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Abstract
Inflammatory bowel disease (IBD) is a chronic inflam-
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matory condition of unknown etiology that is thought to
result from a combination of genetic, immunologic and
environmental factors. The incidence of IBD has been
increasing in recent decades, especially in developing
and developed nations, and this is hypothesized
to be in part related to the change in dietary and
lifestyle factors associated with modernization. The
prevalence of obesity has risen in parallel with the rise
in IBD, suggesting a possible shared environmental
link between these two conditions. Studies have
shown that obesity impacts disease development and
response to therapy in patients with IBD and other
autoimmune conditions. The observation that adipose
tissue produces pro-inflammatory adipokines provides
a potential mechanism for the observed epidemiologic
links between obesity and IBD, and this has developed
into an active area of investigative inquiry. Additionally,
emerging evidence highlights a role for the intestinal
microbiota in the development of both obesity and
IBD, representing another potential mechanistic
connection between the two conditions. In this review
we discuss the epidemiology of obesity and IBD,
possible pathophysiologic links, and the clinical impact
of obesity on IBD disease course and implications for
management.
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Core tip: Epidemiologic studies have shown a parallel
rise in the prevalence of obesity and immune-mediated
conditions, including inflammatory bowel disease
(IBD). This association may be related to share dietary
or environmental exposures that exert their effect
through changes in the intestinal microbiota. Several
lines of evidence demonstrate that obesity is a pro-
inflammatory condition that impacts the incidence,
disease course and response to therapy in patients with
IBD. Exploring the mechanisms of interaction between
obesity and IBD advances our understanding of IBD
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and opens up a potential role for weight loss and
weight maintenance strategies in the management of
IBD.
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INTRODUCTION

Obesity - the chronic medical condition defined
generally as excessive body fat mass leading to
deleterious health outcomes - has emerged as one
of the leading global public health issues of the 21%
century. In the United States, according to data from
the National Health and Nutrition Examination Survey
(NHANES), approximately 30% of adults are obese,
as defined by having a body mass index (BMI) greater
than 30 kg/m?". World Health Organization estimates
of the prevalence of overweight or obese individuals
(BMI > 25 kg/m?) approximate 35% of the global
population, with increases over time demonstrated
in both developed and developing nations™. The
global cost of treating obesity and its resultant health
complications may be as much as $2 trillion (US)™.
Although obesity was once considered uncommon
in IBD, the prevalence of obesity in IBD has risen in
parallel with the general population. Several lines of
evidence support a biologically plausible connection
between adiposity and IBD (Figure 1). Understanding
the interaction between obesity and IBD with regard to
disease pathogenesis, phenotypic disease expression
and response to therapy has important implications for
management.

EPIDEMIOLOGY OF IBD AND OBESITY

Temporal trends have demonstrated an increase in IBD
incidence across the globe over the latter half of the
20" century™. A number of environmental factors have
been postulated to be associated with this, concordant
with the long-noted observation that IBD is more
prevalent in developed, as opposed to developing,
nations. These disparate factors have included smoking
(for Crohn’s disease incidence)™, improved levels of
hygiene!®, alterations in the intestinal microbiome!®,
and dietary changes associated with an industrialized
lifestyle, including increased intake of linoleic acid,
increased intake of animal fat/protein and decreased
dietary fiber intake™*'!. Given the rising incidence of
both IBD and obesity - as well as the interplay between
some of the aforementioned risk factors common to
both conditions-an epidemiologic interaction between
the two conditions has been postulated. To date there
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Figure 1 Proposed etiologic links between obesity and inflammatory
bowel disease.

is a relative paucity of population-level studies reporting
the prevalence of obesity among individuals with IBD,
but reports from various IBD cohorts in both pediatric
and adult populations would suggest that the current
prevalence of overweight and obese IBD patients
approximates that of the general population, being
approximately 20%-30%"!"%**, Furthermore, when
looking at the weight distribution of individuals recruited
to participate in clinical trials for Crohn’s disease, there
has been a clear trend in increasing weight over the
past two decades, from a minimum mean BMI of 20.8
kg/m? in 1992, to a maximum mean BMI of 27.0 in
2001, and a weakly positive linear trend (©* = 0.14) of
increasing BMI among study participants throughout
this period of time!*®,

