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Abstract

Background Obesity is associated with a proinflamma-
tory state.

Aim To determine whether obesity at diagnosis is a risk
factor for Crohn’s disease vs. ulcerative colitis and also vs.
community controls and whether there is a U-shaped
relationship between body mass index at diagnosis and risk
of Crohn’s disease versus ulcerative colitis.

Methods A total of 524 consecutive inflammatory bowel
disease patients attending gastroenterology clinics were
administered a questionnaire inquiring about weight at
diagnosis and height as well as other risk factors for
inflammatory bowel disease. An opportunistic control
group of 480 community controls aged 50-70 were ran-
domly selected from the registers of four local general
practices as part of another study.

Results  Obesity at diagnosis was more common in sub-
jects with Crohn’s disease versus ulcerative colitis odds
ratio 2.02 (1.18-3.43) p = 0.0096 and also Crohn’s disease
versus community controls in the 50-70 year age group
(odds ratio 3.22 (1.59-6.52) p = 0.001). There was evi-
dence of a ‘dose response’ with increasing degrees of
obesity associated with increased risk. Low BMI at diag-
nosis was also associated with risk of Crohn’s disease
versus ulcerative colitis. A U-shaped relationship between
BMI and risk of Crohn’s was supported by the strong
inverse association of BMI at diagnosis (p = 0.0001) and
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positive association of BMI at diagnosis squared
(p = 0.0002) when they were fitted together into the
model.

Conclusions Obesity may play a role in the pathogenesis
of Crohn’s disease and it may be that obesity-related
enteropathy is a distinct entity or a sub-type of Crohn’s
disease.
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Background

Obesity is a rapidly increasing problem with a growing
number of associated adverse health consequences being
discovered. Abdominal adiposity is associated with a pro-
inflammatory state [1]. Many pro-inflammatory cytokines
are synthesized by adipose tissue, both by adipocytes
themselves and also by the macrophages and lymphocytes
that infiltrate mesenteric fat particularly in the obese. In
epidemiological studies, obesity has been associated with
diarrheal symptoms [2] and increased levels of a marker of
inflammation, calprotectin, in the feces [3]. In genetically
obese mice, increased intestinal permeability has been
reported [4], a defect found in Crohn’s disease (CD) and
ulcerative colitis (UC).

CD is typically associated with low body weight and
younger age at diagnosis than ulcerative colitis [5, 6].
However, CD may be diagnosed at any age and is by no
means associated with low body mass index at diagnosis in
all subjects. We postulated that obesity is associated with
an inflammatory enteropathy affecting the intestine and
because of small bowel involvement, is likely to be clas-
sified as CD, rather than UC, which only affects the colon.
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We performed a case—control study testing the hypoth-
esis that obesity (BMI > 30) at the time of diagnosis is a
risk factor for CD as opposed to ulcerative colitis, and that
this would mainly manifest in the over-45 age group,
where obesity is more common. Our secondary aim was to
explore the possibility that the relation of body mass index
(BMI) at diagnosis is U-shaped. We also had an opportu-
nistic group of general population controls aged 50-70
drawn from the catchment population of one of the hos-
pitals from which the cases were drawn and were able to
test the hypothesis that obesity is a risk factor for CD
compared to the general population in the restricted age
range of 50-70.

Subjects and Methods

Between 2001 and 2008, 524 consecutive subjects with
confirmed inflammatory bowel disease were recruited from
the hospital outpatients at Mayday Hospital (462), a district
general hospital in outer London, and during the later
period of the study from the Inflammatory Bowel Disease
clinic at St George’s Hospital (84), a medical school in
London, to add to the generalizabilty of the study. All
subjects had had (1) one or more symptoms of diarrhea,
rectal bleeding, abdominal pain, or fever; (2) occurrence of
symptoms on more than one occasion or continuously for
at least 6 weeks;(3) objective evidence of inflammation on
radiologic, endoscopic, or histological criteria; (4) or had
had surgery for Crohn’s disease or ulcerative colitis in the
past with or without ongoing evidence of inflammation.

Cases were assigned to CD or UC on the basis of clin-
ical, endoscopic, histopathological, and radiological crite-
ria. Where the diagnosis of CD or UC was unclear, subjects
were assigned to UC or CD by a panel of investigators.
Subjects with CD were classified according to the Montreal
Classification. The site and disease behavior for subjects
with CD were recorded but in some cases where surgery
took place in the past or terminal ileal intubation was not
achieved, it was not possible to determine the exact site.

