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ABSTRACT

Background Metabolic disorders and inflammatory
bowel diseases (IBD) have captured the globe during
Westernisation of lifestyle and related dietary habits over
the last decades. Both disease entities are characterised
by complex and heterogeneous clinical spectra linked

to distinct symptoms and organ systems which, on

a first glimpse, do not have many commonalities in
clinical practice. However, experimental studies indicate
a common backbone of inflammatory mechanisms in
metabolic diseases and gut inflammation, and emerging
clinical evidence suggests an intricate interplay between
metabolic disorders and IBD.

Objective We depict parallels of IBD and metabolic
diseases, easily overlooked in clinical routine.

Design We provide an overview of the recent literature
and discuss implications of metabolic morbidity

in patients with IBD for researchers, clinicians and
healthcare providers.

Conclusion The Western lifestyle and diet and related
gut microbial perturbation serve as a fuel for metabolic
inflammation in and beyond the gut. Metabolic disorders
and the metabolic syndrome increasingly affect patients
with IBD, with an expected negative impact for both
disease entities and risk for complications. This concept
implies that tackling the obesity pandemic exerts
beneficial effects beyond metabolic health.

INTRODUCTION

The incidence and prevalence of metabolic disor-
ders such as obesity, the metabolic syndrome (MS)
and inflammatory bowel diseases (IBD) increased
during the past decades. In 1997, the WHO has
called out an obesity epidemic, and about a decade
later researchers introduced the MS pandemic.’
Today, food safety and the control of the obesity
epidemic still rank highly on the agenda of the
WHO, because the situation deteriorated during
the last 20 years. The World Obesity Atlas 2023
reported that 38% of the world population are
affected by overweight or obesity, and the Diabetes
Atlas reported in 2021 that 537 million people are
living with diabetes.”® IBD is expected to affect 1
in 100 individuals in certain populations in the next
years, especially in Western countries, and newly
industrialised countries show similar develop-
ments.* 3 As such, the rise of metabolic conditions
and IBD occurred during Westernisation of lifestyle
and particularly the diet,*® and an overlap of meta-
bolic diseases and IBD is expected to be observed
more frequently in daily practice tomorrow. Recent
developments also convey a substantial socioeco-
nomic burden for healthcare providers in the future
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Epidemiological studies indicate the parallel rise
of metabolic disorders and inflammatory bowel
disease (IBD).

= Experimental studies demonstrated that
Westernisation of diet is fuelling metabolic
disorders and gut inflammation.

= Clinical studies demonstrated a link between
metabolic disorders, and foremost obesity, on
the risk for developing IBD and a poor disease
course.

WHAT THIS STUDY ADDS

= We review and discuss recent clinical and
experimental research with a focus on clinical
implications.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= We provide an overview of current knowledge
which may help researchers, clinicians and
policymakers to guide decision making.

and impose clinical implications for patients that
should be considered by their doctors.

Clinical background

The MS is defined by the International Diabetes
Federation as central obesity (measured by waist
circumference considering ethnic differences) plus
any two of the following: raised blood pressure
(=130mm Hg systolic or =85mm Hg diastolic
or treatment), raised triglycerides (=150 mg/dL or
treatment), raised fasting plasma glucose (=100 mg/
dL or diagnosed type 2 diabetes (T2D)) or reduced
high-density lipoprotein cholesterol (<40 mg/dL in
males and <50mg/dL in females) (box 1).> Many
definitions have appeared in the past decades from
various international organisations and, despite
minor differences, it became clear that the MS
and associated morbidities, such as cardiovascular
risk, reflect one of the most common disease enti-
ties conveying substantial morbidity.” Although
the current definition of the MS does not consider
metabolic dysfunction-associated steatotic liver
disease (MASLD), it is evident that metabolic
liver disease goes hand in hand with the MS and
is involved in some aspects, for example, systemic
low-grade inflammation.®’

IBD reflects a complex and heterogeneous chronic
immune-mediated condition that typically (but not
exclusively) affects the gut. Inflammatory gastroin-
testinal symptoms usually involve diarrhoea, pain
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Box 1 The metabolic syndrome.

The development of the metabolic syndrome (MS) involves
genetic risk, Western behavioural and dietary patterns and gut
microbial perturbation, all known to impinge on a key element:
central obesity. Central obesity brings along insulin resistance
and systemic low-grade inflammation, which contribute to

the complex pathophysiology of the MS."°""! For example,
overnutrition instigates the expansion of adipocytes, causing
local hypoxia'’? and the infiltration of adipose tissue by
immune cells. This leads to the secretion of proinflammatory
cytokines (eg, tumour necrosis factor (TNF), interleukin 6
(IL-6)) and suppression of anti-inflammatory adiponectin
production, culminating in metabolic dysfunction and insulin
resistance.'”>™'”* The dysfunctional adipose tissue also increases
circulating free fatty acids (FFA), driving lipotoxicity in liver
and muscle tissue'’® which further promotes insulin resistance
and steatotic liver disease (metabolic dysfunction-associated
steatotic liver disease, MASLD). Perturbation of the intestinal
microbiota may lead to a disruption of the intestinal barrier,
causing the systemic translocation of bacterial metabolites
fuelling low-grade inflammation and metabolic diseases.”
According to the International Diabetes Federation, the MS