As to whether or not obesity - as reflected by the
body mass index-is an intrinsic risk factor for the
development of de novo IBD, a large prospective
cohort (EPIC) of European adults demonstrated no
such association, after adjustment for smoking status,
physical activity and total caloric intake as assessed by
food frequency questionnaire. Among those individuals
with incident IBD in this cohort, BMI was not associated
with phenotypic disease expression (Crohn’s vs
ulcerative colitis), nor disease location/extent™”). An
earlier retrospective cohort of incident IBD diagnoses
in adults, compared to an older (age 50-70 years)
non-IBD control cohort, suggested a higher rate of
obesity at diagnosis in the IBD patients (OR = 2.0,
P = 0.01)!"8, More recently published data from the
Nurses’ Health Study demonstrated a greater than
two-fold increased risk of developing Crohn’s disease
among obese women; furthermore, an association was
also observed between body morphology (as reflected
by participants’ waist-hip ratio as adolescents) and
future development of Crohn’s disease in this cohort.
No such relationship between BMI or anthropometric
measurements of obesity was seen with incident UC in
this same study™. Another cohort of women recruited
in Denmark also demonstrated an increased risk of
Crohn’s disease among obese individuals, with no such
relationship seen with ulcerative colitis™®”. Perhaps
accounting for the discrepancy between the data from
the EPIC study and the Nurses’ Health study is the
fact that the EPIC cohort described above was much
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Table 1 Clinical impact of obesity on inflammatory bowel disease

Medical therapy

Surgical therapy

Natural history and disease complications

Decreased clinical response to azathioprine”’

azathioprine”

Decrease likelihood of response to
adalimumab®™”

Shorter time to loss of response to infliximab'™

Earlier time to 1* surgery
Lower 6-thioguanine levels on treatment with Higher rate of perioperative complications

Increased need for conversion from laparoscopic to

[113,118]
open surgery

[15]

Conflicting data:

(112114119121 Higher prevalence of perianal disease

[22]

Lower prevalence of penetrating disease™

Increased hospitalization'™

Decreased IBD-related quality of life
1

(23]

Decreased healthcare utilization!™

IBD: Inflammatory bowel disease.

older (median age 52) compared to the American and
Danish cohorts (median age 35 and 30 respectively),
and of course, the American and Danish cohorts were
entirely female, as compared to a roughly equal sex
distribution in the EPIC cohort. If there is in fact an
increased risk of developing IBD intrinsic to obesity,
this risk may interact with age and sex. Adding to
the biologic plausibility of an etiologic link between
adiposity and IBD, other studies have demonstrated
that obesity is associated with an increased risk of
developing other autoimmune conditions such as
rheumatoid arthritis and psoriasis, that share similar
genetic and immunologic mechanisms with IBD"?"#4,

RELATIONSHIP BETWEEN OBESITY AND
IBD OUTCOMES

There are mixed data regarding the impact of obesity
on IBD-related health outcomes (Table 1). Co-morbid
obesity has been linked to an earlier time to first
surgery among patients with Crohn’s disease in one
retrospective registry, with no difference noted in the
overall number of surgeries or the need to escalate
medical therapy over time between groups!*®. In a
retrospective study of French IBD patients, obese
individuals with Crohn’s disease were suggested to
have a higher rate of perianal disease, and a more
frequent need for hospitalization®®, A more recent
retrospective cohort of IBD patients, approximately
40% of whom had UC, showed no association
between BMI and need for surgery, hospitalization
or medication escalation across BMI categories, after
adjustment for obesity-related health conditions such
as hypertension or diabetes. However, increased BMI
was associated with more subtle indicators of active
disease, including increased C-reactive protein levels
(which was controlled for in this analysis in regard to
IBD outcomes) as well as a significant decrement in
IBD-related quality of life measures®®. Another recent
study of a mixed IBD (CD + UC) population showed
conflicting results with decreased rates of surgery or
hospitalization, as well as decreased use of anti-TNF
biologic therapy, among obese IBD patients**. In this
study, however, underweight patients were grouped
together with normal weight patients for the analysis,
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which may have obscured the association between
obese and normal weight patients by including
sicker patients in the comparator group. Data from
a prospective registry of Crohn’s patients showed a
lower rate of penetrating disease activity among obese
individuals with Crohn’s disease, after adjustment for
factors such as smoking, age, baseline inflammatory
activity and genetic risk profile; this same study
showed no major difference in the rate of perianal
disease or surgery among obese vs non-obese
Crohn’s patients'®. Among patients with ulcerative
colitis, retrospective cohort data has been published
suggesting that overweight (BMI > 25 kg/m?) patients
may have a less complicated clinical course than
normal-weight or underweight (BMI 18-24 kg/m’ and
< 18 kg/m’ respectively) patientst®®. In a prospectively
recruited cohort of IBD patients in Ireland, obese
patients with Crohn’s disease were on average found
to be older, less physically active, to have lower CDAI
scores and higher C-reactive protein levels than their
non-obese counterparts. Smoking status, age at
diagnosis, need for surgery and corticosteroid use did
not differ between groups®®”.