The subjects were administered a standardized ques-
tionnaire by an investigator inquiring the age at diagnosis,
smoking, ethnic group, appendectomy, family history of
IBD, and height and weight at diagnosis if these were not
obtainable from medical records. Body mass index (BMI)
was calculated as weight (kg) divided by height squared in
meters.

A random sample of 480 subjects aged 50-70 from the
registers of four general practices local to Mayday Hospital
were recruited for another study on the epidemiology of
fecal calprotectin. These subjects aged 50-70 were all
Caucasian and were recruited between 2000 and 2005. The
methods obtained in their recruitment have been described
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elsewhere. Briefly, they were selected at random from the
registers of four local general practices [7]. A further 160
subjects were recruited to this study after the reported
study. There was a 60% response rate. BMI at diagnosis in
these subjects equates to BMI at the time they were
interviewed. Data was not available in the controls about
history of appendectomy, or family history of inflammatory
bowel disease.

Statistical Considerations

We performed an initial pilot study of 214 subjects with
CD and UC [7]. At that point, we hypothesized that the risk
was found only in subjects over the age of 45. We calcu-
lated that to detect a 2.25-fold increase in risk associated
with obesity in those over 45 would require 500 subjects of
all ages with ulcerative colitis and Crohn’s disease with
80% power at a significance level of 0.01. We estimated
based on our pilot studies that approximately 35-40% of
subjects with inflammatory bowel disease presented after
this age.

Univariate comparisons for binary explanatory variables
between UC and CD was by Chi-square test, and contin-
uous explanatory variables by ¢ test. The main analysis of
obesity as a risk factor for CD versus ulcerative colitis as
the main outcome was by logistic regression. Also, CD and
UC were analyzed separately versus community controls as
the secondary analysis and was performed using logistic
regression including only the cases of inflammatory bowel
disease with an age at diagnosis between 50 and 70 years.

Sub-normal weight was analyzed additionally as an
explanatory factor for risk of CD versus UC to explore a
possible U-shaped relationship between BMI at diagnosis
and risk of CD. In the final logistic model, both were
included as explanatory variables, with BMI 18+ to <30
being the reference category. Evidence for increasing
degrees of obesity being associated with increasing risk of
CD (dose response) was explored by analyzing by logistic
regression BMI split into categories (BMI 18 to <30, 30 to
<35, 35 to <40, 40+, excluding BMI < 18) modeled as a
continuous rather than a categorical variable. Exploring the
U-shaped relationships by breaking continuous variables
into categories leads to a loss of statistical power and hence
in a separate model BMI at diagnosis as a continuous
variable was also modeled including a quadratic term of
BMI squared, which is a standard method for exploring
U-shaped relationships with continuous variables [8].

Analyses were performed using SPSS version 10.
Adjustment was made for age at diagnosis (years), sex,
current smoking at time of diagnosis (yes/no), manual
occupation (coded as yes/no/missing), ethnic group (coded
as Caucasian, south Asian, Afro-Caribbean, and other) and
family history of IBD in a first or second-degree relative
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(yes/no). Data on history of appendectomy was only col-
lected after the start of the study and was missing in 134/
524 subjects. It was coded as yes/no/missing. Finally,
because the prevalence of obesity has been increasing
rapidly over the past two decades, adjustment was made for
the year of diagnosis as the number of years prior to 2008
the diagnosis was made.

The association of obesity with disease distribution and
behavior was assessed using logistic regression with pres-
ent/absent/missing as the disease characteristic variables
and obesity as the dependent variable.

Ethical approval was granted by London and Surrey
Borders ethics committee in 2004 and subjects gave con-
sent to participate.

Results

Table 1 shows the demographic details of the UC and CD
subjects in the study. The findings demonstrate the known
associations of smoking, younger age at diagnosis, and
appendectomy with CD. There was no difference in the
height and weight at diagnosis and neither the BMI at
diagnosis. There was no difference in the distribution of
missing data for appendectomy and manual social class
between UC and CD. Conventional risk factors for CD
versus UC were all in the expected direction with smoking
and appendectomy being more common in CD as was
younger age of diagnosis. Obesity at diagnosis was more
common in subjects with CD throughout the range of ages
at diagnosis but the finding was not statistically significant.
According to our original hypothesis that the association of
obesity at diagnosis mainly pertained to older subjects aged
454, we also analyzed this group separately from the data
on all subjects presented in the tables. There were 163
subjects diagnosed age 45+, of which 19/63(38%) of
subjects with CD and 14/100(14%) of subjects with UC
were obese at the time of diagnosis (p = 0.014, Chi-
square).

