota. Inflamm Bowel Dis. 2012;18(6):1092-100. 

69. Bergeron V, Grondin V, Rajca S, Maubert MA, Pigneur B, Thomas G, et al. 

Current smoking differentially affects blood mononuclear cells from patients 



To et al.  Page 30 of 46 

 

with Crohn's disease and ulcerative colitis: relevance to its adverse role in the 

disease. Inflamm Bowel Dis. 2012;18(6):1101-11. 

70. Sopori M. Effects of cigarette smoke on the immune system. Nat Rev 

Immunol. 2002;2(5):372-7. 

71. Alegría-Torres JA, Baccarelli A, Bollati V. Epigenetics and lifestyle. 

Epigenomics. 2011;3(3):267-77. 

72. Da Bie C, Hendriks N, Coenen S, Weyts E, Van Assche G, Vermeire S, et al. 

Smoking behaviour and knowledge of the health effects of smoking in patients 

with inflammatory bowel disease. Alimentary Pharmacology and Therapeutics. 

2015. 

73. Kennelly RP, Subramaniam T, Egan LJ, Joyce MR. Smoking and Crohn's 

disease: active modification of an independent risk factor (education alone is not 

enough). J Crohns Colitis. 2013;7(8):631-5. 

74. England PH. Smokefree NHS http://www.nhs.uk/smokefree2015 [ 

75. Das SK. Harmful health effects of cigarette smoking. Mol Cell Biochem. 

2003;253(1-2):159-65. 

76. Biedermann L, Fournier N, Misselwitz B, Frei P, Zeitz J, Manser CN, et al. 

High Rates of Smoking Especially in Female Crohn's Disease Patients and Low 

Use of Supportive Measures to Achieve Smoking Cessation-Data from the Swiss 

IBD Cohort Study. J Crohns Colitis. 2015;9(10):819-29. 

77. Hughes JR, Stead LF, Hartmann-Boyce J, Cahill K, Lancaster T. 

Antidepressants for smoking cessation. Cochrane Database Syst Rev. 

2014;1:CD000031. 

78. Stead LF, Hartmann-Boyce J, Perera R, Lancaster T. Telephone counselling 

for smoking cessation. Cochrane Database Syst Rev. 2013;8:CD002850. 

http://www.nhs.uk/smokefree2015


To et al.  Page 31 of 46 

 

79. Cahill K, Stevens S, Perera R, Lancaster T. Pharmacological interventions 

for smoking cessation: an overview and network meta-analysis. Cochrane 

Database Syst Rev. 2013;5:CD009329. 

80. Stead LF, Buitrago D, Preciado N, Sanchez G, Hartmann-Boyce J, Lancaster 

T. Physician advice for smoking cessation. Cochrane Database Syst Rev. 

2013;5:CD000165. 

81. Coward S, Heitman SJ, Clement F, Negron M, Panaccione R, Ghosh S, et al. 

Funding a smoking cessation program for Crohn's disease: an economic 

evaluation. Am J Gastroenterol. 2015;110(3):368-77. 

 

 

  



To et al.  Page 32 of 46 

 

Table 1. Eligibility Criteria. 

Prospective studies, or retrospective analyses of prospectively collected data, 

with longitudinal follow-up. ηͷͲ adult patients with Crohnǯs disease (participants aged η 16 years). 

Diagnosis of Crohnǯs disease based on histological, radiological, surgical, or 

endoscopic criteria.  

Studied the effect of smoking on the natural history of Crohnǯs disease including: 

Flare of disease activity;  

Flare of disease activity after surgery; 

Need for any surgery; 

Need for first surgery; or  

Need for second surgery. 
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Table 2. Characteristics of Studies Reporting Effects of Tobacco Smoking on the Natural History of Crohnǯs DiseaseǤ  

Study name 

and year 

Country 

(no. of centres) 

Setting Method of 

assessment of 

smoking status 

Outcome studied No. of patients  

(% male) 

Duration of 

follow up 

Quality 

score 

Sutherland 

1990 (45) 

Canada (1) Secondary 

care 

Questionnaire Second surgery 174 (33.3%) 5 years 6 

Duffy 1990 

(36) 

USA (2) Secondary 

and tertiary 

care 

Recorded on a 

database 

Flare of disease activity 

Any surgery 

74 (48.6%) 

74 (48.6%) 

6 months 7 

Wright 1992 

(51) 

South Africa (1) 

 

Tertiary care Documented by the 

physician at 

diagnosis 

 

Flare of disease activity 234 (32.6%) 10 years 

 

7 

Lindberg 

1992 (35) 

Sweden (1) Tertiary care Questionnaire Any surgery 173  

(not reported) 

9-12 years 5 
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Cottone 

1994 (50) 

Italy (2) Tertiary care Questionnaire Flare of disease activity after 

surgery  

Second surgery 

182 (55.5%) 

 

182 (55.5%) 

98 months 8 

Breuer-

Katschinski 

1996 (49) 

Germany (1) Tertiary care Questionnaire Second surgery 161 (45.6%) 10 years 7 

Russel 1998 

(15) 

Pan-European 

(19) 

Secondary 

and tertiary 

care 

Recorded on a 

database 

Any surgery 457 (47.7%) 1 year 7 

Timmer 

1998 (16) 

Canada (31) 

 

Secondary 

and tertiary 

care 

Face-to-face 

interview 

 