Special mention should be made about the potential
interaction between diabetes and inflammatory bowel
disease independent of obesity, given the strong and
well-described association between obesity and type
2 diabetes. Individuals with IBD (UC specifically)
may be at higher risk of developing de novo diabetes
according to a large UK cohort, even after adjustment
for concurrent glucocorticoid usage and baseline
BMI™®, Co-morbid diabetes among IBD patients has
been associated with higher rates of infection on
immunomodulatory therapy, hospitalization and need
for surgery over time!*=4,

All of the aforementioned studies have used body
mass index as the surrogate marker of adiposity, and
as yet, we have much less data about the interaction
between other markers of obesity, such as volumetric
analysis of visceral fat, and IBD outcomes. One small
retrospective study of individuals with Crohn’s disease
demonstrated that individuals with higher relative
amounts of mesenteric fat, as defined by the ratio
between their visceral and subcutaneous fat area
on cross-sectional imaging, had significantly higher
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Table 2 Immunologic effect of adipokines

Adipokine Levels in obesity

Immunologic effects

Overall effect

Adiponectin Decreased

Decreases TNF-q, IFNy, IL-6

Anti-inflammatory

Inhibits VCAM-1, ICAM-1 expression
Increases IL-10, IL-IRA
Promotes proliferation of Tregs
Antagonizes NF-xB pathway

Leptin Increased

Increased activation and proliferation of monocytes and macrophages

Pro-inflammatory

Increased IL-6, TNF-q, IL-12

Activates NK cells

Activates NF-xB pathway
Promotes Thl-differentiation
Inhibits proliferation of

Resistin Increased

Increases IL-6, IL-12, TNF-a

Tregs
Pro-inflammatory

TNF-o: Tumor necrosis factor-o; NF-kB: Nuclear factor-«xB; IFNy: Interferon y.

rates of fibro-stenotic or penetrating disease behavior.
This observation differs from the aforementioned
finding of less penetrating disease among obese
IBD patients when solely BMI is used to define
obesity®*?, Prospective data are lacking with regard
to the potential interaction between obesity and IBD
complications that are independently associated with
both conditions, such as venous thromboembolism;
cholelithiasis and hepatic steatosis; cardiovascular
disease; and, perhaps most importantly, colorectal
cancer™%, Also confounding the relationship between
obesity and IBD outcomes is the observation that
increased visceral adiposity may be associated with
a higher risk of irritable bowel syndrome®”), This
interaction could confound the interpretation of
studies that suggest that obese IBD patients have
a less complicated clinical course, if some of their
symptoms over time are in fact accounted for by
a higher prevalence of co-morbid functional bowel
disease, which should be associated with less need for
medication escalation or surgery.

DEFINITION OF OBESITY

One of the ongoing challenges in trying to elucidate the
interaction between obesity and health outcomes has
been the lack of consensus regarding a standardized
definition of obesity. For its ease of use, the body
mass index (BMI), a simple adjusted ratio of weight
to height, has been used as the operational definition
of obesity when it exceeds 30 kg/m?. As an isolated
measure, the BMI does predict broad health outcomes
such as all-cause mortality at higher categories of
obesity (such as BMI > 35 or 40 kg/m?), but performs
poorly (and may indicate lower all-cause mortality)
when it is considered among individuals presently
defined as “overweight” (i.e., BMI > 25 kg/m?)**,
Multiple studies have demonstrated that various
anthropometric measurements of obesity - such as the
waist-to-hip circumference ratio or volumetric analysis
of abdominal fat via cross-sectional imaging-perform
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better than BMI as predictors of adverse health
outcomes™*?, A glaring deficit in the current literature
regarding IBD and obesity has been the general
reliance on the BMI as the sole marker of obesity,
and lack of validation of the standard BMI categories
of overweight or obesity as clinically relevant
cutoffs in IBD. As addressed in this review in later
sections, it may be that adipose distribution is more
clinically significant than overall body size. As such,
incorporation of multiple domains of obesity to reflect
the differences between health outcomes and body
fat distribution, would help elucidate the interaction
of obesity and IBD by minimizing the confounding
effect of individuals with elevated lean body mass who
happen to have BMI values that may place them in the
operational categories of “overweight” or even obese,
or whose adipose distribution is predominantly intra-
abdominal, vs peripheral, fat.

OBESITY AS A PRO-INFLAMMATORY
STATE

Far from being an inert repository of excess calories,
adipose tissue is responsible for the secretion of a
number of pro- and anti-inflammatory cytokines, some
of which are unique to this tissue type and which have
been labeled adipokines (Table 2). A full discussion
of the complex relationship between adipokines and
autoimmune conditions including IBD is beyond the
scope of this discussion, but some intriguing points are
worth reviewing.

