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ABSTRACT

Background Smoking has a detrimental effect on Crohn’s
disease (CD) while data on ulcerative colitis (UC) are
conflicting. Smoking habits have changed dramatically

in the UK due to a public smoking ban and the advent

of e-cigarettes. We describe current smoking rates in
patients with inflammatory bowel disease (IBD) and any
effects on disease course.

Methods Self-reported smoking status was elicited in
outpatients with IBD, and clinical data were extracted from
patient records.

Results 0f 465 patients (58% CD, 42% UC), 247 (53.1%)
were ever-smokers (37.4% ex-smokers, 15.7% current
smokers). Electronic cigarettes (e-cigarettes) were ever
used by 28 patients (15 current users). All e-cigarette
users had previously smoked cigarettes and 13 had
stopped smoking completely. Patients with CD were more
likely to currently smoke (21.5% vs 7.7%, p<0.001) than
those with UC. Ever use of biological therapy was higher
in current smokers compared with never smokers (49%
vs 35%, p=0.034). The need for surgery was higher in
current smokers compared with never smokers (43%

vs 25%, p=0.006). The risk of CD complications during
21-month prospective follow-up was numerically higher
for current smoker versus e-cigarette users (53% vs 17%,
p=0.19).

Compared with the general population, the proportion

of current cigarette smokers (14.9% vs 15.1%) and
e-cigarette users was similar in our cohort (4.26% vs
5.5%).

Conclusions Patients with IBD show similar smoking
behaviour to the general population. E-cigarettes were
used as replacement for cigarettes or by some as

an intermediate step for smoking cessation. Larger,
prospective studies are required to fully determine the
effects of e-cigarettes on IBD.

BACKGROUND

Inflammatory bowel disease (IBD) represents
a spectrum of chronic, relapsing inflamma-
tory disorders that affect the gastrointes-
tinal tract with Crohn’s disease (CD) and
ulcerative colitis (UC) making up the two
most common forms.! Although the exact
aetiology of IBD still remains unknown, it is
believed to be multifactorial in nature, with
genetic susceptibility and environmental

What is already known about this subject?

» Smoking has a detrimental effect on Crohn’s dis-
ease while data on ulcerative colitis are conflict-
ing. Smoking habits in the general population have
changed dramatically in the UK due to a public
smoking ban and the advent of electronic cigarettes
(e-cigarettes).

What are the new findings?

» In parallel to the general population, smoking rates
have decreased in the inflammatory bowel disease
(IBD) population over the last decade. E-cigarettes
are often used by patients with IBD as a replace-
ment for cigarettes or as an interim to smoking
cessation.

How might it impact on clinical practice in the

foreseeable future?

» E-cigarettes may become a useful smoking cessa-
tion strategy for patients with IBD but further safety
data required before implementing this into routine
clinical practice.

factors playing crucial role in its pathogen-
esis.” Various environmental factors have
been described to contribute to the develop-
ment of IBD such as smoking habits, stress,
use of non-steroidal anti-inflammatory drugs
and microbial agents.” Among these, the
most established environmental factor associ-
ation is for smoking.” *

Cigarette smoking is mostly reported to
have contradicting effects on CD and UC:
smoking increases the risk of developing
CD while it mostly exerts a protective effect
on UC.”* UC is often found to be a disease
among ex-smokers and non-smokers; yet
many patients with UC smoke.” * A meta-anal-
ysis by Calkins found the lifetime risk of devel-
oping UC in non-smokers to be 2.9 (95%
CL: 2.6 to 3.2, p<0.001).” A meta-analysis
by the US Surgeon General has shown that
patients with UC were less likely to smoke
than controls (relative risk=0.54; 95% CI:
0.48 to 0.61).° Conversely, smokers are shown
to have an excess risk of developing CD with
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a pooled ORs of 2.0 (95% CI: 1.65 to 2.47, p<0 001) as
compared with their non-smoking counterparts.” This is
supported by the latest meta-analysis by the US Surgeon
General highlighting that patients with CD were more
likely to smoke than controls (relative risk=1.6; 95% CI:
1.5 to 1.8).°

Smoking has a significant influence on the course and
treatment response of IBD.”® It is known to worsen the
clinical course of CD with more frequent relapses and
associated with greater use of immunosuppressive medi-
cations, corticosteroids and biological agents.”? Further,
CD smokers have a higher tendency of developing fistu-
lising and stricturing forms of the disease.'” On the
contrary, improvements of clinical course were observed
in patients with UC who smoke.* "' Most studies also link
smoking to lower rates of colectomy and reduced use of
immunosuppressants and oral steroids in non-smokers
with UC,"" ™ but this was not the case in a large Australian
cohort study."