is defined as having central obesity (measured by waist
circumference considering ethnic differences) plus any two

of the following: raised blood pressure (=130 mm Hg systolic
or =85 mm Hg diastolic or treatment), raised triglycerides
(=150 mg/dL or treatment), raised fasting plasma glucose
(=100 mg/dL or diagnosed type 2 diabetes) or reduced high-
density lipoprotein (HDL) cholesterol (<40 mg/dL in males and
<50 mg/dL in females). Notably, insulin resistance and MASLD
are no feature of this definition, although these phenotypes
come along frequently with the MS and contribute to metabolic
disease.

and bloody stools, and inflammatory lesions may affect the entire
gastrointestinal tract from the oral cavity to the anus (in Crohn’s
disease (CD)), conveying a heterogenous clinical picture. More-
over, extraintestinal disease manifestations in active or quiescent
IBD most commonly affect the skin and joints, but may virtually
be observed in any organ system (box 2).'%!!

Epidemiology

A systematic analysis for the Global Burden of Disease Study
2017 reported that the prevalence of IBD increased from 1990
to 2017 across the globe, with highest numbers observed in
high-income countries such as North America.'* Hospitalisa-
tion rates for IBD are still increasing in Asia, Eastern Europe
and Latin America, whereas they seem to stabilise in North
America, Western Europe and Oceania.'® Notably, the number
of children and adolescents with IBD is continuously rising,
as, for example, monitored in Canada, and a clear trend in
rising incidence and prevalence has been documented across the
globe.” A similar development has been documented for meta-
bolic diseases in children and adolescents, for example, 3% of
children and 5% of adolescents worldwide exhibited the MS in
2020.'° Likewise, the prevalence of the MS in adults has reached
rates up to 12-31%, which largely depends on the disease defi-
nition and the study population.'” Similarly, the prevalence of
T2D, a consequence of insulin resistance in the MS, dramatically
increased in many parts of the world, for example, Australia,

Box 2 Inflammatory bowel diseases.

Inflammatory bowel disease (IBD), including Crohn's disease
(CD) and ulcerative colitis (UC), describes a condition of
chronic remittent episodes of inflammation in and beyond

the gastrointestinal tract. The complex nature of immune
dysregulation virtually affects every immune cell compartment
in IBD while only a minority of cases can be explained by
genetics.'”””""® Recent evidence indicates that Westernisation
of life significantly contributes to the development and rising
incidence of IBD across the globe. Experimental studies
implicate that particular dietary constituents and excess of
macronutrients, such as sugar, fat and food additives, trigger or
worsen experimental gut inflammation in mice, as further laid
out in figure 2. These food constituents either directly affect
mucosal immunity or indirectly dysregulate immune responses
by affecting (metabolic) functions of the gut microbiota.
Collectively, a current concept of IBD pathophysiology depicts
a scenario in which specific nutrients in a Western diet trigger
or worsen gut inflammation in IBD, while few nutritional
intervention trials indicate a direct role for the diet on the
disease course.

during the last two decades,'® and today 1 in 10 individuals are
living with diabetes.”

The parallel rise of IBD and metabolic disorders (with the MS
being the most pronounced phenotype) raises the possibility that
these disorders originate from similar culprits in Westernised
societies, such as a Western lifestyle with related dietary habits
and microbial rarefication."” Moreover, the high prevalence
of metabolic disease entities raises the probability of concom-
itant MS (or other metabolic disorders) in patients with IBD,
warranting studies that define clinical consequences.

Common backbone

Some evidence points towards a mutual relationship of IBD with
metabolic diseases as summarised in figure 1. Although little
clinical overlap between metabolic diseases and IBD exists in
terms of symptoms, both are frequently characterised by non-
communicable tissue inflammation, for example, in adipose
tissue (in obesity) or gut tissue (in IBD). Moreover, both diseases
are frequently characterised by systemic low-grade inflammation
(picked up by clinical routine testing of high-sensitive C reactive
protein and blood count) and they share a phenotype that is not
picked up by clinical routine measurements, that is, perturbation
of the gut microbial ecosystem (which promotes susceptibility to
develop disease in model systems).?” As such, metabolic disorders
such as obesity, T2D and MASLD show considerable similarities
with IBD pathophysiology, which could possibly be explained
by environmental factors that contribute to the development of
metabolic disorders and IBD alike.”! ** More specifically, West-
ernisation of lifestyle involves sedentary habits, accumulation of
risk factors (eg, smoking, antibiotic use and hygiene measures)
and Westernisation of diet.”> The Western diet is characterised
by increased intake of calories derived from sugar (eg, simple
carbohydrates) and fat (eg, long-chain saturated or -6 polyun-
saturated fatty acids), and typically involves intake of processed
foods with or without food additives (eg, emulsifiers, food colou-
rants), while dietary fibre intake is reduced.® Indeed, populations
across the world have experienced the emergence of obesity, the
MS and IBD when adopting this lifestyle.** However, not only
the phenotypic parallels and epidemiological studies support
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Figure 1

