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studies a positive association was found between smoking and Crohn’s disease.
Epidemiological studies that followed consistently showed that smokers have a
reduced risk of ulcerative colitis and an increased risk of Crohn’
exsmokers have an increased risk of ulcerative colitis. In ulcerative colitis, but
not in Crohn’s disease, a dose-response pattern has been demonstrated. Changes
in clinical course, in disease severity and extension, and in recurrence rate
indicate substantial clinical effects of smoking witha protective effect of smoking
in ulcerative colitis and an aggravating effect in Crohn’s disease. There are also
indications of smoking's effects on changes in IBD epidemiology and sex distri-
bution. The biological explanation to the fmdmgs is unknown. Smoking may
aggravate Crohn’s disease by vascular effects. Theories on the protective effect
in ulcerative colitis include effects on immune and inflammatory response, on
mucus and on intestinal permeability. Possibly, beneficial effects in ulcerative
colitis are exerted by nicotine but further studies are needed. Due to overall
negative effects of smoking, IBD patients should not smoke. It seems, however,
reasonable to give individual advice in patients with ulcerative colitis who have
experienced a beneﬁcxal effect of smoking constdermg both current health status
and life situation.
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DUE TO THE INCREASING INCIDENCE
of inflammatory bowel disease
(1BD), particularly the steep increase in
Crohn’s disease, a number of exogenous
factors have been considered in the
development of the diseases. These fac-
tors could be of importance both in the
first attack as well as in recurrence and
relapse.

During the past decade, smoking
habit has been identified as a strong,
perhaps the strongest, exogenous factor
in IBD. Paradoxically, the diseases in
this context are absolute opposites. A
number of studies consistently show
that smoking is associated with Crohn’s
disease, and nonsmoking or former
smoking with ulcerative colitis. Smok-
ing habit not only is associated with the

first outbreak but also seems to be of

substantial importance during the
clinical course of the diseases.

EPIDEMIOLOGICAL FINDINGS
In the early 1980s, independent ob-
servations were made on the possible
protective effects of smoking in ulcera-
tive colitis (1-4). It was earlier known
that patients with ulcerative colitis
smoked less than matched controls (5).
The author interpreted this as a conse-
quence of the chronic disease.
Findings in a study of effects of
smoking on nutritional status in IBD (6)
stimulated Harries and co-workers (1)
to study smoking habits in patients
with ulcerative colitis and Crohn'’s dis-
ease. A low prevalence of smoking
(8%) was found in ulcerative colitis pa-

tients. There were equal proportions of

nonsmokers and exsmokers. It was
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noted that the exsmokers usually had
given up smoking before the onset of
symptoms. A Czech study by Bures and
co-workers (2) described the same asso-
ciation.

A male patient with ulcerative coli-
tis who could not stop smoking due to
relapses after stopping initiated a study
by the author’s group (3); they com-
pared smoking habits in ulcerative coli-
tis and Crohn’s disease patients with
national figures on smoking. This de-
sign was chosen to evaluate possible
effects of the disease on smoking habit.
These researchers found similar data
with a low number of smokers with ul-
cerative colitis, but could also describe
a distinct time relationship between
stopping smoking and disease onset.
Gyde and colleagues (7) reported a low
number of cardiovascular and pulmon-
ary deaths in male patients with ulcera-
tive colitis. This was followed up by the
same authors in a risk factor study (4)
and could most probably be attributed
to the absence of smoking in ulcerative
colitis patients.

The early reports of Harries et al (1)
stimulated others to study the relation-

ship between smoking and ulcerative

colitis in the Boston Collaborative
Drug Surveillance Program (8). They
confirmed that smoking was underrep-
resented in ulcerative colitis patients.
A link between heavy smoking and
lower risk was also found.

Using community controls, Logan
and co-workers (9) showed an in-
creased relative risk of 6.2 in nonsmok-
ers of both sexes when smoking habits
were examined at the onset of disease.
They subsequently showed that the
relative risk of ulcerative colitis in
smokers was one-third that of non-
smokers and in exsmokers was three-
fold increased (10).

The primary interest of smoking in
IBD concerned ulcerative colitis only.
At the same time, the first studies also
pointed to a high number of smokers
among Crohn’s disease patients. In the
study by Harries et al (1), the positive
association between smoking and
Crohn’s disease was not observed, prob-
ably due to the fact that the controls
were chosen from a group with a higher
number of smokers than in the general
population. The author’s group found
that smoking was significantly more
common in Crohn’s disease than in ul-
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cerative colitis patients (3), similar to
the findings of Holdstock (11).
Somerville and co-workers (12), using
the same design as in their former study
on ulcerative colitis (9), described a
significant positive association be-
tween smoking and Crohn’s disease.
The association was stronger for smok-
ing habit before the onset of the disease
than for current habits. The relative
risk for smokers of both sexes at onset
was nearly five times that of nonsmok-
ers. It is worth noting that the risk for
women smokers was eight times that of
nonsmokers.