Smoking patterns in England have changed drastically
in the last decade. The proportion of current smokers
has dropped significantly since 2007, from 22% to 15.1%
in 2017."* While cigarette smoking prevalence is falling
steadily, the use of electronic cigarettes (e-cigarettes)
is becoming more common. E-cigarettes are cylindri-
cal-shaped devices that deliver nicotine to the smokers
via aerosol formed through the heating of a mixture of
liquid usually made up of nicotine, propylene glycol or
glycerol (glycerine) and flavouring chemicals.'” The use
of e-cigarettes among UK population has been growing
steadily since they entered the European market in
2006." A recent Opinions and Lifestyle Survey revealed
that the prevalence of e-cigarettes has grown substantially
from 3.7% in 2014 to over 5% in 2017."* This surge in
popularity of e-cigarettes could be largely attributed to
their role as a tool to aid smoking cessation.'* Despite
that, the safety of e-cigarettes in health problems such as
IBD remains unknown.

As e-cigarettes do not contain many of the ingredients
known to be detrimental to human health, they may in
theory have a more benign effect on the course of IBD.
The effects of cigarette smoking on IBD have often been
attributed to nicotine, which is an ingredient in many
but not all e-cigarette liquids though concentrations vary
considerably. Nicotine may reduce apoptosis or influ-
ence MAP (mitogen-activated protein) kinase family and
affect TNF-o. through inhibition of nuclear factor kappa
B signalling.'® Smoking has been associated with reduc-
tions in intestinal permeability.'®

To date, there is limited knowledge on the smoking
rates of patients with IBD compared with the general UK
population and the prevalence of e-cigarette use among
patients with IBD has not been studied so far. We there-
fore aimed to describe the current smoking habits in
patients with IBD compared with general UK population
including the use of e-cigarettes and study any potential
effects on disease course.

METHODS

The IBD unit at Leeds Teaching Hospitals NHS Trust
provides care to 4000 predominantly secondary care
patients with IBD through dedicated specialist clinics.
Our study was conducted as a prospective clinical audit
and consecutive outpatients were prospectively recruited
during IBD outpatient clinics between 14 February 2017
and 2 May 2017. Patients self-reported their smoking
status including ever-smokers, current use and volume of
use for cigarettes and e-cigarettes.

Smoking status

Non-smokers were defined as individuals who had
never smoked, whereas ever-smokers refer to anyone
with any exposure to any form of smoking (either ciga-
rettes or e-cigarettes). Ever cigarette smoker implies
past or present cigarette smoking behaviour. People
who currently smoke cigarettes were classified as current
smokers. Ex-smokers were defined as people who have
smoked cigarettes in the past and have stopped smoking
for at least 3 months. Current e-cigarette users referred
to people who are currently using e-cigarettes, whereas ex
e-cigarette users imply past usage of e-cigarettes (stopped
for 23 months).

Clinical status and disease history

We retrospectively collected clinical data on patients’
disease characteristics and treatment history from the
electronic patient management system, including demo-
graphics, disease phenotype, current and previous medi-
cation use, C reactive protein levels, faecal calprotectin
levels, current disease activity and history of IBD-related
surgery. We observed medication use among our cohort
of patients by examining their current and previous use
of anti-tumour necrosis factor (anti-TNF) agents (adal-
imumab and infliximab) and immunomodulator drugs
such as thiopurines and methotrexate. We included all
patients with a confirmed diagnosis of either CD or UC.
Patients with indeterminate colitis or IBD unclassified
were omitted from the study.

Primary outcome

The primary outcome was the comparison of the current
smoking rates including the use of e-cigarettes in patients
with IBD with the UK general population.

Secondary outcomes

Secondary outcomes included the association of smoking
with the need for immunomodulatory drugs (thiopurine
or methotrexate), the need for anti-TNF therapy (adal-
imumab or infliximab) and the need for surgical resec-
tion.

Exploratory outcome

We aimed to determine any association of disease-related
complications (symptoms of active IBD, objective inflam-
mation, steroid course for IBD, change of IBD mainte-
nance medication, need for hospitalisation or surgery)

2

Chong C, et al. BMJ Open Gastro 2019;6:e000309. doi:10.1136/bmjgast-2019-000309



with cigarette smoking compared with e-cigarette use
during prospective follow-up.