Clinical link between obesity and metabolic disorders with inflammatory bowel disease (IBD). Obesity and associated metabolic disorders

such as metabolic dysfunction-associated steatotic liver disease (MASLD) and type 2 diabetes (T2D) seem to negatively influence the course of IBD.
For example, visceral adiposity is associated with risk for flares in ulcerative colitis (UC) and Crohn’s disease (CD),® and steatotic liver disease serves
as an independent risk factor for the development of CD.>" In turn, the diagnosis of IBD increases the risk of developing MASLD and liver fibrosis
when compared with the general population.”® Moreover, the treatment with antidiabetic agents with proven effects in metabolic diseases seems to
reduce the risk for developing IBD® and disease burden in patients with IBD.%

the notion of a similar culprit that lies within Westernisation of
life, which would explain the parallel rise of IBD and metabolic
disorders. Also, experimental evidence in model systems indi-
cated shared mechanisms of inflammation, partly involving gut
microbial perturbation, as summarised in figure 2. Collectively,
phenotypic, epidemiological and experimental evidence indi-
cates that a common backbone of IBD and metabolic disorders is
formed by Westernisation of life and particularly the diet. Here,
we review the clinical link between IBD and metabolic disorders
and discuss clinical implications.

CLINICAL LINK BETWEEN METABOLIC DISORDERS AND IBD
Obesity and IBD

The prevalence of obesity and IBD has risen globally over the
last decades. Overweight was defined by the WHO as a body
mass index (BMI) of >25kg/m* while obesity is defined by a
BMI of >30kg/m?, while cut-offs vary by ethnicity.” It was
recognised that obesity is associated with more severe IBD, for
example, complicated perianal CD,** %’ and a meta-analysis of
clinical trials in IBD performed between 1991 and 2008 demon-
strated a gradual increase in average weight along with disease
activity over time.*® A similar rise of obesity rates was observed
in paediatric IBD populations, with ~20% of patients with CD
and ~30% of patients with ulcerative colitis (UC) being obese
in the USA.*’ Studies from the past years have investigated
whether obesity differentially affects CD compared with UC.
For example, a dose-response meta-analysis in adults demon-
strated a strong association of BMI with the risk for developing
CD, while no association was found for UC.>° Other studies
have also reported that obesity preferentially predisposes to
CD, but not to UC, when assessing five prospective cohorts
with 601009 participants and 563 incident cases of CD and

1047 cases of UC.*' A large cohort study from Korea inves-
tigated a potential relationship between waist-hip circumfer-
ence and risk for IBD in >10million participants from the
2009 national health screening programme and 9.3 years of
follow-up. Incidence rates were 2.11 for CD and 8.4 for UC
per 100000 person-years and CD was again associated with
degree of abdominal obesity.”* Notably, obesity rates in IBD
seem to increase over the last years, when assessing almost 40
000 patients with IBD from a commercial database in the USA.
Obesity was reported in 37.3% of patients with IBD, with high
rates of metabolic comorbidities.®®> Likewise, a recent study
from France reported rates of overweight and obesity in 24.1%
and 12.2% of patients with IBD.>* In turn, according to an anal-
ysis with a large healthcare database from the USA, bariatric
surgery or weight loss medications lowered the risk for devel-
oping IBD**; however, a similar study demonstrated the oppo-
site effect.’® Collectively, these studies indicate that obesity and
related comorbidities are on the rise in patients with IBD (as
similarly observed in the general population), and that obesity is
a risk factor for the development of CD and complications (such
as perianal disease). Two major aspects remain unresolved. First,
it is suspected, but not proven, that the parallel rise of both
conditions occurred due to a common culprit (and not due to
their prevalent nature). Second, despite recent alarming trends,
it remains understudied whether increasing rates of obesity
impact patient management, treatment responses and surgery
rates in patients with IBD.?” For example, obesity might have
a direct impact on disease severity in IBD, as exemplified by
a recent study suggesting that visceral obesity shortened the
interval between IBD flares.*®
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Figure 2 Mechanisms of diet-induced metabolic inflammation in mice. Studies in rodents demonstrated that dietary patterns and perturbation of
the commensal microbiota affect susceptibility to gut inflammation and metabolic diseases, in humans exemplified by inflammatory bowel disease
(IBD) and metabolic dsyfunction-associated steatohepatitis (MASH). A healthy diet, for example, a plant-based diet rich in fibres, supports the growth
of arguably beneficial commensals such as Faecalibacterium prausnitzii and other commensals that produce short-chain fatty acids (SCFA)."® The diet
and microbial commensalism may promote health or disease by modulation of the immune system. For example, liver injury and insulin resistance