A number of epidemiological studies
from different countries have been per-
formed. Despite different study designs,
the findings have been consistent. Se-
lected studies are included in a meta-
analysis by Calkins (13) which
confirms that smokers have a reduced
risk of ulcerative colitis and an in-
creased risk of Crohn’s disease. The
analysis also shows an increased risk of
ulcerative colitis in exsmokers. A dose-
response pattern is demonstrated in ul-
cerative colitis with a decreasing risk
with increasing current smoking. In
exsmokers, the risk increases with in-
creasing former usage. No dose response
pattern can be demonstrated in
Crohn’s disease. The study also criti-
cally evaluates the findings against
defined criteria for causality.

EFFECTS OF SMOKING HABIT
ON CLINICAL COURSE

Evidence of a causal relationship
between smoking habit and IBD would
be further strengthened if the habit —
or the changing of it — interfered with
the clinical course of the diseases. Do
we have further evidence of a truly
beneficial effect of smoking in ulcera-
tive colitis and a harmful effect in
Crohn’s disease? What is the impact
of stopping smoking — and of taking
it up again — in newly diagnosed or
established ulcerative colitis? Does
smoking influence the time of onset,
the severity and the extension of the
disease?

In Crohn’s disease, does smoking
make the clinical course worse? Does it
influence the distribution and localiza-
tion of the inflammation?! Could such
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an association illuminate the biological
explanation behind the findings?

Shortly after the publication by Har-
ries and associates (1), case reports by
de Castella (14) and Roberts and Dig-
gle (15) described two women with ul-
cerative colitis who relapsed shortly af-
ter stopping smoking, and these
relapses were reproducible. One patient
went into remission by resuming smok-
ing, the other by starting chewing nico-
tine gum. These reports arouse suspi-
cions about the possible clinical role of
stopping smoking in established ulcera-
tive colitis and the role of nicotine as
the responsible protective agent.

Studies by Benoni and Nilsson (3,
16) focused on the possible temporal
relationship between smoking cessa-
tion and disease onset in ulcerative co-
litis patients. Such a relation would
indicate a beneficial effect of smoking.
Among exsmokers, the majority had a
first attack within four years of stop-
ping. Exsmoking was more common in
men, and disease onset after stopping
smoking occurred in all age groups. There
was a male dominance among older pa-
tients who fell ill. A similar time rela-
tionship was later demonstrated by
Motley and co-workers (17). Rudra et al
(18) interviewed exsmokers who had
taken up smoking again and found that
half of them felt improvement after re-
starting. Motley et al also described
how the presence of a smoking history
in men delayed the onset of ulcerative
colitis for a mean of 15 years compared
with never smokers. There was no such
pattern in women (17).

There was no temporal relationship
between smoking cessation and onset
in Crohn’s disease patients (3).

Colectomy and hospitalization rate
due to disease relapse are parameters of
disease severity. Boyko and co-workers
(19) studied the effects of smoking
habit on clinical course by comparing
disease activity in smokers and non-
smokers measured by yearly number of
hospitalizations and the need for a
colectomy. They found that both hos-
pitalization and colectomy occurred
more frequently in patients who had
stopped smoking before disease onset
compared with smokers and never
smokers. They also found that smokers
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were hospitalized less often than non-
smokers but colectomy rate was the
same.

Irrespective  of indication, the
author’s group (3) did not find any rela-
tion between colectomy rate and smok-
ing habit, but noted that the exsmokers
were older at the time of operation.

If smoking is protective in ulcerative
colitis, it seems likely that it protects
against more extensive disease. When
smoking habit and extension at the
time of the diagnosis is considered, no
correlation is found (9,16,17,20,21). If,
instead, disease extension at the time of
the interview is considered, this more
adequately reflects a protective effect of
smoking. This has been done in a study
by Samuelsson and associates (22) who
showed that patients with extensive in-
flammation more seldom had a smoking
history compared with those who had
nonprogressive proctitis. This suggests
a protective effect of smoking against
disease extension.