Analysis plan

Analysis of primary outcome was performed with the
self-reported patient data. Secondary outcomes were
analysed with retrospective data at the time of study
inclusion. For the exploratory outcome, we prospec-
tively followed up patients for 21 months. Disease-related
complications recorded included symptoms of active
IBD, objective evidence of inflammation by calprotectin,
endoscopy or cross-sectional imaging, requirement for
steroid treatment of IBD, change in maintenance medi-
cation for IBD and hospitalisation/surgery for IBD.

Data analysis was performed using IBM SPSS 25.
Patient’s smoking status, demographics, IBD phenotype
and disease severity were reported using descriptive statis-
tics. Continuous variables were compared using indepen-
dent t test, whereas categorical variables were analysed
using Pearson’s ” test. We considered all analysis yielding
p values of <0.05 to be statistically significant. Data of
smoking habits for UK general population were gathered
from Office of National Statistics 2017 for comparison.

Ethics and information governance

This study was undertaken as a prospective clinical audit
and was therefore exempt from the need for research
ethics committee review.'”

RESULTS

Of 488 patients initially recruited, 23 cases of indetermi-
nate colitis were excluded from further analysis. Hence,
the final study cohort consisted of 465 patients, of which
58% patients had CD and 42% had UC. Mean age was 46
years, 57% were female and mean disease duration was
11 years (11.3 for CD and 10.5 for UC). There were more
female patients in general but this even more so the case
for CD (61% female) than for UC (52% female). Details
of disease phenotype are described in table 1. Current
disease activity based on physicians’ assessment was remis-
sion in 39%, mild in 44%, moderate in 14% and severe in
3%. The medical treatment history is displayed in table 2.

Smoking status

In our cohort, 247 patients (53.1%) were ever-smokers and
218 patients were non-smokers (46.9%). Among ever-cig-
arette smokers, the majority of people were ex-smokers
(37.4%) followed by current smokers (15.7%). This indi-
cates that 174 out of 247 had quit smoking completely,
whereas the rest (73) of the group continued smoking
cigarettes. Ex-smokers suffering from UC had stopped on
average 13 years (range 0.25—40 years) before study inclu-
sion, whereas ex-smokers suffering from CD had stopped
on average 12 years (range 0.5—40 years) before study
inclusion. There were 28 ever e-cigarette users among
our study cohort. Of this, 13 had stopped e-cigarette use
and 15 had continued use of the devices. We found that
all e-cigarette users in our cohort had previously smoked

Table 1 Phenotype and disease activity

n Percentage
Disease activity baseline
Remissioh 180 39
Mild 203 44
Moderate 69 14
Severe 13 3
CD age (years)
<16 15 5.6
16-40 146 54.7
>40 106 39.7
CD location
lleal 67 24.9
Colonic 77 28.6
lleocolonic 124 46.1
Only upper Gl 1 0.4
CD upper Gl 24 8.9
CD behaviour
Inflammatory 163 60.6
Stricturing 49 18.2
Penetrating 57 21.2
CD perianal involvement 59 21.9
UC extent
E1—proctitis 58 30.2
E2 —left sided 78 40.6
E3 —pancolitis 56 29.2
IBD-related surgery 140 30.1

CD, Crohn’s disease; Gl, gastrointestinal; IBD, inflammatory bowel
disease; UC, ulcerative colitis.

cigarettes and stopped on average 3 years before study
inclusion.

Our IBD smokers had a mean pack-year of 13.9.
Table 3 shows the smoking status in our cohort. Women
were more likely to smoke cigarettes than male patients
(20% vs 9%, p=0.0015), whereas male patients were
more likely to use e-cigarettes than women (6% vs 1%,
p=0.006). Patients with CD were more likely to smoke
cigarettes (33.8%) compared with the UC group (19.4%)
(p=0.008). With regard to ever e-cigarette use, there were
no statistically significant differences between CD and
UC groups (3.6% vs 2.4%) (p=0.948).

Compared with the UK general population, there were
no differences in the rates of current cigarette smokers
(15.7 vs 15.1%; p=0.72) but there was a statistical trend
toward less current e-cigarette use than in the general
population (3.2% vs 5.5%; p=0.06).