Table 2 shows the characteristics of the subjects in the
50-70 year age group are shown for the two disease groups
and the control group. Within this age group, obesity at
diagnosis was shown to have a stronger association with
CD than the established risk factor of smoking at diagnosis.
Manual occupation was more common in subjects with CD
than both UC and controls. Only three CD subjects and two
UC subjects were non-Caucasian compared to none of the
controls.

Table 3 shows the relation of obesity and low body mass
index at diagnosis with risk of CD versus UC analyzed by
logistic regression. Unadjusted, the association of obesity is
not significant, but adjustment for age at diagnosis greatly
strengthens the association, with further strengthening of

the association after adjustment for low BMI at diagnosis.
Low BMI at diagnosis, however, demonstrated attenuation
of the association with CD after controlling for age at
diagnosis and became non-significant. Adjusting for other
risk factors had little effect on the association of obesity
with risk of CD. Table 3b demonstrates that there is a dose
response of increasing degrees of obesity versus the ref-
erence category of subjects with BMI18 to <30. In subjects
aged 45 or over, unadjusted the odds ratio for obesity and
risk of CD was 2.65(1.22-5.79) p = 0.014. After adjust-
ment for age at diagnosis, sex, and smoking at the time of
diagnosis, the odds ratio for increased to 3.18(1.39-7.27),
p = 0.0054.

Table 4 shows the effect of modeling BMI at diagnosis
as a linear term and as BMI squared to reflect the U-shaped
relationship of BMI with risk CD disease versus UC.
Neither unadjusted BMI at diagnosis nor BMI squared is
significantly associated with risk of CD, but after mutual
adjustment there is a strong inverse association of BMI at
diagnosis and positive association with BMI squared. This
is indicative of a U-shaped relationship between BMI at
diagnosis and risk of CD versus UC. These associations are
little affected by adjusting for possible confounders.

In the 50-70 age group, similar odds ratios were seen for
obesity at diagnosis when the CD group was compared to
the control group (Table 5). This was little affected by
adjustment for risk factors of social class and year of
diagnosis whereas there was no association of obesity at
diagnosis and UC compared to the control group.

Further analysis was performed among patients with CD
according to disease location: colonic, ileocolonic, or ileal
and according to disease behavior: inflammatory, struc-
turing, fistulating, perianal, and history of surgery accord-
ing to the presence of obesity at diagnosis (Table 6). Only
two subjects had primary disease above the ileum with no
ileal involvement and they were considered to have ileal
disease. No significant differences were found between the
association of obesity and disease site, although obese
subjects demonstrated a trend towards being less likely to
undergo surgery and there was a trend towards obesity
being associated with pure ileal disease. No association
was found with perianal disease, fistulating disease, or
stricturing disease behavior.

Discussion

To the best of our knowledge, this is the first study to
establish a positive association between obesity and risk of
Crohn’s disease versus ulcerative colitis. Unadjusted, the
association was not significant in the whole population, but
was so in the 45 year olds and older. After controlling for
age at diagnosis, which is lower in CD and associated with
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Table 1 Characteristics of subjects with ulcerative colitis and Crohn’s disease

ucC CD All

Number of subjects 278 246%* 524
Age at diagnosis (median, range) 36 (8.0-82.0) 30.0 (10.0-82.0) p < 0.001 33.0 (8.0-82.0)
Male sex 132 (47%) 118 (48%) NS 250 (48%)
Family history of IBD 55 (20%) 51 (21%) NS 106 (20%)
Current smoker at time of diagnosis 26 (9.4%) 61 (25%) p < 0.0001 87 (17%)
Manual occupation (%) 45/156 (29%) 42/149 (28%)NS 87/305 (29%)

Subjects with missing data 122 (44%) 97 (39%) 219 (42%)

Appendicectomy

Yes

Subjects with missing data (% of subjects)
Ethnic group

Caucasian

Asian

Afro-Caribbean

Other
Time from diagnosis (2008 = 0 in years, median, IQ range, range)
Height (cm, SEM)
Weight at diagnosis (kg, standard error of mean (SEM))
BMI at diagnosis
Mean (SEM)
Obese at diagnosis (all subjects)
Obese at diagnosis, St George’s subjects only
Obese at diagnosis by age at diagnosis