If smoking is beneficial in ulcerative
colitis, what evidence do we have of a
harmful effect in Crohn’s disease? It
should be taken into consideration that
the negative association between
smoking and ulcerative colitis is likely
to be a stronger finding than the posi-
tive association between smoking and
Crohn’s disease. Smoking in Crohn’s
disease may be associated with other
lifestyle factors and those may, either
by themselves or in combination with
smoking, aggravate the inflammation.
The use of oral contraceptives is an
example of a possible interactive risk
factor in Crohn’s disease (23).

The effects of smoking on the clini-
cal course in Crohn's disease have been
addressed in some studies. Expressed as
the frequency of relapses and the inten-
sity of symptoms it was demonstrated
by Holdstock and co-workers (11) that
smokers tended to have a more severe
course compared with nonsmokers.
Sutherland et al (24) found that the
recurrence rate, defined as the need for
further surgery, was higher in smokers
compared with nonsmokers. This in-
creased risk was found to be more ap-
parent in women than in men, once
again indicating sex differences. The
authors also found evidence of a dose

response relationship in women which
was not found in men. Lindberg and
co-workers (25) confirm the associa-
tion between heavy smoking and an
increased risk of a second resection.

The findings of opposite smoking
habits in Crohn’s disease and ulcerative
colitis raise the possibility that smoking
may be associated with the localization
of the inflammation. Is nonsmoking as-
sociated with isolated colonic disease
and smoking with small bowel disease?
There are data indicating this.

Holdstock and colleagues (11)
found that patients with Crohn'’s colitis
smoked less than those with small
bowel disease. Others also reported that
small bowel disease was more frequent
than isolated colonic or combined
small and large bowel disease in pa-
tients who were heavy smokers (25).
Thus, there seems to be an association
in Crohn’s disease, not only between
heavy smoking and disease severity, but
also between heavy smoking and small
bowel disease. Whether smoking is pro-
tective to colonic disease in Crohn’s
disease as it is in ulcerative colitis
should be evaluated further.

SMOKING AND TRENDS IN
EPIDEMIOLOGY

Effects of smoking in IBD may be
seen also in a wider perspective. Smok-
ing habits have changed during the past
decades. Men have stopped smoking
while women have started. These
changes may have influenced the
epidemiology in IBD; there seems to be
some evidence for this. Ulcerative coli-
tis affects both sexes almost equally.
Some studies, however, describe an in-
crease in ulcerative colitis incidence
since the 1970s in middle-aged and
older men (26,27). Perhaps changing
smoking habits in men should be con-
sidered as a factor in this epidemiology.

Further evidence of such effects can
be found in a review by Tysk and
Jarnerot (28) who plotted the male:
female ratios in ulcerative colitis in 60
years of epidemiological studies. They
found a change in sex distribution dur-
ing these years so that ulcerative colitis,
which once was a disease with a female
dominance, now seems to have turned
to a disease with a male dominance.
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The increased risk of Crohn’s disease in
smokers is associated with female sex
(13). Studies of IBD incidence during
the past and present decades will an-
swer the question whether the influ-
ence of smoking habit in IBD is strong
enough to induce changes in the
epidemiology.

BIOLOGICAL ROLE OF
SMOKING IN IBD

What is the biological role of smok-
ing in IBD and by what mechanisms
does smoking exert its effects? As we do
not know the pathogenesis of IBD, dis-
cussions on the biological effects of
smoking remain hypothetical.

It has been proposed that Crohn’s
disease is a multifocal gastrointestinal
infarction on the basis of a chronic
mesenteric vasculitis (29). As smoking
has potent vascular injurious effects in-
ducing a tendency for focal thrombosis,
negative effects of smoking in Crohn’s
disease might well be explained by this
(23). Smoking in this context also may
interact with other potentially disease-
provoking factors in Crohn’s disease,
eg, oral contraceptives (23).

Smoking has a number of known
effects on immune and inflammatory
functions, some of which might explain
a protective effect in ulcerative colitis.
These studies have been done on alveo-
lar cells and on blood cells and the
changes may not be relevant for local
immune events in the gut. Effects on
salivary immunoglobulins (Ig) may,
however, reflect general effects of
smoking on mucosal immune func-
tions.

Smoking influences both cell-medi-
ated and humoral immunity. Light to
moderate smoking increases the
helper-inducer population while heavy
smoking increases the T suppressor cell
population (30).