Effect of smoking on disease course

Current smokers were more likely to require advanced
treatment for IBD (table 4). Compared with never
smokers, ever exposure to immunomodulators
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Table 2 Medical treatment characteristics

Crohn’s Ulcerative
disease, colitis,
n=269 (%) n=196 (%)
Mesalazine
Current 26 (9.7) 154 (78.6)
Previous 30 (8.1 23 (11.7)
Thiopurine
Current 72 (26.8) 51 (26)
Previous 106 (37.9) 25 (12.8)
Methotrexate
Current 9 1(0.5)
Previous 26 (8.8) 4(2)
Infliximab
Current 50 (18.6) 10 (56.1)
Previous 56 (18.9) 9 (4.6)
Adalimumab
Current 42 (14.2) 4(2)
Previous 30 (10.1) 4 (2)
Vedolizumab
Current 6 (2) 3(1.5)
Previous 2 (0.7) 1(0.5)
Current steroid 29 (9.8) 29 (14.8)

(thiopurines and/or methotrexate) was significantly
higher in current smokers (70% all IBD vs 56%, p=0.049;
UC 60% vs 40%, p=0.17; CD 72% vs 70%, p=0.85). The
need for escalation to anti-TNF therapy (49% vs 35%,
p=0.034; UC 13% vs 17%, p=1.0; CD 55% vs 50%, p=0.5)
and the need for IBD-related surgery (43% vs 25%,
p=0.006; UC 7% vs 10%, p=1.0; CD 53% vs 39%, p=0.1)
were also higher in current smokers compared with never
smokers when analysing retrospective data at study inclu-
sion. We found no associations between current e-ciga-
rette use and the need for immunomodulator therapy,

Table 3 Smoking status by disease

3

the need for anti-TNF therapy or the need for surgery;
but the number of current e-cigarette users was small.

Exploratory outcome

We assessed disease-related complications during
21-month prospective follow-up in 69 cigarette smokers
(53 CD, 16 UC) and 11 e-cigarette users (6 CD, 5 UC).
We excluded patients without sufficient prospective
follow-up data (four cigarette smokers and four e-cig-
arette users) from the exploratory outcome analysis.
Furthermore, patients who were never smokers or had
quit cigarette smoking and/or e-cigarette use were
also not included. Therefore, all included patients had
follow-up data for 21 months. For all IBD disease-related
complications occurred only marginally more frequently
in cigarette users versus e-cigarette users (46% vs 36%,
p=0.74; table 5). However, in patients with CD there
was a numerically higher rate of disease-related compli-
cations in cigarette users versus e-cigarette users (53%
vs 17%; p=0.19). The opposite was observed in the UC
cohort as disease-related complications in cigarette users
were numerically less frequent than in e-cigarette users
(25% vs 60%; p=0.28). Of note, none of those findings
were significant as the small sample size of the prospec-
tive cohort of e-cigarette users limited statistical power.
Equally, we did not use time to disease complication anal-
ysis for the same reason.

DISCUSSION

Smoking, especially cigarettes, remains the single most
important established environmental factor involved in
IBD. There have been significant changes in smoking
behaviour in the last decade in the UK and these changes
have so far not been sufficiently examined. To our
knowledge, our study is the first attempt to characterise
smoking behaviour in the age of e-cigarette use. We have
demonstrated that smoking rates in IBD have stayed in
line with habits in the general population and therefore
are decreasing.

Furthermore, we have elicited the rate of e-cigarette
use in the IBD population for the first time. The rate
of e-cigarette use is marginally lower than that in the
general population. Importantly, there was no de novo
use of e-cigarettes. Based on our findings it appears that
patients with IBD use e-cigarettes to replace cigarette
smoking or some use it as an intermediate step to full
smoking cessation (13 of 28 ever e-cigarette users).