decreased in high-fat diet-fed mice supplemented with £, prausnitzii'®'

against experimental liver disease and macrophage infiltration,'®

increases gut barrier function

and £, prausnitzii attenuated experimental colitis.'® Microbial SCFA protects

'8 and ameliorates experimental gut inflammation

.18 Similarly, supplementation of Akkermansia muciniphila (which vanishes in Western microbiomes) attenuates endotoxaemia-induced metabolic

inflammation and atherosclerosis'®®

and ameliorates colitis severity by preventing the infiltration of CD8+ T cells."® By contrast, a Western diet

containing, for example, dietary emulsifiers, simple carbohydrates (sugar) and long-chain fatty acids and cholesterol (lipids) may worsen intestinal
inflammation and promote metabolic disorders,”® in part by alteration and function of the commensal gut microbiota.”! ' '8 For example, a
Western diet perturbs gut barrier dysfunction and evokes endotoxaemia fuelling metabolic inflammation in and beyond the gut of mice.'®'® IBD,

inflammatory bowel disease.

MASLD interactions with IBD

MASLD, previously termed non-alcoholic fatty liver disease, has
emerged globally and reflects a systemic disorder (beyond simple
liver steatosis) with numerous metabolic perturbations.*” ** The
new nomenclature has been introduced, as it better reflects the
metabolic nature as a complex syndrome.*' Notably, the studies
discussed below have been performed with variable definitions;
however, MASLD and other definitions have yielded highly
similar patient phenotypes and outcomes.*” * It may not be
surprising that important interactions between IBD and MASLD
are increasingly recognised.**™*® For example, lean patients with
IBD exhibited higher MASLD rates when compared with lean
non-IBD patients.*” A key study demonstrated that 42% of
patients with IBD exhibited MASLD with advanced liver fibrosis
in 9.5%,* and a similar trend in another study.* Importantly,
BMI and T2D prevalence were significantly lower in patients
with IBD-MASLD compared with matched non-IBD patients,
but IBD appeared as independent risk factor for liver fibrosis,

suggesting that chronic gut inflammation contributes to liver
pathology.*® This is also in accordance with a report showing
that CD poses a higher MASLD risk compared with UC which
might be explained by the higher burden of systemic inflamma-
tion.”® The intriguing and potentially important clinical aspect
of risk for liver fibrosis in IBD needs to be confirmed in further
studies. As observed for obesity, MASLD seems to be associ-
ated with an increased risk for developing CD, but not UC,’!
and presence of MASLD might even affect cardiovascular risk
in IBD.’* Moreover, the presence of MASLD (steatosis, but not
fibrosis) might increase the risk of an IBD flare.” Despite these
recent clinical observations, the origin of such observations
remains unclear, but could involve gut microbial aspects along
the gut-liver axis as reported for other liver diseases.’® As for
obesity, it remains understudied if MASLD and IBD affect the
natural course of both diseases and related complications. For
example, the presence of MASLD increased the risk for IBD-
related readmission to hospital,® and in the USA, hospitalised
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patients with MASLD and IBD exhibited greater morbidity
and mortality when compared with patients with IBD (without
MASLD).>® Collectively, these studies indicated that patients
with IBD are at risk for developing MASLD, which poses a risk
for a poor patient outcome.

T2D and IBD

T2D reflects a globally emerging disorder (affecting up to 10%
of the population), which conveys features of chronic inflam-
matory disorders.”” However, the clinical relationship between
T2D and IBD is poorly defined. In a nationwide population-
based study from Denmark authors observed an increased risk
of T2D in patients with CD and UC (when compared with the
expected incidence), which increased over the last decades,’®
and which appears specific to Europeans.’” Also, data from the
UK Biobank support a risk association of CD with T2D,*° but
whether the presence of T2D provides a risk for IBD is currently
unknown. A preclinical study in obese mice showed that glucose
dysregulation worsened degree of experimental colitis and
that treatment of hyperglycaemia reversed experimental colitis
severity.! Patients with IBD with concomitant T2D did not
show an increased need for biological therapy (when compared
with patients with IBD without T2D), but patients with T2D
with IBD exhibited systemic inflammation and reported lower
quality of life.®* In line, the MS was associated with an inflam-
matory disease behaviour in CD, which was noted in a cohort
comprising 688 patients with IBD from the Prevencién con dieta
mediterranea (PREDIMED) trial.®* In turn, a recent cohort study
from Taiwan suggested metformin, first-line therapy for T2D,
reduced the risk for developing IBD.®* A cohort study from
Denmark identified an association of GLP-1-based therapies
with an improved IBD course (when compared with other anti-
diabetics), as indicated by a composite score comprising the need
for oral corticosteroids, tumour necrosis factor (TNF) inhibitors,
IBD-related hospitalisation or IBD-related surgery.®® ¢ Collec-
tively, the bidirectional interaction between IBD and metabolic
diseases warrants further investigation.