Adiponectin is a 30 kD protein produced almost
exclusively by adipocytes and has complex interactions
with multiple inflammatory pathways; interestingly, it
shares some degree of structural homology with tumor
necrosis factor-alpha (TNF-a), a cytokine intrinsically
involved in the pathogenesis of IBD™*. Adiponectin
appears to exert anti-inflammatory effects, with
evidence of antagonism of pathways that TNF-a
promotes, such as the nuclear factor-kB pathway™*.
Interestingly, increased expression of adiponectin
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has been found in the so-called “creeping fat” of
patients with active Crohn’s disease when compared to
mesenteric fat from patients with UC and with colonic
adenocarcinoma; however, adiponectin concentrations
were found to be lower in the mesenteric fat of CD
patients with internal (e.g., entero-enteral) fistulas
compared to individuals with non-fistulizing disease''.
In one study, circulating adiponectin levels appear
to be increased among UC patients as compared to
both CD patients and healthy controls™®. Another
study demonstrated reduced circulating levels of
adiponectin in individuals with both active and inactive
IBD compared to healthy controls; curiously, this
same study demonstrated that hyperinsulinemia in
the absence of hyperglycemia was independently
associated with a higher likelihood of clinical remission
in IBD patients (in tandem with decreased circulating
adiponectin levels)™”. Circulating adiponectin levels in
patients with IBD treated with infliximab do not seem
to be affected pre- and post-treatment™®,

Leptin was one of the originally identified adipokines,
and appears to have a number of pro-inflammatory
effects; it is also one of many adipokines that plays a
role in appetite modulation and energy homeostasis.
Increased serum leptin levels are directly associated
with total body fat mass, and leptin in general has a
pro-satiety effect on appetite centers in the hypothala-
mus*®. Leptin appears to increase the secretion of
pro-inflammatory cytokines, such as IL-1, IL-6 and
TNF-a, and synergistically, pro-inflammatory cytokines
promote leptin expression in inflamed tissue™*>",
Several studies have demonstrated lower serum leptin
levels, when adjusted for body weight, in patients with
IBD compared to healthy controls, in both pediatric
and adult populations®*®*?, Treatment with infliximab in
patients with IBD does not appear to modify circulating
serum leptin levels™*®.

Resistin is another adipokine with complex rela-
tionships with inflammatory pathways: in humans,
it is produced by adipocytes as well as by cells in the
reticuloendothelial system (e.g., splenic monocytes/
macrophages). As with leptin, studies have demonstrated
that resistin stimulates the production of pro-inflammatory
cytokines such as TNF-a and IL-12, and that in turn,
pro-inflammatory cytokines appear to induce resistin
expression®*>*, Multiple studies have demonstrated
elevated serum resistin levels in patients with IBD (both
UC and CD)P***) Unlike with adiponectin or leptin,
serum resistin levels are seen to decrease in humans
with IBD treated with infliximab™*>®,

Mesenteric fat itself, along with producing both pro-
and anti-inflammatory adipokines, is also a source of
multiple pro-inflammatory cytokines that are integral
to the inflammatory cascade involved in IBD, such as
TNF-a. and IL-6. In obese individuals, visceral adiposity
as assessed by volumetric cross-sectional imaging
analysis directly correlates with circulating IL-6 levels,
and BMI is associated with C-reactive protein levels™”.
The “creeping fat” associated with Crohn’s disease
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has received increasing attention as an intrinsic
component of the inflammatory dysregulation that
predisposes to transmural inflammation, rather than
an epiphenomenon coincidental to this process. For
instance, TNF-a. gene expression can be demonstrated
in the mesenteric fat of patients with active Crohn’s
disease, whereas this expression is not demonstrated
in healthy controls®®. Pre-adipocytes isolated from
mesenteric fat from individuals with IBD also express
IL-17 upon binding of substance P to the neurokinin-1
receptor, as compared to healthy controls'®®. Mesen-
teric adipose tissue is also a source of circulating
C-reactive protein in patients with Crohn’s disease™®”®".
Furthermore, when compared to healthy controls,
relative to overall body size, individuals with Crohn’
s disease may have a predilection for accumulation of
intra-abdominal fat relative to subcutaneous fat, seen
in association with reduced serum growth hormone
levels®., In a small randomized clinical trial of pediatric
patients with Crohn’s disease on corticosteroids,
supplemental growth hormone was associated with
improved PCDAI scores and quality of life indices, with
an apparent corticosteroid-sparing effect as well, but
with no significant effect noted on rates of mucosal
healing™. Another small trial looking at adult patients
with Crohn’s disease suggested clinical benefit as
measured solely by the CDAI in individuals receiving
supplemental growth hormone, as compared to
individuals receiving customary care!®. To date, no
studies have addressed the question as to whether
changes in mesenteric fat distribution over time-
or with targeted interventions designed to reduce
mesenteric fat accumulation-lead to improved clinical
outcomes in patients with IBD.