Flare of disease activity 152 (48.0%) 1 year 

 

8 

Cosnes 1999 

(14) 

France (1) Tertiary care Questionnaire Flare of disease activity  

Any surgery 

622 (39.3%) 

622 (39.3%) 

12-18 months 6 

Moskovitz 

1999 (46) 

Canada (1) Tertiary care Recorded on a 

database 

Flare of disease activity after 

surgery  

Second surgery 

92 (52.2%) 

 

92 (52.2%) 

90 months 7 



To et al.  Page 35 of 46 

 

Yamamoto 

1999 (47) 

UK (1) Tertiary care Medical records, 

face-to-face 

interview, or 

questionnaire 

Second surgery 141 (36.9%) 97 months 7 

Cheikh 2002 

(57) 

Tunisia (4) Secondary 

and tertiary 

care 

Unclear Flare of disease activity  

Any surgery 

109 (53.7%) 

109 (53.7%) 

30 months 6 

Fidder 2003 

(31) 

Israel (1) Tertiary care Medical records Any surgery 162 (59.2%) 7.5 years 6 

Sands 2003  

(17) 

USA (16) Secondary 

and tertiary 

care 

Recorded on a 

database 

First surgery 237 (44.7%) 3 years 9 

Ryan 2004 

(56) 

UK and USA (2) Tertiary care Questionnaire Second surgery 264 (36.7%) 18.7 years 6 

Kane 2005 

(53) 

USA (1) Tertiary care Medical records Flare of disease activity after 

surgery 

59 (33.9%) 250 weeks 7 
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De Diego 

2006 (55) 

Spain (1) Secondary 

care 

Unclear Any surgery 178 (57.9%) 6 years 6 

Kurer 2007 

(54) 

UK (1) Secondary 

care 

Medical records Flare of disease activity after 

surgery 

85 (68.2%) 36 months 7 

Cullen 2007 

(48) 

Ireland (1) Tertiary care Recorded on a 

database 

Flare of disease activity after 

surgery  

Second surgery 

139 (39.6%) 

 

139 (39.6%) 

16.4 years 8 

Solberg 

2007 (37) 

Norway (15) Secondary 

and tertiary 

care  

Recorded on a 

database 

Flare of disease activity  

 

Any surgery 

193  

(not estimable) 

231 (50.2%) 

5 years 9 

Renda 2008 

(41) 

Italy (1) Tertiary care  Face-to-face 

interview 

First surgery 

Second surgery 

182 (59.3%) 

110  

(not estimable) 

7 years 7 

Picco 2009 

(42)  

USA (1) Tertiary care Medical records First surgery 159 (57.2%) 5-6 years 8 

Seksik 2009 

(32) 

France (1) Tertiary care Questionnaire Flare of disease activity  

Any surgery 

2443 (41.1%) 

2443 (41.1%) 

85-96 months 7 
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Radwan-

Kwiatek 

2009 (38) 

Poland (1) Tertiary care Face-to-face 

interview 

Flare of disease activity  

Any surgery 

148 (54.1%) 

148 (54.1%) 

12-18 months 5 

Szamosi 

2010 (39) 

Hungary (3) Secondary 

and tertiary 

care 

Face-to-face 

interview 

First surgery 340 (45.6%) Up to 300 

months 

8 

Bernstein 

2010 (52) 

Canada (not 

applicable) 

 

Population-

based 

Questionnaire Flare of disease activity 218 (35.7%) 1 year 

 

7 

Song 2011 

(40) 

China (1) Tertiary care Medical records First surgery 205 (68.9%) 5 years 8 

Harper 

2012 (33) 

USA (1) Tertiary care Recorded on a 

database 

Any surgery 240 (48.4%) 5 years 8 

Lawrance 

2013 (13) 

Australia and 

New Zealand (6) 

Secondary 

and tertiary 

care 

Medical records First surgery 

Second surgery 

1115 (42.9%) 

556  

(not estimable) 

16.6 years 9 



To et al.  Page 38 of 46 

 

Zabana 

2013 (34) 

Spain (3) Tertiary care Medical records or 

telephone call 

Any surgery 246 (54.9%) 91 months 8 

Moon 2014 

(43) 

South Korea (13) Tertiary care Questionnaire and 

medical records 

First surgery 728 (71.2%) 5 years 8 

Karczewski 

2014 (44) 

Poland (1) Tertiary care Medical records First surgery 

Second surgery 

55 (41.8%) 

55 (41.8%) 

average 2.4 

years 

3 

Lunney 

2015 (58) 

Australia (6) Secondary 

and tertiary 

care 

Recorded on a 

database 

First surgery 

Second surgery 

623 (45.5%) 

257  

(not estimable) 

9 years 9 
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FIGURES 

Figure 1. Flow Diagram of Studies Identified in the Systematic Review and Meta-

analysis. 
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Figure 2. Forest Plot of Effect of Smoking on Flares of Disease Activity.  
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Figure 3. Forest Plot of Effect of Smoking on Need for Any Surgery.  
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Figure 4. Forest Plot of Effect of Smoking on Need for First Surgery.  
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Figure 5. Forest Plot of Effect of Smoking on Need for Second Surgery.  
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Figure 6. Summary Effects of Tobacco Smoking on Flare of Disease Activity. 
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Figure 7. Summary Effects of Tobacco Smoking on Need for Surgery. 
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