<25

25-34

35-44

45-54

55-64

65-74

75+
BMI at diagnosis

<18

18 to <25

25 to <30

30 to <35

35 to <40

40+

21/204 (10%)

74 (27%)

206 (74%)
46 (17%)
12 (4%)
14 (5%)
8.17 (6.76, 57)
166.3 (1.22)
68.2 (0.98)
24.13 (0.310)

31 (11.2%)
2/32 (6.25%)

1/58 (1.7%)
7170 (10%)
9/50 (18%)
4/36 (11%)
6/38 (16%)
2/19 (11%)

2/7 (28%)

22 (7.9%)
153 (55%)
72 (26%)
21 (7.5%)
7 (2.7%)
3 (1.2%)

40/186 (22%) p < 0.01
60 (24%)

207 (84%)
26 (11%)
5 (2%)
8 (3%)NS
8.00 (7.64, 47)NS
167.7 (0.62)NS
67.2 (1.33)NS
23.80 (0.433) NS

41 (16.7%) p = 0.076
9/53 (17.0%) NS

10/89 (11%)
6/54 (11%)
6/40 (15%)
8/28 (28%)
717 (39%)
3/12 (25%)

1/5 (20%

34 (14%)
128 (52%)
43 (17%)
24 (9.8%)
11 (5.2%)
6 (2.8%)

61/390 (16%)
134 (26%)

413 (78.82%)
72 (13.74%)
17 (3.24%)
22 (4.20%)
8.00 (7.23,57)
167.0 (0.71)
67.7 (0.81)
23.98 (0.261)

72 (13.8%)
11/85 (13.9%)

11/147 (7.5%)
13/124 (10%)
15/90 (17%)
12/64 (19%)
13/56 (23%)
5/31 (16%)
3/12 (25%)

56 (11%)
281 (54%)
115 (22%)
45 (8.5%)
18 (3.8%)
9 (1.9%)

* All p values are unadjusted, and except for age and height at diagnosis, are Chi-square tests. Age and height at diagnosis were compared by
t test. For appendectomy and manual social class, where there was missing data, comparisons were by Chi-square test, but only for those cases
where the data was present. In both instances there was no difference in distribution of missing data between UC and CD

lower BMI, the association with CD versus UC was sig-
nificant. The risk was increased approximately twofold
after adjustment when applied throughout the age range.
Furthermore, there was a suggestion of a U-shaped rela-
tionship between body mass index at diagnosis and risk of
CD versus UC, with low BMI at diagnosis also being
associated with risk. However, the effect of low body mass
index was greatly attenuated and became non-significant
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after controlling for other risk factors, principally age at
diagnosis. Modeling BMI diagnosis together with BMI at
diagnosis squared showed the strongest association to
support a U-shaped relation of BMI at diagnosis with risk
of CD versus UC.

These relations were independent of age of diagnosis,
smoking, sex, ethnic group, social class, appendectomy,
and family history of IBD. Furthermore, they were also
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Table 2 Characteristics of the control subjects (aged 50-70) and subjects with CD and UC in the 50-70 year old age range only

CD*

uc* Control group

Male (%)

Current smoker at time of diagnosis (%)
Obese at diagnosis (%)

Low BMI at diagnosis (%)

Age at diagnosis (SD)

Manual workers (%)

Missing of total (%) 15/42 (36%)

25/42 (60%) ns
10/42 (24%) p < 0.05
14/42 (33%) p = 0.004
1/42 (2.4%) ns
58.7 (6.00) ns
13/27 (48%) p = 0.007

30/68 (44%) ns
4/68 (5.9%) ns
9/68 (13%) ns
2/68 (2.9%) ns

59 (5.73) ns

13/37 (28%) ns

31/68 (46%)

240/480 (50%)
57/480 (12%)
70/480 (15%)
1/480 (0.2%)
60 (6.00)
84/265 (32%)
115/480 (24%)

p values are versus the control group and calculated by Chi-square test

Table 3 Section a: The effect of sequential adjustment for risk
factors by logistic regression on the size of odds ratio associated with
obesity and low BMI at diagnosis for Crohn’s disease versus
ulcerative colitis in 524 subjects without@ and *with low BMI and

obesity mutually adjusted for. Section b: Analysis of odds ratio of CD
vs. UC by degree of obesity analyzed by logistic regression
(*p = 0.13 for heterogeneity, p = 0.02 for trend, @ p = 0.03 for
heterogeneity, p = 0.0045 for trend)