OBESITY AND THE MICROBIOME

The importance of the human fecal microbiome has
come to the forefront in multiple fields of medicine,
with IBD being a particularly robust demonstration of
the link between the intestinal bacterial (and fungal/
viral) population, and human health. More recent
attention has been paid to the possible links between
the microbiome and human obesity. The gut bacteria
are capable of salvaging undigested foods to sources
of calories usable by their human hosts, and the
permeability of the gut mucosa to bacterial products of
metabolism has been associated with multiple chronic
medical conditions. Using pairs of mono- and dizygotic
twins, it has been shown that obese vs lean individuals
vary according to the diversity of their bacterial
populations, with enrichment in the obese individuals
of bacterial gene products associated with metabolism
of carbohydrates'®!. Another study including a large
number of twins demonstrated that host genetic
profiles seem to interact with the microbiome, leading
to the selection of a more “obesogenic” bacteriologic
profile; identification of obesity-attenuating bacterial
species, and colonization of germ-free mice with
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those bacteria then leads to attenuated weight gain
in those same mice'®®. Individuals with reduced co-
lonic bacterial diversity-which is a state associated
with IBD in general - also seem to be predisposed to
obesity™®, Furthermore, specific bacteria shown to
exert an anti-inflammatory effect on the gut-such as
Faecalibacterium prausnitzii-have been shown to be
lacking in obese individuals without IBD™>%"),

While the specific association between mesenteric
fat distribution and IBD at the level of the microbiota
remains largely undescribed, it is intriguing to pos-
tulate that many of the epidemiologic associations
with IBD such as diet and exposure to antibiotics could
be modulated in part through interactions on the gut
microbiome. This area represents a specific deficiency
in our understanding of the pathogenesis of IBD, and
is a ripe area for future investigation.

OBESITY AND IBD PHARMACOLOGY

Despite the increasing prevalence of obesity in
IBD, and the seemingly logical differences in phar-
macokinetics that may be expected in obese vs non-
obese individuals, the influence of obesity on drug
absorption, distribution, metabolism and excretion
remain poorly understood, and discussion of the
pharmacokinetic effects of obesity is beyond the scope
of this review.

If there are inter-individual differences in drug
effect that are impacted by obesity, pharmacodynamic
differences likely account for the majority of these,
perhaps by virtue of some of the pathophysiologic
changes seen at the level of pro- and anti-inflammatory
pathways described earlier that would interact with IBD-
specific drugs. In fact, when considered by class, there
are multiple studies that suggest that obesity does
influence the efficacy of specific drugs commonly used
to treat IBD. The following paragraphs will review this
data by drug class.

A retrospective study of individuals with UC and
CD showed a differential response to azathioprine
administration and discontinuation according to BMI:
individuals with UC whose BMI was > 25 kg/m’ at
initiation had a higher likelihood of exacerbation (as
defined by initiation or increase in corticosteroid
dosage over time) compared to individuals whose
BMI was in the normal range. Among patients with
CD in this study, after discontinuation of azathioprine,
individuals whose BMI was > 25 kg/m2 had a lower
rate of subsequent flare than their counterparts whose
BMI was in the normal range”®. A more recently
published retrospective study demonstrated that
obese individuals had mean 6-thioguanine (6-TG)
levels that were significantly lower than their non-
obese counterparts, when adjusted for the total
dose of azathiopurine or mercaptopurine they were
receiving relative to total body weight. The rate of
sub-therapeutic 6-TGN levels (as defined according
to standard parameters) in individuals whose BMI
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was > 25 kg/m’ or > 30 kg/m® was nearly two-fold
higher than normal BMI individuals, with only about
30%-40% having levels in the therapeutic or supra-
therapeutic range'..