Smoking also lowers the circulating
levels of serum IgG, A and M (31) as
well as the level of salivary IgA, which
represents a mucosal immune response
(32). These effects are reversible. In
addition, smoking interferes with
macrophage functions as studied on al-
veolar macrophages obtained from
bronchoalveolar lavage fluid. Smoking
inhibits the release of leukotriene B4

CaN] G

(LTB4), thus reducing the cells’ chemo-
tactic abilities (33). It also decreases
the production of interleukin-1 from
these cells (34). In addition, smoking
influences the function of circulating
neutrophil leukocytes (35). Extrinsic
alveolitis as well as sarcoidosis are dis-
eases that are underrepresented in

smokers possibly due to the effects of

smoking on antigen presentation (34).
These effects of smoking may be repre-
sentative also for immune and inflam-
matory response in the gut mucosa in
ulcerative colitis.

Srivastava and co-workers (36) have
examined levels of immunoglobulin
titres in gut lavage in smoking and non-
smoking patients with ulcerative colitis
and controls. They found significantly
reduced levels of IgA in lavage from
smoking patients compared with con-
trols but no other differences. The
smoking patients, however, had a low
cigarette consumption and it is possible
that more substantial effects would
have been seen with heavier smokers.
Motley and his group (37) examined
the immeditate effects of smoking on
the production of arachidonic acid
metabolites in colonic mucosa; there
was a tendency, though not significant,
for smokers to have a lower production.
Srivastava and co-workers (38) pro-
posed that smoking may protect by low-
ering the rectal bloodflow in ulcerative
colitis patients.

In addition, the author’s groups
have compared smoking habits in ul-
cerative colitis with ‘model diseases’
(39,40). Systemic lupus erythematosus
is a disorder with an accepted auto-
immune pathogenesis. In rheumatoid
arthritis a main event is a local infiltra-
tion of leukocytes in the synovia.
Effects of smoking on immune and in-
flammatory function might be notice-
able in the clinical course of these
diseases; however, no such relationship
has been found.

Another rationale for a protective
effect of smoking in ulcerative colitis
may be that smoking influences intesti-

nal permeability and thus the uptake of

potentially disease provoking sub-
stances. This could be induced in differ-
ent modes.
colonic mucus in smoking and non-

JASTROENTEROL VOL 8 NO 7 DECEMBER 1994

The compositions of

Smoking and IBD

smoking patients with ulcerative colitis
differed significantly in a study by Cope
and co-workers (41). Smokers were
found to have a mucus production simi-
lar to controls.

Principally, water soluble substances
in the gut can take two routes through
the intestinal mucosa. It is proposed
that PE(J4OO passes transcellularly and
that 'CrEDTA passes paracellularly
through the tight junctions (42).
When given orally, both substances are
taken up along the small bowel. In con-
trast there is a significant uptake of

>1CrEDTA but not of PEG400 in the
colon (42). The author’s group (43) has
studied the effects of smokmg on the
urine excretion of °'CrEDTA and
PEG400 after an oral load; they found no
differences in the 6 h urine excretions
of PEG400 between healthy smokers and
never smokera The 24 h urine excre-
tion of > CrEDTA, however, was signifi-
cantly lower in smokers compared with
never smokers. These findings support
an effect of smoking on the paracellular
pathway or an effect on colonic uptake.
In an ongoing study of patients with
well-defined ulcerative colitis in remis-
sion there was a similar difference (40).

NICOTINE - THE
PHARMACOLOGICALLY
RESPONSIBLE AGENT?

There are thousands of substances in
tobacco. Which of these is responsible
for the beneficial effect of smoking in
ulcerative colitis? The role of nicotine
was suggested early (15) and was intro-
duced in clinical trials. Studies on
limited unselected patient groups using
nicotine chewing gum have, however,
not shown any convincing effects (44).
In a recent study by Pullan and col-
leagues (45) transdermal nicotine was
added to the treatment in active ulcera-
tive colitis. This study showed favour-
able effects both on symptoms and
endoscopic and histological findings
but requires confirmation in further tri-
als.

So far, there are indications that
nicotine might be pharmacologically
responsible for the biological effects of
smoking in ulcerative colitis. However,
we are still left with crucial questions.
Who will benefit from nicotine treat-
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ment and when should it be started?
Does it really have any advantages over
traditional medical treatment in ulcer-
ative colitis?

CONCLUSIONS AND
CONSEQUENCES

A number of studies consistently
show that smoking has profound effects
in IBD both before disease onset and
during its course. It is easier to under-
stand biologically why smoking is
harmful in Crohn’s disease than benefi-
cial in ulcerative colitis. Possibly, this
beneficial effect of smoking is exerted
by nicotine but further studies evaluat-
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