Obesity at Low BMI at *Obesity at diagnosis *Low BMI at diagnosis
diagnosis diagnosis adjusted for low BMI at adjusted for obesity at
(OR, (95% CI))@ (OR, (95% CI))@ diagnosis (OR, (95% CI))  diagnosis (OR, (95% CI))
(@
Unadjusted 1.59 (0.96-2.62) 1.92 (1.10-3.27) 1.73 (1.04-2.88) 2.02 (1.14-3.59)
p = 0.07 p =0.02 p =0.03 p =0.014
Age at diagnosis 1.92 (1.14-3.24) 1.53 (0.86-2.74) 1.96 (1.16-3.29) 1.57 (0.87-2.860
p = 0.013 p=0.1 p = 0.01 p = 0.1
Age at diagnosis, sex, and 2.02 (1.18-3.43) 1.63 (0.90-2.95) 2.09 (1.23-3.56) 1.67 (0.91-3.06)
smoker at time of diagnosis p = 0.0096 p=0.1 p = 0.006 p = 0.09
Above + number of years ago 1.93 (1.13-3.29) 1.71 (0.94-3.10) 2.00 (1.17-3.42) 1.74 (0.94-3.20)
diagnosis from 2008 p=0016 p =008 p =001 p =007
All the above + Hx of appendectomy,  1.95 (1.12-3.38) 1.86 (1.01-3.44) 1.88 (1.09-3.25) 1.88 (1.01-3.50)
family history, ethnic group, p = 0.016 p = 0.045 p =0.02 p = 0.046
manual occupation
BMI Odds ratio (95% CI) of Odds ratio (95% CI) of CD vs. UC adjusted
CD vs. UC unadjusted for age at diagnosis, sex, smoking at diagnosis
(b)
18 to <30 1 1
30 to <35 1.52 (0.82-2.82) 1.70 (0.90-3.24)
35 to <40 2.09 (0.80-5.51) 2.68 (0.98-7.31)
40+ 2.66 (0.66-10.8)* 3.57 (0.85-15.03)@

independent of period effects, with adjustment for year of
diagnosis having little effect on the association in both the
comparison of CD versus UC and versus the community
controls. In the case-control comparison of CD subjects
aged 50-70 versus community controls, the association of
obesity was significant unadjusted, and was little affected
by adjustment.

A possible limitation is the potential for selection bias.
By recruiting consecutive subjects attending outpatients,
we believe that this has been minimized. Subjects with
milder disease with a more remote diagnosis may have
been under-represented, but as obese subjects were less
likely to have undergone surgery (a proxy for more severe

disease) we believe that this is unlikely. Additionally,
subjects were recruited from two centers and similar results
were obtained. Further adding validity to our findings is the
observation that recognized risk factors for CD versus UC
such as smoking and appendectomy were associated in the
expected way, as was younger age at diagnosis.

Another potential source of bias is recall bias. The data
on BMI at diagnosis was dependent on recall of body
weight at the time of diagnosis in about 25% of the sub-
jects, mainly those diagnosed a longer time ago. There is
no obvious reason why subjects with UC should be biased
to recalling lower weights than CD subjects. Obesity has
been increasing rapidly over the past few decades and
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Table 4 BMI at diagnosis and BMI at diagnosis squared for risk of Crohn’s disease versus ulcerative colitis following sequential adjustment for

risk factors by logistic regression

Factors adjusted for Odds ratios (95% CI) for P QOdds ratios (95% CI) p
association of BMI with risk for association of
of CD BMI squared with risk
of CD
Unadjusted 0.99 (0.96-1.020) NS 1.000 (1.000-1.001) NS
BMI at diagnosis squared ((kg/m?) and 0.74 (0.66-0.87) 0.0001 1.006 (1.002-1.009) 0.0002
BMI at diagnosis mutually adjusted
Above plus age at diagnosis 0.78 (0.65-0.93) 0.003 1.005 (1.002-1.008) 0.0015
Above plus sex and smoking history 0.76 (0.64-0.91) 0.003 1.005 (1.002-1.009) 0.002
Above + number of years ago diagnosis 0.76 (0.64-0.91) 0.0013 1.005 (1.002-1.009) 0.0007
from 2008
Above plus family history, ethnic group, social class, 0.76 (0.63-0.90) 0.0008 1.005 (1.002-1.009) 0.0006
and history of appendectomy
Table 5 Crohn’s disease and ulcerative colitis analyzed individually versus the community control subjects
Risk factors adjusted for Crohn’s disease vs. controls p Ulcerative colitis vs. controls P
QOdds ratio (95% CI) QOdds ratio (95% CI)
Unadjusted 3.04 (1.52-6.10) 0.003 0.89 (0.42-1.88) Ns
Age at diagnosis, sex, and current smoking 3.31 (1.62-6.75) 0.0018 0.88 (0.42-1.87) Ns
Above + manual social class 2.88 (1.39-5.98) 0.0064 0.68 (0.31-1.47) Ns
Above + year of diagnosis-2008 2.93 (1.40-6.09) 0.0060 0.86 (0.36-2.06) Ns