To date, there have been no studies addressing
whether or not obesity influences the efficacy of
methotrexate in treating IBD or in other similar
autoimmune conditions, but there have been multiple
studies that have shown that obesity and obesity-
related comorbidities increase the likelihood of
developing derangement in hepatic transaminases on
chronic low dose methotrexate therapy in individuals
with rheumatoid arthritis, sometimes requiring dis-
continuation of the medication”*”*. Co-morbid diabetes
has been associated with accelerated histologic fibrosis
in individuals with psoriasis treated with long-term low
dose methotrexate!”*”*,

The effects of obesity on the response to anti-TNF
therapy have also been investigated, with several
studies in both the IBD and non-IBD populations
that use these medications suggesting a possible
interaction, although this has not been universally
demonstrated. Among the subcutaneously-dosed
anti-TNF agents, retrospective data have suggested
that, along with prior non-response to infliximab
and after adjustment for multiple co-variates, BMI
is a negative predictor of response to adalimumab
at initiation””®. This has been confirmed by another
retrospective analysis, showing a roughly two-fold
increase in loss of response to adalimumab among
individuals whose BMI is > 30 kg/m’ compared to
normal weight individuals””. In a post-hoc analysis of
CLASSIC-II data, individuals whose BMI was less than
29 kg/m* were found to have higher rates of remission
at week 56 than individuals whose BMI was greater
than that””®\. BMI has also been demonstrated to be a
negative predictor (albeit not a particularly strong one)
of adalimumab trough levels at 28 wk into therapy for
individuals with Crohn’s disease”!. Improved response
to adalimumab in patients with psoriasis has also
been demonstrated when stratified by BMI, with a
roughly 20% decrease in partial response rates seen
among individuals whose BMI > 30 kg/m® compared
to their non-obese counterparts®®. There are limited
data to suggest an interaction between BMI and the
other available subcutaneous anti-TNF therapies for
IBD: in the PURSUIT-M trial, the relative effect of
golimumab in maintaining response/remission did
not appear to differ by body weight (BMI was not
reported per-patient), and no interaction between BMI
and maintenance response or remission rates were
reported for certolizumab in the PRECISE-2 trial®"®,
A trial of weight-based intravenous golimumab in-
duction dosing was halted for lack of efficacy: at all
weight-based doses selected, mean trough golimumab
concentrations were lower than corresponding subcu-
taneous dosing regimens, however, limiting any infe-
rences that could be made about a weight-based
approach to dosing of this particular agent’®.
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The relationship between BMI and infliximab - to
date the only anti-TNF agent whose dosing is adjusted
based upon total body weight - has been evaluated
among both IBD and non-IBD populations. From
a pharmacokinetic standpoint, infliximab primarily
distributes in the vascular space, and concordant with
this observation, the apparent volume of distribution
of infliximab in patients with ulcerative colitis (per
data from the ACT 1 and 2 trials) does increase in
proportion to body weight (not BMI, as height data
was not reported for those studies). This observation
could explain the need for increased absolute doses
given to individuals of higher body weight to maintain
therapeutic drug concentrations®. In one of the
aforementioned studies showing an attenuation of
response to adalimumab over time in obese individuals,
no such effect was seen with infliximab according to
BMI strata””*. Contrary to that finding, we published a
retrospective analysis of individuals naive to infliximab
therapy that demonstrated a nearly three-fold increase
in loss of response to infliximab - as primarily reflected
by a need for dose escalation-among obese patients
with Crohn’s disease compared to their non-obese
counterparts, after adjustment for co-variates such
as smoking and corticosteroid usage at initiation of
biologic therapy. A similar relationship was suggested
for patients with UC, but due to small sample numbers,
the effect size magnitude was likely over-stated, and
the observation did not meet statistical significance.
Moreover, changes in absolute weight/BMI over time
(either increases or decreases) also correlated with loss
of response to IFX over time in this same analysis'®.
Infliximab trough levels were not available for the
majority of individuals in this study; interestingly, a
more recently published study demonstrated that
BMI was not associated with lower trough levels
of infliximab or adalimumab (although there was
a trend toward lower trough adalimumab levels in
obese patients), suggesting any differential response
among obese patients on anti-TNF therapy would be
a pharmacodynamic, as opposed to pharmacokinetic,
interaction®®. Impaired responses to infliximab among
obese patients have also been demonstrated in
individuals with rheumatoid arthritis, psoriasis and with
inflammatory spondyloarthropathy™*%. Furthermore,
obese patients with rheumatoid arthritis may respond
less well to a second-line anti-TNF agent than their non-
obese counterparts; no such comparable data yet exist
for IBD patients™”.