Interestingly, we saw that cigarette smoking was
more prominent among female patients than in male
patients. This is in contrast to the general population
where males are more likely to smoke cigarettes than
females."* Our finding may relate to the higher number
of females in the CD cohort, which is usually associated
with higher smoking rates. Conversely, more men than
women use e-cigarette—a finding in line with the general
population.'*

Crohn’s Ulcerative
disease, colitis, Significant p
Status n=269 n=196 value
Never smoker 112 106
Ever-smoker 157 90 0.008
Cigarette use
Ex-smoker 99 75
Current smoker 58 15 <0.001
E-cigarette use
Ex e-cigarette user 8 ©
Current e-cigarette 9 6 0.948
user
4
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Table 4 Need for treatment dependant on current smoking status

Anti-TNF IBD- No IBD-
Immunomodulator Immunomodulator ever Anti-TNF non- related related
ever exposed non-exposed exposed exposure surgery surgery
Never smoker 122 (56 %) 96 (44%) 76 (35%) 142 (65%) 55 (25%) 163 (75%)
Current cigarette 48 (70%) 21 (30%) 34 (49%) 35 (51%) 30 (43%) 39 (57%)
smoker
Compared with P=0.049 P=0.034
never smokers
Current e-cigarette 12 (80%) 3 (20%) 6 (40%) 9 (60%) 6 (40%) 9 (60%)
Compared with P=0.10 P=0.78 P=0.23

never smokers

IBD, inflammatory bowel disease; TNF, tumour necrosis factor.

Our study has once again demonstrated the adverse
effects of smoking on IBD’ ' with a higher need for
advanced therapies and/or surgery. This may largely
relate to CD, but unfortunately our overall cohort size
was too small to detect meaningful associations with CD
and UC separately here. We attempted to examine the
effects of e-cigarettes on the course of IBD due to the
small number of cases in our cohort. Our data show
some interesting findings in that e-cigarette users showed
numerically different rates of disease-related complica-
tions (higher in UC, lower in CD) compared with ciga-
rette smokers. Due to our small sample size, none of
these findings showed significance. The Department

of Health generally recommends e-cigarettes over ciga-
rette smoking on grounds of overall health benefits.'®
Cigarette smoking in patients with non-IBD is associ-
ated with differences in the microbiome compared with
non-smokers, but this was not the case for e-cigarette
users.'’ This observation gives rise to a study hypothesis
that e-cigarette use may not exert the same effect as ciga-
rette smoking on the bowel. Given the Department of
Health recommendation, the observations in the micro-
biome and our findings of a numerically better disease
outcomes in CD, a large-scale prospective study ascertain
whether cigarettes have any effect on the course of IBD
(but especially CD) should be considered.

Table 5 Exploratory outcome: prospective assessment of disease complications

Objective

inflammation

Any disease- (calprotectin, Steroid Change of IBD Need for
related Symptoms of endoscopy, course for maintenance surgery/hospital
n complication active IBD imaging) IBD medication admission
All IBD
Cigarette 69 32 (46%) 31 (45%) 9 (42%) 8 (12%) 15 (22%) 14 (20%)
smokers
E-cigarette 11 4 (36%) 4 (36%) 3 (27%) 3 (27%) 3 (27%) 1 (9%)
users
P value 0.74
CD
Cigarette 59 28 (53%) 27 (51%) 26 (49%) 5 (9%) 14 (26%) 12 (23%)
smokers
E-cigarette 6 1(17%) 1(17%) 1(17%) 0 0 1(17%)
users
P value 0.19
uc
Cigarette 16 4 (25%) 4 (25%) 3 (19%) 3 (19%) 1 (6%) 2 (12%)
smokers
E-cigarette 5 3 (60%) 3 (60%) 2 (40%) 3 (60%) 3 (60%) 0
users
P value 0.28

CD, Crohn’s disease; IBD, inflammatory bowel disease; UC, ulcerative colitis.
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There were a number of limitations in our study. First,
the study examined a cohort from a single hospital
in Northern England and results may vary in different
locations and with cohorts of different socioeconomic
backgrounds. Unfortunately we do not have data on the
socioeconomic background of our patients. Data for the
general population as a comparator were taken from the
official Office of National Statistics report for 2017. While
these report some aspects of age or sex, the data are not
available in sufficient granularity to allow for age-adjusted
or sex-adjusted comparison with our cohort. Second,
while the cohortis sizeable the proportion of smokers and
especially e-cigarette users is relatively small and reduces
the power to examine the effects of use, especially when
attempting to analyse by disease subtype. Third, in this
cross-sectional design we were unable to examine the
effects of e-cigarette use. The main confounder is that
all e-cigarette users are ex-cigarette smokers and the
outcomes in question all are confounded by previous
cigarette smoking. The exploratory outcome of the
study is of interest but lacks the power to draw any firm
conclusions.

In light of the increasing use of e-cigarettes, we propose
that a prospective study examining calprotectin and clin-
ical outcomes is urgently required to establish whether
e-cigarette use is safe for patients with IBD.
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