As the controls were all aged 50-70, only cases of Crohn’s disease and ulcerative colitis were included. Analysis was by multiple logistic

regression with sequential adjustment for risk factors

hence another potential source of bias would be if the CD
patients were diagnosed more recently than the UC
patients. This was not the case, and controlling for year at
diagnosis had no effect on either the CD vs. UC or CD vs.
community control comparisons. To further allay these
fears, we compared self-recalled weight at diagnosis with
actual weight in a subset of our case population. Among 81
subjects, self-reported weight correlated well with docu-
mented weight. Of 39 subjects with UC, recall weight
minus actual weight was 1.19 kg (SEM 0.82) heavier
versus 0.23 kg (SEM 0.56) heavier for CD indicating, if
anything, UC patients recalled a greater weight than CD
patients. Furthermore, there was no significant association
of time from interviewed to diagnosis for the difference
between recalled and actual weight, nor did controlling for
length of time since diagnosis weaken our findings.

The case—control comparison was based on a relatively
small number of cases owing to the age range of the con-
trols. Nevertheless, we felt it useful to include this com-
parison to add further validity to the main finding of the
association of obesity at diagnosis with CD versus UC.
Other concerns about the case—control comparison relate to
the comparability of the cases and controls. The cases were
drawn from all the general practices in Croydon of some 40
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practices together with some patients from a different
hospital, whereas the controls were drawn from only four
general practices. Subjects with CD had a higher propor-
tion of manual workers, but subjects with UC were similar
to the controls, suggesting that the populations were
comparable. Adjustment for social class did not attenuate
the strength of association of obesity with CD. We were
unable to control for family history of inflammatory bowel
disease or appendectomy but these had little effect in the
main comparison with ulcerative colitis disease controls.

Misclassification between UC and CD is another
potential problem, particularly in subjects with colonic CD.
When the analysis was restricted to CD subjects without
colonic involvement alone compared to subjects with UC,
the relationship of obesity at diagnosis was if anything
stronger after adjustment for age at diagnosis, sex, and
smoking at time of diagnosis (odds ratio 2.43 (1.23-4.80)
p = 0.01). Misclassification is therefore unlikely to explain
our findings.

Our original hypothesis was that the association would
mainly apply at older ages where environmental effects
would be expected to be more pronounced. It remained true
that this was the case, but also that obesity was a risk factor
in younger subjects. Also, originally we hypothesized that
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Table 6 Location and behavior of Crohn’s disease according to
obesity at diagnosis

Obese at diagnosis
(% of obese subjects

Non-obese at diagnosis
(% of non-obese subjects

with data) with data)
Disease location
Ileal 10 (26%) 27 (15%)
Tleocecal 18 (48%) 113 (62%)
Colonic 10 (26%) 41 (23%)
Subjects with 3 24
missing data
Perianal disease
Absence of 34 (83%) 166 (81%)
disease
Presence of 7 (17%) 39 (19%)
disease
Fistulating disease
Absence of 36 (92%) 167 (87%)
disease
Presence of 3 (8%) 24 (13%)
disease
Subjects with 2 14
missing data
Crohn’s related surgery
No surgery 32 (78%) 123 (60%)
Surgery 9 (22%) 82 (40%)*
Stricturing disease
Absence of 31 (78%) 155 (81%)
disease
Presence of 9 (22%) 37 (19%)
disease
Subjects with 1 13

missing data

* p < 0.05 before adjustment and NS after adjustment by logistic
regression for age at diagnosis, sex, and smoking at the time of
diagnosis

the association would relate to maximum ever pre-morbid
BMI more strongly than BMI at diagnosis, but reverted to
BMI at diagnosis to allow easier replication and to reduce
possible bias [7].