In individuals with psoriasis, rheumatoid arthritis
and inflammatory spondyloarthropathy, weight gain
is fairly consistently observed after initiation of anti-
TNF therapy, driven primarily by gains in fat mass
as opposed to lean body mass when this has been
analyzed® ¥, This should not be surprising, given that
TNF-a is @ potent anorexigen with multiple central- and
peripheral effects on weight management and caloric
intake/expenditure®!. In one small open label study of
infliximab in Japanese patients with Crohn’s disease -
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all of whom were normal or underweight at enroliment
according to standard BMI criteria - a mean BMI
increase of about 1 kg/m? was seen over the course of
treatment, and the magnitude of the increase in BMI
was directly correlated with the likelihood of clinical
response and remission™®®. Among children with IBD,
early use of anti-TNF therapy has been shown to lead
to more significant catch-up growth than the use of
other classes of therapy™’). While gains in weight
among under- or normal-weight individuals would be
a desirable outcome in individuals with IBD, we have
no information about the effect of anti-TNF therapy
among already overweight or obese IBD patients.

No data are available about the effects of obesity
on the efficacy of anti-integrin therapies in IBD.
The major IBD clinical trials of natalizumab and
vedolizumab did not stratify response rates according
to body weight®®'%!, In patients with multiple scle-
rosis, natalizumab levels have been demonstrated to
be lower in individuals of larger body weight™®". In
the vedolizumab trials for both UC and CD, there was
a definite dose-response relationship observed with
vedolizumab trough levels and likelihood of response
and remission in the induction phase; a similar dose-
response relationship was not demonstrated in the
maintenance phases. Further research is necessary
to determine whether individuals with sub-optimal
early response to anti-integrin therapy-perhaps driven
in part by sub-optimal drug levels as a function of
differences in body size and composition-would benefit
from a weight-based induction dosing schedule.

Finally, special mention should be made concerning
the glucocorticoids (GCs) and obesity. Although the
pharmacologic use of glucocorticoids is often blamed
for unintended weight gain, the true obesogenic effect
of glucocorticoid therapy is difficult to determine, due
to substantial heterogeneity in the studies that have
objectively assessed this question. The studies vary
in terms of the indication for GC therapy, the duration
and dose of therapy, and the definition of obesity (e.g.,
changes in body weight or anthropometric changes)
as an outcome measure. Looking at multiple short-
and long-term (defined generally as < 8 wk vs > 8
wk of continuous use) studies, variable effects of GC
use on caloric intake, energy expenditure, changes
in body weight and changes in fat- and fat-free mass
have been demonstrated™®”. Subjectively, weight gain
is reported in about 70% of individuals on chronic
GC therapy, and is the most frequent self-reported
complication of chronic GC therapy among patients!*®?.
To the extent that they exist, the short term metabolic
effects of GCs may be mitigated by the use of GCs with
high first pass metabolism: over 8 wk of use, the mean
weight gain among patients on once daily budesonide
at a dose of 9 mg was 1 kg compared to 2 kg mean
weight gain among individuals on 40 mg prednisolone.
The rate of developing abnormal fat distribution as
reflected by a Cushingoid facial appearance was also
about three-fold higher among prednisolone-treated
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patients compared to patients treated with ileal-release
budesonide!™®. Whether obesity alters the efficacy
or risks of GC therapy remains largely unknown;
furthermore, whether accumulation of intra-abdominal
fat in IBD patients on chronic GC therapy would lead
to worsened long-term outcomes is also unknown, but
would be an intriguing question to investigate.

OBESITY AND IBD-RELATED SURGERY

Multiple retrospective studies have demonstrated
a higher rate of post-operative morbidity in obese
patients undergoing abdominal and non-abdominal
operations, particularly driven by a higher rate of post-
operative infectious complications. Post-operative
mortality, however, does not appear to be significantly
affected by obesity after adjustment for co-morbid
diseases®!, Obesity has also been shown to be a
risk factor for conversion from laparoscopic to open
surgery in patients undergoing colorectal surgery in
general™®,

Specific to the IBD population, multiple lines
of evidence suggest that obesity may negatively
influence surgical outcomes, specifically when obesity
is defined according to volumetric analysis of fat
distribution, rather than solely BMI. When looking
solely at BMI categories to define obesity, a large
retrospective surgical registry demonstrated a 10%
higher rate of post-operative morbidity among obese
Crohn’s patients, driven by a nearly two-fold higher
rate of post-operative infection (nearly seven-fold
higher in individuals whose BMI was greater than
40 kg/m*)"%”), This same registry also demonstrated
similar findings for obese individuals-not specific to the
IBD population-undergoing laparoscopic colectomy!'®,
Two smaller single-center retrospective series did not
demonstrate a higher risk of peri-operative morbidity
among obese Crohn’s patients when stratified by BMI
criteria™®?. Another single center study using BMI
strata demonstrated longer operative times, blood
loss and conversion from laparoscopic to open surgery
among obese individuals with IBD, with no significant
differences in overall post-operative morbidity and
mortality™".