HALLMARKS OF IBD AND METABOLIC DISORDERS BEYOND
CLINICAL PRAXIS

A possible link between IBD and metabolic disorders has already
been researched a decade ago.®” Based on experimental evidence,
we are increasingly appreciating the metabolic nature of gut
inflammation.® Moreover, metabolomic translational studies in
tissue and urine from patients with IBD indeed suggest complex
perturbation of organismal metabolism.® ®® In turn, the concept
of systemic low-grade inflammation in metabolic diseases and
the MS has been established nearly two decades ago, which is
considered a key driver of insulin resistance.” IBDs and meta-
bolic disorders comprise a spectrum of disease manifestations
affecting the gut and metabolically active organ systems (boxes 1
and 2) and they conceptually exhibit similar pathophysiological
mechanisms that were explored in experimental models. West-
ernisation of dietary cues instigates or worsens experimental
gut inflammation in mice® and at the same time triggers liver
steatosis, metabolic dysregulation and obesity.”” For example,
excessive intake of sucrose worsens colitis in genetically suscep-
tible mice,”! similar to excessive intake of fructose, which induces
experimental liver steatosis and metabolic dysregulation.”?
Moreover, disease models of gut inflammation and obesity show
evidence for gut microbial alterations (either evoked by diet or
tissue inflammation) which serves as a driving force of inflam-
matory or metabolic phenotypes,”~” also in the context of sugar

exposure.® ’® Beyond similarities in dietary cues and a dysbiotic
microbiota, experimental studies also indicated perturbation
of the same cellular mechanisms underlying experimental gut
inflammation and metabolic diseases such as obesity, as recently
reviewed.® Moreover, metabolic control partly occurs in the
gut, for example, deletion of gut epithelial toll-like receptor 5
induces the MS in mice,” gut bile acids improve fibre-controlled
glucose metabolism® and gut hormones control organismal
metabolism through specialised epithelial actions.®! Collectively,
these experimental studies suggest that Westernisation of diet
could explain aspects of IBD and metabolic diseases by a mutual
pathophysiological backbone that spans across organ systems.

Hallmarks of these experimental findings have been trans-
lated to human IBD and metabolic disorders alike. For example,
specific constituents in a Western diet have been linked to dysbi-
osis,**™ and gut microbial dysbiosis has emerged as a driver of
IBD and metabolic disorders such as obesity (figure 2).”* 7% 878
Gut microbial perturbation may exert many functional conse-
quences. For example, bacterial metabolism of tryptophan in the
gut is altered in IBD and the MS and has been shown to control
experimental gut inflammation and energy metabolism,” and
likewise, tryptophan and related metabolites are implicated in
the control of metabolic dysregulation.”’ ** Moreover, micro-
bial encroachment in the gut mucosa correlates with metabolic
disease aspects, especially in dysglycaemic humans.”

Another clinical parallel between metabolic disorders and IBD
in humans is systemic low-grade inflammation, which predicts
poor outcome for patients with the MS and IBD alike.”*® In
line with these observations, patients with IBD increasingly
develop obesity and metabolic disorders (as reviewed above and
exemplified in a medical registry analysed between 2010 and
2019).** Finally, IBD and metabolic diseases (most notably the
MS) share a common denominator impacting human health:
cardiovascular complications. Conceptually, systemic inflamma-
tion in IBD and the MS contributes to atherosclerotic cardio-
vascular disease, such as myocardial infarction and stroke.”® 1%
Collectively, experimental, epidemiological and clinical studies
depict intricate parallels that are easily overlooked in clinical
routine, paving the way for a concept in which IBD and meta-
bolic diseases share phenotypic disease aspects: Westernised
dietary cues, gut microbial perturbation, systemic low-grade
inflammation with similar mechanisms and cardiovascular risk
(figure 3).

CLINICAL IMPLICATIONS

As many robust clinical observations demonstrating the interac-
tion between IBD and metabolic disorders only emerged over
the last years, clinical trials that directly target the potential rele-
vance of metabolic disorders in IBD (or vice versa) are scarce.
However, manifold implications may be inferred by knowledge
about disease-relevant aspects and patient management that stem
from studies in patients with either condition, which are relevant
for gastroenterologists caring for patients with IBD and meta-
bolic disorders.