Interpretation of the Findings

We believe that despite these possible sources of bias, the
association of obesity and risk of CD versus UC is a true
one as is the U-shaped relationship of body mass index at
diagnosis. Each of the potential sources of bias has been
addressed above and the association appears robust despite
controlling for multiple confounders. Furthermore, there
was evidence of a ‘dose response’ with increasing degrees
of obesity being associated with increased risk.

Using disease controls as we did has certain drawbacks
in trying to determine etiological significance, in that risk

factors common to both CD and UC will not be observed,
and the assessment as to whether revealed risk factors are a
negative attribute of one condition or positive of the other
can be difficult to interpret. In this instance, both forms of
inflammatory bowel disease are associated with weight loss
at time of diagnosis, so that, if anything, the strength of the
true association with obesity was underestimated. The
limited comparison we were able to perform against
community controls also supports the notion that these
findings are of potential etiological significance. The pos-
sibility that subjects with UC had an abnormally low BMI
at diagnosis and that subjects with CD had a normal BMI
seems unlikely in view of the finding that CD was over-
represented at both extremes of the distribution of BMI and
the limited comparison in the 50-70 year old age group
where subjects with CD were more likely to being obese
than controls.

These findings appear contrary to the common experi-
ence of CD being associated with low body mass index. In
our population, subjects with CD were over-represented in
both the sub-normal BMI category and the obese category.
This could reflect two different types of pathogenic
mechanism behind being underweight and overweight at
presentation. Being underweight at presentation could be
the effect of a more severe form of disease principally but
not solely presenting in adolescence and early adulthood
with a strong genetic component, whereas obesity could
predispose to a less severe from of disease commonly but
not exclusively presenting at an older age.

The association of obesity with some cases of CD has
biological plausibility. We have previously demonstrated
that obesity is associated with elevated levels of fecal
calprotectin (a marker of gut inflammation) in a population
of healthy 50-70 year olds [3], the first demonstration in
humans that obesity could be associated with inflammation
at a remote tissue rather than just with circulating levels of
inflammatory mediators.

Waist:hip ratio is a better marker of intra-abdominal fat,
which is the type of fat associated with the inflammatory
phenomena observed in obese subjects [9]. It is possible
that had we measured waist:hip ratio the association
observed would have been even stronger.

A number of mechanisms could underlie the association
of obesity with CD. Mesenteric fat is intimately related to
the lesions of CD with fat hypertrophy and fat wrapping
observed [9, 15]. Adipose tissue is immunologically and
metabolically active. As well as being infiltrated with
macrophages and lymphocytes (more so in the obese),
preadipocytes can respond to a number of stimuli to pro-
duce pro-inflammatory cytokines [10] thus perpetuating
inflammation. They can additionally differentiate into
macrophages [11]. Adipocytes themselves can also pro-
duce a number of pro-inflammatory cytokines and have
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been demonstrated to express receptors for and synthesise
substance p [12], a neuropeptide involved in gut inflam-
mation. Obese subjects have insulin resistance and higher
circulating levels of free fatty acids. Circulating free fatty
acids are associated with enhanced pro-inflammatory
cytokine production by a number of cells including mac-
rophages providing another mechanism for the association
[13, 14]. The gut inflammation induced by obesity is more
likely to be diagnosed as CD rather than ulcerative colitis
because of the propensity of CD to affect the whole gut
rather just the colon and the distal colon in particular as in
ulcerative colitis.

There was a suggestion of different clinical features in
obese subjects with Crohn’s compared to other subjects.
Although there was a trend for obese subjects with Crohn’s
disease to be less likely to undergo surgery indicating a
more benign course, after adjustment for age at diagnosis
this lost statistical significance. Likewise, there was a trend
for the ileal location to be favored but numbers did not
allow any firm conclusions to be drawn. This will need to
be the subject of future studies.

Conclusions

Obesity has powerful physiological effects on the body.
The effect of obesity on the gut and indeed the gut on
obesity have been neglected areas of research. These
observations require independent corroboration in other
populations and ethnic groups and in prospective studies,
but provide a framework for further study with many of the
methodological issues having been addressed by this
report. The association, if confirmed, merits further study
into the role of obesity in disease progression in Crohn’s. It
also raises the possibility that obesity-related enteropathy
exists, which is a distinct entity from other forms of
Crohn’s disease.
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