Several more recently published retrospective
studies described a higher rate of post-operative
complications among obese Crohn’s patients when
obesity was defined by volumetric analysis, and in
some cases, specifically noted that BMI stratification
did not predict post-operative outcomes when
morphologic assessment of fat distribution was taken
into account™? ', Looking solely at visceral fat area
as defined by cross-sectional imaging, one study has
also demonstrated a higher rate of endoscopic disease
recurrence in individuals with Crohn’s disease with
higher amounts of visceral/mesenteric fat at 6 mo
post-operatively!*>..

To date, although benefits have been seen in
nutritional optimization of malnourished IBD patients
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before elective surgery!''®, there are no studies

addressing the role of weight loss in obese IBD patients
in advance of elective non-bariatric surgery. Until
such data become available, it would be premature to
recommend any such approach given the nutritional
stresses that occur after major abdominal surgery, and
given that the most common metric to define obesity
(i.e., BMI) does not reliably differentiate lean body mass
from fat mass, and that losses in the former would not
be desirable before or after major IBD-related surgery.

MEDICAL AND SURGICAL WEIGHT LOSS
AND IBD

Although multiple studies have investigated the
interaction of diet with IBD at the level of relative
macronutrient content (e.g., high fat vs low fat diets),
to date, no data exist regarding the effects of overall
caloric intake or supervised dietary weight loss on
outcomes in IBD patients*'”), Epidemiologic studies
have suggested that regular physical activity may
exert a protective effect on the development of IBD,
although the confounding effects of decreased physical
activity as a result of as-yet undiagnosed inflammatory
bowel disease could confound this observation. Non-
controlled studies, as well as a single randomized
controlled trial, have demonstrated that physical
activity generally leads to improved health-related
quality of life in IBD patients, with no significant
changes noted in markers of inflammation in the few
studies that specifically report those measures pre-
and post-intervention**"'¥), To date, no prospective or
retrospective data are available to address the question
of whether or not targeted medical weight loss in
obese patients with IBD affects clinical outcomes
or response to therapy. In patients with chronic
plaque psoriasis-a condition in which an association
with obesity is consistently demonstrated-multiple
randomized controlled trials have shown a beneficial
effect of medical weight loss in obese individuals.
This effect has been specifically demonstrated among
individuals on cyclosporine and biologic (e.g., anti-TNF
and anti-IL 12/23) therapy™?* %3,

For patients with morbid obesity (e.g., BMI > 40
kg/m?), particularly in those who have significant
co-morbidities such as diabetes, bariatric surgery
has been shown to lead to reductions in all-cause
mortality, and is more effective than routine medical
care in the treatment of obesity-related complications
such as diabetes!**"?], There is a marked paucity of
data in the literature about the safety or efficacy of
bariatric surgery among patients with IBD patients.
Due to concerns about the potential for increased
complications among patients with Crohn’s disease
undergoing any elective form of bowel surgery,
IBD has been considered a relative contraindication
to bariatric surgery. However, small case series-
each containing fewer than 10 patients - have been
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published suggesting that weight loss surgery in
carefully selected patients with IBD is technically
feasible and theoretically safe"®**®, In these limited
series, the weight loss achieved post-surgery was
comparable to what would be expected for non-IBD
patients undergoing these operations, and in some
cases, improvements were also noted in the underlying
inflammatory bowel disease post-operatively. Case
reports have described de novo IBD diagnosed after
bariatric surgery, but the significance of this remains
unclear given the extremely small number of such
cases reported™"***,

CONCLUSION

The prevalence of both obesity and IBD are increasing
worldwide, and several lines of evidence suggest
that these conditions may be linked through shared
environmental risk factors, and mediated through
alterations in the intestinal microbiome. Adipose
tissue represents a metabolically and hormonally
active organ, producing adipokines that exert a pro-
inflammatory effect that drives disease activity in
patients with immune-mediated diseases, including
IBD. Studies reporting the influence of obesity on
IBD disease course and response to medical therapy
have described a mixed but largely detrimental
impact. Lack of a standard definition of obesity
hampers interpretation of the current literature, and
establishing a clinically relevant measure of adiposity
is essential to advancing our understating of the
interplay between obesity and IBD. Future studies
are required to establish whether weight loss, either
medical or surgical, is safe or effective in IBD patients
and whether this may have a beneficial impact
on IBD or general health outcomes. Additionally,
future investigations should address the value of
individualizing drug dosing in IBD patients based
on BMI or other measures of adiposity, but such an
approach would be premature currently.

In summary, obesity has emerged as yet another
important piece in the intricate puzzle of autoimmune
diseases, such as IBD. Future studies that advance our
understanding of the complex interactions between
IBD and obesity are required to optimize patients’
health outcomes.
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