Morbidity

First, metabolic diseases, and foremost the MS, inflict substantial
morbidity to patients with or without IBD, with consequences
for individuals and healthcare systems in the next decade.
For example, the MS conveys substantial risk for cardiovas-
cular complications, such as stroke or myocardial infarction,
and comes along with mortality.'”" ' This appears notable
because patients with IBD are already at risk for cardiovascular
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Figure 3 Metabolic inflammation in obesity and related disorders and in inflammatory bowel disease (IBD). The pathophysiology of metabolic
disorders including metabolic syndrome (MS), type 2 diabetes (T2D) or metabolic dysfunction-associated steatotic liver disease (MASLD) shares
considerable similarities with IBD, which is supported by experimental studies summarised in figure 2. Westernisation of lifestyle is considered to

promote the development of these disease entities as incidence and prevalence are rising worldwide,

2122 with several risk factors that are shared

by metabolic diseases and IBD. Experimental models indicate that similar mechanisms, such as gut microbial dysbiosis and nutrient excess, promote

metabolic inflammation in obesity and related disorders and IBD alike.®

complications,'” ™ with an HR for cardiovascular disease of

1.71 in patients with IBD.'% It is also expected that morbidity
and mortality will be derived from complications of chronic liver
disease in the future, as up to 50% of patients with IBD exhibit
MASLD, frequently culminating in cirrhosis and portal hyper-
tension with or without hepatocellular carcinoma.'”” More-
over, obese patients with IBD exhibit increased risk for surgical
complications, such as infection, conversion to laparotomy and
visceral injury.'® Thus, the long-term cardiovascular, hepatic
and gastrointestinal consequences of metabolic diseases and
their impact on surgical complications should be explained to
patients with IBD.

Sarcopenic obesity

Muscle wasting or reduced muscle mass (myopenia) and impaired
muscle function in obese patients, referred to as sarcopenic
obesity, can be easily overlooked in clinical praxis, although
myopenia comes along with morbidity and mortality.'”” For
example, a retrospective study with 106 patients with CD from
the UK demonstrated that myopenia (here, reduced muscle mass
assessed by CT) was associated with primary non-response to
anti-TNF therapy.''® Moreover, sarcopenia in obesity (reported
for ~40% of obese patients with IBD'™) may predict the need
for IBD-related surgery in a retrospective study with 90 patients
from the USA.""? The European Society for Clinical Nutrition
and Metabolism (ESPEN) guideline on clinical nutrition in
patients with IBD summarises that patients are at risk for muscle

wasting (associated with restrictive eating behaviours), which
is why low-calorie diets for obese patients with IBD should be
used with caution.'® The practical guideline on obesity care in
patients with gut and liver diseases recommends screening for
sarcopenic obesity with functional and imaging tests, and nutri-
tional status, and assessment in patients with IBD and obesity is
recommended before intestinal surgery.''*

Cancer

Due to the rising incidence and prevalence of IBD across the
globe' and due to obesity as a risk factor for solid malignan-
cies, it is expected that the incidence of malignant gastro-
intestinal complications such as small intestinal''®''” and large
intestinal cancers''® will continuously rise during the next
decade. A direct link between gut inflammation, obesity and
cancer risk has been corroborated by experimental studies (eg,
ref 119), and creeping fat in CD contributes to the inflamma-
tory tone.'? Indeed, systemic low-grade inflammation emerges
as a pathomechanism in obesity-related malignancies,'*! and
histological inflammatory activity in IBD associated with risk
for colorectal neoplasia (OR: 2.5).'* These findings collectively
underline the importance of treating obesity and IBD, because
patients are typically young and thus may experience malig-
nant complications.'* International guidelines thus recommend
screening for colorectal neoplasia in patients with IBD 6-8 years
after symptom onset and further surveillance dependent on the
extent of inflammation, family history and comorbidities (eg,
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primary sclerosing cholangitis (PSC)), while metabolic disorders
are not yet considered.

Malnutrition

Today, overnutrition (and its sequelae with obesity) is a common
phenomenon and requires treatment as discussed below. The
ESPEN guideline recommends screening of nutritional status at
IBD diagnosis and during follow-up, especially in hospitalised
patients, and screening for the MS in patients with obesity.""*
Besides overnutrition, undernutrition and nutrient deficiencies
commonly occur in patients with IBD,"! '** which conveys risk
of death'” and requires identification, monitoring and treat-
ment.'?® For example, micronutrient deficiency (of, for example,
folic acid, iron or vitamin B,,) should be identified and supple-
mented in daily praxis to avoid malabsorptive complications and
possibly hospitalisation and worsening of disease.'** Updated
ESPEN guidelines on clinical nutrition in IBD summarise that
a BMI<18.5kg/m* is a risk factor for IBD-related complica-
tions (eg, fistula or surgical complications) similar to obesity
(which provides risk for a disease flare).'*” Malnutrition should
therefore be assessed regularly and treated, although prospec-
tive controlled clinical trials that would demonstrate improved
patient outcome are lacking for patients with IBD.'*¢ '/

Quality of life

Many studies indicate that quality of life is gradually impaired in
patients with increasing obesity and related metabolic disorders
such as the MS,2%13% which is similarly true for active IBD.'3! 132
In patients with IBD and obesity, the quality of life may be
even worse and reflects a significant issue, although the study
quality appears limited."*® In turn, undernutrition exerts strong
effects on the quality of life, with best evidence for the elderly
patient (without IBD), which may be improved by correction of
malnutrition.”* Therefore, we suggest encouraging discussion
about quality of life with the patient to improve compliance and
provide motivation to therapy, as medical therapies (similar to
surgery) for IBD have been demonstrated to improve the long-
term quality of life.'*’

Worsening of disease
Although prospective clinical trials that would demonstrate a
benefit of treating metabolic diseases in IBD are lacking, recent
studies indicate that metabolic disorders, such as, for example,
obesity, provide risk for developing CD and convey a poor course
of established IBD."*® Likewise, it appears that obese patients
with IBD show impaired treatment response to biologics,
which is understudied, but which could be related to dosing
or biological effects of obesity on the inflammatory tone of an
organism."*® A recent study shed light on the potential relevance
and related mechanisms. In a prospective observational cohort
study with 141 adult patients with CD and UC and moderate to
severe disease with the need for biological therapy in the USA
(CONSTELLATION), Yarur et al report that intra-abdominal
visceral fat is associated with poor response to biological therapy
(infliximab, vedolizumab or ustekinumab).*” More specifically,
patients in higher visceral adipose tissue quartiles (determined by
dual-energy X-ray absorptiometry) exhibited poor clinical and
endoscopic response to biologics after 30 weeks when compared
with patients in the lower quartile, which could not be explained
by the drug trough levels. As such, patients with visceral obesity
are less likely to achieve remission by biological therapy.
Moreover, treatment of patients with IBD and a GLP-1
agonist or DDP4 inhibitor (for T2D) exhibited reduction in

adverse clinical events (defined by a composite of the need for
oral corticosteroid treatment, need for TNF inhibitor treatment,
IBD-related hospitalisation or IBD-related major surgery), as
compared with patients treated with other antidiabetic drugs
in a Danish registry.® However, controlled clinical trials are
lacking and GLP-1 agonists display severe gastrointestinal side
effects (eg, pancreatitis, bowel obstruction), reflecting uncer-
tainty for patients with IBD."® Therefore, there are several
IBD-related aspects linked to metabolic disorders conveying a
poor disease course, which should be explained to the patient.
Whether drugs that treat metabolic diseases affect risk for
developing IBD or disease outcome warrants controlled clinical
trials.®®

Patient management
The negative impact of metabolic conditions in IBD on
morbidity, malnutrition, quality of life and the disease course
(with complications) are arguments for screening and treat-
ment of obesity and related disorders in such patients. This
is supported by some evidence suggesting that treatment of
metabolic disorders improves patient outcomes (in terms of
complications in patients without IBD).% 7141 We suggest
screening regularly for aspects of the MS in obese patients with
IBD and considering sarcopenia that can be masked by obesity.
Screening of the MS should involve evaluation of BMI, blood
glucose, HbAlc, hypertension and dyslipidaemia. Moreover,
obese patients with IBD should be evaluated for metabolic liver
disease by sonography and elastography and laboratory testing
on a reasonable regular basis, while evidence for this approach
stems from epidemiological (risk) studies and hepatology guide-
lines (when liver fibrosis or cirrhosis is present). Moreover,
obesity and related disorders provide risk for developing kidney
disease and heart failure (particularly with preserved ejection
fraction), which should be considered if clinical suspicion is
high (eg, hypertension, with pulmonary or peripheral oedema
or anaemia).'** 14

The European guideline for the management of obesity
recommends reducing weight in patients with obesity (5-10%
of initial weight), while treatment goals go beyond reduction of
body fat.'® ' This is achieved by reduced intake of calories
(500-1000 kcal/day; 15-30% of daily calorie intake) by dietary
counselling with a nutritionist, physical activity (>150min/
week moderate aerobic exercise), cognitive-behavioural therapy
and pharmacotherapy (eg, GLP-1 receptor agonists). Bariatric
surgery should be considered in patients with a BMI=40.0kg/
m? or with BMI between 35.0 and 39.9 kg/m* and comorbidi-
ties if conventional therapy is ineffective after 6 months.'* For
patients with IBD and obesity, it appears plausible that similar
recommendations should apply.'" However, this may be chal-
lenging for some patients, either because (chronically) active
IBD impairs the ability to adopt a calorie-restricted diet (which
may worsen sarcopenic obesity) or to adopt a physically active
lifestyle. Likewise, it is unclear whether medical therapy for
obesity affects gut inflammation (except for orlistat which is not
recommended for patients with IBD) in patients with IBD, while
the risk of morbidity after bariatric surgery appears slightly
increased in patients with IBD.'**'*” These aspects led to the
formulation of guidelines for obesity in chronic gut and liver
diseases, advocating that malnutrition is determined by Global
Leadership Initiative on Malnutrition criteria, while medical and
surgical therapy is similar when compared with patients without
IBD.'"*
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Future aspects

Experimental evidence indicated similar inflammatory mecha-
nisms of metabolic disorders and gut inflammation, forming a
basis for the concept of metabolic gut inflammation in IBD.® In
line with this concept, more and more translational and clinical
evidence is emerging that the diet and related gut microbial cues
contribute to gut inflammation in IBD. Therefore, it may not be
surprising that therapeutic concepts including faecal microbiota
transplantation or microbe-based therapies are currently being
studied to treat IBD'** ' and the MS alike."® This approach
appears warranted because patients with the MS exhibit a dysbi-
otic gut microbiota that controls insulin resistance.”® ! 132
Likewise, the human gut microbiota from patients with IBD
deteriorates experimental inflaimmation in mice'® and faecal
microbiota transplantation induces remission in patients with
active UC in 26% of patients (when compared with 15% in the
control groups), as indicated by a meta-analysis comprising 13
randomised controlled studies and 580 patients analysed."** Yet,
gut-directed microbial therapies are not established in clinical
praxis, neither to treat metabolic disorders nor to induce remis-
sion in patients with IBD.

Insights into the genetic overlap of genetic risk between meta-
bolic diseases and immune-mediated conditions such as IBD may
help to better understand their common backbone. For example,
host genetics were linked to the abundance of specific metabo-
lites in the serum of patients with IBD, which may point towards
novel metabolic disease mechanisms.”> 1%¢ In line, perturbation
of cholesterol metabolism has been reported in a small cohort
of patients with IBD, and a genetic risk locus for obesity (FTO
variant, rs9939609) also provided risk for developing CD."’
In turn, genetic risk (indicated by a score) was associated with
reduced weight loss in patients with obesity completing a meal
replacement programme.'*® How genetic risk stratification can
be clinically exploited to manage IBD and metabolic diseases is
currently not established in clinical praxis.

Another interesting aspect that emerges from recent advances
of our biological understanding of IBD and metabolic diseases
is covered by interleukin 23 (IL-23). Anti-IL-23 monoclonal
antibodies (eg, risankizumab, mirikizumab) have been recently
approved to treat CD and UC, respectively.”” '°° Notably, IL-23
ameliorated experimental MS in mice,'®" possibly suggesting
that selective blockade of this cytokine promotes metabolic
disorders in susceptible individuals, a signal which has not yet
been reported. Similarly, proinflammatory cytokines such as
IL-1 or TNF have long been implicated in the pathogenesis of
metabolic disorders such as MASLD or T2D.'**'%* Indeed, some
smaller studies have demonstrated that targeting IL-1 improves
glycaemia in T2D,'®* and targeting TNF increased insulin sensi-
tivity in patients with ankylosing spondylitis and psoriasis.'®® 1
TNF has emerged as a metabolic messenger, such that the role of
anti-TNF therapies and also other anti-inflammatory therapies
on obesity and related metabolic disorders should be evaluated
for patients with IBD in the future.'®®

Collectively, targeted therapies (probably based on individual
genetic risk) and modulation of the gut microbiota reflect valu-
able approaches to treat metabolic diseases and IBD alike, and
the relevance of anti-inflammatory therapies in patients with
obesity and IBD deserves to be better explored.

CONCLUSION

The parallels and intricate link between metabolic disorders and
IBD have emerged over the last decade by experimental and clin-
ical studies alike. Current guidelines recommend treatment of

Box 3 Outstanding questions.

= How does perturbation of metabolism in metabolic disorders
promote gut inflammation in inflammatory bowel disease
(IBD)?

= Does identification and treatment of metabolic disorders and
sarcopenic obesity impact the course of IBD?

= Can we apply targeted therapy for both metabolic disorders
and IBD?

= Does inflammatory disease control of IBD reduce the risk for
developing metabolic disorders or the disease course?

= How can we effectively tackle the rise of metabolic disorders
and I1BD?

= Does prevention of obesity reduce the risk for solid
malignancies in IBD?

= Do patients with IBD with the metabolic syndrome benefit
from tightened cancer surveillance?

obesity and metabolic disorders in patients with IBD as reported
for patients without IBD. Many studies raise important questions
for the future (box 3). Foremost, many observations support the
idea that the parallel rise of IBD and metabolic disorders may be
explained by a common culprit, or pattern, that can be found in
Westernisation of life and likely Western dietary habits. Dietary
guidelines in Europe and the USA clearly acknowledge the effect
of a healthy diet and lifestyle. However, authorities also realise
that only 50-60% of the population in the USA adhere to those
guidelines (which has not changed over the last decade).'® This
indicates the growing burden of diet-related diseases in the near
future and the need for education. Moreover, we must consider
today how to feed the world population by sustainable means,
acknowledging the risk of Westernisation. ‘Prevention is better
than cure’, thus a change in food policy and preventive measures
by governmental programmes are increasingly required to effec-
tively tackle the metabolic pandemic.
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